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1

Introduction
Cees van Beers, Alfred Kleinknecht, Roland Ortt and Robert Verburg

1.1 Background

1.1.1 Organizational background

This book is the result of a workshop on innovation systems at Delft Uni-
versity of Technology in October 2006. All chapters in this volume were
presented and discussed at the workshop. After the workshop all chapters
were critically judged in an additional anonymous review procedure. The
main aim of the workshop was to provide an overview of the growing body of
knowledge on innovation systems and their influence on the performance of
firms. This book presents a multidisciplinary overview of research in the area
of innovation with contributions from economics, management, marketing
and psychology.

1.1.2 Scientific background

Research on determinants of innovative behaviour have developed at high
speed over the past 25 years. Many contributions are interdisciplinary, draw-
ing from economics, history, sociology and management sciences (Nieto,
2003). Most of the papers in this volume draw from economics, management
and psychology.

The idea that technological change is important for economic growth and
human development had been recognized much earlier by Adam Smith, Karl
Marx and Joseph Schumpeter. Systematic research on innovation and techno-
logical change arose after Solow’s ‘A Contribution to the Theory of Economic
Growth’ in 1956. It received an important new impulse from the seminal
work of Romer (1986, 1990) on endogenous economic growth. Solow inves-
tigated the impact of labour and capital input on long-run economic growth
in the US and found an unexplained residual of more than 80 per cent, which
he attributed to ‘technical change’. Arrow (1962) argued that the production
of knowledge, which is essential for technical change, has characteristics
different from the production of tangible goods. Production of knowledge
involves incomplete appropriation of benefits (that is, positive externalities),

1



2 Determinants of Innovative Behaviour

indivisibilities and uncertainty, leading to underinvestment in knowledge
production by private producers.

Incomplete appropriability of new technological knowledge means that
knowledge developed in a firm leaks to other firms which do not pay for it.
Indivisibilities imply huge setup costs (high fixed and often sunk costs) which
can only be recouped if the innovating firm gets a (temporary) monopoly
position. Uncertainty refers to both technical and commercial uncertainty in
developing new technologies and innovations. Romer (1986, 1990) incorpo-
rated these knowledge characteristics into Solow’s growth model and revealed
how policies can be formulated to increase economic growth.

In recent years, theoretical as well as empirical contributions have
attempted to deal with innovation and technical change. Empirical analyses
range from estimating production functions with macro-data (for exam-
ple, Mankiw, Romer and Weil, 1992) up to investigations that analyse
determinants of innovative behaviour at the firm level, using ‘direct’ mea-
sures of innovation (see, for example, contributions in Kleinknecht, 1996;
Kleinknecht and Mohnen, 2002).

This book fits in the latter strand of research, drawing from economics,
management and human resource management (HRM) literature. Contri-
butions to this volume partly draw from the innovation systems literature
(for example, Freeman 1995; Lundvall, 1992; Malerba 2004), which focuses
in a conceptual way and through case studies on innovation policies that
encourage innovations in both the private and the public sector. In the field
of technology and innovation management, research focuses on the internal
organization of the firm and deals with issues such as organizational design,
marketing, financing of innovations and human resource management (see
contributions in Verburg et al., 2006).

Figure 1.1 shows external and internal influences on firm performance. It
shows how the internal organization affects innovativeness and firm perfor-
mance. The internal organization of the firm concerns several functions such
as the management of R&D, HRM or marketing.

A firm's innovativeness can be measured in various ways. Traditionally,
innovation research was very much confined to using R&D and (admittedly

Internal organization . Innovativeness at Firm
of the firm A firm level x, performance

[ External organization
of the firm

Figure 1.1 Innovation systems and firm performance: a model



Introduction 3

deficient) patent data as indicators of innovation. The development of the
Community Innovation Survey (CIS) has widened our options for empirical
innovation research, firstly by providing large micro-databases on innova-
tion all over Europe and secondly by developing new types of innovation
indicators. The CIS provides information on R&D and non-R&D innovation
expenditures as well as indicators of the output side of the innovation process
such as sales of innovative products, as well as information on such things as
R&D collaboration, bottlenecks to innovation or motives behind the innova-
tion process. All this adds to traditional measures of firm performance such
as sales, profits or client loyalty.

A firm's external organization affects firm performance directly but also
indirectly by influencing adaptations of the internal organization of the firm
(dashed lines in Figure 1.1). It consists of R&D networks between firms,
between firms and universities, regional networks and related spillovers
(that is, Marshallian versus Jacobian externalities), or the impact of market
structure or government policies on firm performance.

This book provides an overview of current research on determinants of
innovation at the firm level from the perspective of innovation economics,
HRM and technology management. It is organized along two dimensions.
The first dimension is along the lines sketched in Figure 1.1 and covers inter-
nal as well as external factors. The second dimension deals with the method
of analysis, that is, conceptual versus empirical analyses. Within the latter, a
distinction between case studies and samples with small and large numbers
of observations is made.

Following the classification in Table 1.1 this book is organized in three
parts. In Part I three chapters deal with a firm’s internal organization, using
empirical methods. Part II consists of six chapters in the category that links
the internal to the external organization of innovating firms. These use

Table 1.1 Overview of contributions to this book

Conceptual Empirical

Case-study

Small sample

Large sample

Internal
organization

Linking internal Chiesa &
to external Frattini;
organization Trott

External
organization

Brodt & Knoll;
Lefebvre,
Lefebvre,
Amarouch,
Cassivi & le Hen

Michie &
Sheehan;
Shipton & Fay;

Lefebvre,
Lefebvre,
Amarouch,
Cassivi & le Hen

Piva & Vivarelli

Arvanitis;
Tiwari, Mohnen,
Palm and Schim
van der Loeff

Loof; Fritsch &
Slavtchev
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the broadest range of methodologies, conceptual and empirical (both case-
studies and samples). Part III pays attention to the external organization of
the innovating firm in two chapters using large samples.

1.2 Internal organization

In Chapter 2 Jonathan Michie and Maura Sheehan investigate whether the
impact of HRM on small firms’ performance depends upon their business
strategy. The central idea is that use of ‘high’ HRM practices aimed at enhanc-
ing employees’ motivation and commitment to the organization are likely to
be translated into personnel initiatives and increased productivity. This seems
particularly relevant in firms that work with skilled personnel. The paper
tests three hypotheses. First, the ‘contingency hypothesis’ stating that the
strength of the correlation between HRM practices and business performance
depends on the business strategy of the firm, that is, cost-cutting versus
innovation/quality enhancement. Second, it tests the ‘universal relevance’
hypothesis, that is, ‘high’ HRM innovation/quality enhancers outperform
the other categories (‘high’ HRM and cost-cutting, ‘low’ HRM and cost-
cutting, ‘low’ HRM and innovation/quality enhancement). Third, they test
the ‘configuration hypothesis’ that implies that firms introducing HRM prac-
tices in an institutionally supported coherent package perform better than
firms that introduce these practices in an ad hoc manner.

They analyse firms in the United Kingdom and show that HRM practices of
innovators/quality-enhancers indeed outperform cost-cutters on measures of
labour productivity, financial performance and customer retention (contin-
gency hypothesis). Moreover, innovators/quality-enhancers achieve a higher
level of performance when adopting ‘high’ HRM practices (universal rele-
vance hypothesis) and it also appears that firms introducing HRM practices
in a systematic and strategic way perform better than firms that introduce
these ad hoc. Although no causal relationships have been investigated, the
correlations suggest a (mutual) relationship between HRM practices aimed at
increasing motivation and commitment of workers and firm performance in
small firms in the UK and the USA.

In Chapter 3 Helen Shipton and Doris Fay also focus on HRM and argue
that people are central to innovation performance. HRM practices play a
vital role in stimulating behaviour towards learning and empowerment of
the workforce. Their methodological focus is empirical and inductive. Based
on datasets from 1993 and 1995 their study investigates how employee feel-
ings and attitudes work out on HRM practices and work-design features, and
how these promote innovation. The empirical analysis relates three different
innovation indicators to the size and profitability of the firm and to either
one of the following variables: a measure for HRM practices sophistication,
the learning climate through teamwork, and an appraisal scheme. Both the
sophistication of HRM practices and the learning climate affect product and
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process innovations positively. Appraisal schemes also show a positive effect
unless they are related to remuneration schemes. In the latter case, the effect
turns out negative. Employee feelings such as job satisfaction and the ability
to be active and controlling towards the working environment appear to be
more important than remuneration.

In Chapter 4, Mariacristina Piva and Marco Vivarelli investigate whether
the macro-economic relationship between skills and R&D investments is also
valid at the micro level. At the macro level the idea is that the increasing level
of college-educated workers in Western economies after the Second World
War led to ‘skill-biased technological change’ (SBTC). This leads to a domi-
nant SBTC trajectory as it also requires more skilled workers, who push for
further STBC. At the micro level this would mean that firms with ex-ante skill
endowment would show higher profitability of R&D investment and hence
higher R&D expenditures. They create a model explaining R&D expenditures
out of lagged R&D expenditures (path dependency), sales (demand pull), and
the ratio of white-collar to blue-collar workers, the latter being a proxy for a
firm’s skill endowment.

In their econometric estimates from a balanced panel of 215 manufacturing
firms in Italy over the period 1995-2000 they find evidence in favour of this
relationship.

1.3 Linking internal to external organization

The next six chapters analyse the link between the internal and external orga-
nization, sketching conceptual frameworks and applying empirical methods.
Vittoria Chiesa and Federico Frattini provide a conceptual framework in
Chapter 5. They argue that changes in the external environment have forced
companies to adopt different combinations of organizations that enable
both internal and external innovation activities. In their discussion of an
organization’s innovation activities, they focus on several strategic issues.
Examples are whether innovating and operating activities and R&D activi-
ties in a company should be combined or separated. A contingency approach
in describing the organization for innovation is adopted. First, they describe
general trends in the external environment and how these trends have an
impact on technology management in general and the appropriate organiza-
tion for innovation in particular. Second, when describing alternative choices
for an innovative organization, they indicate the conditions under which
specific choices are more appropriate. For example, more decentralized R&D
at division or business unit level makes sense in markets where incremental
innovation is most important and time-to-market is essential. In contrast,
when similar basic research is needed for all divisions of a corporation, then
a more central organization of R&D makes sense.

Chapter 6 comprises a literature review by Paul Trott. He illustrates how
the ‘open-innovation’ paradigm of Chesbrough (2003) builds on previous
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research and that it is a realistic opportunity for innovation management.
While emphasizing that accessing and utilizing knowledge flows are a fun-
damental part of the innovation process, Trott also points at some threats of
‘open innovation’ for the innovating firm: information leakage and coun-
terfeiting. Future research should focus on how best to protect valuable
information and knowledge, in particular if they concern core competencies.

In Chapter 7 Torsten Brodt and Sebastian Knoll emphasize the importance
of early-stage integration mechanisms in the success of mergers and acquisi-
tions (M&As) aimed at acquiring the R&D capabilities of a target firm. They
present a testable model that is based on constructs that describe the codi-
fication of knowledge (observability) and the extent to which knowledge is
embedded in a physical setting (mobility). Combinations of high and low
knowledge codification with high and low knowledge mobility lead to three
relevant archetypes of R&D centres whose organizational characteristics are
related to two integration mechanisms — task and human integration. If
knowledge mobility is low, a higher level of task integration in the early
integration period can be expected. If knowledge mobility is high and codi-
fication of knowledge low, much tacit knowledge is the result and a positive
association with human integration can be expected. A case study in the
telecommunications sector illustrates the model.

In Chapter 8, Elisabeth and Louis Lefebvre investigate the value and
effectiveness of e-collaboration tools. They focus on the supply chain of
a multinational firm in the automotive industry and how e-collaboration
affects the performance in new-product development. The data make this
research unique as they are based on a questionnaire set out among mem-
bers of global virtual teams that work together on the development of new
products. This system of ‘open innovation’ uses several e-collaboration tools,
which are governed by several determinants. The most important deter-
minant that multinational firms find hard to influence is the language
barrier. Differences in languages of the global virtual team members result
in more frequent use of e-collaboration tools that use graphics as a means
of communication. Among the determinants that can be influenced by the
multinational firm, training is the most important. E-collaboration between
global virtual members significantly enhances communication and hence
more effective new-product development in the supply chain. The results sug-
gest that the ‘open-innovation’ paradigm is useful in analysing innovation
processes in the supply chain.

In Chapter 9 Spyridon Arvanitis investigates the impact of innovation
on productivity in the Swiss manufacturing sector in the second half of
the 1990s. Several innovation indicators are used to test how determi-
nants of innovation affect 1) the basic decision to engage in innovation;
2) innovation intensity; and 3) labour productivity. Favourable demand
conditions enhance innovation, the latter being measured by the intro-
duction of product or process innovations by R&D or by patenting. This
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supports Schmookler’s (1966) ‘demand-pull’ hypothesis, implying that effec-
tive demand has more implications than has traditionally been assumed by
Keynesians. As expected, the estimates by Arvanitis confirm that favourable
conditions for appropriation of innovation benefits are beneficial to
innovation.

In Arvanitis’ analysis, the role of ‘free competition’ versus market power is
not clear-cut. While competitive pressure appears to be quite important for
innovation intensity, the basic decision to innovate seems to be favoured by
a certain degree of market concentration. According to his estimates, inno-
vation is affected positively by a low number of competitors. Particularly,
working in a niche market with up to five competitors shows a positive
relationship with innovation while higher numbers of competitors have a
negative impact. The eight innovation variables used by Arvanitis are posi-
tively related to productivity increases. A firm's shifting from no innovation
towards undertaking some innovation activities is related to productivity
increases of between 21 and 46 per cent. Moreover, a 1 per cent increase
in a firm’s R&D intensity is related to a 0.054 per cent productivity increase,
controlling for other influential factors. Strong negative effects on innova-
tion can be found for lack of internal finance. Similar conclusions are drawn
by Tiwari, et al. in this volume. Lack of qualified personnel in general and of
R&D-personnel in particular are also ranking high as barriers to innovation in
Switzerland; this underlines the importance of HRM policies for innovation
(see also Michie and Sheehan in this volume).

In Chapter 10 Amaresh Tiwari, Pierre Mohnen, Franz C. Palm and Sybrand
Schim van der Loeff deal with the impact of financial constraints on inno-
vation. Innovation processes are risky and financial constraints can reduce
innovation activity. Using Dutch CIS data for the period 1998-2002 they
address two questions. First, what is the impact of financial constraints on
R&D investments?; and second, what are determinants of financial con-
straints? As to the first question, they do not rely on balance sheet data (as
was done in previous studies), but on qualitative information about bottle-
necks to innovation as reported in the CIS. From their semi-parametric model
estimation, they conclude that binding financial constraints to innovation
activities in the Netherlands are relevant. The financial constraints are less
binding when other constraints such as market uncertainty, regulation and
organizational rigidities are considered, but they do remain significant. This
suggests that financial restrictions are an important barrier to innovation in
the Netherlands and that they should be addressed by policy-makers.

The second research question on determinants of financial constraints
leads to two findings that are important to those concerned about pro-
motion of innovative entrepreneurship: 1) firm age matters for financial
constraints. Older firms have fewer problems with financial constraints than
their younger counterparts; 2) firms that belong to a group of firms expe-
rience fewer financial constraints than do independent firms. This suggests
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that policies for the promotion of young and independent entrepreneurial
firms should definitely address the working of capital markets and investigate
ways of repairing market failures.

1.4 External organization

In Chapter 11 Hans Loof investigates the relationship between technology
spillovers and innovation output. He investigates three international mech-
anisms which, along with knowledge spillovers, can be channelled to firms
to influence their innovative sales per employee in Sweden: 1) foreign direct
investment; 2) imports; 3) R&D collaboration between foreign and domestic
partners.

Using data from the Swedish Community Innovation Survey, covering the
years 2002-4, the author constructs a model that corrects for sample selec-
tion bias and simultaneity. Lo6f finds no robust evidence that foreign direct
investment (FDI) plays a positive role for innovative output (that is, sales
of innovative products). In other words, there is little difference between
foreign-owned multinationals and domestically owned multinationals with
respect to sales of innovative products. International knowledge spillovers to
firms in Sweden mainly come in through imports and no evidence of a role for
technology spillovers from foreign direct investment can be found. Second,
as far as R&D collaboration is concerned, weak evidence is reported of knowl-
edge transfer from foreign subsidiaries to local firms in Sweden or of bilateral
R&D collaboration agreements. This comes close to findings by Brouwer and
Kleinknecht (1996) from the Netherlands, reporting that sales of innovative
products hardly differ between firms that engage in (various forms of) R&D
collaboration and those that do it alone. The impact of technology transfer
on innovative output increases, however, when foreign firms co-operate with
a scientific partner or when (local) firms engage in multiple forms of collabo-
ration simultaneously. In general, Lo6f’s estimates suggest that international
spillovers by foreign firms are of limited relevance in Sweden, except when
Swedish universities are involved.

In the final chapter, Michael Fritsch and Viktor Slavtchev deal with the
question of whether the geographical environments in German regions affect
patenting at the regional level. The central issue is whether regional spe-
cialization in certain industries improves the relative efficiency of regional
innovation systems in Germany. They estimate a knowledge production
function in the Marshall-Arrow-Romer (MAR) tradition and calculate the rel-
ative efficiency of regional innovation systems by the quotient of the patent
elasticity of R&D employees of a region relative to the region with the high-
est patent elasticity (benchmark). These relative elasticities are explained
in a regression analysis using regional characteristics as independent vari-
ables. It appears that both Marshallian and Jacobian externalities exist. This
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corresponds with other recent findings in the literature (see, for example,
van der Panne and van Beers, 2006).

An important additional insight from the econometric exercise of Fritsch
and Slavtchev relates to the non-linear nature of the relationship: while
higher degrees of sectoral concentration in a region appear to be more
favourable to innovation than lower degrees of concentration, very high
degrees of concentration appear to be negative to innovation.

All this needs to be interpreted in light of the caveat that patents are a some-
how deficient indicator of innovation. Arundel and Kabla (1998) as well as
Brouwer and Kleinknecht (1999) have shown that an innovator’s propen-
sity to patent can differ considerably across sectors. Given that innovation
performance in a region can be driven heavily by the sectoral composi-
tion of industry in a region, sectoral differences in the propensity to patent
an innovation might bias estimates using patent data. The challenge is there-
fore to replicate such findings, using newly available innovation data from
the Community Innovation Survey.
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Business Strategy, Human Resource
Management and Corporate
Performance: Evidence from Small Firms
in the UK and US

Jonathan Michie and Maura Sheehan’

2.1 Introduction

There is a large and growing literature on the relationship between the use
of human resource management practices on the one hand, and corporate
performance on the other (see for example Appelbaum et al., 2000; Guest
et al., 2000; Huselid and Becker, 1996; Ichniowski et al., 1994, 1997; Mac-
Duffie, 1995; Way, 2002; Wood and de Menezes, 1998). This literature has
mostly found some degree of positive association between the use of such
human resource practices on the one hand and organizational outcomes and
corporate performance on the other. However, the strength and significance
of the associations found varies across studies. Thus the general claim from
the HR literature — of a positive association between what might be termed
‘progressive’ human resource management practices on the one hand, and
organizational outcomes and corporate performance on the other - is pre-
cisely that: a general claim that may not apply to any given firm, since that
firm may not exhibit the specific characteristics — such as pursuing an inno-
vating rather than cost-cutting strategy — that are found to be particularly
associated with these positive outcomes.

The recognition of these sorts of patterns has contributed to a consensus
in the HR literature that a better understanding of the interaction between
business strategy and HRM - strategic human resource management (SHRM) —
will be key to gaining a better understanding of why the relationship between
HRM and corporate performance varies across firms (see Delery and Shaw,
2001, for a review). Indeed, some papers have found explicitly that the
associations between HR and performance do vary according to specified
characteristics, such as the corporate strategies pursued by the firms in ques-
tion (Aragon-Sanchez and Sanchez-Marin, 2005; Michie and Sheehan, 2005;
Khatri, 2000; and Hoque, 1999).

13
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We would therefore argue that to make further advance, three avenues of
research are required. Firstly, as argued by Wall and Wood (2005), large-scale
studies enable the construction of the sort of time-series data covering a suf-
ficient number of firms to allow an analysis of causal processes. Secondly,
studies analyse firms according to particular characteristics, to determine
whether the general results from the literature hold equally in these more
specific investigations, and if not, why not. And finally, following on from
point two, as argued by Becker and Huselid (2003), there needs to be a bet-
ter understanding of how effectively strategy is actually implemented, with
a particular focus on the idiosyncratic dimension of HR'’s strategic fit. The
current chapter contributes to both the second and third of these three
research avenues, by analysing the relationship between business strategy,
human resource management (HRM) and performance specifically within
small firms.

The majority of studies on HRM in small firms are descriptive in nature,
reporting the types of HR practices used (see, for example, Chandler and
McEvoy, 2000; Ciavarella, 2003; Curren et al., 1996; DeKok and Uhlaner,
2001; Deshpande and Golhar, 1994; Duberley and Walley, 1995; Hayton,
2003; Heneman, 2000; Heneman et al., 2000; Heneman and Tansky, 2002;
Hornby and Kuratko, 1990; Leung, 2003; McElwee and Warren, 2000;
McEvoy, 1984; Marlow, 2002; Marlow and Patton, 2002; Rocha and Khan,
1985; Rutherford et al., 2003; Storey, 1995, 2004; Storey and Westhead, 1997;
Vickerstaff, 1993; Wagar, 1998; Wagner, 1997; Williamson, 2001). The litera-
ture on the relationships between strategy, HRM and corporate performance
in small firms is relatively underdeveloped compared to the work done in this
area in relation to large firms referred to above. This is argued in detail by, for
example, Cardon and Stevens (2004) who also make a distinction between
small and emerging (new) firms.

This chapter therefore builds upon our previous work on the links between
business strategy, human resources and competitive advantage in large UK
companies by examining these relationships in small firms (employing 10—
100 employees), and also in comparing this with the situation in US firms.
Our previous work for large firms found, firstly, positive correlations between
the use of HR practices and corporate performance (‘internal fit’); secondly,
that the relationship between HR and performance is dependent upon busi-
ness strategy and that companies pursuing an integrated approach to HR
coupled with an innovator/quality-enhancer focus within their business per-
form best (‘external fit’); and that these relationships were strengthened
further when HR practices were ‘strategic’ — that is where both internal and
external fit occurred (see Michie and Sheehan 2001, 2003, 2005).

In particular, this chapter examines: firstly, the types of business strategies
found in UK and US small firms; secondly, the relationship between busi-
ness strategy, HRM and firms’ performance; and thirdly, the similarities and
differences between these relationships across small and large firms.?
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2.2 Theoretical background

Economists, industrial sociologists and organizational theorists will look at
and interpret the behaviour of employees at work and the role that man-
agement and work organization plays in this in quite different ways. They
will have different assumptions and expectations and will be interested in
different aspects of the process. Insofar as it is possible to set out a theo-
retical background that all would understand, it is that HR practices can
influence corporate outcomes such as productivity in a number of ways.
Firstly, if employees are more skilled and have competencies better tailored
to the challenges they will face at work, then other things being equal
those employees are likely to be more productive. Secondly, though, there is
an element of discretionary effort, since monitoring is not costless. Thus
if HR policies can enhance the employees’ motivation and commitment
to the organization then this is likely to be translated into greater discre-
tionary effort and hence increased productivity. Such an effect may also
be fostered through appropriate reward systems so that where discretionary
effort is expended the employee receives a financial reward for the resultant
improvement in performance, whether this is through performance-related
pay or some other mechanism. Finally, though, the degree to which moti-
vated and skilled employees can influence variables such as productivity
will depend on the nature of work organization. There may be poten-
tial innovations in work organization that have yet to be identified, let
alone applied. HR practices such as consultation and participation may
allow such potential innovations to be identified, articulated, assessed and
implemented.

Thus, HR policies can improve employee skills and motivation which will
lead to discretionary effort that enhances productivity. If that productivity
gain results in a reward, then the expectation of such rewards reinforces this
virtuous cycle.

2.2.1 The link between strategy and HR management

Three theoretical perspectives dominate the SHRM literature: contingent,
universalistic and configurational. The contingency approach argues that
to be effective, an organization’s HR policies must be consistent with other
aspects of the organization. The organization’s strategy is generally consid-
ered to be the primary contingency factor. This literature both hypothesizes
that, and finds empirical evidence to support the hypothesis that, human
resource policies and practices are generally consistent with the organiza-
tion’s strategy and that top management emphasizes different philosophies
of HRM depending on the organizational strategy (Miles and Snow, 1978,
1984; Guthrie et al., 2002; Zahra and Pearce, 1990). Business performance
will be improved when there is consistency (often referred to in the literature
as ‘fit’) between business strategy and HR policies.
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The best-practice, or universalistic approach, considers employees as one
of the most important resources of the firm, and that investment in this
resource — use of HR practices — will improve the performance of the firm (see
for example Becker and Huselid, 1998; Kochan and Osterman, 1994; Pfeffer,
1994, 1998; Delery and Doty, 1996). Our previous research — which used a
modified version of Delery and Doty’s and Pfeffer’s ‘best-practice’ policies —
found support for this hypothesis in large firms (see Michie and Sheehan,
2001) and using the same database used in this chapter, we found evidence
supporting the ‘best-practice’ or universalistic hypothesis in relation to small
firms in the UK and US (Michie and Sheehan, 2008).

The traditional universalistic perspective suggests there is a ‘best-practice’
approach to SHRM, with a set of HR policies to be identified which will
improve performance (Osterman, 1999, 1994; Pfeffer, 1994, 1998; Delery
and Doty, 1996). These ‘best-practice’ policies may be embodied in a vari-
ety of concrete and detailed HR techniques or practices; for example, there
may be many techniques that will encourage the sharing of information
within an organization (Richardson and Thompson, 1999). This traditional
approach to universalism has been modified and broadened by authors such
as Hoque (1999) and Wood (1999). Hoque, for example, argues: “‘When test-
ing universalism, it is important to acknowledge the difference between the
universal effects that HRM might have, and the universal relevance of HRM as
an approach. Where universal effects are concerned, the implication is that
contrary to external fit arguments, HRM has performance effects irrespec-
tive of circumstances, or irrespective of the business strategy adopted. Most
tests of universalism have focused on this issue (Hoque, 1999, p. 422). Given
that we have already found evidence of the universal effects of HRM for this
set of firms (that is, that there is a positive relationship between HR poli-
cies and performance), in this chapter we test for the universal relevance of
HRM - which can be regarded as a test for internal consistency, placed in an
overall context of external fit. We therefore examine specifically if, and how,
the relationship between HRM and performance is related to the business
strategy that the firm is pursuing.

The configurational approach differs from the contingency and universal
relevancy theories by being guided by a holistic approach to inquiry and
by adopting the systems assumption of ‘equifinality’: ‘In general, configura-
tional theories are concerned with how the pattern of multiple independent
variables is related to a dependent variable rather than with how individ-
ual independent variables are related to the dependent variable’ (Delery
and Doty, 1996, p. 804). Configurational SHRM is concerned with ‘the
pattern of planned human resource deployments and activities intended to
enable an organization to achieve its goals’ (Wright and McMahon, 1992,
p- 298). The configurational approach suggests that an organization must
develop HR as a system so that both horizontal and vertical fit can be
achieved.
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2.2.2 Internal and external fit

Horizontal fit implies there must be internal consistency of the organiza-
tion’s HR practices — as HR ‘bundles’ or ‘systems’. Internal fit emphasises the
interdependency between individual HR practices, with the use of one HR
practice enhancing the effectiveness of others — a synergy between practices.
Our previous work on this database found statistically significant evidence
of horizontal/internal fit (see Michie and Sheehan, 2008).

Vertical fit refers to the consistency of the organization’s HR system with
other organizational characteristics such as the firm’s strategy. External fit
suggests that HR practices must ‘fit’, or be congruent with, the firm’s policy
choices outside the area of HR.

The presence of these two fits implies that specific combinations of HR
practices can be identified which improved performance, but these combi-
nations will vary according to organizational context, such as firm strategy.
Different notions of ‘fit’ underlie the three theoretical perspectives in the lit-
erature. The traditional universalistic approach suggests that only internal fit
matters, so that ‘best-practice’ policies work in all contexts, albeit with varia-
tion in terms of the actual HR techniques used. The contingency perspective
suggests that to be effective an organisation’s HR practices must be consis-
tent with other organisational factors, primarily its strategy — there needs to
be external fit. The configurational perspective suggests that improved per-
formance will only occur when ‘vertical’ or external fit and ‘horizontal’ or
internal fit are achieved. We use a modified approach toward ‘horizontal’ or
internal fit that does not exclude key aspects of the firm’s behaviour - its
competitive strategy.

2.2.3 Competitive strategies

Porter (1985) describes competitive advantage as the ‘essence of competitive
strategy’ and proposes three strategies that companies can use to achieve this
advantage: innovation, quality-enhancement and cost reduction. Schuler
and Jackson (1987) link these three strategies with the associated behaviours
of employees and HR practices that a firm should adopt. They argue that HR
practices will prove effective only where the firm emphasizes the importance
of either quality enhancement or innovation within its business strategy. In
organizations pursuing a cost-based strategy, the logical approach to HR strat-
egy would be to emphasize wage-cost minimization and low levels of formal
training: ‘In such a situation, the values and goals imbued within HR would
be consistent with the organization’s primary cost reduction goals’ (Hoque,
1999, p. 421). In organizations pursuing the innovation/quality-enhancer
strategies, the logical approach to HR strategy would be to emphasize train-
ing and education and to offer above-average rates of compensation to help
retain and motivate employees. Most of this literature has studied these
relationships in the context of large firms. A notable exception is a study
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by Aragon-Sanchez and Sanchez-Marin (2005) of Spanish SMEs. Their find-
ings are broadly consistent with the findings for large firms. Specifically, the
authors found that firms with a prospector (innovator) strategy generally
outperform firms pursuing the other three strategy typologies (defenders,
analysers and reactors) ‘because of their great capacity for management and
adaptation to the current environment’ (p. 306).

2.3 Hypotheses tested

2.3.1 The contingency hypothesis

Following Hoque (1999), three business strategy typologies are used to test
the contingency hypothesis: ‘innovators/quality-enhancers’, ‘cost-reducers’,
and ‘others’. The contingency (‘external fit’) hypothesis tested is as follows:

Hypothesis 1: Any correlation found between the use of HR on the one hand
and performance on the other will be contingent upon business strategy; in other
words, if we find such a correlation, we would expect any such correlation to
vary between firms as a result of firms pursuing different strategies.

2.3.2 The universal relevance of HRM

The universal relevance hypothesis is tested by categorizing the firm’s busi-
ness strategy and the number of HR practices it uses. The following hypothesis
is tested:

Hypothesis 2: The level of performance is dependent on the approach taken to
HR and to business strategy; ‘high-HR innovators/quality-enhancers’ outperform
the other categories within the sample.

2.3.3 The configurational hypothesis

The final hypothesis concerns the introduction of HR as a synergistic package
of mutually supporting practices. According to bundling theory, companies
that adopt their HR practices as a coherent, institutionally supported syner-
gistic package — strategic HRM - should outperform establishments within
which HR has been introduced in an ad hoc manner.

Hypothesis 3: Firms that introduce HR practices within an institutionally sup-
ported, coherent package outperform those that introduce similar numbers of HR
practices in an ad hoc manner rather than as part of an overall strategy.

If the coupling of internal and external fit is important (the configurational
hypothesis), the ‘strategic HR’ companies (see below for discussion) should
outperform the other establishments within the sample.
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2.4 Methods

2.4.1 The sample

The data used in the analysis were derived from a stratified sample of firms
from the Dun & Bradstreet databases in the UK and US respectively. Two
dimensions were used to stratify the sample: organizational size and the pri-
mary sector of business activity. In relation to size, the selection criterion
was that the firms employ between 10 and 100 employees. Nine sectors were
identified - five in manufacturing and four in services — using the 1992 UK
and US Standard Industrial Classification (SIC) codes. The matched SIC codes
are as follows:

Manufacturing — medical

2833 — Medicinal chemicals and botanical products
2834 - Pharmaceutical preparations

3827 — Optimal instruments and lenses

3841 - Surgical and medical instruments and apparatus
3844 - Radiology/electrical medical equipment

Services — health

8071 — Medical and scientific laboratories
8072 - Dental laboratories
8051 - Skilled nursing facilities

Services — other

5411 - Grocery stores/supermarkets

Dun & Bradstreet supplied a total of 1281 firms with the above characteristics
in the UK and 1470 in the US (see Appendix 2.1 for sample details). The med-
ical manufacturing and health-service SIC codes were selected because these
represent industries of significant growth — both current and expected - in
the UK and US, and are generally associated with high skill and training levels
(see, for example, United Kingdom Department of Health, 2004; US Bureau
of Labor Statistics, 2008: www.bls.gov/iag/tgs/iag65.htm). The grocery-store
industry was selected to serve as a comparative industry. This is a large indus-
try with a high expected rate of growth, although not known for high skill
or training levels.

It was felt that by focusing on specific industries, we would reduce the prob-
lem of firm heterogeneity that bedevils small-firm research, especially since
this study is in an international context. The motivation for the current chap-
ter is to test the HRM-performance link in as specific a context as possible. The
inclusion of the grocery-store industry enables us to explore, preliminarily,
whether the nature and strength of reported outcomes show sensitivity to the
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type of industry analysed. That is, to examine the contextual conditions that
moderate the extent to which human resource management systems con-
tribute to organizational effectiveness (see Datta et al., 2005 for a detailed
examination of how industrial characteristics moderate the effectiveness of
high-performance work systems).

The data collected are cross-sectional. It is important to stress therefore
that what is being investigated is the possible correlation between variables
such as the use of various work practices, on the one hand, and the firm’s
performance on the other. We are not arguing that such correlations represent
simple one-way causal processes. Indeed, we would expect any correlations
we found to be the result of complex causal relationships between variables.
It is also important to recognize the limits of the survey approach to inform
on the very complex relationships between people and processes within the
‘black box’ of the firm. To fully illuminate the inner workings of the firm,
such survey work needs to be combined with detailed case-study analysis.

Perhaps the most significant limitation in relation to such research is
response bias. This is a problem inherent in almost any study of HR, but
given the very different educational backgrounds (plus language-barrier and
immigration-status issues) among owners of small firms, there may be addi-
tional response bias, since the most disorganized, worst, ‘bleak house’ (Sisson,
1993) firms may tend not to respond. On the other hand, several of those
interviewed did ask for our advice in tackling management problems, so this
may represent an incentive for poorly performing firms to participate.

Given that the firms employed fewer than 100 people, it was unlikely that
the majority of firms would have an HR department or HR director/specialist;
so letters and faxes were sent to the company’s CEO/owner/director — the
most senior person that could be identified from the Dun & Bradstreet
database. Given low responses to postal surveys, in particular from SMEs
(Dennis, 2003), it was decided to conduct a telephone survey of the selected
companies. The following protocol was followed:

¢ The main contact person identified from the Dunn & Bradstreet databases
was sent a one-page briefing on the objectives of the survey and the
expected length of the interview (around 40 minutes). Confidentiality
was emphasized.

¢ The person was then contacted to see if they would agree to the telephone
interview and if agreeable, a date and time was set. They were then faxed a
‘glossary’ of HR terminology and definitions of the financial variables that
would be asked about. It was found, however, that this fax seemed to have
a negative effect on people actually completing the telephone survey. This
was a particular problem in the US. It is likely that small business owners
did not wish to reveal financial information, despite the assurances of
confidentiality. Once this problem was identified, the financial variable
information was dropped.
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Interviews were conducted by telephone with the company’s CEO/owner/
director in 87 per cent of cases in the UK and 83 per cent of cases in the
US. The remaining interviews were carried out with the director of human
resources/personnel/employee relations. Many of the interviewees appeared
extremely interested in the research and the survey questions. Thus, in
around half of the interviews, quite lengthy discussions — almost ‘mini case
studies’ — took place between the interviewee and the research team mem-
bers conducting the interviews. Summaries of these discussions, comments,
and feedback were entered into the final databases which were used in the
analysis and which helped to provide an understanding of the processes and
rationales behind the quantitative data. Some of this informal feedback is
reported below.

In total, 1173 companies were asked (holding companies and companies
where it was clear that they had been categorized in the wrong SIC were
excluded) to participate in the survey in the UK. Of these, 1051 declined, 31
agreed but subsequently failed to complete the interview, and 91 interviews
were completed successfully (a response rate of 7.8 per cent). In the US, 1221
companies were asked to participate, 1066 declined, 56 agreed but subse-
quently failed to complete the interview, and 98 interviews were completed
successfully (a response rate of 8 per cent). Based on response rates to the
pilot telephone interviews, the sampling aim was to obtain a total quota of
S per cent of the ‘population’ and to achieve representation within the strat-
ified sample cells.* Where possible, potential interviewees were asked why
they declined to participate: the main reason was ‘time constraints’. Many of
the business owners commented that they worked long hours, often seven-
day weeks, and even though many stated that the study seemed interesting
and that they did need to learn more about ‘personnel management’ and
how to ‘manage their employees more effectively’, they simply could not
‘spare the time’. The other main reason for not participating in the study was
‘confidentiality concerns’, particularly for the US firms.

2.4.2 The measures
i) Performance variables

Three questions were asked concerning performance outcomes, with respon-
dents asked to rate each on a scale of one (much worse) to five (much
better):

1. How well does labour productivity at your company compare with other
companies in the same industry?

2. How has financial performance - that is, profitability — at your company
compared with other companies in the same industry over the past
financial year?

3. How does the ability to retain existing customers at your company
compare with other companies in the same industry?°
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While there is a perception that small business owners may have difficulty
gauging how well their company performs relative to other companies in the
industry, this appeared not to be the case: companies seemed acutely aware —
at least in relation to the relative/subjective measures used — where their
company ranked compared to others in the same industry. Indeed, 63 per
cent and 74 per cent of UK and US companies respectively had benchmarked
(examined the way things are done at other workplaces and compared them
with their own company) in the past two years.

For the majority of sample companies (60.4 per cent in the UK and 60.2
per cent in the US respectively), we were able to obtain financial data from
Dun & Bradstreet. These data allowed us to address the issue of convergent
validity between the subjective and objective measures of performance (see
Appendix 2.2 for a detailed discussion on how we tested these relationships).
The findings on convergent validity for the subjective and objective measures
of company performance for firms in the study is consistent with our previous
research that demonstrated a relatively high degree of consistency between
‘subjective’ performance measures and their ‘objective’ counterparts in large
companies (Wall et al., 2004).

ii) Control variables

The following control variables were included in the analysis (see
Appendix 2.1 for descriptive statistics on the variables)®, with the name used
to identify them in the results tables given in parentheses:

1. The number of employees (Size). The relationship between firm size and
some of the performance variables was often nonlinear, thus the quadratic
of size is also used (Size?).

2. The age of the company (Age) where age was 2005 (the year of the study)
minus the founding year.

3. Sector dummies for ‘Industry (Manufacturing)’ comprise companies in the
2833, 2834, 3827, 3841, 3844 SIC codes; companies in the 8051, 8071
and 8072 SIC codes were placed in the ‘Industry (Services)’ category; and
companies in the 5411 SIC code in the ‘Industry (Other)’ category. The
omitted category is ‘Industry (Other)’.

4. Whether the company has a large-firm affiliation (34 per cent and 41 per
cent for UK and US companies respectively) (Large Firm Affiliation),

5. The market environment (1=declining; 2=turbulent; 3=stable;
4 =growing; and 5 = growing rapidly) (Market Conditions).

6. Trade union presence (18.5 per cent and 14 per cent for UK and US
companies respectively) (Trade Union Presence).

7. ISO 9000 series recognition (41.1 per cent and 49.5 per cent for UK and
US companies respectively) (ISO Recognition) (yes =1, no=0). Surveys of
ISO 9000 recognition in small firms indicate that installing such a sys-
tem is a major exercise; is costly, especially in the short-run; must be
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well planned; and usually requires an ‘internal champion’, especially the
CEO (McAdam and McKeown, 1999; McTeer and Dale, 1996; Porter and
Rayner, 1991; and Taylor, 1995). Thus, similar to investment in HRM
practices, ISO recognition in small firms requires significant investment
and recognition by management that this type of investment will improve
the company’s performance, at least in the medium to long-term. There is
also overlap between requirements for ISO recognition and formalization
of HRM practices, especially in relation to training and education of the
workforce. Indeed, the pilot interviews found that firms with ISO recogni-
tion were more likely to have more formalized HRM systems in place and
thus recognition is used as a control variable.

8. Whether the company received external assistance from organizations
such as Business Links/Small Business Advisory Service, the small firms
loan guarantee scheme, or the European Union in the UK; or the Small
Business Administration, Chambers of Commerce, or Business Adminis-
tration Centres in the US (38 per cent and 19 per cent of UK and US
companies respectively) (External Assistance).

iii) Measurement of HR practices

Human resource management was measured through 17 items placed within
five broad categories. These are outlined in Table 2.1. The practices cover
the areas of recruitment and selection, performance appraisals, performance-
based pay, training and development, employee participation (voice) and
participation. The items and categories were drawn from the existing liter-
ature (see, for example, Becker and Gerhart, 1996; Dyer and Reeves, 1995;
Guest and Hoque, 1994; Pfeffer, 1994, 1998; Wood and Albanese, 1995)
rather than from a specific a priori definition of HRM. However, most of
the HRM literature pertains to large firms and the pilot interviews revealed
that HRM practices such as ‘employment security/internal labour market’,
and ‘single status and harmonization’ were not generally applicable to small
firms and were thus not included. The mean number of practices used within
the UK sample is 11.1 and 12.7 for the US sample.

iv) Measures of business strategies

We build upon the business strategy typologies from Schuler and Jackson
(1987) and Hoque (1999). The classifications are based on both subjec-
tive responses to questions on strategy and on objective data. In terms
of the subjective responses, companies were asked to rank the impor-
tance of various business strategies for their company’s competitive success
(where 1 =insignificant; 2 =not very significant; 3 = moderately significant;
4 =very significant; and 5 = crucial).

Additional data used to formulate the strategy classifications were collected
on how the company’s remuneration rate for the overall workforce compared
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Table 2.1 HR practices used in the analysis

HR Practices Mean SD Mean SD Mean SD
UK us All firms
n=91 n=98 n=189
A. Recruitment and selection
a. Use of at least one of the following 0.889 0.812 0.913 0.803 0.901 0.782
selection methods: formal application
form; formal interview; work sample;
test of job skills; assessment of job skills
b. Written employment contract 0934 0.856 0.615 0.549 0.768 0.687
c. Written job description 0.553 0.412 0.592 0.567 0.572 0.541
B. Performance appraisal
Formal appraisal of majority (>50%) of 0.605 0.487 0.721 0.688 0.665 0.532
managerial and non-managerial employees
on a regular basis, or at least annually
C. Performance-based compensation
a. Individually based performance 0.521 0.322 0.605 0.513 0.563 0.496
related pay
b. Profit sharing (or some other type of 0.100 0.233 0.152 0.337 0.126 0.268
company-based reward system)
c. Employee stock options 0.022 0.011 0.053 0.048 0.037 0.025
d. Team-based performance 0.208 0.338 0.285 0.207 0.249 0.300
e. Training-education achievement 0.199 0.245 0.152 0.197 0.175 0.204
linked bonus
D. Training and development
a. Formal induction programme for new 0.912 0.887 0.936 0.900 0.926 0.885
employees
b. The majority (>50%) of managerial and 0.612 0.608 0.489 0.415 0.550 0.516
non-managerial employees received
formal (NVQ and/or ‘off-the-job’)
training in the past 12 months
c. The majority (>50%) of managerial and 0.802 0.652 0.785 0.477 0.794 0.532
non-managerial employees received
informal (‘on-the-job’) training in the
past 12 months
E. Employee voice and participation
a. Employee representation at board/ 0.462 0.388 0.412 0.466 0.434 0.392
senior management meetings
b. Joint consultative committees (JCCs) 0.203 0.268 0.221 0.193 0.211 0.203
c. Employees are surveyed on a regular 0.788 0.605 0.792 0.773 0.794 0.730
basis, at least annually
d. Employees consulted about new hires 0.332 0.389 0.255 0.228 0.291 0.267
e. Where financial targets are set (59% of 0.205 0.168 0.153 0.166 0.180 0.170

UK firms; 68% of US firms), employees
are informed about the status of these
targets (i.e., whether targets were
exceeded, met, or not met)
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Table 2.2 Business strategies: UK and US firms

Business strategy UK firms US firms All firms
A. Cost-based 21% 26% 23%
B. Innovator-based 22% 36% 29%
C. Quality-based 40% 24% 32%
D. ‘Other’ 17% 14% 15%

Note: percentages may not sum to 100% due to rounding.

to its main competitors’ (where 5=well above average; 4 =above average;
3 =average; 2=Dbelow average; 1=well below average); and whether the
company had introduced a new product or process innovation in the past
three years; if it had a system of Total Quality Management (TQM) in place;
and if it had ISO recognition (or other industry-specific certificates/awards).

Companies were classified as having a cost-based strategy if they ranked
‘offering the best price’/value for money’ as the main source of their com-
petitive advantage (4 or 5 on the scale described above) and paid low
remuneration rates to their employees compared to their main competitors
(1 or 2 on the scale described above) and if at least one of the following applied:
no innovations were introduced in the past three years, no TQM system was
in place, and there was no ISO recognition (21 per cent of UK companies,
26 per cent of US companies, and 23 per cent of all companies in the sample).

Companies were classified as having an innovator-based strategy if they
ranked ‘frequently innovating their product or service’ and/or ‘frequently
implementing process innovations’ as the main source of their competitive
advantage (4 or 5 on the scale described above) and if they had introduced
either a product or process innovation over the past three years (22 per cent of
UK companies, 36 per cent of US companies, and 29 per cent of all companies
in the sample).

Companies were classified as having a quality-based strategy if they ranked
‘offering the highest quality product or service’ as the main source of their
competitive advantage (4 or 5 on the scale described above) and if they paid
high remuneration rates to their employees compared to their main competi-
tors (4 or 5 on the scale described above) and if at least one of the following
applied: at least one product or process innovation was introduced in the
past three years, a TQM system was in place, and there was ISO recognition
(40 per cent of UK companies, 24 per cent of US companies, and 32 per cent
of all companies in the sample).

The innovator-based and quality-based (innovator/quality-enhancer) strategies
are combined for this analysis because of the similarities in the outcomes
both groups achieved. For example, all but four UK companies and all but
three US companies that had introduced an innovation had either higher
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than average remuneration rates, a TQM system in place, or had achieved
ISO recognition.

Companies were classified as ‘other’ if they did not meet any of the criteria
outlined above. These companies placed no significant emphasis on cost,
quality or innovation in terms of their competitive success (17 per cent of
UK companies, 14 per cent of US companies, and 15 per cent of all companies
in the sample). These companies appeared to run their businesses in a rather
ad hoc manner.

In terms of UK-US comparisons, it can be seen that US companies were
more likely to emphasize a cost-based strategy (26 per cent) compared to
their UK counterparts (21 per cent); US companies were more likely to
emphasize an innovator-based strategy (36 per cent) compared to their UK
counterparts (22 per cent); and UK companies were more likely to empha-
size a quality-based strategy (40 per cent) compared to their US counterparts
(24 per cent).

Comparing the strategies of UK small firms to a survey of large UK firms
(employing more than 100 people), the breakdown of strategy categories for
the large firms was as follows: 15 per cent cost-based, 25 per cent innovator-
based, 50 per cent quality-based (75 per cent combined innovator/quality-
based) and 10 per cent ‘other’ (see Michie and Sheehan, 2005). The main
difference appears to be that small firms were more likely to have a cost-
based approach (21 per cent compared to 15 per cent of large firms) and they
were also more likely to have no identifiable strategy (17 per cent compared
to 10 per cent of large firms). These results are not surprising since strategy
tends to form and evolve as companies grow and mature, and many small
firms attempt to enter the market based on the price competitiveness of their
product or service.

2.4.3 Hypothesis testing
i) Testing the contingency theory

Following Hoque (1999), the measure of HR used in the analysis is cumula-
tive, with each company being ranked according to the extent to which it
adopted the 17 individual HR practices (see Table 2.1). The aim of this vari-
able is to measure the extent to which HRM practices have been adopted. By
splitting the sample by strategy typologies, and then regressing the aggregate
HR variable on each of the performance variables, we can assess the effective-
ness of HR in the context of ‘cost-reducer’, ‘innovator/quality-enhancer’, and
‘other’ business strategies. Hypothesis 1 is therefore tested for whether HRM
is most effective, in terms of performance outcomes, when there is external
fit. By splitting the sample based on the type of strategy the firm is pursuing,
the HRM variable is then regressed on each of the performance variables. This
enables us to assess the effectiveness of HRM in the context of the business
strategy being pursued by the companies.
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ii) Testing the universal relevance of HRM

Having split the sample three ways to perform the external fit tests, discussed
above, the sample is reclassified and dummy variables created, to enable
comparisons between business strategy categories as follows:”

1. ‘Low-HR cost reducers’, using eight or fewer HR practices: five UK
companies and 11 US.

2. ‘Medium-HR cost reducers’, using more than eight but fewer than 13 HR
practices: 10 UK companies, seven US.

3. ‘High-HR cost-reducers’, using 13 or more HR practices: four UK compa-
nies, five US.

4. ‘Low-HR innovators/quality-enhancers’, using eight or fewer HR practices:
nine UK companies, 10 US.

5. ‘Medium-HR innovators/quality-enhancers’, more than eight but fewer
than 13 HR practices: 16 UK companies, 14 US.

6. ‘High-HR innovators/quality-enhancers’, 13 or more HR practices: 32 UK
companies; 32 US.

7. ‘Low-HR others’, using eight or fewer HR practices: four UK companies,
seven US.

8. ‘Medium-HR others’, more than eight but fewer than 13 HR practices:
seven UK companies, six US.

9. ‘High-HR others’, 13 or more HR practices: four UK companies; six US.

This series of dummy variables enables comparative analysis between the
level of performance dependent on the approach taken to HR and business
strategy. Category 6 is held constant which allows us to examine whether the
‘high-HR innovator/quality-enhancer’ establishments outperform the other
categories.

iif) Testing the configurational hypothesis

The final test is for the configurational hypothesis: whether it is important
to introduce HRM as a synergistic package of mutually supporting practices
(in other words, are internal and external fit important?). Of the firms using
a higher than average number of HRM practices, based on Hypothesis 3,
we would expect that the firms that introduce these practices strategically
should outperform the firms where HRM has been introduced in a more ad
hoc manner.

Consistent with other studies of small firms (Storey, 1994; Cassell et al.,
2002) it was found that a low percentage (5.9 per cent) had an HR depart-
ment or specialist (3.3 per cent in the UK and 7.3 per cent in the US). The
company’s CEO/owner/director almost always reported that he/she felt HR
and personnel issues were their responsibility. Despite the absence of HR
departments or specialists, we did find evidence of ‘strategic’ HR practices
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and use evidence of these practices to determine whether companies had
strategic HRM in place.

The firm is categorized as having ‘strategically integrated’ its HR practices if
it had at least two of the following ‘strategic’ HR policies in place: 1) analysis
of recruitment methods at least annually (33 per cent of UK firms; 39 per cent
of US firms; and 36 per cent of all firms in the sample); 2) a recruitment plan
for the next year (31 per cent of UK firms; 44 per cent of US firms; and 37 per
cent of all firms in the sample); and 3) a training and development plan for
the next year (53 per cent of UK firms; 48 per cent of US firms; and 51 per
cent of all firms in the sample). This led to the following categorization:

1. Strategic HR establishments: above-average usage of HR practices,® strategi-
cally integrated with each other: 31 per cent of UK companies; 38 per cent
of US companies and 35 per cent of all companies in the sample.

2. Non-strategic HR establishments: above-average usage of HR practices, but
not strategically integrated: 24 per cent of UK companies; 20 per cent of
US companies; and 22 per cent of all companies in the sample.

3. Low-HR establishments: below-average usage of HR practices: 44 per cent
of UK companies; 43 per cent of US companies; and 43 per cent of all
companies in the sample.

2.5 Results
The results from the testing of the hypotheses were as follows.

2.5.1 The contingency (‘external fit') hypothesis

Table 2.3 reports strong correlations between strategy and the cumulative HR
variable (Hypothesis 1). In UK and US firms, and in the combined sample,
the correlation between the HR index and all three performance measures is
significant: at the 5 per cent level in each sample for labour productivity and
customer retention, and at the 10 per cent level for financial performance.
(For reasons of space, the separate tables for the UK and US results respec-
tively are not reported here but are available from the authors on request.)
The correlation between the cumulative HR variable and all three perfor-
mance measures is particularly strong for the innovator/quality-enhancer firms
(1 per cent significance levels in each sample). However, for the cost-reducer
firms and ‘other’ firms, the statistical significance of this relationship disap-
pears for financial performance and customer retention, although remaining
significantly positive in each sample for labour productivity (but only at the
10 per cent level in the UK and for the combined sample, and at the 5 per
cent level for US firms). This suggests that a higher use of HR practices will
be generally associated with higher labour productivity, but to be associated
with relatively high values for the other performance variables, HR practices
need to be combined with an innovator/quality-based strategy.
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Variables All firms

Cost-reducers

Innovators/

quality
enhancers

Others

(i) Labour productivity

HRM 0.235 (0.090)**
Size 0.219 (0.115)*
Size? 0.187 (0.080)**
Age 0.015 (0.113)

0.289 (0.119)*
0.203 (0.109)*
0.244 (0.107)*
0.172 (0.070)**
0.058 (0.035)
0.155 (0.082)*
186

0.132

Industry (Manuf)
Industry (Services)
Large firm affiliation
Market conditions
Trade union presence
External assistance

n
Pseudo R?

(ii) Financial performance

HRM 0.188 (0.094)*
Size 0.101 (0.055)*
Size? 0.092 (0.039)**
Age 0.099 (0.040)**

Industry (Manuf)
Industry (Services)
Large firm affiliation
Market conditions
Trade union presence  0.003 (0.009)
External assistance 0.060 (0.025)**
n 181

Pseudo R? 0.110

0.130 (0.053)**
0.118 (0.046)**

(iii) Customer retention

HRM 0.203 (0.085)**
Size 0.111 (0.033)***
Size? ~0.088 (0.037)**
Age 0.077 (0.040)*

Industry (Manuf)
Industry (Services)
Large firm affiliation
Market conditions
Trade union presence
External assistance

0.134 (0.082)
0.146 (0.057)**
0.120 (0.049)*

~0.098 (0.047)*
0.023 (0.023)
0.130 (0.058)**
185

n
Pseudo R? 0.101

0.139 (0.043)***
0.144 (0.044)**

0.117 (0.055)*
0.066 (0.055)
0.122 (0.058)*

~0.033 (0.016)*
0.106 (0.096)
0.079 (0.049)
0.078 (0.036)*
0.104 (0.065)

~0.019 (0.215)
0.091 (0.055)
42
0.120

0.072 (0.046)
0.099 (0.060)
0.126 (0.061)*

~0.112 (0.060)*
0.102 (0.052)*
0.097 (0.059)
0.109 (0.050)*
0.075 (0.036)*

~0.040 (0.400)
0.044 (0.035)
41
0.127

0.107 (0.101)
~0.060 (0.032)*
~0.099 (0.031)***
~0.090 (0.049)*
0.097 (0.058)
0.103 (0.052)*
0.116 (0.071)
~0.111 (0.053)*
~0.005 (0.008)
0.082 (0.051)
43
0.118

0.320 (0.090)**
0.099 (0.039)**
0.188 (0.098)*
0.112 (0.057)*
0.296 (0.088)***
0.198 (0.097)*
0.223 (0.069)***
0.156 (0.064)**
0.092 (0.078)
0.160 (0.082)*
115

0.123

0.198 (0.059)**
0.053 (0.025)*
0.111 (0.045)*
0.123 (0.048)*
0.095 (0.032)**
0.162 (0.070)**
0.203 (0.066)***
0.199 (0.062)***
0.026 (0.020)
0.143 (0.061)*
112

0.119

0.246 (0.062)***
0.096 (0.031)***
0.022 (0.018)
0.120 (0.049)**
0.172 (0.075)*
0.192 (0.083)**
0.203 (0.068)***
0.221 (0.118)*
0.060 (0.035)
0.155 (0.075)*
114

0.131

0.250 (0.126)*
0.234 (0.109)*
0.066 (0.030)**
0.228 (0.114)*
0.216 (0.083)*
0.122 (0.063)*
0.147 (0.064)*
0.119 (0.058)*
0.042 (0.038)
0.111 (0.047)*
29

0.115

0.177 (0.145)
0.095 (0.072)
0.107 (0.051)*
0.033 (0.023)
0.093 (0.038)*
0.085 (0.044)*
0.140 (0.057)*
0.098 (0.039)*

~0.059 (0.044)
0.109 (0.033)***
28
0.103

0.211 (0.171)
0.103 (0.044)*
~0.112 (0.044)**
0.096 (0.088)
0.119 (0.060)*
0.123 (0.069)
0.120 (0.048)*
~0.131 (0.054)**
~0.053 (0.054)
0.111 (0.044)*
28
0.120

Notes: 1. Ordered probit analysis.

2. Coefficients given (standard errors in brackets).
3. **significant at 1%; ** significant at 5%; * significant at 10%.
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The type of strategy pursued by firms is also related to many of the control
variables. In relation to cost-reducers, age is significantly negatively corre-
lated with all of the performance variables. This may be because older firms
that have acquired higher costs over time are attempting to cut costs to
survive and/or regain competitiveness. Firm size is generally positively and
significantly correlated with labour productivity and financial performance,
but is negatively and often significantly correlated with customer retention,
especially for those firms pursuing a cost-reducer strategy. Operating in the
health-care manufacturing and health-services industries is positively and
often significantly correlated with performance. Significant positive correla-
tions are found for companies operating in the health-services industry with
the customer retention variable, and, in particular, for those firms pursuing
an innovation/quality-enhancer strategy.

The coefficient for a rapidly growing market and customer retention is
significantly negative for all firms except those pursuing an innovator/quality-
enhancer strategy, perhaps reflecting the fact that the emphasis placed by
these firms on quality helps to keep customers coming back. The other case
where patterns differ in relation to the innovator/quality-enhancer firms and
the ‘other’ firms is in relation to UK trade union presence where there is a
significantly positive relationship (at the 10 per cent level) with the presence
of trade unions for firms pursuing an innovator/quality-enhancer approach
to strategy and customer retention, whereas for the ‘other’ firms this rela-
tionship is not significant. A final significant difference between the two
strategy types exists in relation to external assistance. External assistance is
more positively correlated (higher coefficient significance rates) with labour
productivity and financial performance for the ‘other’ firms compared to
the innovator/quality-enhancer firms. Interestingly, for firms pursuing a cost-
reducer strategy, while the correlations between external assistance and all
of the performance measures are positive, none are significant.

These results give support to the external fit hypothesis, that is, that the
effectiveness of HR is strongly dependent upon the business strategy pur-
sued. As hypothesized, there is little evidence that the adoption of HR leads
to improved performance where companies emphasize cost control in their
business strategies. In contrast, where HR is coupled with strategies that
emphasize quality-enhancement and innovation, performance is positively
affected.

2.5.2 The universalistic (‘internal fit') hypothesis

Theresults reported in Table 2.4 suggest that the ‘high-HR innovators/quality-
enhancers’ are the highest performing establishments in terms of all the
performance variables. The negative signs on the HR-strategy coefficients
show that establishments not following the ‘high-HR innovator/quality-
enhancer’ approach perform less well than those establishments that follow
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Table 2.4 Results for Hypothesis 2: all firms (UK and US)

Variables

Labour
productivity

Financial
performance

Customer
retention

‘Low-HRM cost reducers’
‘Medium-HRM cost reducers’
‘High-HRM cost reducers’

‘Low-HRM innovator/
quality enhancers’

‘Medium-HRM innovator/

quality enhancers’
‘Low-HRM others’
‘Medium-HR others’
‘High-HRM others’
Size
Size?
Age
Industry (Manuf)
Industry (Services)
Large firm association
Market conditions
Trade union presence
External assistance

n
Pseudo R?

—0.407 (0.155)*
~0.255 (0.166)
—0.411 (0.252)
~0.018 (0.015)

~0.176 (0.129)

~0.133 (0.055)**

~0.118 (0.073)
0.197 (0.123)
0.130 (0.065)*
0.249 (0.107)*
0.134 (0.086)
0.306 (0.129)*
0.255 (0.128)*
0.349 (0.104)***
0.150 (0.078)*
0.027 (0.023)
0.098 (0.045)*
186
0.131

—0.372 (0.258)
~0.245 (0.125)*
—0.299 (0.092)**
~0.193 (0.089)*

—0.271 (0.169)

~0.296 (0.121)**
—0.130 (0.084)
—0.166 (0.100)
0.224 (0.102)*
0.302 (0.101)***
0.119 (0.054)*
0.185 (0.058)"**
0.196 (0.082)*
0.414 (0.127)"
0.276 (0.113)*
—0.060 (0.049)
0.142 (0.061)*
181
0.123

—0.414 (0.129)*
~0.255 (0.132)*
—0.220 (0.146)
—0.278 (0.090)**

—0.226 (0.140)

~0.400 (0.124)**
—0.276 (0.142)*
~0.198 (0.119)
0.117 (0.052)*
—0.266 (0.100)**
0.088 (0.076)
0.246 (0.177)
0.221 (0.094)*
0.305 (0.129)*
—0.119 (0.048)*
0.075 (0.061)
0.212 (0.091)*
97
0.127

Notes: 1. See Table 2.3.

2. Omitted category = ‘High-HR innovators/quality-enhancers’

this approach. The exception to this appears in relation to labour productiv-
ity for ‘high-HR other’ (where the signs are positive but not significant); even
where a firm does not have a clear strategy, HR practices do seem to enhance
productivity (providing support for the traditional universalistic hypothe-
sis). But the results suggest that the return from this HR investment for these
firms would be higher if they introduced HR practices within the context of
an innovator/quality-enhancer strategy.

Finally we examine whether establishments that introduce HR practices as
a strategically integrated package of mutually supporting practices outper-
form establishments that introduce their practices in a more ad hoc manner
(Hypothesis 3). The results reported in Table 2.5 show that ‘strategic HR’
companies outperform the ‘low-HRM'’ firms across all performance measures.
The ‘non-strategic HRM’ companies outperform the ‘low-HRM’ companies
on only one of the performance measures — customer retention, where the
fact that these practices are at least in place appears to be correlated with
the delivery of service to customers. The size and statistical significance of
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Table 2.5 Results for Hypothesis 3: all firms (UK and US)

Variables Labour Financial Customer
productivity performance retention
‘Strategic HRM' 0.448 (0.115)** 0.492 (0.111)** 0.633 (0.146)"*
‘Non-strategic HRM’ 0.293 (0.221) 0.226 (0.145) 0.325 (0.151)*
Size 0.133 (0.068)* 0.176 (0.088)* 0.140 (0.065)*
Size? 0.243 (0.105)** 0.279 (0.094)*** —0.255 (0.098)**
Age 0.160 (0.149) 0.229 (0.093)** 0.102 (0.077)
Industry (Manuf) 0.331 (0.129)** 0.195 (0.081)** 0.104 (0.083)
Industry (Services) 0.228 (0.108)* 0.166 (0.071)* 0.211 (0.083)**
Large firm association 0.322 (0.104)** 0.336 (0.113)** 0.176 (0.063)**
Market conditions 0.144 (0.058)** 0.344 (0.110)*** —0.152 (0.077)*
Trade union presence 0.037 (0.042) —0.113 (0.093) 0.047 (0.035)
External assistance 0.183 (0.092)* 0.146 (0.075)* 0.134 (0.064)*
n 186 181 185
Pseudo R? 0.113 0.123 0.125

Notes: See Table 2.3 for estimation techniques and Table 2.4 for Hypothesis 3 estimation
techniques

the coefficients on the performance variables are, however, unambiguously
greater across the board for those firms pursuing strategic HRM.

2.6 Conclusions

The results reported here for small firms are consistent with results we have
found previously for large firms in relation to strategic HRM (Michie and
Sheehan, 2005). Thus, investing in ‘progressive’ HR practices appears to pay
dividends in terms of corporate performance. This is also consistent with
the findings of Way (2002). However, the results reported in this chapter
suggest that the degree to which this is true - in statistical terms, the size
and significance of the effect — will vary according to a range of factors. One
of these factors is the strategy that the firm adopts. Broadly, it may pursue
a ‘high-road’ strategy of investing in progressive HR practices that tend to
be associated with a greater degree of commitment and motivation amongst
the workforce, plus an increased ability and greater opportunities to work
more productively. Hence such HR investment will tend to be associated
with higher productivity and customer retention, and thus also profitability.
Alternatively, the firm may choose a ‘low-road’, cost-cutting strategy. This
appears to be especially so for ‘older’ small companies, who may turn to
this approach as a ‘strategy of last resort’. The effectiveness of HR policies
and practices therefore will depend, in part at least, on the strategy being
pursued by the company.



Business Strategy, HRM and Corporate Performance 33

If a ‘high-road’ strategy is consciously chosen, then the costs of investing in
HR practices can be expected to be recouped through improved performance.
However, for this to happen, HR practices need to lead not just to higher levels
of commitment and motivation amongst staff, but also for this to be matched
firstly by the skills to work more productively, and also by the opportunities
to put those skills and motivation to good effect. For these three factors
to be present — motivation, skills and opportunities — HR practices are best
introduced and implemented as a coherent ‘bundle’, and combined with
appropriate organizational design.

It might be thought that while these results have been reported previously
for firms in general, they are unlikely to apply to small firms, where there
is less scope for implementing the whole range of policies and practices that
such an approach involves. The results reported above suggest that such an
assumption would be incorrect. The importance of introducing HR practices
in appropriate combinations appears to be equally important for small firms
as for larger companies. And the benefits of combining this with an appro-
priate company strategy is likewise confirmed by the results reported above
for small firms.

Different legal, institutional and cultural contexts mean that we cannot
generalize such results from one country to another. However, the results we
derived from testing the above hypotheses were remarkably consistent across
the firms in both the UK and the US. It is true that the likelihood of pursuing
a particular company strategy varied somewhat between the two countries,
as reported above, but the way in which such strategies appeared to interact
with the use of HR practices, and the correlations between these interac-
tions on the one hand, and the company’s productivity, customer retention
and profitability on the other, were quite consistent between the UK and
US firms.

The HR-performance literature tends to look at productivity and profitabil-
ity. However, in previous work we have taken innovation as an alternative
outcome, and we found similar results, namely that an appropriate mix of HR
policies will be associated with organizations that are more likely to innovate
(Michie and Sheehan, 2003). One of the reasons may be that if ‘progressive’
HR policies such as consultation and communication are combined with ‘no
redundancy’ guarantees — as is often the case in ‘high-commitment work sys-
tems’ that aim to enhance corporate performance through implementing an
appropriate mix of HR policies — then employees may be more willing to pro-
pose process innovations that will allow the process to be undertaken with
fewer employees. Thus, trust becomes central. The ‘no redundancy’ guaran-
tee is introduced to reinforce the psychological contract that such gains will
not be used to benefit management to the detriment of the employee.

Trust is also important for companies in their dealings with other firms —
whether suppliers, customers or competitors. It facilitates cooperation, which
also tends to be associated with the propensity to innovate.
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Thus while this chapter has focused on management practices within the
firm, the HR practices analysed, and the outcomes of improved levels of
commitment and trust, may also have broader implications in facilitating
and enhancing cooperation across organizations as well as within them. And
both forms of cooperation may facilitate enhanced levels of product and
process innovation.

Finally, the greatest weakness with the research reported in this chapter is
the low response rate we got from firms. We did manage to interview our
target number of firms in both countries (the US and the UK) - almost 100
companies in each country, making almost 200 in all. However, this was only
achieved by surveying a larger number than we would have liked, given that
the response rate — defined as those that not only responded but also did go
on to complete the required interview in full, was only around 8 per cent in
each country. The danger with such a low response rate, or in other words
with having to survey such a large number of companies in order to secure the
desired number of interviews, is that the sample of interviewed firms might
be unrepresentative of the company sector in general. We were therefore
alert to this possibility and were on the lookout for any signs that this might
be the case. We were not able to identify any likely biases. However, this
does not mean that they were not present. The results need to be considered
alongside this important caveat. This also means that further research along
these lines could provide valuable additional evidence that might inform
the HRM-performance literature and the SME research agenda. Such research
would of course need to be mindful of the difficulties of getting high rates of
return for requests for interviews — or even for requests for data — from the
small-firm sector.

Appendices

Appendix 2.1: Sample details
Table 2.A1 Sample details

UK companies US companies Total sample
count % count % count %
Establishment size:
10-25 35 38.5 37 37.8 72 38.1
26-50 32 35.2 30 30.6 62 32.8
51-75 10 10.9 12 12.2 22 11.6
76-100 14 15.4 19 19.4 33 17.5
Total sample: 91 100.0 98 100.0 189 100.0
Age:
Mean 25.1 years* 20.3 years 23.2
Range 491-1.5 years 114-1.1 years 491-1.1 years

(Continued)
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Table 2.A1 (Continued)

UK companies US companies Total sample
count % count % count %

Industrial activity:

Manufacturing — medical

2833 - Medicinal chemicals and 6 7 13
botanical products

2834 - Pharmaceutical preparations 7 9 16

3827 — Optimal instruments and 4 S 9
lenses

3841 - Surgical and medical 9 11 20
instruments and apparatus

3844 - Radiology/electrical medical 4 5 9
equipment

Total manufacturing 30 33.0 37 40.7 67 354

Services — medical and health related

8071 — Medical and scientific 9 10 19
laboratories

8072 — Dental laboratories 8 7 15

8051 - Skilled nursing facilities 25 23 48

Services — other

5411 - Grocery stores/supermarkets 19 21 40

Total services 61 67.0 61 62.2 122 64.6

Total: 91 100.0 98 100.0 189 100.0

Large firm affiliation 31 340 40 40.8 71 37.6

Trade union members 17 185 14 14.3 31 16.4

ISO recognition, and/or industry- 32 352 54 55.1 86 45.5
specific quality recognition

External assistance 35 38.5 19 19.4 54 28.6

Appendix 2.2: Spearman rank-order correlations between
subjective and objective performance measures

Method

Subjective performance was measured as: ‘How does financial performance,
that is, profitability, at your company compare with other companies in
the same industry over the past financial year?” and ‘How does your labour
productivity compare with that other companies in the same industry?’
Responses were obtained on a five-point response scale running from ‘much
worse’ to ‘much better’. The mean and standard deviation for these vari-
ables for UK companies were: M =3.33, SD =.65; and M =3.96, SD =.58 for
profitability and productivity respectively; and for US companies they were:
M=3.51, SD=.79; and M =4.02, SD = .68 for profitability and productivity
respectively.
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Objective financial performance was measured using financial data sup-
plied by Dun & Bradstreet as part of the original sample framework (the
‘population’) and then supplemented with additional data from its Com-
prehensive Financial Reports for the sample companies where data was not
supplied with the original sample. Financial data was obtained for a sub-
sample of 55 of the 91 sample firms in the UK and 59 of the 98 sample firms
in the US (the both samples, the least amount of financial data were available
for skilled nursing home facilities and grocery stores).

Objective measures were constructed from these data. Productivity was
calculated as gross sales per employee. Profit was calculated as the pre-tax
financial value of sales divided by number of employees (that is, profit per
employee) because costs-per-employee data were not available. To control for
price movements, the profit variable was deflated by the producer price index
in which the company belonged. To deal with the non-normal deviations
of the data, we used the logarithm of the raw scores. The means and stan-
dard deviations for UK companies were: M =4.89, SD=3.01 and M =6.85,
SD =2.25 for profitability and productivity respectively; and for US compa-
nies were: M=5.14, SD=3.41 and M=7.77, SD=3.16 for profitability and
productivity respectively.

Results

Even after logarithmic transformations the data were not normally dis-
tributed, so the appropriate non-parametric, Spearman rank-order correla-
tion was used. We conducted the analysis for each sample as a whole and
by sector (manufacturing, services (both health-care related) and services
(other), and grocery stores) and did find differences in the patterns of results;
we thus present these results by sector.

Before the results are presented, an important caveat must be given. While
objective financial data were available for the majority of firms in the sample,
the overall subset does become small (55 companies in the UK and 59 in the
US) and when broken down by sector, the cell sizes become smaller. In addi-
tion, all of the analysis presented here is cross-sectional, so only convergent
validity can be tested and not discriminant analysis. Having said this, the
results are remarkably consistent for both the US and UK subset of firms and
the overall results are broadly consistent with our previous work that utilized
larger samples in this area for large firms (Wall et al., 2004).

Our findings (available from the authors on request) show that the rela-
tionships between the directly corresponding subjective and objective per-
formance measures are the strongest in both the UK and US samples. The
relationships are strongest in the manufacturing sector, then services and
weakest (although all of the direct measures are significant) for the Services
‘other’ sector (grocery stores). These patterns are not surprising, especially
since it is well recognized that productivity is generally easier to measure
in the manufacturing sector compared to the service sector. An additional
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financial performance variable, ‘current ratio’ (current ratio indicates a firm’s
liquidity and is measured by its liquid assets (current assets) relative to its
liquid debt (short-term or current liabilities)), was available for this same
sub-sample of companies. The correlation between profitability and the cur-
rent ratio was .82** for UK companies and .73™ for US companies. These
high correlations imply that the current ratio, an asset-based measure, is also
a good proxy for a firm’s financial performance. We next tested the corre-
lations between subjective financial performance and the objective current
ratio. For UK firms, this correlation was .58* and for US firms .63**

Notes

1.

This research was funded by the ESRC as part of their ‘Human Resource Management
and Performance in Small & Medium Sized Enterprises’ project (Grant RES-000-22-
1142). We would like to thank our researchers Linda Mapp and Alesha Aljeffri at the
University of Birmingham and Mahsa Asil and the ‘Research Team' at the University
of Dallas. We would also like to acknowledge the support of Deans Lynch (deceased)
and Whittington, and Professor John Watters, all of the University of Dallas. Finally,
we are indebted to Alfred Kleinknecht and two anonymous referees for making a
number of helpful suggestions.

Related work using the same database has examined: firstly the types of HR practices
found in UK and US firms; secondly, how the use of these practices vary in relation
to different characteristics of these firms; and thirdly, the relationship between HR
practices and firm performance (see Michie and Sheehan, 2006). We find firstly a
wide range of usage of HR practices, including some degree of strategic HR; secondly,
a positive relationship between HR policies and performance; and thirdly, that HR is
more likely to contribute to competitive success when introduced strategically as
part of an integrated and coherent package, that is, as part of a bundle of innovative
work practices.

. Fordetails on the grocery store industry in the US and UK see: www.connexions.gov.

uk/jobs4u/furtherdetails.cfm?id=605&parentID=594 (2004) and www.collegegrad.
com/industries/trade03.shtml (2004).

To check for response bias, t-test comparisons of the size and SIC category of the
responding firms with the same data for the non-responding firms were made. No
significant differences (i.e., p> 10) between these two subgroups were found for
size. Firms in manufacturing industries were significantly (i.e., p > 10) more likely
to respond than firms in the service industries. Firms in the grocery-store industry
were the least likely to participate in the study.

The measure ‘customer retention’ is not standard in the HRM-performance lit-
erature but was adapted for this study on small firms. The use of this measure
was informed by the pilot interviews where the issue of customer retention was
flagged up very frequently as a factor that interviewees viewed as key to the perfor-
mance and, indeed, the survival of their firm. Customer retention was mentioned
frequently by interviewees, even before they were prompted about this variable.
These control variables have been used in previous performance-HRM research and
SME research (e.g., Aragon-Sanchez and Sanchez-Marin, 2005; Bacon et al., 1996;
Cassell et al., 2002; Guest et al., 2003; and Huselid, 1995).
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7. Companies that use less than 50 per cent of the possible HR practices (eight or fewer
practices out of a possible 17) are placed in the ‘low HRM category’; companies that
use between nine and 12 practices are placed in the ‘medium HRM category’, and
companies that use 75 per cent or more of the possible HR practices (13 or more)
are placed in the ‘high HRM category’.
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Where People Provide the Impetus: HRM
Practices, Employee Job Satisfaction and
Innovation

Helen Shipton and Doris Fay

3.1 Introduction

Successful organizations almost invariably exhibit an ability to change, adapt
and on occasions reinvent themselves in order to survive in challenging cir-
cumstances. What does this intense commitment to innovation mean for
the employment systems of these organizations? What is the logic behind
assertions that certain HRM practices and work design features promote inno-
vation while others suppress and constrain this result? And what is the impact
of employee feelings and attitudes on an organization’s propensity to operate
in this way? It is with these and other questions that we are concerned in this
chapter. Our assertions are necessarily tentative, since there have been few
empirical studies examining this topic. Nonetheless, there is a burgeoning lit-
erature concerned with understanding what organizations can do internally
to promote innovation. Some of the studies that we describe below offer new
empirical insights into this area.

Pfeffer (2000) argues that organizational success frequently depends on
innovation and flexibility, and that such attributes are derived from the
human resources of the business and the way in which they are man-
aged. He posits a number of important practices; rigorous selection, internal
merit procedures (such as paying for performance), cross-functional teams,
high levels of training, participatory mechanisms, job security, group-based
rewards and skill-based pay. Other practices that have been examined include
human resource planning (Koch and McGrath 1996), profit sharing and
results-oriented appraisals (Delery and Doty, 1996) and selectivity in staffing,
training and incentive compensation (Delaney and Huselid, 1996).

Researchers such as Delery (1998) argued that HRM practices should be
mutually supportive. In other words, each single HR practice should con-
vey the same or similar signals to the workforce so that employees are clear
about what performance outcomes are anticipated by the organization and
how desirable behaviours are recognized and rewarded. For example, if an
organization introduces team working, its reward systems should recognize
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collective as well as individual achievement and performance. According to
these arguments, what is important is the combined effect of inter-related
practices rather than the effect any one specific variable (Bae and Lawler,
2000; Guthrie, 2001; Huselid, Jackson and Schuler, 1997).

Overall, the argument is that high-performance HRM systems may influ-
ence organizational-level performance outcomes (including innovation) in
several ways:

1. Through developing workforce skills, thereby providing a sound platform
for the future learning required to meeting changing external challenges.

2. Through designing an appropriate structure to draw upon employee
knowledge and skills. This includes teamwork as well as individual job
design considerations such as job empowerment and variety. The argu-
ment is that through such arrangements, external demands can be dealt
with more rapidly and effectively than in highly centralized structures.

3. Through developing the commitment and satisfaction of employees, so
that working for the organization is valued (and employees therefore are
less likely to leave) and there is a willingness to endorse change and to go
‘beyond contract’ (that is, to put in extra effort to achieve important goals).

This chapter falls into three sections; the first examines research specifically
addressing HRM/innovation relationships, the second section considers the
role of work-design features such as team-working, and the third presents
research investigating the association between employee feelings at work
and innovation. The chapter concludes by summarizing the main find-
ings of the chapter. We begin by providing brief background on definitions,
methodology and measures.

3.2 HRM and innovation

Innovation is defined as the development (or the adaptation) and imple-
mentation of an idea that is useful and new to the organisation at the time
of adoption (Amabile et al., 1996, Damanpour and Evans, 1984; van de Ven,
1986). Innovation relates to new products and services, production methods
and procedures, production technologies, and to administrative changes. In
the studies described here, we focus on innovations which pertain to products
and technical systems (that is, production processes and procedures). The two
key factors for a successful innovation are an organisation'’s ability to be cre-
ative and its ability to successfully manage the complex process of turning
creative ideas into reality (Damanpour, 1991; van de Ven, 1984; Zaltman,
Duncan and Holbek, 1973).

3.2.1 Methodology and measures

Data presented in this section and indeed for all the empirical results
described in this chapter were gathered via a postal questionnaire survey sent
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to senior managers and technical specialists, who were the respondents to
this questionnaire. Innovation was assessed twice, in 1993 and 1995. Respon-
dents were asked to provide information on organizational change, relating
to changes in products made by the organization, and changes in production
technology and procedures. Information was collected with open questions
and rating scales. Based on this information, researchers provided ratings of
product innovation and innovation in technical systems using a seven-point
answering scale from 1=not at all innovative to 7 =extremely innovative
(see Shipton et al., 2006a).

The item product innovation is based on the following information: esti-
mates of the number of entirely new and adapted products developed in the
last two years; percentage of production workers involved in making the new
products; current sales turnover accounted for by the new products; and the
extent to which production processes had been changed to accommodate
the new products (Shipton et al., 2006a).

The item innovation in technical systems is based on information collected
with regard to changes in product innovation and production technology,
production methods and products. Specifically, the research took account
of the number of newly introduced technologies (i.e., CNC, robots, self-
feeding machines, etc); how different the change was for the organization,
the magnitude of change. It also took account of the number of changes
in production procedures (for example, just-in-time management, TQM,
or information scheduling and planning systems; and the novelty and
magnitude of those changes (Shipton et al., 2006a). This measure incorpo-
rates all aspects of change (products and technology), and is thus a very
comprehensive measure.

Control variables: size and profitability could be confounding variables affect-
ing both independent and dependent variables; they are therefore controlled
for in the analyses. Size was assessed in these studies by the number of full-
time equivalent employees; profitability was measured with real profits per
employee for the period 1991-3 (Shipton et al., 2006a).

3.2.2 Main results

In a study focusing on 30 manufacturing organizations in the UK, Ship-
ton et al. (2005) showed that a combination of sophisticated HRM prac-
tices was significantly and positively associated with organizational inno-
vation in products and production processes. The HRM practices related
to recruitment and selection procedures, and procedures for staff induc-
tion, training and performance management; the researchers also explored
the existence or otherwise of an HRM strategy. The results suggested that
the more sophisticated these HRM practices, the higher the innovation (see
Table 3.1). This means that the more organizations had systems in place
that would help their staff to understand what was expected of them, to
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Table 3.2 Results of regression analyses showing moderating effects of HR
variables on the relationship between exploratory learning and innovation in technical
systems

Dependent variable Innovation in technical systems
B R? Adjusted R?
Control variables* 0.31 0.10 0.05
1. Exploratory learning 0.58** 0.40 0.34
Appraisal 0.32 0.50 0.42
Interaction 0.28 0.56 0.46
2. Exploratory learning 0.58** 0.40 0.34
Training 0.54** 0.59 0.53
Interaction 0.38* 0.70 0.63
3. Exploratory learning 0.58** 0.40 0.34
Induction 0.37 0.50 0.42
Interaction 0.40* 0.61 0.52
4. Exploratory learning 0.60** 0.37 0.29
Contingent reward —0.01 0.38 0.25
Interaction 0.50* 0.57 0.45
5. Exploratory learning 0.57** 0.41 0.27
Extent of team working 0.33 0.48 0.32
Interaction 0.34 0.57 0.39

Notes: p <0.05; **p <0.01; ***p <0.001. Control variables = prior innovation; profitability.
Adapted from Shipton (2006b).

successfully perform those tasks, and to understand and manage the wider con-
text of their work, the better they were in developing new products and
introducing new production processes. Research by the authors also demon-
strated that organizations that have practices in place that enhance a learning
climate (say, through a mentoring system) are more likely to innovate (see
Table 3.1).

Further analysis of the same data set (presented in Table 3.2) revealed that
organizations that had an appraisal scheme were more likely to be innovative
(Shipton et al., 2006a). It is, however, a truism that not any appraisal scheme
will benefit the organization. For appraisals to be effective, to enhance learn-
ing and motivation, and to help people to fill skill gaps, they must be
performed with care. Our analyses showed that when appraisals were linked
to remuneration, this actually impaired innovation (see Table 3.2). Combin-
ing appraisals with remuneration is unfortunately a common practice, which
perverts the idea of openly exploring strengths and weaknesses and initiating
employee growth.

We cannot rule out the possibility that the associations we depict are
attributable to extraneous factors. To mitigate this possibility, we measured
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innovation at two points in time, controlling for prior innovation. If the vari-
ance had been attributable to a third variable not considered in our study,
it is probable that in controlling for prior innovation neither exploratory
learning nor the other independent variables highlighted in Table 3.2 would
have been significant, since unidentified variables would have explained the
outcomes. The fact that our findings were significant strengthens, without
of course proving, that case for causality.

One organization in particular, Electroco, a market leader manufacturing
components for the telecommunications industry, attributed success to the
ongoing learning opportunities that were offered. Staff would pursue part-
time academic study at a local business school; secondments to different
parts of the company were encouraged; there was an established mentoring
scheme; employees were expected to visit suppliers and customers regularly
in order to gain further insights into the production process and their role
within it. As one middle manager stated: ‘a trained and educated workforce
is likely to be more willing and able to respond positively to change.’

3.2.3 Theoretical overview

Although the studies highlighted above appear to demonstrate that HRM
plays an important, perhaps crucial role in enabling innovation, the chal-
lenge has been to establish a theoretical case. One possibility is that HRM
promotes innovation to the extent that people and the networks to which
they belong are enabled to create, transfer and institutionalize knowledge.
This links in with the idea that innovation is a two-stage process, involving
both the generation of a creative idea and its implementation (West, 2002),
and also builds on the notion that change and innovation frequently fall
outside the remit of technical specialists such as R&D professionals, involv-
ing those who have most knowledge of the task and the technology required
to ensure its effective completion (see, for example, Paton and McCalman,
2000; Senior, 1997).

Following through this argument, for the first stage — that is, to promote
creativity — it is important that people are recruited who have the skills
and knowledge required to generate ideas (Song, Almeida and Wu, 2003;
MacDuffie, 1995). This can be achieved where organizations use relatively
sophisticated practices such as psychometric tests, assessment centres and
work-sampling activities. Extensive training in a variety of jobs or skills
can create the breadth of knowledge required to make connections between
divergent stimuli (Bae and Lawler, 2000; Guthrie, 2001). Such activities can
give rise to less entrenched perspectives and greater willingness on the part
of employees to be adaptable and to take on board varied interpretations of
problems (Clark, Amundson and Cardy, 2002).

These are essentially individual activities; transferring knowledge, by con-
trast, requires individuals to work collaboratively with those around them
and involves developing shared understanding between individuals and work
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groups. Nahapiet and Ghoshal (1998) showed that knowledge has a col-
lective, tacit dimension; therefore, according to one scholar ‘... it is the
most secure and strategically significant kind of organizational knowledge’
(Spender, 1996, p. 52). HRM systems can help to reinforce the transfer of
knowledge between individuals so that it assumes a collective dimension.
Where organizations focus on team-based activity and horizontal processes
that require reciprocal interdependence, employees can develop a frequency
of contact with others that promotes effective coordination (see Gittel, 2000).
Performance management systems that emphasize collective attainment can
highlight the value attached group achievement (Leana and van Buren,
1999). Extensive induction and socialization can help employees under-
stand how they fit into the collective dimension of the workplace (Feldman,
2000; Feldman and Rafaeli, 2002). Mentoring activities (whereby senior
members provide support and guidance to others on general career develop-
ment matters) enable employees to build networks across the organization,
thereby facilitating knowledge transfer (Collins and Clerk, 2004; Laursen and
Foss, 2003).

The final stage of the organizational learning cycle represents the point at
which innovations are enacted. This implementation stage involves organi-
zations making efforts to codify learning and to articulate the unconscious
thinking which informs practice (Argote and Epple, 1990; Cummings and
Worley, 1997). Reward and performance management systems need to offer
appropriate recognition for the successful application of ideas. Training activ-
ities will have to be designed to offer the necessary guidance for employees in
conducting new routines. Employees will frequently have to discard ways of
working that have become outdated and embrace new approaches, ways
of working that have implications for recruitment and selection and the
ongoing management of performance.

In sum, innovation will be promoted and sustained where HRM practices
are in place to manage the three stages of the organizational learning cycle —
the creation, transfer and implementation of knowledge. This does not
mean that a particular practice is only linked to one stage; indeed, some prac-
tices such as training are likely to promote creativity, whilst simultaneously
enhancing the transfer and indeed the implementation of knowledge.

An alternative way of understanding HRM/innovation relationships
proposes that HRM directly facilitates both the creation and innovation
implementation phases (see Table 3.2). The first stage (creativity) involves
‘exploration’ — employees taking risks, experimenting and being flexible
in their quest to discover new and different ideas, while to achieve the
second stage (implementation), employees need to work within an envi-
ronment where ‘exploitation’ is valued, and where they are encouraged to
follow prescribed rules to enhance efficiency (see March, 1991). Accord-
ing to this argument, HRM practitioners have two main responsibilities.
Firstly, to establish the framework whereby employees are clear about their
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tasks and have the basic skills necessary to perform effectively (Boxall,
1996; Purcell, 1999). A number of HRM practices are important: appraisal
and performance management systems, for example, clarify where respon-
sibilities lie and offer support to individuals as they acquire the skills
necessary to work effectively (Armstrong and Baron, 1998; Bach, 2000). Sec-
ondly, HRM practitioners instigate the mechanisms necessary to promote
an exploratory learning focus (Scarborough and Swann, 1999). Through
project working, job rotation and visits to parties external to the organiza-
tion, employees can achieve the attitudinal change required to question and
challenge existing ways of operating (Cross et al., 2001). Broadly speaking,
the first approach involves developing the knowledge, skills and attitudes
required to promote performance, while the second represents a concern with
exploration, and with identifying new and different opportunities for the
future. The argument holds that each set of practices will directly promote
organizational innovation, and that the effect will be amplified where mech-
anisms designed to promote exploratory focus are used in conjunction with
those intended to develop knowledge, skills and attitudes.

HRM practices promoting exploratory learning focus: Exploratory learning
involves generating new ideas through actively searching for alternative
viewpoints and perspectives (Danneels, 2002; McGrath, 2001). Exposure
to different experiences and points of view makes individuals more willing to
examine their own mental models and to make any necessary adjustments,
thereby avoiding the tendency to become locked in to limited perceptual
frameworks (Tushman and Anderson, 1986; Henderson, 1991). For example,
engagement with customers and suppliers can lead employees to question the
perceptual model that they hold and to embrace opportunities for change
(MacKenzie and van Winkelen, 2004; Thompke and von Hippel, 2002).
Similarly, intra-organizational secondments may facilitate the transfer of
knowledge internally and enrich individuals’ perceptions of the challenges
faced by other organizational members (Tsai 2001; Amabile et al., 1996; West,
2002). In our studies we found that organizations who promoted exploratory
learning through, for example, visits to external suppliers or customers,
through internal secondments, or through supporting learning skills not
directly necessary for the current job, are better innovators (Shipton et al.,
2006a).

Promoting ‘on job’ development may be a more effective strategy for this
type of learning than endorsing external training events (Stern and Som-
merlad, 1999). Through experiential learning, employees gain knowledge
that is relevant for the tasks for which they are responsible. They are also
likely to anticipate knowledge transfer issues, so the learning acquired has
the potential to be applied. This process is facilitated where organizations
have developed systems for managing the transfer of knowledge (Kogut and
Zander, 1992; Nonaka and Takeuchi, 1995). Such systems formally legitimize
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the value of learning from others within the organization and, where
operated effectively, encourage disparate groups to share their learning.

HRM practices designed to develop knowledge, skills and attitudes: We argued
above that HR practitioners establish the framework required to facilitate the
‘exploitation’ of existing knowledge, whereby employees have the knowl-
edge, skills and attitudes required to perform effectively. This involves pro-
viding guidance and support to employees about what behaviours are valued,
recognized and rewarded. Given that a typical HRM ‘system’ encompasses
training, appraisal/performance management and sophisticated socialization
as well as practices designed to promote participation and involvement, such
as teamwork and reward (Bae and Lawler, 2000; Huselid, 1995; MacDuffie,
1995), these are amongst the variables to be considered here.

According to this argument, there is conceptually a distinction between
mechanisms designed to promote exploratory learning and those intended to
exploit existing skills. Training, for example, does not necessarily promote
the exposure to new and different experiences to which we make reference
to in our depiction of ‘exploratory learning’. Training interventions and
other HR activities will impact upon organizational innovation to a greater
extent where they are implemented in conjunction with practices designed
to promote exploratory learning.

Either of these models — the first taking an organizational learning per-
spective and the other investigating the potential synergy that occurs where
HRM successfully manages two competing agendas — we believe provide a
useful starting point for researchers investigating HRM/innovation relation-
ships. We now turn to the second section of the chapter, where we consider
structural and work-design features.

3.3 Structural and work-design features

In the introductory section we raised the idea that HRM systems elicit inno-
vation through enabling employees to work collaboratively in teams. Many
would define HRM as encompassing structural and work-design features (Bae
and Lawler, 2000; Huselid, 1995; MacDuffie, 1995); we have chosen to
devote a section to the topic because in our view its remit extends beyond
the HR function and has wider implications for the way work is managed
across the organization. We consider below research highlighting the role
of teamwork for innovation, and further examine work-design features — in
particular job variety — as potential antecedents of organizational innova-
tion. We also examine a factor rarely considered within the organizational
psychology literature — harmonization or single-status arrangements.

3.3.1 Results

The role of teamwork for innovation has received relatively little research
attention. Shipton et al. (2006b) started to fill this gap; they showed that there
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is a significant and positive relationship between the extent of teamwork
and innovation in products and in technical systems for the manufacturing
organizations covered in their study. The effect of working in teams also
depends on the organizational context in which the teams are embedded.

Team-working seems to benefit innovation most when teams operate
within a framework of sophisticated and effective HRM practices. The wider
organizational context needs to support team-working to reap its full benefit.
Furthermore, the way individual jobs are designed will have an influence on
how effectively teamwork operates.

One company that we visited in our research had discovered that teamwork
offered better productivity outcomes, with higher quality and less waste pro-
duced. This organization, manufacturing wire and cabling for the electronics
industry, had made a concerted effort a year before our visit to implement
team-working and supported the initiative through careful selection of team
leaders and ongoing training. Team leaders we spoke to described some of
the innovations that they had brought about. One team decided of its own
volition to run short batches - requiring frequent set-up changes — during the
day shift when there were more people available to assist with the process.
The night shift was set aside for longer runs, since there were fewer person-
nel available to carry out the necessary set-up changes. Another decided to
video its members in action on the production line, and then to scrutinize
the video in order to look for ways of improving the process. The next stage
in their development, according to the production manager, would be to
increase their contact with suppliers and customers, an initiative that was
starting to be addressed at the time of our visit.

Two job-related attributes likely to influence teamwork/innovation rela-
tionships are job variety and the extent of harmonization. Focusing for a
moment on job variety, a wide literature holds that both the variety and
responsibility of jobs will influence effort (including creative endeavour)
(Hackman and Oldham, 1980; Locke, 1997). Those experiencing variety may
be more inclined (relative to those whose roles are constrained) to engage
in the sustained effort necessary to promote innovation because they have
a stronger sense of the meaning of and the interconnection between tasks.
Further, it is possible that exposure to different experiences and points of
view makes individuals more willing to examine their own mental mod-
els and to make any necessary adjustments (Eisenhardt and Tabrizi, 1995;
McGrath, 2001; Tushman and O’Reilly, 1997). Through experiencing variety,
employees may be less inclined to resist new ideas and willing to at least to
consider their potential benefits, with positive results for innovation. Job
variety also presents opportunities for skill development. It is likely that
that operators experiencing variety are better at resolving quality issues, for
example, than those whose jobs are more narrowly defined.

A recent study by Shipton et al. (2006b) revealed that although job vari-
ety itself was not significantly associated with innovation in production
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processes/technology, the combination of job variety together with high
aggregate job satisfaction was significant and positive for this dependent vari-
able (see the third section below). Furthermore, the study reveals that high
job variety in conditions of low job satisfaction is detrimental to innovation
(see Figure 3.2). It suggests that the extent to which job variety facilitates
innovation may be contingent upon existing employee attitudes. Thus, job
satisfaction may be the crucial factor determining whether or not variety is
an enabling rather than a debilitating experience. It should be noted that
this study draws upon a small sample size (n =24).

Single status/harmonization is factor that is frequently overlooked in the orga-
nizational behaviour literature. The term depicts a willingness to embrace
ideas regardless of the hierarchical status of the initiator, where there is
free and open communication across the various levels of the organization
(Cully et al., 1999). In single-status organizations (where there are high lev-
els of harmonization), reward distribution is more likely to be based upon
relevant job criteria (such as task performance) than upon arbitrary factors
such as status differentials (for example, whether individuals are ‘blue’ or
‘white’-collar workers). Such equal and just treatment of employees may
lead to their making more discretionary effort (Fahr, Podsakoff and Organ,
1990; Niehoff and Moorman, 1993), which is likely in itself to promote
organizational innovation. A positive and significant association was found
between this variable and innovation in production technology/processes
in a study reported by Shipton et al. (1996b), and this relationship was
moderated by aggregate job satisfaction. As we reported in the case of job vari-
ety, the converse was also the case; high harmonization in an environment
where people reported low satisfaction appears to inhibit innovation, per-
haps because people are unlikely to exhibit the positive behaviours described
above where they feel demotivated and possibly resentful about work
activity.

We stated in the introductory section that through developing the commit-
ment and satisfaction of employees, working for the organization is valued
and there is a willingness to endorse change and to go ‘beyond contract’.
The following and final section of this chapter examines the potential role of
employee feelings — and highlights empirical evidence addressing this point.

3.4 Job satisfaction and innovation

Research addressing this topic has for many years been concerned with
the relationship between job satisfaction and performance, defined in
performance and productivity terms. Indeed, the idea that satisfied employ-
ees will perform their work more effectively underpins many theories of
performance, leadership, reward and job design (for example, Batt, 2002;
Hackman and Oldham, 1976; Morrissey, Cordery and Girardi, 2005). In
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a recent meta-analysis, Judge et al. (2001) demonstrated that employees’
overall job satisfaction is on average correlated .30 (after corrections for
measurement unreliability) with their work performance or role-prescribed
behaviour. At the level of the organization, Ostroff (1992), for example,
found that there were significant and positive correlations between teachers’
average job satisfaction and several measures of school performance.

Any relationship between employee attitudes and innovation is com-
plicated because innovation is a multifaceted process involving both the
generation of a creative idea and its implementation (West, 2002). Some
employees will be required to initiate innovation (at the creativity stage)
while others will be expected to provide the support necessary to implement
the ideas within their organizations. For the creativity phase, early work by
Isen and colleagues revealed that those experiencing a positive frame of mind
respond more warmly to others and also score more highly on creativity
tests than those who feel less happy and less optimistic (Isen, Daubman and
Nowicki, 1987; Isen and Baron, 1991).

For the second phase, innovation implementation, we draw upon Staw
et al.’s (1994) framework, which suggests that there are a number of pos-
sible mechanisms to be considered. Firstly, there are direct effects on task
activity, persistence and functioning. Positive feelings can increase both the
expectancy that one’s effort will lead to high performance and the belief
that sustained effort will lead to desirable outcomes, such as innovation.
The second intervening process in Staw et al.’s model (1994) is interpersonal:
it is likely that positive affect and its manifestations yield more favourable
responses from other people and greater influence over them. Third, Staw
and colleagues reviewed evidence that employees with more positive emotion
react favourably to others, resulting in greater altruism and task cooperation.
Thus employees experiencing positive affect will be open and responsive to
change, so that where new ideas are put forward, they are endorsed rather
than rejected or embraced less than enthusiastically.

There is also likely to be a relationship between aggregate job satisfaction
and organizational innovation. We suggest that measuring job satisfaction at
the organizational level may capture components that are not salient at the
individual level. Ryan, Schmit and Johnson (1996), for example, suggested
that because organizational performance is not simply a sum of individual
performance, it must be influenced by factors other than those affecting
individual level performance — such as shared values. Given that innova-
tion in any areas requires the cooperation of most in the organization (for
example R&D, production workers, sales, marketing) we argue that aggregate
firm-level satisfaction will predict innovation in this area.

A recent study by Shipton et al. (2006b), based on the manufacturing com-
panies dataset portrayed in the first section, revealed significant and positive
relationships between aggregate job satisfaction (measured at Time 1) and
innovation in production technology/processes (8= 0.68, p <0.001). Indeed,
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Table 3.3 Summary of hierarchical regression of innovation in processes/technology
on to job satisfaction

Independent variables® Innovations in processes/technology

Time 2
B AR? Adjusted AR?
Controls * 0.15 0.11 0.03
Job satisfaction 0.68*** 0.36*** 0.37***

Notes: *p <0.05; **p <0.01; ***p <0.001; n=28. Control variables = prior innovation; profitability.
Adapted from Shipton et al. (2006b)

aggregate job satisfaction explains around 36 per cent of the variance for this
dependent variable (see Table 3.3). Although the sample size is small (n = 28),
the study has significant strengths: data are longitudinal, making it possible
to control for prior innovation as well as organizational profitability, and
data representing the independent and dependent variables are drawn from
distinct and separate sources.

Recent research conducted by the authors in a company manufacturing
office equipment suggests that, at times, employee job satisfaction may
inhibit, rather than enhance innovation. This organization was highly
dependent on its parent company. Traditionally, many important decisions
concerning investment and R&D options had been made arbitrarily away
from the local plant, creating a sense of powerlessness and a belief that
employees would be supported regardless of the economic situation. Thus,
although there was substantial investment in training, quality systems and
continuous improvement, there was limited opportunity or support for radi-
cal learning and engagement with the customer. The company was in danger
of losing manufacturing capacity to China and Taiwan and had indeed
become less central in its contribution to the global operation — and yet there
appeared to be relatively little awareness of the threat they faced. It was clear
that employees appreciated the job security they had been offered over the
years, as well as the generous sick pay and pension arrangement. This situ-
ation reveals that employee job satisfaction alone cannot compensate for a
lack of strategic vision and an unwillingness to reflect critically upon past
performance and future success.

3.5 Discussion

Evidence presented in each section of this chapter suggests that the way peo-
ple are managed in the workplace is a crucial factor in determining whether
organizations exhibit high or low innovation. The logic is that there are three
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alternative and/or complementary routes whereby innovation is sustained
in organizations. The first, covered in section one, holds that HRM prac-
tices develop the necessary skills. An alternative pathway or route examines
structural arrangements, arguing that teamwork represents a way of drawing
upon diverse perspectives and facilitating a rapid and effective response to
customer demands. Thirdly, innovative organizations have to take account
of employee feelings. Job satisfaction — especially where experienced by the
majority of the workforce — may promote a change orientation, so that where
new ideas are put forward, they are endorsed rather than rejected or embraced
less than enthusiastically. The main findings are summarized as follows.

3.5.1 Developing skills

According to evidence presented in Shipton et al. (2006a) ‘exploratory learn-
ing’ may determine whether practices such as appraisal enable employees
to acquire the necessary competence to promote organizational innovation.
This variable, entered into a regression with training, and again with appraisal
and induction, explained more of the variance for the type of innovation
being examined in this study (innovation in technical systems) than either
set of practices applied independently. Our argument holds that because
innovation encompasses the implementation of an idea as well as its initial
conception, successfully managing the process involves achieving a balance -
engaging in exploratory learning whilst simultaneously enabling people to
acquire the skills necessary to exploit and implement the knowledge. Some
sets of HRM practices may be better than others at creating the competence to
enable employees to see an innovation through to completion, as opposed
to devising the initial idea.

Future research could usefully explore whether exploratory learning does
indeed trigger creativity and highlight what activities are likely to shape an
individual’s competence in terms of challenging existing ways of operating.
Visits to customers are likely to be important, for example, but in addition
the number and frequency of interactions with those outside the immediate
work sphere could be analysed in this regard. The role of other HRM practices
such as appraisal, induction and more equitable working arrangements (such
as a commitment to single status) could be analysed in terms of the role
that these activities may play in enabling knowledge transfer and/or securing
innovation implementation.

As well as examining the synergistic effects of implementing a combina-
tion of mutually supportive HRM practices, future research could examine
whether there are specific HR mechanisms likely to promote innovation. One
aspect that deserves further attention is the learning orientation of the orga-
nization. An organization supports learning when mentoring is endorsed and
supported, when there is high commitment towards the career development
of shop-floor as well as managerial and supervisory staff, and when there is a
strong strategic vision for employee development. We assert that these HRM
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practices are important in determining whether and how knowledge is trans-
ferred throughout the organization. Through career development meetings,
for example, employees have the opportunity to prepare themselves for inter-
nal promotion or for lateral career moves, thereby transferring the knowledge
that they have acquired into other areas. Furthermore, research shows that
mentoring practices are extremely effective in developing individuals’ net-
working skills, thereby facilitating the flow and transfer of knowledge both
laterally and vertically through organizational hierarchies (Collins and Clerk,
2004). Results from the study by Shipton et al. (2005) have shown that there
are significant and positive relationships between the learning environment
and innovation in the manufacturing organizations studied.

3.5.2 Structural arrangements

Little is known about the effect of using team-working as a work-design strat-
egy on the innovativeness of organisations. Much of the rhetoric of teamwork
argues that the more widespread team-working is in an organisation, that is,
the higher the extent to which the workforce is organised in teams, the higher
is the level of organizational innovation (Mohrman et al., 1995; West and
Markiewicz, 2004). Empirical underpinning for this assumption, however, is
still scarce.

One study that looked at the role of team-working for organizational inno-
vation found that the higher the extent to which staff was organized in teams,
the higher the level of innovation (Shipton et. al. 2006a). Team-working was
assessed in terms of the extent to which staff were organized in teams. The
results of this study demonstrated that the extent of team-working — ranging
from organizations not using team-working at all to having 100 per cent of
staff organized in teams — was related to innovation in products and technical
systems.

We assume that the team-working-innovation link is based on several pro-
cesses. Firstly, people organized in teams have different experiences and
attitudes in comparison to people in traditional structures, both of which
amplify creativity. Secondly, the implementation of team-working is asso-
ciated with higher organizational flexibility and adaptability (Mohrman
et al., 1995). When an organization implements self-directed team-working,
much of the traditional organization, which is characterized by hierarchical
decision-making, goal-setting and rule-making, needs to be jettisoned. Fur-
thermore, the flow of information and knowledge is increased because teams
provide the vertical linkages relevant to this (Mohrman et al., 1995). Finally,
teamwork-innovation relationships are likely to be moderated by individual
job-design elements. We suggest that job variety and the extent of ‘single sta-
tus’ arrangements may be significant here; other variables that deserve further
consideration are task autonomy, meaning and significance (see Hackman
and Oldham, 1976).
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3.5.3 Employee feelings

The third route whereby people may influence organizational innovation
is through the emotional/feeling aspects, in particular peoples’ attitudes
towards work. The study reported here (Shipton et al. 2006b) focused on
satisfaction across the organization as a whole, rather than satisfaction
as experienced by individuals. For innovation implementation, it may be
especially important for employees at all levels of the business to work
collaboratively in order to endorse the ideas proposed by others. Those expe-
riencing job satisfaction are likely to maintain sustained effort over time,
believing that they will be ultimately successful, and to be more effective
at an interpersonal level than those not experiencing this state, exerting a
positive influence on those around them. We argue similarly that, faced with
challenging tasks and expectations, employees in highly innovative orga-
nizations have to work together to sustain momentum in order to endorse
rather than reject proposals for change. Such momentum is facilitated where
the majority or employees enjoy work; indeed, through examining aggregate
job satisfaction, we capture components that are not salient at the level of
the individual (Ryan, Schmit and Johnson, 1996).

We further speculate that aggregate job satisfaction will promote the cogni-
tive flexibility associated with creativity. Our conclusions here are tentative,
since we have no direct measure of creativity, and the pattern that we report
refers to the extent to which organizations have, over the course of time,
successfully implemented creative ideas. Nonetheless, a persuasive literature
holds that creative potential is amplified as groups develop mental models
endorsing the value of creativity (for example, George, 1996; West, 2002)
and it is possible that the results that we report can be explained in part
in terms of the enhanced capacity of individual employees to devise cre-
ative ideas where they operate within an environment high on collective
satisfaction.

3.6 Conclusion

People are central to innovation performance, and the findings we report in
this chapter suggest that relatively high levels of innovation can be achieved
where people are empowered to make changes at local levels through effective
HRM practice. We believe that HRM practices — effectively designed and
synchronized - enhance learning and empower people at all levels to insti-
gate change and innovation. Managing people to promote innovation is
necessary if we are to release the full creative potential of our work organiza-
tions. Understanding the factors that may influence innovation is necessary
to achieve the same goal, so that work organizations and those who work
within them will advance and thrive in years to come.
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Skill Endowment and R&D Investment:
Evidence from Micro Data

Mariacristina Piva and Marco Vivarelli

4.1 Introduction

History has seen periods of change biased in favour of the unskilled: this was
the case during the transition from the artisan-based to the factory-based
system of production (Marx, 1961, Book I, Chap. XIII; Goldin and Katz,
1998), and of the massive introduction of Tayloristic methods in the 20th
century (Braverman, 1974).

Nevertheless, there is now overwhelming empirical evidence showing that
the information and communication technologies (ICT) paradigm (see Dosi
1988; Freeman and Soete, 1994) is mainly and persistently biased against the
unskilled. Evidence supporting the skill-biased technological change (SBTC)
hypothesis was first provided with regard to the US (Berman et al., 1994;
Doms et al., 1997), then to the UK (Machin, 1996; Haskel and Heden,
1999), continental Europe (Machin and van Reenen, 1998) and more recently
even to the middle-income developing countries (Berman and Machin,
2000, 2004). Hence, the general consensus is that computerization and ICT
have led to an increase in the demand for white-collar workers, and in their
relative wages.

While the dominant approach has seen skill bias as a consequence of
an exogenous technological change, some authors (Acemoglu, 1996, 1998;
Kiley, 1999; Funk and Vogel, 2004) have put forward the idea that ‘endoge-
nous skill-bias’ may in fact have induced a dominant SBTC trajectory. In
such a view, which is basically macroeconomic and falls within an endoge-
nous growth framework, it is the significant increase in the excess supply
of college-educated workers in Western economies during the second half of
the 20th century that has induced SBTC. In other words, the attractiveness
of investing in SBTC would seem to be related to the supply of the factor
which complements that technology; in particular, a large number of edu-
cated workers would raise the incentive to invest in that technology which
is intensive in the production factor having become more abundant and
cheaper, that is, skilled labour.

The basic idea of this paper is that this kind of inducing mechanism may
work at the micro as well as at the macro level. When deciding the amount
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to invest in R&D, a firm can well predict that R&D, after a certain time-lag
and with a high degree of uncertainty, will generate skill-biased innovation
(either process innovation, increasing the complementarity between capital
and skilled workers, or product innovation, requiring more skilled labour). If
such is the case, the initial skill endowment may increase the ex ante expected
profitability of R&D investment and so also increase the amount of a firm’s
R&D expenditure.

The novelty of this study is precisely the attempt to investigate the miss-
ing link in the triangle skills-innovation-performance at the microeconomic
level, that is the possible role of current skills in determining corporate R&D
investment. Hence, the basic research question of this paper can be summa-
rized as follows: is a firm’s larger ex ante skill endowment a good predictor of
higher R&D investment? In other words, the hypothesis put forward in the
next sections is that a better workforce skill endowment may increase the ex
ante expected profitability of R&D investment and so increase a firm's R&D
expenditures.

Although specific literature explicitly discussing the possibility that
upskilling can induce R&D investment does not exist (at least to the best of
our knowledge), there is a considerable number of managerial and economic
studies that propose arguments which indirectly support the hypothesis
investigated in this study. In section 4.2 of this chapter, we will try to examine
these different strands of literature critically.

Section 4.3 will describe the micro data used in this study and will introduce
the least-squared-dummy-variable-corrected (LSDVC) estimator used in the
econometric estimates, the results of which will be discussed in the following
section; finally, section 4.5 will propose some conclusions.

4.2 Theoretical framework

Before motivating the skill-augmented specification of the firm’s decisions
as regards R&D, we briefly introduce the baseline equation. Traditionally,
R&D investment is modelled as a path-dependent process related to demand
evolution.

As far as demand is concerned, we will check for the so called ‘demand pull’
hypothesis which underlines the following aspects: 1) a positive demand evo-
lution can increase the expected profitability from innovation; 2) an increase
in market share increases the degree of innovation appropriability; and 3) a
higher cash flow can alleviate possible credit constraints in financing the R&D
investment (see Schmookler, 1966; Scherer, 1982; Brouwer and Kleinknecht,
1999; Kleinknecht and Verspagen, 1990; Hall et al., 1999; Piva and Vivarelli,
2006, 2007).

Moreover, R&D activities are highly localized (Atkinson and Stiglitz, 1969)
and path-dependent (David, 1985; Rosenberg, 1982; Arthur, 1988; Ruttan,
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1997; Antonelli, 1998). These considerations open the way to a dynamic
specification of the R&D investment decision.

Finally, sectoral peculiarities in terms of different technological opportu-
nities may be important in affecting R&D investment (Pavitt, 1984; Malerba
and Orsenigo, 1996; Breschi et al., 2000; Malerba, 2005).

Taking all these considerations into account, we can put forward a dynamic
specification of the R&D decision of the type:

RD; = a + BRD;_1 + ySales; + v; (1)

where the lagged dependent variable takes into account the path-dependent
and localized nature of technological change within a firm, and the Sales
regressor is a way to represent the demand-pull hypothesis. Finally, sectoral
technological opportunities will be taken into account through the insertion
of two-digit sectoral dummies (see section 4.4).

Given this baseline equation, there are some interrelated lines of reason-
ing which support the choice to augment (1) with a variable indicating a
firm's skill endowment. For the sake of simplicity, we discuss these interactive
arguments separately in the following four points.

1. Complementarity between new technologies and skills

When investing in R&D, a firm’s management can well predict that the likely
final outcome, although uncertain and delayed, of the R&D decision will
be a SBTC reinforcing the capital-skill complementarity (Griliches, 1969).
This means that the firm’s present skill endowment increases the expected
profitability from innovation and so the amount of current R&D expenditure.
Analytically, this means that there is a profit function characterized by super
modularity in innovation and skills.! The fact that ‘the whole is more than
the sum of its parts’ (Milgrom and Roberts, 1990, 1995; Topkis, 1998) makes
the more highly skill-endowed firm more inclined to invest in R&D.

For instance, Dunne and Troske (2005), using data from US manufacturing
plants, found that the likelihood of adopting a computer-aided design (CAD)
machine was highly correlated with the proportion of skilled labour within
the plant (p. 2); by the same token, plants with a greater share of investment
in computing equipment in 1992 experienced skill upgrading in the period
1977-92 (p. 7).

Moreover, skilled labour has been found to be a direct complement to
R&D activities: in the UK 2001 innovation survey, 88 per cent of firms that
were engaged in R&D on a continuous basis employed graduates, while this
percentage dropped to 57 per cent for the no-R&D firms (see CRIC, 2005,
Table 4.5, p. 64).

On the whole, firms that possess high skills should perceive R&D invest-
ment as being more profitable, while initially low-skilled firms should be less
likely to recognize profitable R&D investment opportunities (see Leiponen,
2000).
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2. Endogenous skill bias

Reflecting what happens at the macro level (see previous section), a large
endowment of skills within the firm may well induce investment in current
R&D. Following the ‘induced bias’ theory (see Hicks, 1932; Vivarelli, 1995,
Chap. 2) a large ex ante endowment of skilled workers acts as an incentive
to invest in R&D, and this in turn develops into innovation which will be
intensive in the internally abundant and cheaper factor of production (see
Acemoglu, 1998; Kiley, 1999). In other words, those firms which are already
well-endowed with the proper skills will be less reluctant to invest in R&D
and will not be afraid to incur any skill shortage or rising wages, once R&D
has generated skill-biased innovation.

For instance, using UK data on the relative wages of the relevant occu-
pational categories and on skilled labour shortages, Nickell and Nicolitsas
(1997) found that a permanent 10 per cent increase in the number of com-
panies reporting skilled labour shortages in the industry to which a firm
belongs would lead to a permanent 10 per cent reduction in the industry’s
fixed-capital investment and a temporary 4 per cent reduction in its R&D
expenditure. Vice versa, a large internal endowment of skills should facilitate
R&D expenditures at the firm level.

3. Absorptive capacity

It is well known that firms invest in R&D not only to produce innovation,
but also in order to create internal capacity (see Cohen and Levinthal, 1989)
able to absorb external knowledge coming from other firms and scientific
institutions such as universities and public laboratories. In other words,
firms that conduct their own R&D are better able to identify, assimilate
and exploit externally available knowledge. However, ‘an organisation’s
absorptive capacity will depend on the absorptive capacities of its individ-
ual members’ (Cohen and Levinthal, 1990, p. 131). In this framework,
skilled labour is a necessary complement to R&D activities in reinforcing
the absorptive capacity of a given organisation.

This is the third channel that renders R&D investment ex ante more
profitable for those firms which are well endowed with skilled labour. Leipo-
nen (2005) underlines the fact that skills are an important component of
absorptive capacity, being complementary to internal R&D, collaborative
R&D joint ventures and a firm's implementation of external knowledge;
her results clearly indicate that internal skills (proxied by educational levels)
complement external collaboration strategies in positively affecting a firm's
operating profit margin. Thus, employees’ skills also reinforce the expected
profitability of the indirect by-products of internal R&D investment such
as the absorption of external knowledge (spillovers?) and the occurrence of
collaborative R&D agreements with other firms.
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On the whole, the entire firm’s innovation strategy may benefit from a strong
skill base, and employees’ skills are expected to complement the effect of
innovation on the firm'’s profitability. In particular, interactions and syner-
gies between activities within the firm (points A and B) as well as between
the firm’s internal and external sources of knowledge (point C) may have a
great impact on profitability from innovation, and so on the expected returns
from R&D expenditure. Hence, points A to C motivate the main purpose of
this paper, which is to test an augmented version of equation (1):

wcC wC
RD; = o + BRD;_1 + ySales; +ﬁ<ﬁ>t+x<ﬁ>t—l + vt (2)

where the ratio between white (WC) and blue (BC) collars is taken as a proxy
of the skill endowment within a given firm3; the lagged term is inserted
to control for delayed effects and to make the computing of long-term
coefficients possible.

4.3 Data and econometric methodology

The dynamic specification (equation (2)) will be tested using a unique longi-
tudinal database, suitable for panel data analysis. This new database is derived
from questionnaire surveys collected by the Italian investment bank Medio-
credito Centrale (MCC, now Capitalia) and involving representative samples
of Italian manufacturing firms with no fewer than 11 employees. The orig-
inal MCC database comes from two different questionnaire waves, each of
them collecting contemporary and retrospective (previous two years) data
from samples of more than 4000 firms.* In order to obtain a balanced panel
dataset, we merged the two waves (1995-2000) and kept only the overlap-
ping firms declaring continuous data on R&D expenditure, sales and skill
endowment. We ended up with a panel of 215 firms over a six-year period.

Monetary variables are expressed at 1995 constant prices; some descriptive
statistics are given in Table 4.1.

Table 4.1 Descriptive statistics (monetary values at 1995 Italian lire, in millions)

Mean Standard Average growth rate
(1995) deviation (1995-2000)

Log (Sales) 9.38 1.26 0.41%

Log (R&D) 4.74 1.70 2.39%

Log (White collar/ —0.67 0.87 0.02%

blue collar)
Employees 168 344.236 1.06%
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As can be seen, our sample is made up of relatively large (168 employees on
average) and successful firms, showing increasing sales and employment over
the examined period. Interestingly enough, on average the sample has been
affected by an overall upskilling of its workforce.

Estimates will test the following specification for firms (i) over time (£):

wcC
logRD;+ = a+ BlogRD;;_1 + ylogSales;; + 9 1log (ﬁ)
it

wC
wxtog (o) bkt ®
it—1

i=1,...,N;t=1,...,T

where variables are expressed in natural logarithms, n is the idiosyncratic
individual and time-invariant firm’s fixed effect and v the usual error term.’
In addition, A, the unobservable time effect, has been inserted to check for
possible macroeconomic and business cycle effects.®

The reasons for taking the lagged dependent variable into consideration as
a first regressor are both interpretative (see previous section) and economet-
rical: in fact, the revealed persistence of the R&D variable (o =0.79) also calls
for a necessary AR(1) check.

Once we have checked for lagged R&D, sales are considered in order to
check for the demand-pull hypothesis.

Finally, our main determinant (WC/BC) is considered in its contempora-
neous and lagged impact.” Here, a possible endogeneity problem may arise.
Indeed, the two theoretical hypotheses, that technological change increases
the demand for skills and that skills endowment can induce SBTC, are not
mutually exclusive. Rather, at the corporate level, one can well imagine a sort
of virtuous circle where skill endowment induces SBTC and the latter then
further increases the demand for skilled workers (see Finegold and Soskice,
1988; Wilson and Hogarth, 2003). However, our dependent variable measures
an initial, pre-innovation investment in R&D, with R&D expenditure having
an uncertain and delayed outcome in terms of subsequent skill-biased tech-
nological change. Since only subsequent successful innovation can have an
impact on skill distribution, the possible reverse effect is not between present
R&D expenditure and present skill endowment, but between future success-
ful SBTC and future skill proportions. Indeed, it is reasonable to assume that
the final skill-bias effect of current R&D expenditure will be detected well over
the short time dimension of the panel used in this study. Consistently with
this conclusion, the Arellano-Bond estimator used for initializing the adopted
econometric procedure (see below) on the overall sample of 215 firms does
not accept the assumption of endogeneity of WC/BC; in fact, the corre-
sponding Sargan test rejects the null hypothesis of validity of instruments
under the assumption of the endogeneity of WC/BC (x? = 33.79**). Taking
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these theoretical and statistical arguments into account, we can exclude the
insurgence of endogeneity with regard to our main regressor.

However, the need for considering the lagged dependent variable implies
another obvious problem of endogeneity. A natural solution for first-order
dynamic panel data models is to use GMM (General Method of Moments; see
Anderson and Hsiao, 1981; Arellano and Bond, 1991; Arellano and Bover,
1995; Blundell and Bond, 1998). Unfortunately, this method is only efficient
asymptotically and turns out not to be suitable for small samples (such as the
one used in this study).

Therefore, we have implemented a rather new methodology, suitable for
small panels, proposed by Kiviet (1995 and 1999), Judson and Owen (1999),
Bun and Kiviet (2001, 2003), and extended by Bruno (2005a, 2005b) to
unbalanced panels. In Appendix 4.1, we briefly reconsider the properties
of the adopted methodology: the so-called Least Squared Dummy Variables
Corrected (LSDVC) estimator.

In the next section estimates are run using OLS, LSDV and LSDVC esti-
mates. The first are affected by both fixed effects and endogeneity; the second
wipe out fixed effects;® the third also take the endogeneity of the lagged R&D
variable into account. While OLS and LSDV are reported for completeness,
the more reliable outcomes are those from the LSDVC estimate.

4.4 Estimation results

Table 4.2 presents the OLS, LSDV and LSDVC outcomes: both OLS and
LSDV estimates exhibit a satisfactory fit (see R squared and F test respec-
tively). As discussed in the appendix, LSDVC estimates are initialized by the
Arellano-Bond estimator to get accuracy of approximation of bias B3 and are
characterized by bootstrapped standard errors. Estimates are checked both
for time (in order to take possible aggregate and cyclical effects into account)
and sectoral dummies (two-digit sectoral dummies have been included). For
computational reasons, it was impossible to insert sectoral dummies into
the LSDVC estimates; however, their inclusion in the OLS and LSDV esti-
mates affects the values and the significance of the relevant coefficients only
negligibly.’

As is immediately clear, estimates are affected by a strong path-dependence
in R&D expenditure; as expected, the coefficients of the lagged dependent
variable are all significant to a 99 per cent degree of confidence. This confirms
the presence of innovative persistence at the corporate level.

As far as sales are concerned, they turn out to positively affect R&D invest-
ment. In all the three estimates, the relevant coefficient is significant to a
99 per cent level of confidence and in the LSDVC regression the related elas-
ticity is 0.43, meaning that doubling a firm’s own demand should imply an
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Table 4.2 Empirical results: dependent variable: log(R&D)

1 2 (3)
OLS LSDV LSDVC
Constant —1.53%* (3.22)
log(R&D-1) 0.62%* 0.35%* 0.60**
(28.44) (11.82) (14.01)
log(Sales) 0.33% 0.56** 0.43%
(10.74) (4.62) (3.23)
log(WC/BC) .34 0.20* 0.23**
log(WC/BC-1) -0.17* -0.03 —-0.09 (1.33)
(1.68) (0.29) (0.79)
R? and F test 0.72 149.63**
Observations 1075 1075 1075

Notes: - t-statistics in brackets for OLS and LSDV estimates; z-statistics for LSDVC estimates (bias
correction initialised by Arellano-Bond estimator and bootstrapped standard errors): *significant
at 10%; **significant at 5%; ***significant at 1%.

- R? is reported for OLS estimates, F test is reported for LSDV estimates together with its
significance level.

- Time dummies are always included and not reported; sectoral dummies are included in the OLS
and LSDV specifications and not reported.

- LTE is the Long-term FElasticity; z-statistics in brackets.

increase in R&D investment of about 43 per cent. These outcomes can be seen
as further confirmation of the demand-pull hypothesis (see section 4.2).

Turning our attention to the main focus of this analysis, the impact of
skill endowment is positive, as expected, with a degree of statistical signifi-
cance ranging from 90 to 99 per cent, according to the different estimates.
While remaining positive, the long-run elasticity does not turn out to be
significant.!® On the whole, and considering the conservative and cautious
methodology adopted,!! these results give support to the hypothesis that
current skill endowment may significantly influence a firm'’s current R&D
decision. As reported in the last, more reliable, estimate, an increase of
100 per cent in the white-collar/blue-collar ratio would imply an increase
of 23 per cent in R&D investment. This micro-econometric evidence is in
accordance with the endogenous skill bias macroeconomic hypothesis and
with the other theories discussed in section 4.2.

4.5 Summary and conclusions

This paper tests the role of skill endowment in increasing a firm’s R&D invest-
ment. [ts micro-econometric results are not in contrast with this hypothesis
and pave the way for further studies based on other samples across different
sectors and different countries.
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In particular, the positive and significant link between ex ante available
skills and R&D investment suggests a new way to look at the alleged comple-
mentarity between skills and innovation. In other words, the co-evolution
of the two dimensions has to be thought of not solely as a consequence of
SBTC, but also the other way round: an adequate ex-ante endowment of skills
may accelerate R&D investment and so assure innovation ex-post.

In terms of managerial implications, this means that HRM can also be seen
as a strategy to improve a firm’s R&D efforts and ultimately to improve its
performance through innovation.

In terms of policy implications, our results suggest that education and
training policies can act as indirect subsidies for R&D investment.

Appendix 4.1

In the case of an autoregressive panel data model, the LSDV estimator is the
following:

LSDV = (WAW) 1W'Ay (A1)

where y is the vector of observations for the dependent variable, W is the
matrix of the explanatory variables including the lagged dependent variable
and A is the within-transformation which wipes out the individual effects.
However, in the case of first-order dynamic panel data models, the LSDV
estimator turns out to be not consistent and its bias has to be corrected.

In their Monte Carlo simulations, Bun and Kiviet (2003) and Bruno (2005a)
consider three possible nested approximations of the LSDV bias:

AT H4+INIT™H+(N"IT2) + OIN2T2) (A2)

Where T is the number of time-series observations and N the number of
cross-section units (for the derivation of the shorthand notation reported
here, see Bun and Kiviet, 2003, p. 147). In particular, with an increasing level
of accuracy, it is possible to identify different levels of bias:

Bi=ci1(T™"); Bo=Bi+c(N"'T™"); B3=By+c3(N"'T?) (A3)

In this study we corrected for the most comprehensive and accurate one
(B3). Therefore, the LSDV corrected estimator (LSDVC) is equal to:

LSDVC = LSDV — By (A4)

Again through their Monte Carlo experiments, Kiviet (1995), Judson and
Owen (1999) and Bun and Kiviet (2001) have shown that the LSDVC esti-
mator outperforms GMM estimators such as the Anderson-Hsiao and the
Arellano-Bond for small samples.
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However, the procedure has to be initialized by a consistent estimator to
make the correction feasible, since the bias approximation depends on the
unknown population parameters. Three possible options for this purpose
are the Anderson-Hsiao, Arellano-Bond and Blundell-Bond estimators (these
alternative procedures are asymptotically equivalent; (see Bruno, 2005b).
In this study, we have initialized bias correction with the Arellano-Bond
estimator.

Finally, the small size of the sample poses a problem in evaluating the
variability of the coefficients. Indeed, Bun and Kiviet (2001) derived the
asymptotic variance of the LSDVC estimator for large N. However, the esti-
mated asymptotic standard errors may provide poor approximations in small
samples, generating possibly unreliable t-statistics; in these cases, a possible
solution is to use bootstrap methods, which generally provide approxima-
tions to the sampling distributions at least as accurate as approximations
based upon first-order asymptotic assumptions (see also Bruno, 2005b).
Accordingly, in this study the statistical significance of the LSDVC coeffi-
cients has been tested using bootstrapped standard errors (100 iterations).

Notes

1. In a standard framework, complementarity between innovation and skills means
that the marginal expected return on innovation (in this case R&D expenditures)
is increasing with the level of skills internal to the firm, or more formally that the
cross-partial derivatives of the expected profitability function are positive.

2. In a related stream of literature (Katsoulacos and Ulph, 1998; Kultti and Takalo,
1998; Kamien and Zang, 2000) spillovers are ‘endogenised’ within the firm'’s
overall innovation strategy.

3. An alternative possible measure of skills is the percentage of college graduates
within a firm’s workforce; unfortunately our dataset provides longitudinal data
only for white and blue collars and not for education levels. This prevents the use
of this variable in the following panel data analysis. However, the two ratios are
generally highly correlated; in fact, the correlation coefficients in the two years
(1997 and 2000) where education data are available turn out to be 0.90 and 0.88
respectively.

4. Although they are apparently very attractive for research purposes, these surveys
are characterized by some shortcomings, the most important of which is that the
sample overlapping across waves is unfortunately rather small.

5. Under the assumption that the disturbances are independent across firms.

6. Accordingly, in the following econometric analysis, regressions will include time
dummies (see section 4.4).

7. Of course, it would have been better to take higher-degree lags of our main impact
variable (WC/BC) into account; unfortunately, when dealing with short panels,
a trade-off exists between the implementation of further lags and the acceptable
extension of the time dimension of the dataset used.

8. In our analysis we wipe out all the firms’ time-invariant fixed effects that might
influence a firm'’s incentive to engage in R&D investment and which may explain
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why only some firms are innovative (see Veugelers, 1997; Cassiman and Veugelers,
2002). While this is an important stream of literature in explaining both R&D and
cooperative R&D decisions in a static, cross-sectional framework (see Colombo
and Garrone, 1996; Piga and Vivarelli, 2003, 2004), in our dynamic analysis only
innovative firms are considered and fixed effects are excluded through the LSDVC
estimator.

9. Results are available from the authors upon request.

10. In our context ‘long-run’ elasticity takes into account the impact of both current
and lagged WC/BC according to the formula 7+ % (long-run multiplier, see Verbeek,
2004, p. 311).

11. With regard both to the sets of controls and dummies and to the adopted
econometric method.
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Designing the Organization for
Innovation

Vittorio Chiesa and Federico Frattini

5.1 Introduction

The external environment in which firms have been competing in the last
decades has profoundly changed, both in high-technology and in more
mature industries. Accordingly, a significant evolution in the way in which
the technological innovation process is managed has occurred as well. Since
innovation is often the single most important driver of economic value cre-
ation, most innovative and successful firms have adapted their approach
to innovation management to the changing external environment, in an
attempt to protect or nurture their competitive advantage.

What are the organizational implications of these changes? How do most
innovative and successful firms organize themselves for innovating effi-
ciently and effectively in their rapidly evolving external environment? This
paper attempts to answer to these questions, according to the following
conceptual model (Figure 5.1).

We define organization for innovation as the set of organizational dimen-
sions that influence a firm’s capability to manage technological innovation
efficiently and effectively. Adopting the standpoint of the contingency the-
ory (Galbraith, 1973; Birkinshaw et al., 2002), this paper tries to answer
the following research question: how can a firm design an organization for

External
environment of

the firm —
l Organization

for
Management of innovation
technological
innovation

Figure 5.1 The conceptual model
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innovation that fits with its external environment and with the approaches
it employs for managing technological innovation? (see Figure 5.1).

The paper is structured as follows: in the next two sections we describe
the major trends that have characterized the external environment of the
firm and their implications for the way in which technological innovation is
managed. In the fourth and fifth sections we briefly review literature about
organization for innovation and describe the research standpoint adopted
in the paper. The sixth and seventh sections, which represent the core of
the paper, address the problem of designing the structural dimensions of the
organization for innovation. Finally, we draw some conclusions and outline
future directions of research.

5.2 The external environment of the firm

The major trends that have characterized the external environment of the
firm in the last decades, and that have influenced the way in which com-
panies manage technological innovation, can be synthesized as follows (see
Ortt and Smits, 2006, for a comprehensive review):

o Dynamicity and turbulence. Market arenas are getting more and more turbu-
lent and dynamic: customer needs, competitors, business models and the
set of competencies necessary to compete in a definite industry change
over time with a frequency much higher than ever (Wolf, 2006; Mohr
et al., 2005);

¢ Globalization of markets and business activities. Globalization has fostered
homogeneity in customer needs but, at the same time, has renewed
companies’ interest toward the satisfaction of local demand (Gupta and
Wilemon, 1996);

e Increased competition. Globalization, liberalization and convergence of
markets and technologies have increased competition in several indus-
tries, both at a domestic and at a global level (Gupta and Wilemon,
1996);

¢ Rapid advances in technology. New knowledge is developed and applied to
products and services faster and faster (Bayus, 1994; Wind and Mahajan,
1997). Consequently, life-cycles are shortening in some product categories
(Nevens et al., 1990), a greater number of new products and services are
being introduced over time, and the time between subsequent innovations
is decreasing (Bayus, 1998).

5.3 The management of technological innovation

5.3.1 Major trends in technology management

The evolutionary patterns we described pose significant challenges for
companies and influence the way in which they manage technological
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innovation. The major trends in technology management that have emerged
with the abovementioned changes of the external environment can be
synthesised as follows:

e End of the linear model of innovation. Traditionally, technological innova-
tion was conceived as a sequential process that linearly proceeded from
idea generation, through development, prototyping and testing, man-
ufacturing and market launch. The input of this process was either a
technology advancement (the technology push approach), the identifica-
tion of a market need (the market pull approach), or a combination of
the two (the interactive or coupling model) (Rothwell and Zegveld, 1985).
This point of view has radically changed in the last decades; technolog-
ical innovation has become a flexible, iterative process, contemporarily
involving R&D and other functions, characterized by a strong participa-
tion of both suppliers and lead users and by a systemic nature (Ortt and
Smits, 2006; Rothwell, 1994; Nelson, 1993);

e Increased reliance upon external sources of technology. Firms generally lack
the financial and technical resources to build the whole range of com-
petencies they need and hence move towards a higher level of technical
specialization, concentrating internal R&D efforts on core activities where
they are more likely to excel. Contemporarily, they rely strongly on exter-
nal sources of technology to access the other required competencies and
to feed their innovation pipeline with higher frequency and continuity
(Chatterji, 1996; Howells, 1999; Roberts, 2001; Jones et al., 2000; Chatterji
and Manuel, 1993);

e Leverage on multiple channels for technology exploitation. Traditionally, firms
have exploited innovations, incorporating them into products or ser-
vices that were internally developed and launched in the final market.
Nevertheless, the costs required to develop new technologies and the
speed at which new knowledge is developed make sustainable long-term
growth even more dependent on the continual and full leverage of a
company'’s technology basis. Therefore, firms are contemporarily using
multiple channels for converting their technologies into incomes, among
which external exploitation paths (such as patent sale or licensing out,
new venture spin-off or contract research) are used more and more (Mohr
et al., 2005; Haour, 2004);

e The entrepreneurial nature of R&D. Traditionally, R&D was considered
part of the firm’s overhead costs (Ortt and Smits, 2006) and con-
ceived as a technology-led unit where all innovation opportunities were
generated and developed until ready to be released to manufacturing
and marketing. Nowadays, internal R&D becomes the repository of
the firm’s core technological competencies but, at the same time, it
is the engine of the innovation process and performs critical brokering
functions, such as the scouting of the external environment for the
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identification of valuable sources of knowledge and the integration of
internally generated with externally acquired technologies (Ortt and
Smits, 2006);

e Birth and growth of markets for technology. The search for multiple channels
for commercializing the output of firms’ innovative efforts, the specializa-
tion in knowledge production and the related division of labour within
innovative activities have brought the birth of so-called markets for tech-
nology (Arora et al., 2001). The capability to interact with these markets
for technology has become a further critical determinant of most success-
ful firms’ innovative behaviour (MacPherson, 1997a, 1997b; Mueller and
Zenker, 2001; Jones et al., 2000);

e Management of R&D and innovation on an international scale. Finally,
the management of technological innovation has assumed a prominent
international dimension. In fact, studies of the internationalization of
innovation processes indisputably show that foreign R&D is becoming a
significant component of many countries’ R&D base (Jones and Teegen,
2002; United Nations, 2005).

5.3.2 Emerging paradigms in the management of
technological innovation

Chesbrough (2003) and Haour (2004) have carefully studied these high-
profile changes in the management of technology and have systematized
them into two similar and insightful models of the technological innova-
tion process, the open innovation paradigm and the distributed innovation
system. Chesbrough (2003) compares the closed innovation paradigm, typi-
cally adopted by firms in past decades, with the open innovation one, used
by modern and highly competitive enterprises (including Procter & Gamble,
IBM and Intel). Closed innovation holds that ‘companies must generate their
own ideas, and then develop them, build them, market them, distribute
them, service them, finance them, and support them on their own’ (p. xx).
According to Chesbrough, thislogic is no longer sustainable in those contexts
where some erosion factors are in place (for example, the growing mobility
of highly experienced and skilled people, the increasing presence of private
venture capital, and the existence of a market for technology). Here a new
approach is emerging, that assumes that firms ‘can and should use external
ideas as well as internal ones, and internal and external paths to market’
(p. xxiv) as they look to advance their technology. Similarly, Haour (2004)
believes that technology firms must learn to leverage a wide range of alterna-
tive channels for realizing the value of their technology base: they ought to
‘set up licensing activities, as IBM has done, co-develop, but also sell certain
innovation projects, spin out ventures and become involved in innovation
mining’ (p. 87).
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5.4 The organization for innovation

These emerging paradigms in the management of technological innovation
have a very general nature and do not account for those organizational and
practical issues that innovative firms have to deal with. Indisputably, one
of the major problems for modern companies that want to revolutionize
their attitude towards technological innovation is to design an organization
that adequately supports and nurtures its innovative efforts (Tirpak et al.,
2006). We call this organization for innovation, which is defined as the set
of organizational dimensions that influence a firm’s capability to manage
technological innovation efficiently and effectively.

Several research contributions have been written so far that deeply investi-
gate the problem of designing a specific dimension of this organization; the
main variables that have been studied can be classified as follows:

o Organizational structure variables:
— Macro-level variables:

o The organization for external innovation: this is concerned with the
choice of the innovation activities to be internally undertaken and
with the selection of the organizational forms according to which the
innovative firm should interact with external organizations (Licht-
enthaler, 2004; Chiesa and Manzini, 1998; Croisier, 1998; Brockhoff,
1992);

o The coexistence of innovating and operating organizations within the firm’s
overall structure: this entails the decision as to whether to dedicate
a separate organization for pursuing radical innovation opportuni-
ties (O’Reilly and Tushman, 2004; Govindarajan and Trimble, 2005;
Galbraith, 1984);

o The organizational decentralization of innovative activities: this deals
with the hierarchical level of the firm’s organization at which R&D
activities are located (Chiesa, 2001; Rieck and Dickson, 1993; Eto,
1992);

e The international organization of innovative activities: this is con-
cerned with the geographical localization of R&D and innova-
tion processes (von Zedtwitz and Gassmann, 2002; Chiesa, 1996a,
1996b);

o The organizational separation between research and development: this
involves the decision whether to locate research and development
activities in separate organizational units (Chiesa, 2001);

o The resource allocation mechanisms in the organization for innovation:
this is concerned with the choice of the mechanisms through which
financial resources are allocated to the units that comprise the
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organization for innovation (Argyres and Silverman, 2004; West,
2000; Birkinshaw and Fey, 2000);

— Micro-level variables:

o The organization of R&D units: this is concerned with the organization
of researchers, engineers and scientists working in the same R&D unit
(Chiesa, 2001; Allen, 2001; Eto, 1992; Kay, 1988);

o The organization of new-product development teams (Clark and Fuji-
moto, 1991);

o The cross-functional integration in the new-product development process:
this deals with the choice of the organizational mechanisms through
which the coordination of the functions relevant to the NPD process
can be achieved (Griffin and Hauser, 1996; Vasconcellos, 1994; Wood
and Brown, 1998; Song et al., 1996; Nihtild, 1999);

o Informal organization variables:

— Informal organizational roles and knowledge management systems: these
are necessary for nurturing innovation and spurring creativity in the
organization (Tushman and Nadler, 1986; Narduzzo, 1999; Brown and
Duguid, 2001);

e Human resource management variables:

— Reward systems and career paths for scientists and technical professionals
(Risher, 2000; Katz and Allen, 1997; Thompson et al., 1988);

— Control mechanisms and managerial styles to be applied to the differ-
ent units of the organization for innovation (Abernethy and Brownell,
1997; Holt, 1978).

5.5 Research objectives and methodology

This paper aims at answering the following basic research question: how
can a firm design an organization for innovation that fits with its external
environment and with the approaches it employs for managing technological
innovation? We will concentrate here on the structural dimensions of the
organization for innovation; in particular, we will focus on the macro-level
variables listed in the previous section.

This research problem is fundamentally addressed from the standpoint of
contingency theory (Galbraith, 1973). According to this approach, there is
not a best way of organizing a firm; the most appropriate solutions to the
major organizational design problems depend on a set of contingency vari-
ables such as the characteristics of the external environment in which the
firm competes, its strategic positioning, and the technology it is actually
leveraging (Birkinshaw et al., 2002). The theoretical framework we adopt in
the paper is set out in Figure 5.2, which replicates the general model depicted
in Figure 5.1.
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Figure 5.2 The chapter’s theoretical framework

This framework advances the argument that two major interrelated con-
tingency variables influence the way in which the macro-level structural
dimensions of the organization for innovation should be designed: the char-
acteristics of the external environment in which the firm is competing and
the strategies and approaches it employs for managing technological inno-
vation (in Figure 5.2 we list some of the major characteristics that these two
variables have assumed in the last decades). For instance, the fragmenta-
tion and globalization of markets, and rapid changes in clients’ requirements
and their heterogeneity, bring firms to geographically dispersed development
labs in order to get as close as possible to the final market and easily exploit
local opportunities (this is an example of influence exerted by the exter-
nal environment on the characteristics of the organization for innovation).
Similarly, a strong reliance upon technology developed by external organiza-
tions causes firms to put in place appropriate organizational mechanisms for
accessing these sources of specialized knowledge, such as corporate venturing
initiatives or licensing in committees (this is an example of influence exerted
by the way in which the innovation process is managed in the organization
for innovation). The two aforementioned contextual variables are neverthe-
less strictly interrelated; specifically, the way in which the innovation process
is managed often reflects some characteristics of the external environment
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of the firm. For instance, a strong reliance upon external sources of technol-
ogy is mainly the result of the increase in the costs required to develop new
technologies, their complexity and degree of specialization, as well as the
acceleration in the speed at which knowledge is developed.

From a methodological point of view, we will undertake analytical theory-
building (or relationship-building) research (Handfield and Melnyk, 1998);
more specifically, we will use an analytical conceptual approach, whose
purpose is ‘to add new insights into traditional problems through logical
relationship building’ (Wacker, 1998, p. 373). Basically, we will apply the con-
tingency theory standpoint (as synthesized in the framework in Figure 5.2) for
interpreting the best available theories on the organization for innovation;
in this way, we will deduce new relationships between our three fundamental
research concepts (external environment of the firm, management of tech-
nological innovation, and organization for innovation), that will allow us to
answer this chapter’s basic research question. Our conceptualizations will be
illustrated through some empirical observations, as is usual with analytical
conceptual research (Wacker, 1998).

In the remainder of the paper, the results will be presented assuming the
perspective of the manager or the decision-maker who is actually called upon
to design the organization for innovation for his/her company. For each
structural dimension, therefore, we will: 1) define the variable and its role
in the organization for innovation; 2) examine the major alternatives avail-
able to the decision-maker; and 3) analyse the advantages and disadvantages
of the different solutions and their distinctive fields of application. More-
over, empirical cases describing the experience of innovative and successful
firms will be provided in order to enrich the discussion. In this way, we will
advance a systematization of the problem of the design of the organization
for innovation, an issue that has been only fragmentarily addressed in the
literature so far, and we will throw light upon the great complexity of this
challenge, a project that entails the coordination of several interconnected
variables.

5.6 Designing the organization for innovation: discussion and
empirical cases

5.6.1 The organization for external innovation

The first challenge firms should confront when designing the structure of
their organization for innovation is the identification of the most adequate
degree of openness towards the external environment; this requires identify-
ing those stages of the innovation process that are going to be internally
undertaken and those for which the innovative firm is going to rely on
external organizations; it calls for specific solutions both during the gen-
eration of a technological innovation and throughout its exploitation and
commercialization.
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Figure 5.3 Advantages and disadvantages of alternative organizational modes for the
generation of technological innovation (adapted from Chiesa, 2001)

Balancing the internal and external generation of innovation

Firms are increasingly exploiting external sources of technology in order to
complement their technical expertise (Chatterji, 1996; Roberts, 2001); this
calls for the recognition of the R&D activities that will nurture the firm's
core competencies and that therefore should be kept internal, and the choice
of an adequate balance between internal development, external acquisition
and the co-development of other technical competencies. Each of these three
alternatives has a different impact over the major critical dimensions of the
process of technology generation, as it is shown in Figure 5.3. In particular,
the risks and the costs inherent in the development of a specific technology,
as well as the rigidity of the firm’s R&D structure, are higher when internal
development is preferred to the co-development and external acquisition
modes. Nevertheless, internal development allows for a higher appropriabil-
ity of the developed technology and ensures closer control over the firm’s
core competencies.

In the generation of a definite technology, external acquisition becomes
more appropriate than internal development under the following conditions:

¢ The higher the complexity and the degree of specialisation of the technol-
ogy (Hagedoorn, 1993);

e The higher the costs and the technical risks that its development process
entails (Cooper and Kleinschmidt, 1987);

¢ The higher the pace of advancement in the specific technological disci-
pline (Sen and Rubinstein, 1990);

e The higher the availability of external sources of technical knowledge
(Chesbrough, 2003);

e The higher the appropriability of the technology (Tidd et al., 200S5).
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These conditions are met, for instance, in the pharmaceutical industry, where
firms have been relying intensively on external sources of technology for a
long time (Arora and Gambardella, 1990).

The capability of a company to profitably exploit external sources of
technology requires that it proactively screens the external environment in
order to identify which potential sources to rely on. In regard to this, firms
should monitor private technical and scientific service companies, search
for collaborative R&D in the innovation ecosystem and monitor possible
relationships with entrepreneurial universities. Moreover, the organizational
mode to be adopted for accessing this pool of external resources should be
carefully selected; the most diffused alternatives in this respect are: acquisi-
tions, licensing-in agreements, minority-equity investments, joint ventures,
joint R&D agreements, funding of research at universities or governmen-
tal labs, alliances and partnerships, R&D consortia, networking and R&D
outsourcing (Roberts and Berry, 1985; Brockhoff, 1991; Chatterji, 1996;
Chiesa, 2001).

Boxes 5.1 and 5.2 describe the organizational approaches adopted by two
leading and highly innovative firms, Cisco and Procter & Gamble, for lever-
aging available external sources of technology. Cisco has intensively applied
an external acquisition strategy for complementing its competence basis; this
strategy has entailed the financing of R&D activities of small entrepreneurial
start-ups, under the agreement that the network equipment manufacturer
retains the possibility of acquiring these firms in case their research results
in something that can be commercially exploited. This approach is remark-
able since it allows Cisco to lower the risks and the costs inherent in the
development of radical technological capabilities, while maintaining a strong
appropriability over the outcome of the R&D activities it subsidizes and a
close control over its core competencies.

Procter & Gamble is an example of a firm that has purposefully and
systematically decided to rely on the knowledge available in its external envi-
ronment in order to sustain its innovation processes; in order to enable this
strategy, it has established a set of proprietary and open networks through
which it scans its knowledge-rich external environment. This is an organiza-
tional solution that allows Procter & Gamble to reach and scan an enormous
pool of potential knowledge contributors, although the appropriability of
the knowledge that it makes possible is rather weak.

Balancing the internal and external exploitation of technology

Firms should not look outside their boundaries only to access external orga-
nizations capable of providing valuable technical inputs to their innovation
process. They have understood that opening up to the external environment
can be a viable alternative for creating and capturing value from their techno-
logical innovations. The process through which firms transfer technological
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Box 5.1 Cisco’s spin-in strategy for accessing external
sources of technology

Cisco, the leading networking equipment manufacturer, has since 1994
adopted a particular strategy, called spin-in, for leveraging the technolog-
ical knowledge retained by external organizations. When the company
needs a technology that is not part of its core competency base, it proac-
tively scans the external environment searching for a small start-up that
is currently working in the field. Cisco commits itself to finance the start-
up’s research expenses, under the agreement that Cisco will have the
possibility to acquire the start-up in case its research activities produce
something suitable for commercially exploitation. Since 19935, Cisco has
acquired 87 small firms, most of them located in the San Francisco area;
49 were working on service-provider technologies. An interesting ver-
sion of the spin-in strategy is called spin-out, spin-in; this is generally
adopted when there are no small firms currently working on the specific
technology essential for Cisco. In this case it encourages some valuable
researchers to leave the company through a spin-out process and finances
the research activities of the newly founded firm. As well, it maintains the
possibility of acquiring the spin-out in case it produces relevant research
results. This strategy was adopted in 1999 with Andiamo, a spin-out
firm operating in the field of big-disk hardware and software for web-
server applications; it was reincorporated into Cisco in 2003. According
to Cisco, the spin-in strategy allowed it to increase the speed of activating
new research projects, to maintain flexibility in corporate research labs
and to ensure an entrepreneurial and stimulating environment where
new technological opportunities are far more likely to flourish.

(adapted from Conti, 2006)

knowledge, not yet developed into a final product or service, to an external
organization in exchange for compensation, either monetary or in terms of
knowledge transfer, is called external exploitation of technological innovation
(Lichtenthaler, 2004). The problem, again, is to find the most adequate bal-
ance between internal and external exploitation of technology; the major
advantages and disadvantages of choosing an external exploitation path are
listed in Table 5.1.

The external exploitation of a technological innovation should be pursued
under the following conditions (Mohr et al., 2005):

¢ The technology does not fit with the firm’s corporate mission or business
model (Chesbrough, 2003);
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Box 5.2 Procter & Gamble’s Connect & Develop innovation model

Procter & Gamble has always generated technological opportunities
and innovations capable of sustaining its impressive growth within the
boundaries of its global research facilities, which employed the most
talented scientists and researchers. By 2000, however, P&G’s top man-
agement realised that this invent-it-ourselves approach was no longer
sustainable, because of the dramatic changes in the innovation envi-
ronment of the firm. This impression was confirmed by the collapse
of P&G’s R&D productivity and innovation success rate. A. G. Lafley,
the company’s CEO, realized that relevant innovation was being under-
taken by a dispersed system of actors surrounding P&G research facilities;
these included small entrepreneurial companies, individuals, and gov-
ernment and university labs. He estimated that for each of the 7,500
P&G researchers there were elsewhere in the world about 200 scientists
or technicians who were equally talented. Lafley decided to reinvent the
company’s innovation model, and stipulated that almost 50 per cent
of P&G’s innovations should be acquired from external sources; this
approach was called Connect & Develop and it was aimed at systemati-
cally finding good ideas from outside the firm and bringing them within
the company’s boundaries, in order to capitalize on and exploit them
through the use of internal R&D capabilities. In order to sustain the
Connect & Develop model, an appropriate organization ought to be put
in place: P&G leverages several networks that represent the platform for
the Connect & Develop strategy. It is possible to distinguish between:

o Proprietary networks, specifically developed by P&G in order to support
the new innovation model. The most important two are the technol-
ogy entrepreneurs network and the suppliers network. The first comprises
70 technology entrepreneurs and P&G senior employees who sys-
tematically: 1) examine scientific literature, patent databases and
other data sources; 2) build connections, organizing meetings with
universities and industry researchers; 3) analyse products and visit
marketplaces; and 4) promote the gathered ideas and connections
to managers of P&G’s business units. They are based around the
world and organised in six Connect & Develop hubs, in China, India,
Japan, Western Europe, Latin America and the United States. Each
hub focuses on technological opportunities and innovation that are
typical of its region. So far, technology entrepreneurs have identified
almost 10,000 product ideas and technologies that have undergone
a structured evaluation process. The suppliers’ network connects
the 50,000 researchers of the 15 major P&G suppliers. A secure IT
infrastructure has been implemented so that P&G can share with its
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suppliers new technological opportunities and ask for assistance when
it faces a specific problem. This platform is reinforced by personal
meetings between P&G and suppliers’ technology leaders that help
the reciprocal understanding of core capabilities and favour the flow
of ideas.

Open networks, sponsored or simply joined by P&G in order to sustain
its Connect & Develop activities. P&G participated in the creation of
NineSigma, a brokering company that connects firms that have tech-
nology and innovation problems with consultants, government and
private labs, universities and firms that can find appropriate solu-
tions. Moreover, it was heavily influenced by InnoCentive, an Eli Lilly
initiative similar to NineSigma, although one more focused on tech-
nical problems. In 2000, P&G invested, together with other Fortune
100 companies, in Yet2.com, an online marketplace for intellectual
property exchange and technology transfer. Finally, in 2003 it spon-
sored a business called YourEncore, a network connecting about 800

distinguished retired scientists and engineers from 150 companies.

(adapted from Huston and Sakkab, 2006)

Table 5.1 Advantages and disadvantages of external exploitation of technology
(adapted from Mohr et al., 2005; Lichtenthaler, 2004; Chesbrough, 2003)

EXTERNAL EXPLOITATION OF TECHNOLOGY

Advantages

Disadvantages

Maximize the return on technology
and innovation investments

Find a way to market to innovations
that do not fit the company’s
business model

Share costs and risks of the
commercialization process

Acquire lacking complementary assets
(such as distribution channels)

Leverage the entrepreneurial spirit of
researchers and technical professionals
working outside the boundaries of a
large corporation

Risk of losing control over
proprietary technologies

Inefficiency of technology markets
and high transaction costs

Share the revenues of the commercialization
process with third parties

‘Not-sold-here’ syndrome
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¢ The innovative firm misses some critical complementary assets (for exam-
ple, production capacity or distribution channels) or has insufficient
financial resources to internally exploit the innovation (Teece, 1986);

e The window of opportunity is tight and the firm cannot move quickly
enough;

¢ The market potential for the innovation is smaller than foreseen;

¢ The destination market is characterized by demand-side increasing returns
and offering the technology to competitors may encourage the standard-
ization of the firm’s innovation (Schilling, 2003);

¢ The high costs required to develop the technology and the rapid advances
in knowledge generation force the innovative firm to leverage multiple
channels for maximizing the return on its innovation investments;

e The appropriability of the innovation is high and therefore the risk of
losing control over proprietary knowledge and technologies is low.

In order to best profit from external exploitation of technology, firms should
learn to scout and choose the potential acquirers of their proprietary technical
expertise, build formal and informal bridges across their boundaries through
the establishment, for example, of ad hoc gatekeeping functions, and to
select the most appropriate organizational mode for pursuing an external
commercialization effort. As far as this last issue is concerned, a firm can
organize the external exploitation of a technological innovation in several
ways (Lichtenthaler, 2004; Haour, 2004; Chesbrough, 2003); through the sale
of the rights of use of the novel technology, the spin-out of a new venture that
ends the development process and brings the technology into the market, the
establishment of joint ventures or partnerships aimed at the innovation's
commercial exploitation, or the sale of the whole innovation project to a
third party.

Box 5.3 describes the case of Generics, a successful technology-intensive
company whose business model encompasses a particular combination of
organizational modes for the external exploitation of its innovative capabil-
ities. The example of Generics shows how a firm can commercially make the
most of its knowledge basis while at the same time using various channels for
external technology exploitation (for example, the sale of technical services,
a new venture spin-out, and seed capital financing) and how the sustain-
ability of this business model is ensured by the capability to create mutual
reinforcing mechanisms between these different channels.

5.6.2 The coexistence of innovating and operating organizations within
the firm’s overall structure

Galbraith (1984) states that one of the most important reasons behind
the difficulties that firms encounter in managing incremental and radical
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Box 5.3 Exploiting technological innovation through multiple
channels: the case of Generics

Generics is a technology-intensive firm whose core business is centred
on the generation and commercial exploitation of scientific and techno-
logical knowledge. It was founded in 1986 in Cambridge, Great Britain;
as of 2004 it employed almost 230 people, of whom 150 were technical
professionals and scientists with advanced degrees, and owned state-of-
the-art laboratory facilities. It went public in 2000 and is listed on the
London Stock Exchange. Generics delivers value from its huge scien-
tificand technological competence base through three major interrelated
channels:

e Sale of technical services. Generics helps its clients improve their
competitiveness by developing for them new products, processes or
solving technical problems. These projects are performed by Gener-
ics under a contractual agreement signed with the client that clearly
defines the intellectual property rights it will be granted, both in terms
of scope and of geographical extension. This contract R&D activity isa
source of innovation for Generics that retains the possibility to exploit
it outside the scope defined by the contract.

e New venture spin-out. Generics encourages small groups of employ-
ees with commercially valuable ideas to prepare a business case and
a spin-out proposal and to submit it to the Innovation Exploitation
Board. This board is made up of five to seven Generics employees
with relevant and heterogeneous technical competencies that meets
every week to evaluate spinning-out candidates. When the board
approves a proposal, the technical professionals (two or three) who
have sponsored it can leave the laboratories and create a spin-out
firm. The team moves to another building. Generics therefore acts
like an incubator for these new ventures. All intellectual property
rights are transferred to the start-up, whose main shareholder is
Generics itself; the minority equity is owned by the founding team.
When the venture has developed, Generics helps the management
to find a suitable buyer for the firm; most of the sales revenues
of course go to the major shareholder, that is Generics, and help
finance the firm’s seed capital activity. Each year, several start-ups are
generated.

e Seed capital. Generics manages several funds that invest in its own
intellectual property, in new spin-out ventures and external start-
ups operating in technologies and business areas familiar to Gener-
ics. Each fund has its own management team searching for new
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opportunities and managing the portfolio. When Generics puts seed
capital into external ventures, it acts as a venture capitalist; this is
possible because of the firm’s scientific and technical competencies
that allow for effective due-diligence processes.

(adapted from Haour, 2004)

innovations at the same time is that they require two significantly different
organizations:

e The Operating Organization (OO), which is the set of structures, pro-
cesses, values, managerial practices and organizational roles that are
necessary to manage everyday business activities and generate incremental
improvements to existing products and processes;

e The Innovating Organization (I0), which is indeed essential to foster the
generation, deployment and commercialization of radical and disruptive
technological breakthroughs.

At a macro-organizational level, the way in which these two different orga-
nizations coexist within the innovating firm is a crucial determinant of the
company’s ability to manage both incremental and radical innovations. In
respect of this basic design challenge, two major alternatives exist:

An organizational fusion of the innovating and operating organizations

In this first case, it is not possible to distinguish between the two different
types of organizations. In other words, functional units such as R&D, market-
ing, finance, manufacturing and business development are responsible at the
same time for: 1) managing everyday business activities, where efficiency and
the capability to respect established procedures and rules is a critical success
factor; 2) developing and implementing incremental improvements to exist-
ing products or services, that typically require proactively gathering market
information and timely and efficient reaction to business opportunities that
come to light; 3) generating, deploying and actually bringing to market rad-
ical innovations, which indeed call for an extremely specialized knowledge
in certain technological domains and a huge amount of creativity in order to
generate breakthrough technological opportunities and find fruitful business
applications for them.

As the innovating and operating organisations coincide, a further design
choice comes into play between:

¢ a function-oriented organisation, where all R&D activities are aggre-
gated within the same organizational unit, alongside the other functions
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Figure 5.4 The ambidextrous organization

inherent in the technological innovation process — marketing, finance,
manufacturing, for example;

e a product-oriented organization, which is typical of medium and large
firms with several product lines and implies that major functions, includ-
ing R&D, are aggregated according to products.

The choice between a function- or product-oriented architecture basically
depends on the company’s overall structure. When a multi-divisional or
M-form organization (Chandler, 1962) is in place, R&D activities are typi-
cally organized according to a product-oriented model, whereas the adop-
tion of a unitary-form (U-form) organization is more likely to result in a
function-oriented solution.

Organizational separation of the innovating and operating organizations

In this second case, the firm establishes a separate organization that incor-
porates all the functions (R&D, marketing, and manufacturing) that are
part of the process of the identification, development and commercializa-
tion of radical innovations (Figure 5.4). The innovating organisation, in this
case, relies on procedures, managerial principles and shared values that are
totally different from those adopted in the operating organisation and specif-
ically designed to foster radical innovation. The resulting structure is called
innovation-oriented, dual-purpose or ambidextrous (Holt, 1978; Tushman and
O'Reilly, 1996; Govindarajan and Trimble, 2005).

The organizational fusion and separation of the innovating and operat-
ing organizations show advantages and disadvantages that are necessary to
understand in order to choose the most appropriate balance between the
two. For instance, an ambidextrous organization allows for a simple coordi-
nation of the units taking part in the generation and exploitation of radical
technological opportunities, provides an environment that stimulates cre-
ativity and innovative thinking, and simplifies the allocation of financial
and human resources between incremental and radical innovation projects.
On the other hand, it is characterized by high complexity and low efficiency,
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Table 5.2 Advantages and disadvantages of the separation between the innovating
and operating organizations (adapted from Tushman and O’Reilly, 1996; Davila et al.,
2006)

ORGANIZATIONAL SEPARATION BETWEEN INNOVATING AND
OPERATING ORGANIZATIONS

Advantages Disadvantages

Simple integration and communication
among the functional units participating in
generation, development and exploitation
of radical innovations

Organizational complexity

High flexibility and a possibility of quickly
reallocating resources in order to respond to
new conditions and opportunities

Low efficiency

Stimulus to innovative activities
because of a concentrated, loosely
organized unit and a positive climate

Duplication of resources

Possibility of creating interesting positions
with status and salary of such a nature that

Weakening of the contact with other
departments and decrease in the

could attract talented professionals

Breaking down of departmental barriers
and reduction of frictions and conflicts

Simple allocation of resources between

power of the line organization

Danger of isolation of the innovation
unit that may prevent the rest of the
company from a creative thinking

Necessity to establish appropriate

incremental and radical
innovation projects

integration mechanisms with the
rest of the company

due to an unavoidable duplication of resources, and entails the danger of iso-
lating the unit dedicated to radical innovation projects from the rest of the
organization. These and other pros and cons of the separation between the
innovating and the operating organizations that an ambidextrous solution
brings about are summarized in Table 5.2.

The capability to pursue radical and discontinuous innovations is per-
haps the most critical challenge for sustaining the competitive advantage
in today’s hypercompetitive business arena (Lynn et al., 1996; Tushman
and O’Reilly, 1996); nevertheless incumbents often suffer from a sort of suc-
cess syndrome or organizational inertia (Hannan and Freeman, 1984), that is
both structural and cultural (Tushman and O’Reilly, 1996; Stringer, 2000) and
prevents them from continuously generating and profiting from radical (or
disruptive) technological breakthroughs. An ambidextrous organization has
the major advantage of fostering the capability of incumbent companies to
at the same time pursue evolutionary and revolutionary change (Macher and
Richman, 2004), as shown by the case of Ciba Vision (see Box 5.4), which
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Box 5.4 Pursuing radical innovation through an ambidextrous
organisation: the case of Ciba Vision

Ciba Vision, created in the early 1980s as a business unit of Ciba-Geigy
(now Novartis), develops and sells contact lenses and eye-care products
to optometrists. Although the firm had launched some successful prod-
ucts, in the second half of the 1980s it was suffering dramatically from
competition from the market leader Johnson & Johnson. Ciba Vision'’s
president, Glenn Bradley, understood that without radically innova-
tive products his company risked steady decline and even failure. He
decided that the firm should continue making money in the mature
business of traditional contact lenses and to invest that money in pur-
suing breakthrough products. Therefore, in 1991, Bradley launched six
R&D projects, each focusing on a radical innovation (daily-disposable
and extended-wear lenses, for example); moreover, he decided that these
projects would absorb the whole corporate R&D budget and that tradi-
tional units would continue pursuing only incremental innovations by
themselves. Bradley faced the problem of deciding how to manage and
organize these new projects; he decided not to integrate them within
the company'’s traditional organization, fearing that conflicts in resource
allocation and conventional procedures and conservative cultural prin-
ciples could have hampered the creativity and the focus each project
needed to succeed. He therefore chose to create an independent unit for
each project, with its own R&D, finance and marketing functions, and
to locate it in dedicated facility. Each unit hired its own staff, established
its own reward systems, designed its business processes and, ultimately,
came out with a unique organizational structure and climate. Anyway,
Bradley knew that each unit needed to share competencies and resources
with the traditional businesses and the other newly founded units. He
therefore decided that the leaders of the breakthrough projects should
report to a single senior executive, in this case Adrian Hunter, vice pres-
ident for R&D; he had close relationships with executives throughout
Ciba Vision and worked with Bradley resolving conflicts between old
businesses and the breakthrough units. Project leaders were also invited
to participate in Bradley’s executive team meetings. Furthermore, Ciba
Vision’s incentive system was enhanced so that managers were rewarded
on the basis of the overall company performance, rather than on their
own business unit’s. Finally, a new vision statement for the whole com-
pany was elaborated (Healthy Eyes for Life); this served the purpose of
making clear the relationships and complementarities between new and
traditional business units and helped provide a common working cause
that prevented organizational fragmentation. The new organizational
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structure worked very well; Ciba Vision launched several successful inno-
vative products from 1991 to 1996, overtook Johnson & Johnson in some
market segments and revitalized its sales figures; moreover, the well-
established traditional contact-lens business continued to generate cash
to be invested in new breakthrough projects.

(adapted from O’Reilly and Tushman, 2004)

was created in the early 1980s as a business unit of Ciba-Geigy. The case of
Ciba Vision provides an interesting example of the improvements in inno-
vative performance that an ambidextrous organization is able to achieve,
and it suggests different ways by which a firm can prevent the risk that the
unit devoted to radical innovation projects becomes too isolated from the
rest of the company (for example, coordination at the senior management
level, change in the reward systems, development of shared values). This
type of organizational structure has also been successfully adopted by USA
Today for launching its online news service, USAToday.com, by IBM to spur
innovation into its new consulting business and by DaimlerChrysler, BMW,
Matsushita and Microsoft, all of which have hived off and relocated their
innovating organizations to Silicon Valley to enhance their creative and inno-
vative thinking (Davila et al., 2006). Obviously, opening up the organization
for innovation, as discussed in the previous paragraph, is another organiza-
tional solution that helps foster the firm’s capability to generate and exploit
radical innovations; other effective approaches include engagement in cor-
porate venturing initiatives or the establishment of corporate venture-capital
funds (Stringer, 2000). Well-known examples of corporate venture capital
funds are J&J Development Corporation, the Johnson & Johnson fund that
has been investing since 1973 (Stringer, 2000), and Intel Capital, Intel’s cor-
porate VC program that has helped the company explore new technological
opportunities and business areas by funding and monitoring research projects
undertaken by the Silicon Valley start-up community (Chesbrough, 2003).
Nevertheless, an ambidextrous organization should not be considered as
the best solution for each company, independent from the context in which
the company operates and the competitive strategy it adopts. Generally
speaking, an ambidextrous organization is suitable for those firms that com-
pete in fast-moving, dynamic and technology-intensive markets, and which
pursue a technological leadership strategy. Missing the opportunity to mas-
ter a new paradigm shift can be really detrimental for a firm's performance;
the speed at which new technologies supersede the older ones is so high
that it is almost impossible to recover from a loss of technological edge.
Under these conditions, therefore, the firm had better tolerate and absorb the
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incremental costs and complexity the ambidextrous organization entails, in
order to enhance its capability to identify, develop and commercially exploit
radical technological innovations. On the other hand, for firms operating
in mature and low-tech markets, especially when pursuing a cost-leadership
advantage, the need to keep abreast of the latest technological developments
is not so pivotal and the rewards brought by the ambidextrous organization
do not outweigh its shortcomings. In this context, an ambidextrous struc-
ture is best set up on an ad hoc basis when the firm sets out to enter a new
or emerging business with a breakthrough technological innovation.

5.6.3 The organizational decentralization of innovative activities

A further structural dimension of the organization for innovation deals with
the choice of the hierarchical level at which R&D activities take place. In
recent decades companies have increasingly decentralized their R&D tasks as
a response to the increased dynamicity and turbulence of markets, the het-
erogeneity of clients’ needs and the necessity of scouting a large number of
scientific/technical domains and market segments. Focusing on the hierar-
chical distribution of R&D activities within large multinational companies,
where this organizational design problem is far more challenging than in case
of small and simple firms, two basic alternatives can be identified (Chiesa,
2001):

1. Totally centralized. In this case the whole R&D activity is undertaken at
corporate level, with a single top manager in charge of the firm’s R&D,
reporting to an executive such as the CEO or president. This structure was
predominant among large American corporations in the first decades of
the 20th century (such as Du Pont), in big multinational pharmaceuti-
cal companies (such as Bayer) until the second half of the 20th century
and in many large corporations established in Far Eastern countries more
recently;

2. Totally decentralized. This structure implies that all R&D is concentrated
at divisional level; all R&D activities are conducted within business
units, with R&D directors reporting directly to divisional managers.
A paradigmatic example is Intel, whose R&D is undertaken almost exclu-
sively at a business-unit level, with a corporate technology planning
function which is responsible for technology strategy development and
implementation.

A strong decentralization of R&D gives the opportunity to easily identify
market opportunities and threats and to efficiently adapt new products and
processes to the requirements of the various businesses in which the firm
operates; moreover it simplifies the transfer of the outcomes of R&D activ-
ities to manufacturing and marketing and allows for a closer control over
milestones, budgets and quality targets. Nevertheless, in case of a strong
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Table 5.3 Advantages and disadvantages of a strong decentralization of R&D activities
(adapted from Chiesa, 2001; Rieck and Dickson, 1993; Lewis and Linden, 1990; Argyres
and Silverman, 2004)

STRONG DECENTRALIZATION OF R&D ACTIVITIES

Advantages Disadvantages

Possibility of scouting and identifying Risk of under-investment in developing

market needs, opportunities core technological competencies and
and threats bounded innovation

Possibility of adapting new products  Risk of losing the capability to synthesize
and processes to specific business and integrate knowledge from different
requirements sources and technical domains

Simple transfer from R to D Risk of delaying investments into

promising technologies not yet exploited
or exploitable at the business level

Simple transfer from R&D to Problems in supporting radical innovation
manufacturing and marketing programs with uncertain and delayed outputs
Possibility of measuring R&D Problems in building a long-term
performance more simply vision in technology strategy

Great emphasis on development Difficulties in leveraging a common

time, costs and quality technology basis across different businesses

decentralization of R&D, a firm risks losing its long-term vision in tech-
nology strategy; this may result in the delay of investment into promising
technologies not yet exploitable at a commercial level, in underinvestment
in developing core competencies and bounded innovation, and in the lack of
support for radical innovation projects with uncertain and delayed outputs.
These and other advantages and disadvantages of a strong decentralization
of R&D activities are summarized in Table 5.3.

Although a trend towards the decentralization of R&D activities is
discernible, firms tend to avoid the major disadvantages of totally decen-
tralized structures and prefer intermediate solutions called ‘hybrid architec-
tures’, where R&D is done both at corporate and divisional level (Roberts,
1995a, 1995b). Box 5.5 describes the R&D organization put in place by
GlaxoSmithKline (GSK) in 2000 after its birth; this represents a notewor-
thy example of a hybrid architecture. In this case, the first activities of the
drug discovery and development process (that is, pre-discovery research) as
well as its final stages (that is, development and launch) were centralized and
operated at a corporate level. The central part of the process (that is, discov-
ery research), was highly decentralized and organized around six centres of
excellence, each working in a specific therapeutical area. The strategic reasons
leading GSK to adopt this form of organization are discussed in Box 5.5.
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Box 5.5 GSK’s drug development organization

GlaxoSmithKline (GSK) is a leading pharmaceutical firm that resulted
from the merger of Glaxo Wellcome and SmithKline Beecham that took
place on 17 January 2000. In 2000, the pharmaceutical industry was
severely challenged: although expectations about the demand for health-
care products and services were extremely favourable and dominant large
pharmaceutical firms were raising their R&D investments, the industry
suffered from a pronounced productivity crisis. The time and costs needed
to bring a new drug into the market were dramatically rising (see Figure A
below for a representation of the drug development process), whereas the
number of approved drugs did not proportionally grow.

Pre-discovery research Discovery research Development & launch
A

Lead zﬁﬁiﬁl' Phase llb  / /FDA filing,
[ Target identification Lead Preclinical (FTIH - first Phase lla and approval
identification// (screening) / /optimization evaluation time in clinical phﬁs_e I|” and launch
clinica
human)

Candidate selection Proof of concept

Figure A The process of drug discovery and development

These competitive pressures exacerbated the managerial and organiza-
tional differences between the various stages of the drug development
process. The need to lower development costs brought pharmaceu-
tical companies to leverage new and extremely expensive technolo-
gies (such as combinatorial chemistry, high-throughput screening and
rational drug design) at the front end of the development process, that is,
in the pre-discovery research phase. Scale became more and more impor-
tant in this activity as a consequence of its increased capital intensity.
Scale also turned out to be a critical competitive weapon in later stages
of drug development, where large clinical trials are run and the FDA
approval process needs to be efficiently managed. Conversely, the need
to enhance the success rate of the process severely challenged pharma-
ceutical firms, especially in the middle phase of drug development — lead
optimisation, preclinical tests and Phase I clinical trials. These activities
are highly labour-intensive, since their effectiveness basically depends
on researchers’ ability to improve the lead’s activity against the target, its
ease of entry into the bloodstream or the duration of its activity. Convert-
ing promising compounds into products is therefore a highly innovative
task that requires flexibility and responsiveness typical of small biotech
firms.

In 2000, GSK'’s CEO, Jean-Pierre Garnier, appointed Tadataka Yamada
as chairman of R&D; he was assigned the responsibility of restructuring
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the R&D function of the company in order to respond to the above-
mentioned competitive challenges. The solution he designed is a relevant
example of how the decentralization of R&D activities, their orga-
nizational separation and geographical dispersion can be effectively
combined. Actually, GSK’s R&D organization is divided into three
sub-organizations (see Figure B):

1. The first comprised two research organizations, Genetics Research and
Discovery Research, that focused on the pre-discovery phase. Genet-
ics Research had the purpose of identifying molecular targets and
Discovery Research engaged in lead identification (screening) activi-
ties. They used capital-intensive methods (high-throughput screening
machines and combinatorial chemistry facilities) in order to auto-
mate the target and lead identification stages so that more drugs were
generated in a faster and cheaper way; three major automation facil-
ities were located in Tres Cantos, Spain (high-throughput screening),
Harlow, UK (chemistry) and Upper Providence, USA (chemistry and
high-throughput screening). This part of the organization was totally
centralized, that is, it operated at corporate level undertaking target
and lead identification activities for all the therapeutical area where
GSK operated;

2. The second part of GSK’s R&D organization focused on the central
stage of the drug development process, which starts with the lead
identification phase and ends with Phase Ila of clinical trials. The
need to foster the flexibility, responsiveness and innovativeness of the
researchers involved in these labour-intensive tasks brought Yamada
to totally decentralize this part of the organization. He created six
Centres of Excellence for Drug Discovery (CEDDs), each focusing
on a small set of therapeutical areas. These areas were: 1) neurol-
ogy; 2) psychiatry; 3) antibacterials and host defence; 4) respiratory,
inflammation and respiratory pathogens; 5) cardiovascular, cancer
and urogenital; 6) metabolic, bone and antivirals. Each CEDD was
led by a senior vice-president selected by Yamada and contained no
more that 350 scientists, in order to avoid bureaucracy and barriers to
day-to-day communication. The R&D Executive Committee, chaired
by Yamada, set the overall budget for the six CEDDs and the leader
of each CEDD was free to decide how the respective budget was allo-
cated to specific projects. Moreover, each CEDD identified diseases of
interest and suggestions were relayed to the Genetics and the Discov-
ery Research groups to identify target and leads for that disease. The
centralized research groups maintained the authority to allocate their
resources where they wanted and the CEDD was not charged for their
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services nor was it obliged to accept any compound that resulted from
its suggestions. Moreover, a CEDD could license-in compounds from
other firms. When it received a lead from Discovery Research, the
CEDD started its activities and the compound progressed along the
stages of the drug development process according to the decisions
of the CEDD’s members, without the review by corporate research
executives. Each CEDD, therefore, was a semi-autonomous business
with an entrepreneurial culture more typical of a small biotechnology
firm than a pharmaceutical multinational.

3. When a compound passed Phase Ila, it was presented to the Devel-
opment Investment Board (DIB) that evaluated if the CEDD achieved
proof of concept (PoC) for the compound. In that case, the latter
was transferred to a centralized organization, the Worldwide Devel-
opment Group, that was responsible for the capital-intensive Phase
IIb and Phase III of clinical trials and eventually for the FDA approval
process and regulatory affairs.

CEDD 1: Neurology >
Genetics research < CEDD 2: Psychiatry >
@D 3: Antibacterials Host DefD
Worldwide product
development
CEDD 4: Respiratory, Inflammatory and Respiratory Pathogens
Discovery research CEDD 5: Cardiovascular, Cancer and@
CEDD 6: Metabolic, Bone and Antivirals

Lead Phase | Phase lIb  / /FDA filing,
| Target identification Lead Preclinical (FTIH - first Phase lla and approval
identification/ / (screening) / / optimization evaluation time in clinical phase Ill and launch

human) clinical
-

o ]
~ "

Centralized CEDDs Centralized

Figure B Organizational structure for GSK R&D

The international organization of GSK’s R&D function was also interest-
ing as Yamada decided to adopt a typical centres of excellence solution
for the CEDD structure. Each CEDD, located in a specific geographi-
cal area that allowed it to leverage on a diffused knowledge base in the
respective scientific domain, had the global responsibility for the lead
optimization and preclinical trials of those compounds effective in
a definite therapeutical area. Because of the interdisciplinary nature
of pharmaceutical research, which requires competencies crossing the
boundaries of a single therapeutical domain, each CEDD participated
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(acting like a hub) in a network of satellites and small research sites that
provided it with the required transversal competencies (see Table A). The
choice to concentrate GSK’s worldwide lead optimisation activities for a
definite therapeutical area in a single facility was due to the necessity
of achieving a huge knowledge specialization in narrow scientific
disciplines, to protect proprietary competencies and to monitor critical
scientific evolutionary trends.

Table A Geographical distribution of CEDDs

NEUROLOGY PSYCHIATRY ANTIBACTERIALS AND
HOST DEFENCE

CEDD: Harlow (UK) CEDD: Verona (Italy) CEDD: Upper Providence,
PA (USA)

SATELLITE: Stevenage SATELLITE: Harlow SATELLITES: Verona (Italy),

(UK) (UK) Harlow (UK), Upper Merion,
PA (USA)

SMALL SITE: Milan (Ttaly)

RESPIRATORY, CARDIOVASCULAR, CANCER METABOLIC, BONE AND

INFLAMMATION AND AND UROGENITAL ANTIVIRALS

RESPIRATORY

PATHOGENS

CEDD: Stevenage (UK) CEDD: Upper Merion, PA (USA)  CEDD: Research Triangle Park,

NC (USA)
SATELLITES: Upper SATELLITES: Harlow (UK), SATELLITES: Stevenage (UK),
Merion, PA Research Triangle Park, NC (USA), Upper Providence, PA (USA),
(USA), Upper Stevenage (UK) Upper Merion, PA (USA),
Providence, PA (USA) SMALL SITES: Rennes (France) Harlow (UK)

Les Ulis (France), Tsukuba (Japan)

Although the success of this new organizational structure has still to
be proven, some interesting evidence emerges: whereas only 10 new
chemical entities entered clinical development in the four years ahead
of the GSK merger, in the following five years there were about 34.

(adapted from Huckman and Strick, 2005; Jack, 2005)

Among the available hybrid architectures, two major alternatives can be
identified (Chiesa, 2001):

1. Centrally led hybrid structure: corporate R&D plays a key role, while divi-
sional innovative activities deal typically (but not necessarily) with the
final stages of the innovation process, that is, adaptation and commer-
cial launch. This is the case, among the others, with ABB, Toshiba and
Matsushita;
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2. Centrally supported hybrid structure: most R&D is done at divisional level,
while corporate innovative activities have mainly a support role, cover-
ing a limited part of the innovation process. For example, corporate R&D
focuses on basic or applied research, scanning or technology-forecasting
activities, or offers technical services, such as rapid or virtual prototyp-
ing, useful for all divisional R&D units. This is the solution adopted, for
example, by NEC, Xerox and Alcatel.

The innovating firm should therefore search for the most appropriate balance
between a heavy centralization and a heavy decentralization, identifying the
fundamental requirements of the market in which it operates and the com-
petitive strategy it is actually pursuing (Argyres and Silverman, 2004; Chiesa,
2001). For instance, companies working with several product lines that nev-
ertheless share the same technological basis are better off moving toward
a higher concentration of R&D in order to exploit efficiency and critical-
mass advantages. This is true also for those firms operating in extremely
technology-intensive sectors (aerospace, pharmaceuticals, advanced chem-
istry) where R&D requires a heavy specialization in knowledge production
and the capability to exploit the synergies across traditionally separate scien-
tific disciplines. On the contrary, firms that serve very heterogeneous client
segments or run completely distinct business units could tolerate the poor
efficiency of heavily decentralized organizations in order to enhance their
capability for timely reactions to local opportunities and changing client
needs. Moreover, the locus of R&D activities is likely to influence the type of
technological innovations the firm is capable of achieving (Argyres and Sil-
verman, 2004). Centralized R&D typically generates innovations that have
a larger impact on future technological developments within and outside
the industry; moreover, since it facilitates capability-broadening research, it
is likely to produce innovations that leverage previous developments under-
taken by a wide array of organizations into different technological domains.
By contrast, divisional R&D directs its efforts mainly to a specific product
or market, and typically produces innovations that have less overall impact
and affect a narrower range of technological domains. For this reason, a
decentralized structure is perhaps more suitable when the innovating firm
aims primarily at developing incremental innovations or product extensions,
while a more centralized organization is better suited to radical breakthrough
projects; a hybrid structure is then the most appropriate solution when
mastering both evolutionary and revolutionary change is a competitive
imperative.

5.6.4 The international organization of innovative activities

Firms enhance the geographical dispersions of their innovative activities
under the influence of several factors, which can be classified as follows
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Table 5.4 Main drivers of R&D internationalization (adapted from Gassmann and von
Zedtwitz, 1998)

INPUT-ORIENTED OUTPUT-ORIENTED EXTERNAL

Access local informal networks  Get closer to final markets Rationalize innovation
and scientific communities and lead users processes after mergers
and acquisitions

Employ qualified personnel not Improve reputation in the Increase the presence in
available in the home country foreign market historically important
foreign markets

Exploit local infrastructures Adapt R&D activities to Optimize tax and
supporting innovation and local production processes administrative processes
R&D activities

EFFICIENCY-ORIENTED POLITICAL/SOCIOCULTURAL

Balance R&D risks Take advantage of favourable patenting laws
Reduce transaction costs with Access local subsidies for R&D and

local production, marketing innovation activities

and distribution units

Reduce R&D personnel costs Overcome protectionist barriers

Improve the flexibility of the Exploit favourable social and

overall R&D organization labour conditions

Lower the time-to-market of
new products making use of
many time zones

(see Table 5.4): 1) input-related drivers, which refer to the need to access
human, technological and information resources that are located in differ-
ent geographical areas; 2) output-related drivers, which refer to the desire
to improve the effectiveness and the value of the outcome of R&D activities
(that is, new products and processes) through, for example, customers’ prox-
imity and a better local image; 3) external drivers, that is, exogenous forces
that push firms to geographically disperse their R&D; 4) efficiency-oriented
drivers, which refer to the need to reduce the cost and, more generally, to
improve the efficiency of R&D activities; 5) political and sociocultural drivers,
which bring firms to internationalize their innovative activities for exploiting
favourable institutional and governmental conditions.

However, the internationalization of R&D is not unchallenged; reasons
against it and in favour of a stronger centralization of innovative tasks
are plenty. They can be divided into (see Table 5.5): 1) reasons for cen-
tralized R&D, such as the capability to exploit economies of scale and
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Table 5.5 Main determinants of R&D centralization (adapted from Gassmann and
von Zedtwitz, 1998)

REASON FOR CENTRALIZATION REASONS AGAINST
OF R&D INTERNATIONALIZATION OF R&D

Economies of scale and synergy effects Risk of losing control over specific know-how
Achievement of a critical mass in R&D Complexity inherent in parallel development

Avoidance of ‘not-invented-here’ Coordination and communication costs
syndrome

Uniformity of R&D and innovation Language and cultural problems

culture

Improvement of control and Staffing difficulties
coordination

synergetic effects, easy career planning for R&D personnel, and a straightfor-
ward allocation of technological competencies to business units; 2) reasons
against internationalized R&D, including difficulties in achieving critical
mass, language and coordination problems, and the risk of losing proprietary
know-how.

As a consequence, an initial problem should be faced, that is, the choice of
an appropriate degree of internationalization of the company’s innovation
processes that is capable of balancing the main advantages and disadvan-
tages of either going totally global or staying completely local (Chiesa, 2001;
Gassmann and von Zedtwitz, 1998; Jones and Teegen, 2002). A strong
internationalization of R&D ensures market and customer proximity, adap-
tation of innovations to local business processes, closeness to lead users, and
closeness to production, marketing and distribution facilities; moreover, it
provides the opportunity to tap into local pockets of specialized technological
competencies, to exploit economic and natural advantages and to improve
the firm’s local image. Nevertheless, it also has serious drawbacks, such as
difficulties in exploiting economies of scale and achieving critical mass, seri-
ous communication and integration difficulties and high coordination costs,
the risk of incurring in the not-invented-here syndrome and of losing control
over and compromising confidentiality of R&D results.

Designing the internationalization of innovative activities does not mean
only identifying the most adequate degree of geographical dispersion. It also
requires selecting an appropriate approach for the organization of foreign
R&D units’ activities. The most diffused alternatives in this sense are (Bartlett
and Ghoshal, 2002; Archibugi and Mitchie, 1995; Chiesa, 2001):

e The global approach. Innovative tasks are concentrated within the com-
pany’s headquarters, where the generation of new knowledge, the iden-
tification of technical and business opportunities and their translation
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into innovative products and processes take place. Innovations are then
transferred to the foreign markets where the company operates, thus
allowing for their worldwide exploitation. This approach is appropriate
when products are quite undifferentiated and/or customers’ needs are
relatively homogeneous and/or when the firm basically pursues a cost-
leadership strategy. Many Japanese firms (for example, Honda, Toyota,
Matsushita) employed this model until the 1980s;

o The international approach. New knowledge is generated and translated
into innovative products and processes centrally, that is, within the firm’s
headquarters. The new or improved products or processes, however, are
adapted to the needs of local markets by geographically decentralized R&D
units that, therefore, focus mainly on the final stages of the innovation
process. This model is appropriate when the innovative firm owns a foun-
dation of technological competencies that are critical for its competitive
edge, that should be carefully protected against imitation and that can
be leveraged across the set of related businesses which the firm operates.
Many corporations in the USA (for example, General Electric, Procter &
Gamble, Kraft) have adopted this philosophy;

o The multinational approach. Innovative activities are highly decentralized
in the foreign countries where the company operates. Decentralized R&D
units are engaged in research projects and in transforming the results of
these efforts into new or improved products and processes that fit the
requirements of the local market. Therefore, innovations are generated
and exploited on a local scale. This multinational approach is appropriate
when the firm’s competitive strategy is focused on a high degree of local
responsiveness and customer service and when the differences among the
countries in which the company operates (in terms of habits, culture and
customer needs) are marked. Nestlé, Philips and Unilever are examples of
firms employing this approach;

o The transnational approach. Foreign R&D units are highly dispersed, inde-
pendent and specialized. They add to the global activities of the com-
pany with differentiated contributions; therefore, knowledge is generated
jointly and shared on a global scale. This approach is useful when the num-
ber, complexity and degree of sophistication of technologies incorporated
into new products and services are high. Furthermore, it is appropriate
for those firms that manage their technological innovation process while
pursuing contrasting strategic objectives (developing cost-competitive
and high-quality products and rapidly adapting them to the changing
requirements of a very fragmented and heterogeneous customer audi-
ence). Firms that have successfully adopted this approach include Ford
and IBM;

o The centres of excellence approach. A significant geographical dispersion
of R&D activities is achieved. Each decentralized R&D unit is responsi-
ble for the entire development of a product line to be globally diffused
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in the various local markets where the company operates, or for the
development of knowledge in a specific scientific or technological domain.
This approach is appropriate for undifferentiated products that require a
low degree of personalization or when the innovating firm needs to access
and leverage pockets of knowledge that are geographically dispersed. This
last aspect clearly emerges in the case of GlaxoSmithKline discussed in
Box 5.5. The discovery research of GSK was in fact organized around six
Centres of Excellence for Drug Discovery (CEDDs), each operating in a
specific therapeutical field and located in a geographical area that allowed
the firm to access specialized bodies of scientific knowledge. Moreover,
each CEDD was assigned the worldwide responsibility for the lead opti-
mization activities and the pre-clinical trials of compounds effective in a
defined therapeutical area.

The choice of the most adequate organizational solution requires that
the advantages and the disadvantages of each are understood. Table 5.6
highlights the most important ones.

5.6.5 The organizational separation between research and development
activities

Literature and managerial practice have largely acknowledged the existence
of radically different activities within the R&D process. Many dichotomous
distinctions have been proposed that contrast, for example, experimenta-
tion to exploitation programmes (Hedlund, 1986), exploratory to develop-
ment tasks (Kodama, 1995), and investment-mode to harvesting-mode R&D
(Coombs, 1996). These taxonomies basically reflect the traditional separa-
tion between research and (experimental) development (OECD, 2002) and
demonstrate evidence that these two activities require significantly different
skills, organizational mechanisms and managerial approaches. The major dif-
ferences in the managerial principles required to successfully master research
and development are listed in Table 5.7.

Notwithstanding the different characteristics of research and development,
traditionally these two activities have been kept organizationally united. It
was only during the second half of the 20th century that, in technology-
intensive sectors such as pharmaceuticals and advanced chemistry, firms
started to dedicate separate organizational units to research and develop-
ment tasks, and this trend is still in place. In some sense, this phenomenon
derives from the diffusion that hybrid R&D organizational models have been
experiencing since then: according to these structures, research-like tasks
are typically concentrated at corporate level and developmental ones, on
the contrary, are decentralized within business units. Moreover, there is
clear evidence that, even when research and development are undertaken
at the same hierarchical level, they are increasingly kept separate, from an
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Table 5.7 Main differences between research and development organizations (adapted

from Chiesa, 2001)

Research organizations

Development organizations

Culture

— Researchers are given freedom to
express their own ideas

- Opportunities from outside the
organization are well accepted

— Mistakes are not penalized but
conceived as a means of learning

— Direct and informal communication
is stimulated

Organization

— Small number of hierarchical
levels

— Establishment of highly
specialized teams

— Intellectual property and
patent strategies

— Tight relationships with external
centres of excellence

- Long-term commitment

- Internal and external
information sharing

Culture

— Clear goals are established and engineers
are required to strictly stick to them
- Engineers’ main concern is to
identify and solve areas of weakness
- Time-to-market and respect for
budgets are of paramount importance
- Formal communication channels
are predominant

Organization

- High number of hierarchical
levels

— Use of formal and structured
planning systems

— Pressure on deadlines and
temporal milestones

— Use of multifunctional teams that
integrate different specialists

- Cross-functional integration with
marketing and manufacturing

— Coordination of many outside engineers
and technical service providers

organizational point of view. The major reasons behind this organizational

separation are:

¢ The evolution of the competitive environment has exacerbated the need

to separate research from development. The most relevant aspect is the
importance that time has acquired as a competitive weapon. In other
words, firms are pushed to bring their innovations to market as quickly
and cost-effectively as possible, in order to avoid missing the window of
opportunity that is getting narrower and narrower as a consequence of
the soaring market dynamicity and global competition. This raises the
importance of timeliness and efficiency as critical performance dimen-
sions in new product development and calls for the implementation of ad
hoc managerial practices (for example, cross-functional integration, per-
formance measurement systems, concurrent engineering approaches). On
the other hand, technologies are increasingly complex and costly, break-
through innovations often arise from the fusion of traditionally separated
technological domains and therefore firms specialize in a few core com-
petencies where they are more likely to excel; these are complemented
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through accessing external sources of technology. This increases the
importance of typical research managerial principles, such as the creation
of highly specialized core teams, the exchange of information among dif-
ferent fields of research, and the commitment towards the identification
of external centres of excellence with which to cooperate;

e As discussed in the previous paragraph, both research and development
activities are being increasingly geographically dispersed, as a response to
the globalization of markets, science and technology. Nevertheless, the
motivations upon which research facilities are internationally placed are
quite different from development localization criteria. Research is interna-
tionalized mainly with the purpose of accessing pockets of technical and
scientific knowledge, while development is similarly dispersed in order to
increase proximity to important customers, monitor local market oppor-
tunities and effectively react to them in a timely manner. In order to fully
exploit the advantages that the internationalization of innovation activi-
ties is capable of providing, it is advisable to keep the two organizationally
separate.

From the point of view of the manager who is called in to design the organi-
zation for innovation for his/her company, an important factor to consider is
the degree of organizational separation between research and development.
The major advantages of a strong separation between the two are (Chiesa,
2001):

¢ The possibility of adopting different management approaches that are the
most appropriate for each stage of the R&D process. The organizational
separation between research and development is a prerequisite for pur-
suing a specialization in applied managerial principles that is likely to
enhance the effectiveness of each stage of the R&D process;

¢ The institutionalization of a decisional break at the point when a new
product or process has to be evaluated for possible future developments.
The organizational separation between research and development helps
establish a moment in which the output of the first stages of the R&D
process is formally evaluated and the best point at which to proceed with
developmental activities is assessed through structured techniques.

However, a strong separation has also a major disadvantage; in particular,
it entails a higher organizational complexity and requires that appropri-
ate mechanisms are put in place in order to ensure the ultimate inte-
gration between research and development functions. Examples of these
mechanisms are:

¢ The establishment of committees, involving people from research, devel-
opment and possibly other business functions, that have the purpose
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of coordinating the various activities along the stages of the R&D
process;

e The design of a physical layout that favours communication and ideas
exchange between scientists and engineers working in the research and
development organisations.

Therefore, the organizational separation between research and development
activities should be pursued under the following conditions:

¢ When the innovating firm faces intense competition in its industry and
adopts a competitive strategy that requires it to maintain an extreme spe-
cialization and updating of its competence basis and, at the same time, to
bring to market new products and services as quickly and as efficiently as
possible;

e When the firm has a highly geographically dispersed R&D organization
through which it pursues radically different objectives, such as access-
ing external sources of technical knowledge and developing products or
services that fit the heterogeneous needs of local clients;

e When the innovating firm operates in an industry where development
activities require a huge amount of resources and are very capital-
intensive; under these conditions, the firm cannot tolerate the risk that
new products enter the development stage without a well-assessed market
potential and a controlled probability of successful technical comple-
tion. For this reason, the decisional break that the separation between
research and development entails becomes a fundamental organizational
mechanism.

A business arena where these conditions are generally met is the
pharmaceutical industry; Box 5.5, which discusses the structure of GSK's
drug-discovery process, provides an interesting example of organizational
separation between the different phases of the innovation process. Specifi-
cally, it shows how pre-discovery research, discovery research, and develop-
ment and launch activities were kept organizationally separate and located
at different hierarchical levels by GSK’s top management.

5.6.6 The resource allocation mechanisms in the organization for
innovation

The resource allocation problem within the R&D organization can be
approached according to two different mechanisms that are at the extremes of
a continuum of solutions (Birkinshaw and Fey, 2000; Argyres and Silverman,
2004):

o [Internal tax;
o Internal market.
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When a pure internal tax approach is adopted, it is as if R&D activities were
funded by the company’s divisions through the payment of a predefined
tax. In other words, top management establishes the amount of money to
be allocated to R&D activities in a certain time period (often a single year);
this amount is calculated on the basis of alternative criteria, such as a fixed
percentage of the firm’s overall turnover or as an established percentage
increase over the previous R&D budget. Company divisions are called on
to contribute to the achievement of the overall figure with an amount that
generally depends on the percentage of the firm'’s turnover (or net operating
profit, or other types of economic results) that they are responsible for. As a
consequence, the assignment of responsibilities over specific R&D activities
to each organizational unit is made directly by top management, on the basis
of a top-down hierarchical control approach.

In the second case, innovative activities are funded by company divisions
on the basis of an internal market system, regulated by a set of transfer prices.
In particular, each business unit that needs technical support in one or more
phases of the R&D process it is engaged in is free to purchase it from one of the
firm’s R&D units capable of offering the required service (whether belonging
to the same business unit or not), and to pay a fixed price as a counterpart. This
implies that top management establishes, on the basis of alternative mech-
anisms, such as market-based or cost-based approaches, adequate transfer
prices that should guide internal transactions. It is also possible to bring this
resource funding system towards a more market-like paradigm; in this case
transfer prices are not centrally defined, but all R&D units capable of offering
a specific technical service are free to fix their own price, thus entering into
competition one against the other (an autonomous transfer price system). Each
business unit will choose the best alternative from its own perspective, thus
creating the possibility of turning to external sources of technology if inter-
nal proposals are not satisfactory. The internal market approach implies that
the specific activities an R&D unit is engaged in are not previously planned
by top management; they depend on the technical needs perceived by those
divisions choosing to acquire its service. In practice, each approach that is
actually applied by large divisionalized companies includes a mix of internal
tax hierarchical control and market-like transactions (Hennart, 1993). Firms
generally recognize the disadvantages and the potential dangers in the two
pure models and then develop mixed systems to alleviate the greatest weak-
nesses of the two solutions. This is clear in the cases reported in Box 5.6,
where the resource allocation approaches used in the R&D organizations of
ABB, Ericsson, HP and Xerox are briefly described. The model used in ABB,
for instance, is mainly an internal-market one, but the firm adopts specific
corporate funding mechanisms for high-impact projects in order to avoid the
risk of becoming too focused on the short-term.

The most important contingency variable that should be considered for
selecting between an internal tax or an internal market allocation mechanism



Designing the Organization for Innovation 115

Box 5.6 The use of mixed resource allocation systems: the cases of
ABB, ERICSSON, HP and XEROX

ABB. Research in ABB is split, with some taking place in the ten corpo-
rate research centres and the rest taking place in specific business units.
Moreover, funding for corporate research centres comes primarily from
the business units, the results being a system in which research expen-
diture is essentially the decision of the business units. The influence of
commercial managers in R&D decisions is, accordingly, very high. How-
ever, to ensure that the resource allocation system does not become too
focused on the short term, there are a number of corporate funding vehi-
cles for high-impact and high-risk projects.

ERICSSON. Ericsson has no corporate research because all its R&D activ-
ities are carried out at the business-unit level. There is, however, a
vice-president responsible for corporate research, and his job is to inte-
grate the research activities of the three business units to ensure that
technology is shared and new projects are coordinated. In terms of fund-
ing mechanisms, R&D budgets are defined at a business unit level. A
contracting system exists, however, because the individual development
centres (more than 40) are operated as profit centres. Thus, Ericsson ends
up with a mixed funding system, less contract-based than ABB’s, but
more so than HP’s. Finally, the lack of corporate research, and indeed
the absence of any pure research per se, means that commercial input to
R&D decision-making is strong.

HP. HP operates a pure model in which research is done in four cor-
porate labs and funded entirely through a corporate tax that is paid by
the business units. Business units in turn are responsible for doing all
development work. There is a risk with this model that research becomes
divorced from the needs of the business units, but this is not felt to be a
problem by HP because of the relationships between individuals in cor-
porate labs and business units were typically very strong.

XEROX. Xerox operates a mixed system. Research is conducted primar-
ily (but not exclusively) at a corporate level, and is funded through a
combination of: a) straight tax on business units based on their rev-
enues; b) negotiated tax on business units; and c) specific contracts with
business units. This system is intended to generate business-unit com-
mitment to research projects at early stages while not making the system
too focused on the short term. As a result, Xerox ends up placed between
ABB and HP in the extent to which it uses market-like systems.

(adapted from Birkinshaw and Fey, 2000)
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is concerned with the characteristics of the activities undertaken within the
controlled R&D units. According to the information-processing contingency
theory (Galbraith, 1973; Tushman and Nadler, 1978; Egelhoff, 1982; Daft and
Lengel, 1986), the higher the variability, the uncertainty and the complexity
of the tasks that are undertaken (West, 2000; Gupta et al., 1994), the more
the information needed to coordinate and control them, that would be a
prerequisite for an internal market system to be effectively implemented, are
difficult to codify and exchange without misunderstanding and high costs.
Research is typically far more complex, dynamic and uncertain than the
development stages of the innovation process; therefore, firms should adopt
resource-allocation systems overbalanced towards a hierarchical internal-tax
model in order to control research activities, whereas units mainly involved
in development projects ought to be subject to resource allocation approaches
that are far more market-oriented.

5.7 Paradigmatic configurations of the organization for innovation

So far we have discussed the structural dimensions of the organization for
innovation separately; in practice, however, the effectiveness of the inno-
vating firm’s design choices depends also on its capability to coherently
match variables and form some sort of regime. Theoretical development and
empirical observations made so far have revealed the following relationships
between the various dimensions of the organisation for innovation that have
been studied:

e The organizational separation between research and development and the
international organization of innovative activities. The drivers of the interna-
tionalization of innovative activities generally vary along the stages of the
innovation process; for instance, for basic and applied research the most
important aspect is closeness and access to external sources of highly spe-
cialized technologies, whereas for new product development the critical
point is proximity to geographically dispersed customers and the possi-
bility of effectively exploiting local market opportunities (Chiesa, 1996a,
1996b). In order to locate and organize both research and development in
the optimum way, their organizational separation becomes a fundamental
prerequisite. This was evident, for instance, in the case of GSK, discussed
in Box 5.5;

o Organizational decentralization and the international organization of innova-
tive activities. In divisionalized firms, different business units may rely on
very diverse bodies of technological knowledge. In the case that a rele-
vant internationalization of innovative activities is in place, a strongly
decentralized organization for innovation would be necessary because it
allows the R&D activities of each business unit to be internationally orga-
nized on the basis of specific criteria (Leiponen and Helfat, 2006). In the
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case of GSK (Box 5.5), for instance, discovery research was totally decen-
tralized in the various therapeutical fields where the company operates;
this allowed the R&D activities of each field to be located in the most
favourable geographical areas;

e The organization for external innovation and the international organization of
innovative activities. The globalization of markets has brought a worldwide
dissemination of highly specialized knowledge; as a result, opportuni-
ties for technological collaborations and for the exploitation of the firm’s
knowledge basis (for example, in the form of a licensing-out agreement)
can flourish everywhere. For this reason, firms that want to get the most
from external innovation approaches, both in the phase of generation and
of exploitation of their technologies, internationalize innovation activi-
ties to an extent that allows them to leverage the knowledge-abundant
worldwide landscape. Most of the companies that have mastered open
innovation in recent years have a very geographically disseminated orga-
nization for innovation; this is the case with both Cisco Systems and
Procter & Gamble, whose organization for external innovation was briefly
discussed in boxes 5.1 and 5.2;

e The organizational decentralization of innovative activities and the resource
allocation mechanisms in the organization for innovation. The use of inter-
nal markets as a resource-allocation mechanism is more functional when
at least part of the firm’s R&D is undertaken at the business-unit level.
This decentralization is necessary for creating some sort of internal com-
petition between the R&D functions of the various business units; this is
likely to result in improved R&D effectiveness and efficiency and is one of
the most important advantages of the internal market resource-allocation
approach. The example of Ericsson discussed in Box 5.6 is paradigmatic
in this sense;

e The organization for external innovation and the resource allocation mecha-
nisms in the organization for innovation. Firms that wish to encourage the
openness of their innovation process, especially in the phase of tech-
nology generation, should prefer an internal market resource-allocation
mechanism. In particular, they should give each business unit the oppor-
tunity to acquire the needed technical knowledge from internal units
as well as external organizations. This would create positive competi-
tion between internal R&D units and would foster the idea that both
internal and external sources of technology are equally valued by senior
management.

5.8 Conclusions

In this section the coverage of this chapter and its contribution to the
overall volume’s purposes will be provided.
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First of all, we have tried to highlight the critical evolutionary trends that
have been reshaping the external environment of the firm in the last decades.
These changes have had a deep impact on the way in which firms gain and
try to maintain a competitive advantage over time and, consequently, and
on the approaches they pursue to cope with technological innovation. A new
paradigm in the management of technology has emerged; this stresses the
importance of innovative firms systematically accessing external sources of
technical knowledge in order to complement their competence base, and
proactively leveraging multiple channels (or innovation-to-cash paths) in
order to get the most from their innovative efforts. These models have been
labelled an ‘open-innovation paradigm’ (Chesbrough, 2003) or a ‘distributed
innovation system’ (Haour, 2004) and share, as a common feature, the
openness of the innovating firm towards the external environment.

This chapter then introduced the concept of organization for innovation,
defined as the set of organizational dimensions that influence the capabil-
ity of a firm to manage technological innovation efficiently and effectively.
Moreover, in line with the theoretical approach suggested by the contingency
theory, we showed that the most effective organization for innovation is
influenced by the external environment in which it competes as well as by the
strategies and the approaches it uses for managing technological innovation.

The chapter then focused on the design of the following structural dimen-
sions of the organisation for innovation: 1) the organization for external
innovation; 2) the coexistence of innovating and operating organizations
within the firm’s overall structure; 3) the organizational decentralization of
innovative activities; 4) the international organization of innovation pro-
cesses; 5) the organizational separation between research and development;
and 6) the resource-allocation mechanisms. For each critical dimension, we
discussed advantages and disadvantages, outlined distinctive fields of appli-
cation of the major design alternatives and provided evidence as to how the
most innovative firms structure their organization for innovation in order to
face the challenges posed by the external environment and to leverage the
opportunities it offers.

With respect to the conceptual model adopted in this book, this chapter
has contributed an examination of the elements highlighted in Figure 5.5.

Fundamentally, we identified the fundamental aspects of the internal orga-
nization of the firm that are more likely to influence its overall innovativeness
(we called this set of variables ‘organization for innovation’); together, we
attempted to disclose the basic characteristics of the external environment of the
firm that are capable of influencing the organization for innovation. The cen-
tral section of the chapter helped investigate the relationship between these
two basic elements: we discussed how the structural dimensions of the orga-
nization for innovation should be designed in order to allow the company to
respond to the challenges posed by the external environment and to leverage
the opportunities it offers, through an effective and efficient management of
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Figure 5.5 A schematic representation of this chapter’s coverage of the innovation
model

technology. Thus we provided a basis for deepening the investigation of the
relationships included in the model; this paves the way for understanding if
and how the alignment of the organization for innovation with the external
environment of the firm can positively affect the company’s overall innova-
tiveness and, in turn, its overall performance; we also clarified the moderating
role of the external environment.

5.9 Future research

In this section, some possibilities for future research in the domain of
the organization for innovation and its relationship with the external
environment of the firm are outlined.

First of all, it would be interesting to extend the analysis of the emerging
paradigmatic configurations in the organization for innovation, searching
for confirmatory empirical evidence and studying the conditions (such as
the characteristics of the external environment or of the firm) under which
each configuration is more effective, that is, likely to positively impact the
company’s innovativeness level and, in turn, its overall performance.

Second, scholars would be interested in extending the analysis of the orga-
nization for innovation that has been put forward in this paper, so that
further organizational variables are included. Here attention has been above
all been paid to the design of the structural dimensions of the organization
for innovation; besides this, other critical variables could be:

e Informal organizational aspects (such as critical roles for the innovation
process, knowledge management through communities of practice);

e Coordination and control mechanisms (such as bureaucratic versus personal
control styles).

Several studies have shown that, at the roots of the success of most innovative
firms, there are individuals performing functions not formally recognized
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within the firm’s organizational structure, although they are critical to the
effectiveness of innovation processes (Tushman and Nadler, 1986). A set of
informal organizational roles has been therefore identified that represents
a critical ingredient of the organization for innovation: 1) idea generator;
2) gatekeeper; 3) champion or internal entrepreneur; and 4) sponsor. It would
be interesting to investigate if and how new organizational roles are actually
emerging in the most innovative firms as a response to the evolution in the
technological innovation paradigm and the external environment.

Another critical informal organizational dimension involves those
approaches through which knowledge is generated and transferred within
the organization for innovation; communities of practice represent an effec-
tive means in this respect. In light of the openness towards the external
environment in the current innovation paradigm, it would be interesting
to investigate how knowledge generated within communities of practice
belonging to separate companies can be effectively exchanged across firms’
boundaries.

As far as control mechanisms are concerned, this variable deals with the
choice of the best approaches to be applied so that, within the organization
for innovation, researchers, scientists and engineers work towards common
objectives and their activities are coordinated and monitored. In this respect
two basic alternatives emerge: bureaucratic or personal and group control
(Holt, 1978). Broadly speaking, when a bureaucratic approach is adopted, the
coordination and control of R&D activities is achieved through mechanisms
such as task specialization, budgets, reporting and reward systems, standard
procedures, and rules and programmes. In the case of personal and group
control, by contrast, organizational principles such as feedback to subordi-
nates from supervisors, horizontal and vertical channels of communication
for idea exchange, exercise of autonomy and sharing of common values and
principles are to the fore. It would be interesting to investigate which of these
approaches is most suited to supporting the critical functions required by
the technological innovation paradigm that is actually being pursued within
most innovative organizations.
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Exploring Knowledge Flows and Losses
in the ‘'Open Innovation’ Age
Paul Trott

6.1 Introduction

The management of innovation has a large and diverse body of literature. It
recognizes that while there is much complexity and uncertainty in managing
innovation and new-product development, much is known. There is consid-
erable agreement on many of the factors that contribute to success and the
activities and processes that need to be undertaken if innovation is to occur
and a firm’s performance is to improve (Table 6.1 captures some of the key
studies that have influenced our understanding from the past 50 years; see
References, pp. 144-50).

The studies in Table 6.1 have contributed to the accepted view that a
firm'’s ability to successfully develop innovative new products is not only
the result of public and private investments in tangibles and intangibles by
individual elements in the economy, but that it is also strongly influenced
by the character and intensity of the interactions between the elements of
the system (see Figure 1.1, Chapter 1 above, ‘Innovation systems and firm
performance: a model’). This position is strongly advocated in the literature
on National Innovation Systems (Freeman, 1982; Lundvall, 1992; Nelson,
1993). In this view, innovation and technological development in particular
depend increasingly on the ability to utilize new knowledge produced else-
where and to combine this with knowledge already available in the economy
and with its actors. The capacity to absorb new knowledge, to transfer and dif-
fuse knowledge and the ability to learn through interaction are crucial success
factors in innovation (see Cohen and Levinthal, 1989; Chesbrough, 2003).
New and commercially useful knowledge is not only the result of the con-
scious action of creative individuals; it is also the outcome of the interaction
and learning processes among various actors in innovation systems — pro-
ducers, users, suppliers, public authorities and scientific institutions — which
David and Foray (1995) have labelled the ‘knowledge distribution power’ of
the innovation system. The need for connectivity and the complexity of the
interactions this entails therefore emerges as a major factor influencing the
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Table 6.1 Key studies of innovation management

Study Date Focus

1 Carter & Williams 1959  Industry & technical progress

2 Project Hindsight - 1968  Historical reviews of US-government-
TRACES (Isenson) funded defence industry

3 Wealth from knowledge 1972  Queen’s Awards for technical
(Langrish et al.) innovation

4 Project Sappho 1974  Success and failure factors in chemical
(Rothwell et al.) industry

5 Stanford study 1984  Success factors in US electronics
(Maidique and Zirger) industry

6 Minnesota studies 1989 14 case studies of innovations
(van de Ven)

7 Rothwell 1992 25-year review of studies

8 Sources of innovation 1992  Different levels of user involvement
(Wheelwright and Clark)

9 MIT studies (Utterback) 1994  Five major industry-level cases

10 Project NEWPROD (Cooper) 1999  Longitudinal survey of success and
failure in new products

11 Radical innovation 2000 Review of mature businesses
(Leifer et al.)
12 TU Delft study 2003 A major literature review of success
(van der Panne et al.) and failure factors
13 Chesbrough 2003  Open innovation systems along the
supply chain

Sources: van der Panne et al. (2003); Trott (2005)

management of innovation. The development of network theory and net-
work models of innovation has helped to illustrate further the prominence
now given to internal and external interactions (networks) within the inno-
vation process (Dhanaraj and Parkhe, 2006; Parkhe et al., 2006). All these
knowledge flows contribute to the wealth of knowledge held by the organi-
zation (Woolgar et al., 1998; Rothwell, 1992; Major and Cordey-Hayes, 2002).

More recently, Chesbrough (2003), adopting a business strategy perspec-
tive, presents a persuasive argument that the process of innovation has
shifted from one of closed systems, internal to the firm, to a new mode of
open systems involving a range of players distributed up and down the supply
chain. Critics may argue that network models of innovation that emphasize
external linkages have been around for many years (Taguchi and Nonaka,
1995; Trott, 1995, 2005). Significantly, however, it is Chesbrough’s empha-
sis on the new knowledge-based economy that informs the concept of ‘open
innovation’. In particular it is the use of cheap and instant information flows
which places even more emphasis on the linkages and relationships of firms.
It is from these linkages and the supply chain in particular that firms have to
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ensure that they have the capability to fully capture and utilize ideas. Further-
more, the product innovation literature, in applying the open-innovation
paradigm, has recently been debating the strengths and limitations of so
called ‘user toolkits’ which seem to ratchet up further this drive to external-
ize the firm’s capabilities to capture innovation opportunities (von Hippel,
2001).

Recently authors such as Thomke (2003), Schrange (2000) and Dodgson
etal. (2005) have emphasized the importance of learning through experimen-
tation. This is similar to Nonaka’s work in the early 1990s which emphasized
the importance of learning by doing in the ‘knowledge creating company’.
However, Dodgson et al. argue that there are significant changes occurring
at all levels of the innovation process, forcing us to reconceptualize the pro-
cess with emphasis placed on the three areas that have experienced most
significant change through the introduction and use of new technologies.
These are: technologies that facilitate creativity; technologies that facilitate
communication; and technologies that facilitate manufacturing. For exam-
ple, they argue that information and communication technologies have
changed the way individuals, groups and communities interact. Cell phones,
email and websites are obvious examples of how people interact and how
information flows in a huge osmosis process through the boundaries of the
firm. When this is coupled with changes in manufacturing and operations
technologies enabling rapid prototyping and flexible manufacturing at low
costs, the process of innovation seems to be undergoing considerable change
(Dodgson et al.; 2003; Chesbrough, 2003; Schrange, 2000). Models of innova-
tion need to take account of these new technologies which allow immediate
and extensive interaction with many collaborators throughout the process
from conception to commercialization. The innovation systems and firm
performance model presented in Chapter 2 emphasize how these consider-
able external environment changes impact on the innovativeness of the firm
and hence firm performance.

Yet, at the same time senior managers of firms are also witnessing increased
threats of counterfeiting, risks of product imitation and information leakage.
The value of counterfeit products marketed annually in the world is esti-
mated to be over US$1 trillion. Nowhere is this more evident than in China
(Hung, 2003). The extent of product counterfeiting operations in China is
astounding; estimates range from 10 per cent to 20 per cent of all consumer
goods manufactured in the country. Rising incomes have created an enthu-
siasm for foreign goods and brands, but Chinese consumers have become so
accustomed to cheap, pirated goods that they are unwilling to pay full prices
for the real thing. Many argue that authentic manufacturers have contributed
to the problem of counterfeiting due to their unyielding self-interest of pur-
suing lowest possible manufacturing cost (McDonald and Roberts, 1994; Tom
etal., 1998). Even in the face of increased counterfeiting these firms continue
to seek strategic alliances in developing countries. It may be that given the
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short-term gains of lower production costs, firms may be either lacking in risk
management or even willing to risk the loss of intellectual property, with its
potential long-term damage of loss of competitive advantage, for the sake of
short-term gains.

How then do firms on the one hand become more open and on the other
hand protect their valuable intellectual property and skills? In this chap-
ter, I explore what has changed and whether successful firms are employing
a new range of management skills or whether there is an acceptance that
knowledge is being lost but at a price worth paying. In order to address this
apparent new paradigm we need to look at what has gone before. The follow-
ing section presents the background to how our understanding of innovation
management has changed.

6.2 Knowledge flows within innovation

It was US economists after the Second World War who championed the linear
model of science and innovation. Since then, largely because of its simplicity,
this model has taken a firm grip on people’s views on how innovation occurs.
Indeed, it dominated science and industrial policy for 40 years. It was only
in the 1980s that management schools around the world seriously began
to challenge the sequential linear process. The recognition that innovation
occurs through the interaction of the science base (dominated by universities
and industry), technological development (dominated by industry) and the
needs of the market was a significant step forward. The explanation of the
interaction of these activities forms the basis of models of innovation today.

As far back as 1934 Schumpeter (1934) argued that modern firms equipped
with R&D laboratories had become the central innovative actors in the 20th
century. It was this capacity to gather and apply knowledge to industrial ends
that was recognized. Since his work others have contributed to the debate
(Chandler, 1962, 1977; Nelson and Winter, 1982; Cohen and Levinthal,
1990; Hamel and Prahalad, 1990; Pavitt, 1990; Barney, 1991; Patel and Pavitt,
2000). This emerging Schumpeterian or evolutionary theory of dynamic firm
capabilities is having a significant impact on our understanding of how firms
compete today. Success in the future, as in the past, it is argued, lies in the
ability to acquire and utilize knowledge and apply this to the development
of new products. Uncovering how to do these remains one of today’s most
pressing management challenges.

The issue of an organization'’s capacity to acquire knowledge was addressed
by Nelson and Winter (1982) who emphasize the importance of ‘innovative
routines’. They argue that the practised routines that are built into the organi-
zation define a set of competencies that the organization is capable of doing
confidently. These routines are referred to as an organization’s core capabil-
ities. Teece (1986) distinguishes between ‘static routines’, which refer to the
capability to replicate previously performed tasks, and ‘dynamic routines’,
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which enable a firm to develop new competencies. Indeed, dynamic organi-
zational routines are very often those activities that are not easily identifiable
and may be dominated by tacit knowledge. Furthermore, over long periods
organizations build up a body of knowledge and skills through experience
and learning-by-doing. In addition to these internal organizational processes,
Kay (1993) suggests that the external linkages that a company has developed
over time and the investment in this network of relationships (generated
from its past activities) form a distinctive competitive capability. Indeed, Kay
argues that firms should outsource activities if carrying them out internally
would require excessive investment to attain the lowest unit cost. Moreover,
this can be transformed into competitive advantage when added to addi-
tional distinctive capabilities such as technological ability and marketing
knowledge (Casper and Whitley, 2003).

Increasingly economists are using the notion that firms possess discrete sets
of capabilities or competencies as a way of explaining why firms are different
and how firms change over time. To summarize they argue that competitive
advantage resides notin a firm'’s products but in their competencies. These are
defined as knowledge, skills, management processes and routines acquired
over time that are difficult to replicate — this is most likely because firms are
constantly changing and updating them. However, knowledge or technol-
ogy in itself does not mean success; firms must be able to convert intellect,
knowledge and technology into offerings that customers want. This ability
is referred to as a firm’s competencies: the ability to use its assets to perform
value-creating activities. This frequently means integrating several assets such
as: product technology and distribution; product technology and marketing
effort; and distribution and marketing. Indeed, it is the investment in intan-
gible assets that seems to be a determinant of core competencies (Onyeiwu,
2003).

According to Hamel and Prahalad (1990) a firm'’s ability to generate profits
from its technology assets depends on the level of protection it has over these
assets and the extent to which firms are able to imitate these competencies.
For example, are competencies at the periphery or the centre of a firm'’s long-
term success? If they are at the centre and difficult for other firms to imitate
then long-term profits are assured; for example, over the past 50 years few
firms have been able to imitate Honda’s success in developing performance
engines.

From an innovation and long-term competitiveness perspective, the tradi-
tional cost and efficiency concerns are far less important than the question
of how to identify and to retain a company’s competitive core and not to
lose its future ability to compete in fast-moving and unpredictable markets.
The strategic management literature is divided on this issue. There are tools
like Hamel and Prahalad’s (1994) three tests for critical business processes,
namely ‘customer value’, ‘competitor differentiation’ and ‘extendibility’,
that can be used to identify core competencies and authors like Quinn (1999)
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are optimistic that they can be identified but warn companies never to out-
source their core (defined as ‘best in world’) competencies. Other writers
such as Mclvor (2000, p. 48) are much less confident that these competen-
cies can be accurately predicted: ‘A current competency may cease to be a
source of competitive advantage if there is a change in customer require-
ments or competitors develop innovative technologies’. Nevertheless, there
appears to be a general consensus in the strategic management literature that
at least complementary skills or organizational competencies can be han-
dled and developed by alliances and opened up to collaboration and that
goods and services of little strategic value can be purchased on the open
market (Brandes et al., 1997). A number of researchers, however, believe
that the core competencies and most special skills related to competitive
advantage need to be protected and kept in-house (Reve, 1990; Quinn, 1999).
Hamel (1991) maintains that core skills can be learnt from the other party
and absorbed into one’s own company just as much as one’s own skills can
be absorbed by a partner and one’s unique competitive advantage lost in
the process. Bower et al. (1997) observed the behaviour of technology lead-
ers in the close-knit North Sea upstream offshore oil and gas industry and
found that participating in networks sharing leading-edge technology was
exposing firms to the risk of their competitive edge being lost to competi-
tors. This dilemma, of the need to share and exchange information yet at the
same time protect oneself from knowledge appropriation, has been discussed
with respect to collaboration agreements in the aerospace sector (Jordan and
Lowe, 2004).

The inability to retain a company’s competitive core will not only endanger
its future competitiveness but can also create a serious risk of dependency on
outside providers. A crucial question is whether the desired access to ‘best
in industry’ capabilities is sufficient to sustain competitive advantage, in
particular where the provider serves many masters and its particular exper-
tise ceases to be unique and becomes best-practice industry standard. While
there is no shortage of advice in the literature on how to manage the risk
of dependency from outside providers and suppliers in general (see, for
instance, Currie and Willcocks, 1998, who suggest multi-vendor approaches
and shorter-term contracts for handling large-scale long-term total outsourc-
ing contracts with IT/IS providers). The specific problem that access to
world-leading expertise via outsourcing may well be compromised by the
‘levelling-out’ of unique advantages when leading service providers spread
their world-leading expertise to several clients has received only limited
attention.

6.2.1 The capability to access and exchange knowledge

Central to this debate about access to information and knowledge via net-
works is the concept of absorptive capacity (Cohen and Levinthal, 1990;
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Zahra and George, 2002). This is the firm’s ability to absorb and put new
knowledge to novel uses. It means recognizing the values of external infor-
mation, assimilating it within the firm and applying it to commercial ends.
The above discussions have illustrated the importance placed on interaction
(both formal and informal) within the innovation process. Indeed, innova-
tion has been described as an information-creation process that arises out of
social interaction (Trott et al., 19995). In effect, the firm provides a structure
within which the creative process is located (Nonaka and Kenny, 1991; Non-
aka, Sasaki and Ahmed, 2002). These interactions provide the opportunity for
thoughts, potential ideas and views to be shared and exchanged. However, we
are often unable to explain what we normally do; we can be competent with-
out being able to offer a theoretical account of our actions (Polanyi, 1966).
This has been referred to as ‘tacit knowledge’ (Sternberg et al., 2000). A great
deal of technical skill is ‘know-how’ and much industrial innovation occurs
through on-the-spot experiments, a kind of action-oriented research with
ad hoc modifications during step-by-step processes, through which existing
repertoires are extended. Such knowledge can only be learned through prac-
tice and experience. This view has found significant support from a study
of Japanese firms (Nonaka, 1991), where the creation of new knowledge
within an organization depends on tapping the tacit and often highly sub-
jective insights, intuitions and hunches of individual employees and making
those insights available for testing and use by the organization as a whole.
Hence, this implies that certain knowledge and skills, embodied in the term
‘know-how’, are not easily understood; moreover, they are less able to be
communicated. This would suggest that to gain access to such knowledge
one may have to be practising in this or related areas of knowledge. Cohen
and Levinthal (1990) refer to this condition as ‘lockout’ suggesting that fail-
ure to invest in research and technology will limit an organization’s ability
to capture technological opportunities. ‘Once off the technological escalator
it’s difficult to get back on’ (p. 128).

In addition to informal interactions, the importance of formal interac-
tions is also highlighted. There is a substantial amount of research stressing
the need for a ‘shared language’ within organizations to facilitate internal
communication (Allen, 1977, Tushman, 1978; Woolgar et al., 1998; Roth-
well, 1992). The arguments are presented along the following lines: if all
actors in the organization share the same specialized language, they will
be effective in their communication. Hence, there needs to be an over-
lap of knowledge in order for communication to occur. Such arguments
have led to developments in cross-function interfaces, for example between
R&D, design, manufacturing and marketing (see Souder, 1988; Nonaka and
Takeuchi, 1995). ‘Concurrent engineering’ is an extension of this; in this
particular case a small team consisting of a member from each of the various
functional departments manages the design, development, manufacture and
marketing of a product.
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Such thinking is captured in network models of innovation, which stress
the importance of interaction and communication within and between func-
tions and with the external environment. This networking structure allows
lateral communication, helping managers and their staff to unleash cre-
ativity. These models emphasize the importance of informal and formal
networking, across all functions within the firm and with other firms exter-
nal to the firm. For example, Powell et al. (1996) argue that the locus of
explorative innovations is to be found in networks of inter-organizational
relationships and that a firm’s success crucially depends on its ‘centrality-
position’ in such networks and the experience gained in managing its
networks. They argue that internal capability and external collaboration,
rather than being substitutes, are complementary:

Internal capability is indispensable in evaluating research done outside,
while external collaboration provides access to news and resources that
cannot be generated internally ... A network serves as a locus of innova-
tion because it provides timely access to knowledge and resources that are
otherwise unavailable, while also testing internal expertise and learning
capabilities.

This, however, introduces a tension between the need for diversity, on the
one hand, in order to generate novel linkages and associations, and the
need for commonalty on the other, to facilitate effective internal commu-
nication. Clearly there will be an organizational trade-off between diversity
and commonality of knowledge across individuals (Beveridge, 1957; Mar-
tindale, 1995; McCrae, 1987; Shadish, 1989). A key question that emerges
here is whether the open-innovation paradigm and the utilization of ICT can
facilitate this part of the innovation process.

6.2.2 Flows of market knowledge

Marketing can provide the necessary information and knowledge required by
the firm to ensure the successful development of innovative new products
and the successful acceptance and diffusion of new products. In both cases it
is usually the insights with respect to understanding potential customers that
marketing supplies. Uncovering and understanding these insights is where
effective marketing is extremely valuable. The deep insights necessary for
truly innovative products requires great skill as much of the information
gained from customers for such products needs to be ignored (Veryzer, 2003).
Research within marketing has shown for many years that gaining valuable
insight from consumers about innovative new market offerings, especially
discontinuous new products, is extremely difficult and can sometimes lead
to misleading information (Veryzer, 2003; King, 1985; Tauber, 1974; Martin,
1995; Hamel and Prahalad, 1994). Indeed, frequent responses from con-
sumers are along the lines of ‘I want the same product only cheaper and
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better’. Von Hippel has suggested that consumers have difficulty in under-
standing and articulating their needs and has described this phenomenon as
‘sticky information’, that is, information which is difficult to transfer (sim-
ilar to the notion of tacit knowledge). Recently ‘user toolkits’ have been
shown to facilitate the transfer of so called ‘sticky information’ and have
enabled firms to better understand the precise needs and desires of customers
(Franke and Piller, 2004). The greater uncertainties involved with discontin-
uous innovations demands both insight and foresight from firms. Advanced
technology presents significant technical and market uncertainty, especially
when the technology is emerging and industry standards have yet to be estab-
lished. Appreciating and understanding the potential new technology and
uncovering what the market will and will not embrace is a key challenge for
marketing. Indeed, bridging uncertainty over technology and market need
is critical for a commercially viable new product.

Highly innovative or discontinuous new products are particularly demand-
ing in terms of early timely information if they are to avoid being harshly
judged later by the market. Whether this information and knowledge is pro-
vided by marketing personnel or by R&D scientists and engineers does not
matter but its input to the new-product development process is essential. The
product development team needs to determine the answers to the following
questions: what are the potential applications of a technology as a product
and which application(s) should be pursued first?; what benefits can the pro-
posed product offer to potential customers?; and what is the potential market
size and is this sufficient? (Leifer et al., 2000, p. 81).

There has been much written in the NPD literature about the need to
involve customers at an early stage in the process and to integrate them into
the process in order to fully capture ideas (Cooper, 1999; von Hippel, 1986;
Brown and Eisenhardt, 1995, 1998; Thomke, 2003). Despite this customer
involvement NPD has been limited and largely passive in most industries
(Weyland and Cole, 1997). There are many reasons for this limited utiliza-
tion of consumers in NPD and some I have touched on above, but perhaps
the most limiting factor is the disconnection between customers and pro-
ducers. Nowadays, technology enables an innovative way of involving and
integrating customers into the product development process. In this context,
it is here that new technologies, most notably in the form of ‘toolkits’, offer
considerable scope for improving connection between consumers and pro-
ducers. Franke and Piller’s (2004) study analysed the value created by so-called
‘toolkits for user innovation and design’. This was a method of integrating
customers into new-product development and design. The so-called toolkits
allow customers to create their own product, which in turn is produced by
the manufacturer. An example of a toolkit in its simplest form is the develop-
ment of personalized products through uploading digital family photographs
via the internet and having these printed on to products such as cloth-
ing or cups, thereby allowing consumers to create personalized individual
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Table 6.2 Customer roles in NPD (adapted from Nambisan, 2002, p. 395)

Customer role NPD phase Key issues/managerial challenges
Customer as Ideation Appropriateness of customer as a source
resource of innovation

Selection of customer innovator

Need for varied customer incentives

Infrastructure for capturing customer knowledge

Differential role of existing (current) and
potential (future) customers

Customer as Design and Involvement in a wide range of design
co-creator development and development tasks
Nature of the NPD context: industrial/
consumer products
Tighter coupling with internal NPD teams
Managing the attendant project uncertainty
Enhancing customers’ product/technology

knowledge
Customer Product testing  Time-bound activity
as user Ensuring customer diversity

Product support Ongoing activity
Infrastructure to support customer-customer
interactions

products for themselves. User toolkits for innovation are specific to given
product or service type and to a specified production system. Within those
general constraints, they give users real freedom to innovate, allowing them
to develop their custom product via iterative trial and error (von Hippel,
2001; Franke and Piller, 2004). Nambisan (2002) offers a theoretical lens
through which to view these ‘virtual customer environments’. He considers
the underlying knowledge-creation issues and the nature of the customer
interactions and identifies three roles: customer as resource; customer as
co-creator and customer as user. These three distinct but related roles provide
a useful classification with which to examine the process of NPD. This clas-
sification recognizes the considerably different management challenges for
the firm if it is to integrate the customer into the NPD process (see Table 6.2).

6.2.3 A look at the evidence for ‘open innovation’

While Chesbrough (2003a; 2006) acknowledges the rich source of
antecedents to the ‘open-innovation paradigm’ there may be many scholars
of R&D management and innovation management who would argue that
this so called paradigm represents little more than the repackaging and rep-
resentation of concepts and findings presented over the past 30 years. Within
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Table 6.3 Information leakage risks with open and closed systems of innovation
(adapted from Hoecht, 2004)

Strategic Strategy Level of info Key control Degree of Main
orientation leakage risk  means control source
of risk
Closed Internal Low Bureaucratic ~ High Own
‘to make’ control employees
Acquisitive  Low Bureaucratic Medium- Employees
‘to buy’ and legal high
control
Cooperative Medium Legal control, Medium  Employees
(joint trust and links
ventures) of partner
Cooperative Medium-high Legal control, Medium- Employees
(strategic trust low and links
alliance) of partner
Open External ‘to  Principally Social control: Low Service
outsource’ high (but reputation provider
depends concerns, staff and
on core professional consultants
competencies ethics and
and nature trust
of industry)

the field of R&D management it is the pioneering work of Alan Pearson and
Derek Ball more than 30 years ago that has done so much to develop thinking
in this area (cf. Hutcheson, Pearson and Ball, 1996; Pearson and Ball, 1993;
Epton, Pearson, and Payne, 1984; Griffiths and Pearson, 1973). In particular
the network model of innovation advocated by Rothwell and Zigveld (1985)
emphasized the need for external linkages within the innovation process.
As far back as 1959 Carter and Williams discovered that a key characteristic
of technically progressive firms was their high quality of incoming informa-
tion. Thomas Allen’s (1977) work on gatekeepers in the 1960s also showed the
importance of good external linkages to acquire information and knowledge
from outside the organization. SPRU’s Project SAPPHO (1974) also confirmed
the need for high-quality external linkages in successful innovation. Further-
more, previous research has shown that industrial companies who conduct
their own R&D are better able to access externally available information (for
example, Tilton, 1971; Allen, 1977, Mowery, 1983; Cohen and Levinthal,
1989). R&D departments therefore have long recognized the importance of
information and knowledge beyond their own organizations. And, moreover,
substantial amounts of effort have been expended to improve the ability of
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firms to acquire external knowledge, addressing issues of the ‘not-invented-
here’ syndrome (NIH), investing in scanning and networking and absorptive
capacity. Furthermore, 15 years ago Rothwell (1992) presented the case for
a fifth-generation model of R&D management emphasizing the need for
increased external focus utilizing information technologies; hence the need
for firms to adopt a more outward-looking focus to their R&D, technology
management and NPD has been repeatedly stressed by many. What has not
been addressed are the risks of increased leakage of information as a result
of a more open approach. This is the focus of the next section and Table 6.4
attempts to review some of the recent studies on open innovation and assess
the extent to which there is an increased risk of information leakage.

6.3 Information leakage and knowledge losses

The information-sharing-knowledge-loss dilemma has received substantial
attention in the innovation and knowledge management literature in recent
years. Firms in knowledge-intensive industries in particular need to engage
in collaborative R&D to sustain their competitive advantage and need to
‘open up’ to knowledge sharing with their partner organizations if they
wish to reap the benefits of such collaboration. Inkpen and Dinar (1998),
for example, highlighted the importance of alliance partners as a particu-
larly important source of new external knowledge, and Lincoln et al. (1998)
emphasized the need for open communication and rich knowledge sharing
as a key success factor for knowledge acquisition. While there is little doubt in
the literature on the merits of open communication for successful learning,
there is also an increasing awareness that the information sharing required
to facilitate such learning can lead to the leakage of commercially sensitive
knowledge (Norman, 2004). Organizations participating in R&D alliances in
particular face the challenge of attempting to maintain a sufficiently ‘open’
knowledge-exchange regime for meeting their collaborative R&D obijectives
while sufficiently controlling knowledge flows to minimize unintended leak-
age of sensitive knowledge and technologies (Oxley and Sampson, 2004). The
principal ways in which this trade-off can be addressed is either by careful
design of suitable relationship governance structures and relationship man-
agement instruments or by attempting to limit the scope of alliance activities
in terms of the degree of knowledge sharing (Oxley and Sampson, 2004).

In this context, Hoecht and Trott (1999) have developed a conceptual
framework that links organizations’ collaborative research and technology
development strategies with their associated risk of knowledge loss and infor-
mation leakage and the most suitable combinations of trust and control
instruments to manage this risk. This conceptual framework identifies the
most important sources of information leakage for different strategies (graded
from highly closed to open) and lists the principal control instruments and
the likely effectiveness for each strategy.
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Research networks in the biotechnology industry illustrate particularly
well the complex relationship between academic demands for free infor-
mation exchange, commercial concerns about intellectual property rights
and the social control of individuals participating in research networks. Aca-
demic credibility relies on openness and publication of research findings, as
only published findings can be scrutinized, peer-reviewed and credited to
the research team which made the discovery. The credibility of researchers,
the scientific community’s trust in the validity of their research and, closely
linked, their personal integrity or trustworthiness, tends to be directly related
to their accumulated social capital in the research community — accumu-
lated direct interpersonal experiences with other researchers (process-based
trust), reputation (intermediated trust), academic peer-review, and recogni-
tion by research organizations (institutional trust). Liebeskind and Oliver
(1998) show that as a result of the intrusion of commercial interests into
academic research institutions, the collaborative and interpersonal trust rela-
tionships between academic scientists tend to weaken as a consequence of a
move ‘from handshake to contract’.

Commercial interests increase the opportunity costs of trusting other sci-
entists as their potential betrayal can become very costly and intellectual
property contracts and confidentiality agreements legally restrict access to
information. However, while the commercialization of academic research
can lead to network ossification as networks become more exclusionary,
Liebeskind and Oliver (1998) also observed the building of new trust rela-
tionships between university and biotechnology firm scientists during the
course of commercial-academic research projects. They emphasize the impor-
tance of ‘trust brokers’ or ‘boundary spanners’, highly respected scientists
employed or associated with biotechnology firms, for forging these new link-
ages. These individuals can only fulfil their role if they enjoy a high level of
academic credibility and maintain the goodwill and trust bestowed on them
by their commercial clients or employers. Despite the obvious reliance on rep-
utational concerns and social control within research networks one should
not be surprised to find that most collaborative links in the biotechnology
industry are not of an inter-firm nature but take place between commer-
cial firms and academic research institutions (Zucker et al., 1996). In the
commercial-academic research collaboration, the academic institution’s and
participating academic scientist’s long-term interest in securing commercial
funding increases the commercial firm’s sanctioning power against its col-
laborators. Furthermore, the research partners are more complementary in
the sense that academic institutions are less interested in the progression
from scientific discovery to commercial exploitation than are rival firms. Not
only legal and social control mechanisms, but also the perceived interests
and incentive structure, influence the decision to trust research collabo-
rators. Hoecht (2004) showed the types of information leakage risks and
the strategies that can be used to control these risks in more detail. It will



140 Linking Internal to External Organization

become clear that ‘social control’, including trust and reputational concerns,
are much more important for handling outsourcing strategy risks than the tra-
ditional control instruments (bureaucratic control and legal contracts) that
are used for managing information leakage risks within companies and in
other inter-organizational ventures such as acquisitions and joint ventures.
Given that most of the information required for innovation is gathered
rather than created — no matter how strong the firm’s R&D - and that most
of this is to be found outside the firm (Macdonald, 1998), the risks of infor-
mation leakage would seem to be even greater in the age of open innovation.
In the next section I explore the threat of information leakage and risks posed
by product imitation and counterfeiting to the open innovation paradigm.

6.4 Imitation, counterfeiting and innovation

In the dominant legal perspective, counterfeiters and imitators are seen as
‘parasites’ that siphon knowledge and intellect from healthy companies that
have invested scarce resources in developing products and services with a
competitive advantage. Counterfeit products, then, are those products that
have been shown (usually via some legal body) to infringe an owner’s intel-
lectual property rights (IPR), typically a trademark or a patent. Discussions
of counterfeit products have become polarized with brand owners arguing
that almost every imitative competitive product is a counterfeit — usually
rarely the case and even more difficult to demonstrate — and imitators arguing
that strict intellectual property laws frustrate the development of knowledge.
Conventional perspectives on the economics of innovation would argue, in
support of the patent and copyright holders, that it is necessary to offer some
incentive and reward for investment in designs, ideas and inventions; this is
usually achieved through intellectual property protection, which can be used
to establish a monopoly for a period of time. However, there is an acknowl-
edgment that it may be possible that this incentive can become too attractive,
leading to ineffective markets and a lack of competition (Thurow, 1997;
Sachs, 1999). It is not surprising then that some industries seek more pro-
tection than others; it is well known that intellectual property enforcement
is more effective in some industries than others (Bale, 1998).

To characterize imitation it is necessary to consider the concept of reverse
engineering (RE). This is generally understood to mean the process of tak-
ing something (a device, an electrical component, a software program, etc.)
apart and analysing it in detail, usually with the intention of constructing a
new, similar but different or improved device or program that performs the
same function without actually infringing any intellectual property from the
original. For example, in the world of software engineering, end-user license
agreements (EULA) form an essential part of the knowledge-building pro-
cess. These EULAs determine what can be copied and what cannot. Software
engineers use EULAs to develop software that can integrate with products
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and systems to build innovative new applications. The objective is to
analyse an application to see how it works, how it connects to other pro-
grams and processes, and how the other programs and processes connect to
it. No code penetration is involved, and no decompiling. And, usually, the
goal isn’t to copy an application but to integrate with it or look for potential
problems within it. For example, prior to Microsoft developing a grammar
checker for its word processing application ‘Word’, other software providers
developed similar software that Word users could buy and use. Not surpris-
ingly, restrictions on how software can be developed are viewed by many in
the industry as hindering innovation. It is this association with intellectual
property infringement which contributes to a pejorative view of imitation
and reverse engineering. Consequently, the value of imitation and reverse
engineering and the inherent skills involved are all too often not fully recog-
nized - they are overlooked aspects of the innovation process. Furthermore,
popular models of innovation assume a close tie between basic discovery
(scientific research) and industrial supremacy, which does not always exist
(Bessant and Francis, 1999; van der Panne et al., 2003). The picture created
within the traditional linear model is that of R&D expenditure at one end
and successful new products at the other. This model has been invoked in
nearly all the arguments for the support of science from government right
up to the present time. Policy-makers routinely refer to science as the ‘seed
corn’ on which technology draws.

The linear metaphor, often portrayed as a pipeline, is a useful approxi-
mation for radical innovations, in which new scientific discoveries lead to
developments in unprecedented technological capabilities. But such break-
throughs are rare exceptions, even in technology-intensive sectors (Pavitt,
1991; Rothwell, 1992; Freeman, 1995). Much of what we recognize as inno-
vation originates not from formal R&D, but from informal learning by doing,
by using, by trial and error and by interacting. Examples such as Pfizer’s Viagra
or even the cell phone could be listed here. Reverse engineering skills, prod-
uct know-how and understanding customers’ requirements are the major
sources of incremental innovations and product modifications (Bessant and
Francis, 1999). Hence, this linear model places too much emphasis on
breakthroughs and mistakenly identifies exceptional cases of how product
innovations are initiated as typical. This view devalues the necessary skills of
reverse engineering and imitation.

Freeman’s (1987) study of the Japanese innovation system revealed recog-
nition of the widespread use of reverse engineering in the 1950s and 1960s.
In particular, Freeman identified the Japanese integrated approach to product
and process design as one of the major sources of the competitive success of
Japan. While there were few radical technological breakthroughs, there were
significant developments in product design and process design leading to
spectacular improvements in quality and design. More recently, Hobday et al.
(2004) emphasized the importance of imitation skills and copy-and-develop
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technological learning strategies in helping Korea grow into a technologi-
cal leader (see also Kim, 1993). Studies of industrial history show that the
United States also reverse engineered technologies imported from Britain;
this then evolved into a position of conducting substantial original scientific
research (Church, 1999; Nelson and Winter, 1982; Nelson, 1993). Similarly, it
is reverse engineering activities such as imitating, copying or improving for-
eign products that currently underpin China’s strategy of acquiring foreign
technologies.

It is the integrated nature of the reverse engineering process that seems to
underpin its effectiveness. While the necessary and more widely recognized
skills of analysing how the product, device or program was put together
are crucial, it is the often overlooked learning process that deserves closer
examination. The process is characterized by the following:

¢ the integration of a small project group from production engineering,
design, marketing and R&D;

e emphasis on trial and error and on iteration and feedback amongst the
group;

¢ emphasis on collective technological learning;

¢ sensing potential market needs;

e the purposeful search for relevant information from existing sources
within the firm and with external suppliers, customers and research
centres;

e avery close relationship with an emphasis of learning together between
suppliers of components and sub-assemblies;

e the merging of existing process knowledge with newly acquired
information.

6.4.1 Unauthorized imitation/reverse engineering: non-consensual
acquisition of technical knowledge

It seems that many multinational corporations (MNCs) claim counterfeit
activities when in effect what is occurring is imitation and reverse engineer-
ing, where indigenous firms set out to manufacture a product similar to one
already available on the world market, but without direct foreign invest-
ment or transfer of blueprints for product and process design. Yet reverse
engineering is the main method of learning from competitors’ product tech-
nologies. In addition, equipment suppliers and informal exchanges among
production engineers are channels for learning about process technologies.
Genuine reverse engineering and imitation, albeit unauthorized, are neces-
sary activities to ensure competition and innovation - and key attributes of
a free market system (Freeman, 1982, 1995; Pavitt, 1991; Rothwell, 1992).
In terms of a first step to achieve greater conceptual clarity in the counter-
feiting debate, I suggest that it may be useful to use the term ‘non-consensual
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acquisition of technology’ to allow for the potentially positive aspects of such
behaviour in a technology-learning and new-product-development context
to be more easily recognized. ‘Non-consensual acquisition of technology’
covers only one element of counterfeiting, and helps our analysis by exclud-
ing other counterfeiting dimensions such as counterfeiting currency. Where
companies use the technology property of others to develop their own tech-
nology capability without the consent of the other party, we believe that
this should not be condemned outright without due consideration of the
learning, new-product development and innovation context.

6.5 Discussion and future research

Against a backcloth of the ‘open-innovation’ paradigm this paper has
explored knowledge flows within the innovation process from several stand-
points. It has revealed and confirmed that accessing and utilizing these flows
of knowledge is a fundamental part of the innovation process. Indeed the
development of models of innovation confirms that knowledge flows are
a cornerstone. Hence, it is not unreasonable to consider that any sugges-
tion that these flows are now under transformation (Chesbrough, 2003;
Thomke, 2003; Schrange, 2000 and Dodgson et al., 2005) warrants serious
consideration.

We have seen in the above discussions that information and knowledge
flows have always been recognized as critical to innovation (Allen, 1977).
Arguably it is no different now except that ICT makes it easier and quicker,
but this also implies it is easier and quicker for competitors to access and use
it. It seems that the new paradigm may also facilitate copying and product
imitation. Indeed, this raises the first research question: Is the current intel-
lectual property legislation relevant to the open innovation environment? This is
especially so given the speed at which knowledge can be transformed into
products and pushed onto world markets. R&D laboratories and personnel
offices may argue that all is secured in their ‘watertight ship’ and that employ-
ment contracts prevent personnel from leaking information and knowledge,
but this paper has illustrated that innovation no longer occurs in laboratories
but within networks over the internet.

This chapter also discussed the challenge of information leakage and non-
consensual acquisition of knowledge. It illustrated the difficulties faced by
firms when dealing with collaborators and outsourcing partners in particu-
lar. The risks of information leakage are ever more real when one considers
that innovating firms openly acknowledge that they are heavily dependent
on external information for their innovation (Macdonald and Lefang, 2003).
Given that this is well understood as a key issue for senior managers, how
are they reacting to the open innovation age, where even more of a firm's
information can be transferred and traded over the internet and mobile com-
munication highways? Indeed, this is the second research question: How can
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senior managers best protect their firm’s valuable information in general and infor-
mation that may put in peril its core competencies in particular? Firms need to
ask themselves what level of the firm’s knowledge is being traded at present.
In answering this question they will also have to address the dilemma high-
lighted in this chapter, that of the need to share knowledge in order to access
knowledge yet try to set up protections against knowledge leakage. This leads
us to our final research question: As more and more knowledge is shared across
industries what are the risks of a levelling out of expertise?

The argument that the innovation process is being reshaped by ICT, mod-
ern flexible manufacturing systems and new creative technologies (including
‘user toolkits’) seems reasonable and persuasive. The innovation systems and
firm performance model presented in part 6.1 emphasizes how these consid-
erable external environment changes impact on the innovativeness of the
firm and hence firm performance. But whether this represents a paradigm
shift is unclear. Traditionalists may argue that the introduction and mass uti-
lization of ICT and the like is merely the use of modern tools to facilitate
the innovation process, which itself remains largely unchanged. Moderniz-
ers may argue that these new technologies are changing the way individuals,
groups and communities interact and operate to such an extent that the
actual process of innovation is now different. Time will tell, but either way
a new batch of research questions now needs to be addressed. The answers
to these will help deliver the evidence on what has changed and how firms
should respond.
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The Role of Knowledge Clusters in R&D
Acquisition and Innovation Success

Torsten Brodt and Sebastian Knoll

7.1 Introduction

The information and telecommunication (ICT) industry as well as the media
industry are fertile parents to a plethora of electronic (‘e’) and mobile (‘m’)
products and applications (Sorenson et al., 2002, Brodt and Heitmann 2004).
A common denominator of these industries is that they are based on fast-
paced and converging technology development. Winners in the market are
in most cases also technology leaders or capable of turning a base technology
into a superior product meeting customer needs. While access to technology
and market know-how becomes increasingly important to succeed in the
competition, size, history and equity become less and less critical require-
ments. On the one hand this allows e- and m-start-ups to realize tremendous
growth rates and on the other hand it spurs the quest for external knowledge
sourcing both at established players and start-ups.

Hence, it is not surprising that the telecommunications industry is heav-
ily relying on external R&D-collaboration or buy-in of know-how within
the product development process (Arundel and Bordoy 2002, Anderson and
Jonsson, 2006). However, time pressure in innovation as well as the need to
internalize key technologies make the ICT and media industries also very
active players in mergers and acquisitions (M&As) (Deogun and Scannel,
2001; Warner, 2003). Scholarly research has identified the need to speed
up the sourcing of technology and know-how as a key motivation for the
increase in M&As (Capron et al., 1998, Bresman et al., 1999). In particular
for the ICT and media industry, acquisitions are an increasing popular choice
for expansion of the firm’s technology and knowledge base (Chaudhury and
Tabrizi, 1999; Hagedoorn and Duysters, 2002).

A company’s knowledge base can generally consist of diverse kinds of
knowledge, such as that required in manufacturing, operational efficiency or
knowledge related to new-product development, customer needs and brand
experience. In our paper we focus on acquisitions where the prime goal is to
acquire the research and development capabilities (that is, knowledge related
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to new products) of a target company to achieve synergies with existing
operations.!? We term this transaction an ‘R&D acquisition’. These acqui-
sitions are quite frequent (Wysocki, 1997) and can be a major source of value
(Ahuja and Katila, 2001). A successful R&D acquisition that leads to synergies
requires an integration of the acquired company or business unit (Haspeslagh
and Jemison, 1991). However, the integration process is difficult and often
the integration fails (Jemison and Sitkin, 1986), and the acquiring company
destroys value. For example, Bert et al. (2003) report a failure rate of around
50 per cent. Clearly, a seamless integration of the relevant information sys-
tems (IS) is an integral and complex task within the M&A environment (Sumi
and Michio, 2002).

Academic research has not yet addressed this problem adequately. A mul-
titude of studies have been conducted on M&As; however, as King et al.
(2004) report, there is a discordance about the significance of success factors
in acquisitions. More specifically, little research has focused on acquisitions,
where managing the systematic growth of a firm’s knowledge base (Ahuja
and Katila, 2001; Heo and Yoo, 2002) and the impact of different types of
integration mechanisms (Napier, 1989) are at the centre of interest.

We aim to address this research gap by developing a knowledge-focused,
testable model of R&D acquisition success. By considering the character-
istics of the key asset — the R&D knowledge — a most relevant variable
for post-acquisition merger activities, we derive distinct early-integration
strategies. These strategies set the stage for integration momentum and effec-
tive enhancement of the innovation capabilities. Keeping the introductory
description of the ICT industry in mind, we propose a model that might
generate useful insights for various ICT practitioners in the field of M&A,
such as internal M&A departments, investment bankers and consultants. The
approach can also help to schedule and focus the integration of information
systems in relation to business integration. The illustration of our findings
with an actual mobile media case study will help to clarify the applicability
of the model for young as well as established companies.

7.2 Theory and background: knowledge transfer as the key
to synergies and acquisition success

Generally, acquisitions involve two major components, each of which influ-
ences their success: 1) strategic and financial analysis before making the deal
(Hitt et al., 2001); and 2) firm integration after the deal is closed (Haspeslagh
and Jemison, 1991). In this paper we focus on the second component, the
integration of the firm and its pre-acquisition assessment. We assume that the
acquisition makes sense from a strategic and financial perspective. An R&D
acquisition is successful if the buyer can integrate the acquired company in a
way that it increases performance through the realization of knowledge syn-
ergies. Knowledge synergies are achieved, for example, when the parent and



The Role of Knowledge Clusters in R&D Acquisition and Innovation Success 153

the acquired unit increase revenues or reduce costs through jointly devel-
oped new products and the use of previously unknown process know-how.
All these activities presume knowledge transfer® from the acquired company
to the parent and vice versa. Therefore, we start with a review of the litera-
ture on knowledge transfer related to the acquisition of R&D intensive firms.
From the review emerges a considerable gap concerning the mode and tim-
ing of integration mechanisms in R&D acquisitions. Consequently, we focus
on that aspect and develop a testable model that links different integration
mechanisms in the early stage of an R&D acquisition to integration success
based on the knowledge characteristics of the target. We then illustrate the
model with a practice case and conclude the paper with a discussion of the
findings.

7.3 Knowledge transfer in the context of R&D acquisitions

Knowledge transfer occurs at various levels of the organization — between
individuals, groups of individuals, organizational functions, business units
and organizations themselves. We focus on knowledge transfer at the func-
tional (R&D unit) and business-unit level, which leads to two relevant
literature streams: 1) knowledge transfer within the firm (intra-company
knowledge sharing); and 2) knowledge transfer in acquisitions including the
literature on post-merger integration. Appendix 7.1 (p. 163 below) gives an
overview of the reviewed studies.

7.4 Knowledge transfer within the firm

Research on knowledge transfer within the firm emerges from studies on
the choice of international knowledge transfer modes (see Bresman et al.,
1999 for a review). By now, a large body of research has investigated the
factors that influence intra-firm knowledge. The factors that influence intra-
company knowledge transfer can be separated in two broad categories: 1)
factors related to the characteristics of the transferred knowledge; and 2)
organizational factors. The predominant factors related to knowledge char-
acteristics are the degree of codification, observability, complexity (Zander
and Kogut, 1995), the degree of embeddedness, and knowledge distance
(Cummings and Teng, 2003). The degree of codification expresses the extent
to which knowledge can be articulated in documents and software (Zander
and Kogut, 1995). This factor is identical to what Bresnan et al. and Cum-
mings and Teng refer to as the ‘articulability of knowledge’ (Bresman et al.
1999; Cummings and Teng 2003). The degree of embeddedness expresses
‘how many knowledge elements and related sub-networks will need to be
transferred, absorbed, adapted and adopted by the recipient, and/or how
many other recipients will be required to do so to allow the knowledge to be
applied to the recipient’ (Cummings and Teng, 2003). Knowledge distance is
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the ‘degree to which the source and the recipient possess similar knowledge’
(Cummings and Teng, 2003).

Organizational factors influencing knowledge transfer are: organizational
structure in terms of formal hierarchical structure and informal lateral rela-
tions (Tsai, 2002), length of network paths (Hansen, 2002), intensity of
communication (Tsai, 2002, Cummings and Teng, 2003), norm distance
(Cummings and Teng, 2003), tie strength (Hansen, 1999, 2002) and absorp-
tive capacity of the recipient (Szulanski, 1996, 2000). Norm distance is the
degree to which knowledge transfer parties share the same organizational
culture and value systems (Cummings and Teng, 2003). Absorptive capacity
of the recipient is the ability of the recipient to exploit outside sources of
knowledge (Szulanski, 1996).

7.5 Knowledge transfer in acquisitions

The literature on knowledge transfer and extension in acquisitions is still
immature, although knowledge access is a major driver for acquisition
activities (Ahuja and Katila, 2001). A branch of research on mergers and
acquisitions which focuses on post-acquisition integration touches on the
topic (for example, Haspeslagh and Jemison, 1991). However, the central
concern of this research stream is not on factors facilitating knowledge trans-
fer but on the issue of how knowledge transfer may lead to overall value
creation (Capron et al., 1998; Bresman et al., 1999). Another line of research
which is slowly evolving explicitly studies the knowledge-transfer process
after an acquisition. Bresman et al.’s study of 42 international acquisitions
identified articulability of knowledge, degree of communication and level
of use of integrating mechanisms as the key factors influencing knowledge
transfer after acquisitions. Finkelstein and Halebian (2002) add similarity of
industrial environments in acquirers and targets as an important factor. Their
argument is that an acquirer from a similar industry is likely to have simi-
lar standard processes, shared experiences and internal arrangements which
ease communication and knowledge transfer.

The review shows that factors that facilitate knowledge transfer after
acquisitions are similar to factors that facilitate knowledge transfer within
the firm.

7.6 Determinants of knowledge transfer

Based on the literature review, Figure 7.1 summarizes the factors that influ-
ence knowledge transfer. The ‘plus’ or ‘minus’ after the variable indicates the
influence of the factor on knowledge transfer. A ‘neutral’ (0) was assigned
when the relationship between the factor and knowledge transfer was moder-
ated by additional variables (which are not presented in the model). In order
to pre-assess an R&D acquisition the decision-maker needs to understand the
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Knowledge Characteristics

* degree of codification (+)

* degree of embeddedness/mobility (-)
* knowledge distance (-)

¢ observability (+)

* complexity (-)

Organizational Characteristics
e organization structure
« formal-hierarchical (—)
« informal-lateral (+/0)

elength of network paths (-) R&D
: :;?;Ts(ijtlsﬁn:;n::unication (+) K?;vr\:ls?‘g?e R&D' acquisition

) v synergies performance
etie strength (+/-)

esimilarity of management systems
(especially reward systems) (+)

e absorptive capacity of the recipient (+)

e use of integration mechanisms (+)

Other Factors
e similarity of industrial environments (+)

Figure 7.1 Factors influencing knowledge transfer

organizational and management requirements that are necessary to facilitate
knowledge transfer after the acquisition. The overview in Figure 7.1 helps
the acquisition manager in various ways. It allows an assessment in advance
of: 1) whether the potential knowledge she plans to acquire is likely to lead
to knowledge synergies based on the knowledge characteristics; 2) whether a
successful integration is feasible based on the organizational characteristics
(of parent and target company); and 3) roughly what organizational changes
would be required for the achievement of ‘optimal’ knowledge synergy.

The overview can give an initial hint to general answers to these ques-
tions but is yet too undifferentiated to provide specific answers. It is beyond
the scope of this paper to develop more thorough case-specific integration
models. However, an interesting point emerges from our review of the
knowledge-transfer literature: the positive impact of the intensive use of inte-
gration mechanisms such as joint R&D meetings, joint R&D personnel, and
training programs on post-merger integration performance is unquestioned
(Jemison and Sitkin, 1986; Haspeslagh and Jemison 1991; Bresman et al.,
1999; Birkinshaw et al., 2000). Similarly, the criticality of IS-integration is a
prevalent topic in academia (for example, Heo and Yoo, 2002) and practice
(for example, Picard and McConville, 2000). One of the most prominent suc-
cess stories based on a superior performance in post-merger R&D integration
coupled with IS-integration can be seen in the case of Cisco Systems (Kraemer
and Dedrick, 2002). However, the research of later incidences neither con-
siders the timing of the application of different integration mechanisms nor
does it relate specific integration mechanisms to the knowledge characteris-
tics of the target firm. This is a significant shortcoming; especially as recent
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research (for example, Bert et al., 2003) suggests that the window of opportu-
nity to realize merger synergies in R&D acquisitions has a very limited time
span.* This in turn implies that wrong timing and/or application of integra-
tion mechanisms early in the process can be fatal for acquisition success. We
therefore enhance the approach to link knowledge-base characteristics to the
selection and timing of post-merger integration mechanisms.

7.7 A knowledge-based model for the selection and timing
of post-merger integration mechanisms

7.7.1 Principal structure - linking knowledge-asset specification
to acquisition success

Our model follows this general logic: the knowledge-asset characteristics and
the organizational characteristics of the R&D unit as two interdependent
components are the starting points (Birkinshaw, 2002). They suggest a spe-
cific early-integration mode (see Figure 7.2). In line with Bert et al. (2003),
‘early integration’ covers a time period of up to one year after the acqui-
sition. We argue that the choice of the early integration mode is critical for
acquisitions success. Two factors are suggested as moderating elements of the
model. The organizational structure and the knowledge characteristics of the
acquiring firm (see Ahuja and Katila, 2001) and the nature of the external
environment (see Bhattachrya et al., 1998) are the key moderating factors
found in the literature. However, for reasons of simplicity, these are omitted
from the succeeding discussion.

To establish the link between knowledge-asset characteristics of the tar-
get firm and its organizational structure we draw on research by Birkin-
shaw (2002). He empirically proved a correlation between R&D knowledge
characteristics and the structure of R&D centres.> Birkinshaw consolidated
knowledge characteristics from Zander and Kogut (1995) into the two
constructs — ‘observability’ and ‘mobility’. Observability is ‘the extent to

Knowledge and
organization of
acquiring firm

Knowledge asset
characteristics of
target firm

Specific early v _ Acquisition
I integration mode " performance

Organizational
structure of target
firm

External
environment

Figure 7.2 The general logic of the model
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which the knowledge-base can be understood through observation’ (Birkin-
shaw, 2002), and mobility is ‘the extent to which the knowledge base of
the R&D centre can be separated from its physical setting’ (Birkinshaw,
2002). The observability construct is related to the degree of codification and
complexity. Mobility can be paraphrased as the opposite of embeddedness
(Birkinshaw, 2002). Birkinshaw measured the two constructs by conducting
a multi-item scale questionnaire survey. (A similar questionnaire is included
below in Appendix 7.2). Based on the two dimensions, Birkinshaw identifies
three archetypes of R&D centres which differ in structure through the level of
autonomy, defined as ‘resource and decision power’ and the level of network
integration, defined as ‘the integration with other R&D units’ (Birkinshaw,
2002). We refer to these three archetypes as cases 1, 2 and 3. Key relationships
are illustrated in Figure 7.3.

Examples of R&D centres with high autonomy and low network integra-
tion (Case 1) are historically grown R&D centres with a focused task profile
and often deep roots in a particular region. Due to the focused task pro-
file there is little integration with other R&D centres in the R&D network
required. Case 2 R&D centres are to be found in young R&D teams in the
software or telecommunications industry. These teams are typically staffed
with young and fairly mobile engineers or software experts. Moreover, these
teams can often perform their tasks without proprietary R&D systems. In
order to keep this fluctuating knowledge in an R&D network, low levels of
autonomy and a strong integration with adjacent R&D centres are effective
means of organization. Case 3 is illustrated by the automotive industry where
mid to large-scale R&D centres are often organized as regional clusters with
strong organizational integration and high levels of autonomy.

Organization
R&D knowledge clusters ST Examples
R&D centres with
Autonomy t long history and deep
> Case 1 " " regional roqts (e.g.in
25 A Network l manufacturing
_é T integration industry).
Q Young R&D teams in
g Autonomy l, software industry,
= Case 2 independent of
Sz Network " proprietary R&D
g = integration systems.
Mid to large scale
Low High Autonomy t R&D centres with
Knowledge observability Case 3 diverse task profile
Network " (e.g. R&D clustres in
integration automotive)

Figure 7.3 The relationship between R&D knowledge clusters and R&D centre struc-
ture (adapted from Birkinshaw, 2002)
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Based on the organization structure of the different types of R&D centres
we derive a specific set of integration mechanisms for the early stage of the
integration for each case. We therefore link knowledge characteristics of R&D
centres to specific post-merger integration mechanisms. We distinguish ‘task
integration’ and ‘human integration’ as two major sets of post-R&D-merger
integration activities (Birkinshaw et al., 2000). ‘Task integration’ focuses on
resource sharing and transfer mechanisms, such as joint R&D meetings or
the use of a knowledge-management system, whereas ‘human integration’
emphasizes the ‘creation of positive attitudes towards the integration among
employees on both sides’ (Birkinshaw et al., 2000).

The two integration modes are not completely independent but gener-
ate useful conceptual pathways and indicators for early integration foci for
achieving acquisition success.

Counter-intuitive effects of collaboration systems and tools occurring dur-
ing M&A activities emphasize the necessity of the two pathway concepts.
To achieve relevant degrees of task integration, companies employ a variety
of tools and systems. In the realms of R&D management, companies build
on instruments such as knowledge repositories for data sharing and integra-
tion approaches such as Quality Function Deployment. Interestingly, it was
found that the usage of these instruments enhances the quality of collabo-
ration within the group of involved employees, but hinders company-wide
integration (Griffin and Hauser, 1993; Calabrese, 1997). This effect is even
amplified in M&A situations, where a cross-company collaboration becomes
important (Heo and Yoo, 2002). To plan successful post-merger integration,
this effect must be considered and might be countered only with human
integration.

7.8 Model-based propositions

In the following we develop a testable model in the form of propositions for
the relationship between the choice of early-stage integration mechanisms
and R&D acquisition success based on (that is, moderated by) the knowledge
characteristics ‘mobility’ and ‘observability’ (see Figure 7.4).

Case 1: Mobility low and observability high

R&D centres based on knowledge which is rather immobile but highly observ-
able usually portray a high degree of organizational autonomy due to a
successful research history and are rather focused on a specific research task.
These centres are more vertically integrated into the organization, have fewer
horizontal links to other R&D centres and are deeply rooted in the local
economy (Birkinshaw 2002). Hence, the acquirer needs to establish a clear
definition of the exchange relationship between the newly acquired R&D
centre and the vertical organization of the parent company. Interface design
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Figure 7.4 The relationship between knowledge clusters and successful integration
paths (adapted from Birkinshaw, 2000, 2002)

and task integration should therefore be the prime foci. Due to the high level
of autonomy, human integration is rather a peripheral concern in the early
stages of the integration process. Therefore:

Proposition 1: Integration success of R&D acquisitions involving a low level of
knowledge mobility and a high level of knowledge observability is positively associ-
ated with high levels of task integration and low levels of human integration during
the early integration period.

Case 2: Mobility high and observability low

The ‘Case 2 R&D centres’ are typically small R&D units with proprietary
knowledge residing in a team of a few researchers. These R&D centres usually
display high mobility and low observability of knowledge. Orchestrating and
controlling the R&D effort requires limited autonomy and a strong integra-
tion into the R&D network (Birkinshaw, 2002). The key success factor in the
acquisition most likely is team integration to: 1) reduce the risk of know-how
loss through employee fluctuation; and to 2) create a sense of belonging to the
parent company to increase the willingness to share knowledge. Therefore
human integration should be the focus in the early phase of the integration:

Proposition 2: Integration success of R&D acquisitions involving a high level
of knowledge mobility and a low level of knowledge observability is positively
associated with low levels of task integration and high levels of human integration
during the early integration period.
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Case 3: Mobility low and observability low

Low observability and low mobility frequently result from significant R&D
unit size, old age and the considerable reach of the research conducted. These
factors generate high complexity for post-merger integration activities.® R&D
centres of this type serve a wide range of products, have deep local roots and
their own way of doing things which is hard to change from the outside.
These R&D units should be granted a high level of autonomy to allow self-
organization. Furthermore, they should be tightly integrated into the R&D
network of the overall organization to achieve knowledge synergies (Birkin-
shaw, 2002). In order to achieve integration success a threefold process should
be pursued: in a first step task integration should target the overall regulation
of resource sharing to define the areas of synergy. The second step needs to
address human integration in order to build a positive employee attitude as a
basis for the third step, renewed task integration to achieve the full potential
for synergy. The integration mode in Case 3 is clearly long-term and must
ensure the self-organization capability of the acquired unit. Therefore:

Proposition 3: Integration success of R&D acquisitions involving a low level of
knowledge mobility and a low level of knowledge observability is positively associ-
ated with high levels of task integration and low levels of human integration during
the early integration period. However, a strong ramp-up of human integration is
inevitable after quick win realization.

Stressing the importance of taking the appropriate integration path in the
early integration phase, our model provides a decision-maker with the means
of identifying the most appropriate integration mode dependent on an
acquisition target’s knowledge assets. He then must assess whether his own
corporation has the resources to manage the integration process to set up a
best-fit R&D organization structure in the required time.

7.9 Model enhancement

To operationalize the constructs it is suggested to use measures which have
already been established in prior studies. For mobility and observability mea-
sures from Zander and Kogut (1995) and Birkinshaw (2002) can be applied.
For the constructs of human integration and task integration measures from
Birkinshaw et al.’s (2000) study are appropriate. All items are measured on
seven-point Likert scales. In order to capture acquisition performance, we
suggest multiple measures:

1. A subjective measure asking executives to rate the integration success on
a seven-point Likert scale. This is necessary because some of the smaller
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transactions may not be significantly reflected in accounting data and
stock prices;

2. Accounting measures of profitability established in numerous M&A stud-
ies, such as ROA, ROE and ROS;

3. Monitoring the stock price performance. It is suggested that account-
ing measures and stock prices are monitored up to three years after the
acquisition.

We assume that all synergies from the transaction should be realized by
then, that is, the acquisition should be fully integrated. A longer time period
would make it difficult to logically link performance variance to a single
acquisition due to possible strategy changes (Harrison et al., 1991). Data on
completed acquisitions is derived from standard financial databases (such
as the Genios M&A database). The case example is R&D acquisition in the
mobile communication technology market.

For the illustration of the model designed above we have chosen a tech-
nology company, Bamboo Mediacasting Inc, which is active in the market
for mobile telecommunication technology. We interviewed two executives
of the company.” (See Appendix 7.2 for the questionnaire.) The company is
a venture-financed start-up company founded in the year 2000 in Israel. Its
major business activity is in the development of mobile multicasting tech-
nology (14 of the 21 employees are R&D engineers). Based on its R&D the
company achieved innovation leadership. However, its resource position
might not allow a full set-up of marketing and sales operations in the rel-
evant markets in Europe, the US and Asia. As the incumbent technology
providers lack the multicasting expertise but posses the market access, an
acquisition of the entire company might be a likely scenario.

Bamboo fits into Case 2 of R&D units. The technology consists of
proprietary software and hardware, which has to be integrated into a
mobile telecommunication network to enable multicasting functionality.
The knowledge resides with a few highly skilled engineers with partly inter-
national educational backgrounds. Additionally, technical documentation
is not very advanced because resources are scarce and occupied with opera-
tional start-up activities. The knowledge thus has low observability and high
mobility, which in turn requires a potential buyer to strongly integrate the
R&D activities with a reasonably low level of autonomy into its own R&D
network.

The speed and intensity of integration will be major success factors. Today
the engineers are strongly tied to the start-up company by stock-option plans
and emotional binding. After an acquisition these mechanisms need to be
replaced to a certain degree by monetary incentives but also by the creation
of a consistent feeling of belonging to the new company. Speed plays a critical
role not only due to rapid market development but also because the existence
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of a small number of engineers can impact the R&D performance and provide
competitors with access to technical know-how.

Therefore, a potential buyer must focus on human integration first and
generate a strong level of leadership, strong bilateral communication, provide
retention plans and improve individual personal situations.

7.10 Conclusion and implications

This paper contributes to the discussion about the factors affecting the success
of the integration of acquisitions where the main goal is to acquire the R&D
capabilities of the target firm. The ICT and media industries are significantly
permeated with this type of M&A. A glance at historic performance, how-
ever, shows that this strategy so far is a risky game with mediocre outcomes.
Furthermore, research is immature and to a large part discordant as to the
reasons for the suboptimal outcomes. We argue that the choice of early-stage
integration mechanisms, that is, integration mechanisms which are applied
within the first year of the acquisitions, have a significant influence on the
acquisition success. We propose that:

1. R&D acquisitions involving a low level of knowledge mobility and a high
level of knowledge observability should focus on task integration;

2. Acquisitions involving a high level of knowledge mobility and a low
level of knowledge observability should focus on high levels of human
integration; and

3. Acquisitions involving a low level of both observability and mobility
should focus on high levels of task integration at the early stage of the
integration process.

Relating to the overall innovation system conceptualized for this book, this
paper contributes to the understanding of aspects of internal organization
and the innovation success of a firm.

For practitioners the insights of this research will help to better under-
stand the role of early-stage integration mechanisms in successful R&D
acquisitions. This will aid managers in: 1) assessing potential R&D acqui-
sitions depending on their firm’s integration capability; 2) deciding which
kinds of integration mechanism to focus on in the early phases of R&D
integrations; and 3) timing their R&D acquisitions depending the resource
availability for the required integration mechanism. Focused actions can also
be derived for the IS-based knowledge-management systems, which need to
be integrated post merger in order to effectively leverage the merged R&D-
knowledge base. Eventually, our research might help to lift the returns on
the extremely high levels of R&D investment in the ICT industry to a
sustainable level.
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Appendices
Appendix 7.1

Table 7.A1 Review of knowledge transfer literature

Author Study

Findings

Knowledge transfer within the firm

Cummings & Study of 69 firms in 15 industries
Teng (2003) to identify the key factors
affecting knowledge transfer

success
Hansen Study of 120 new-product
(1999) development projects in

41 business units in a large
electronics company to examine
the task of developing new
products in the least amount

of time
Hansen Study of 120 new-product
(2002) development projects in

41 business units of a large
multi-unit company to explain
effective knowledge sharing

Szulanski Study consisting of 271

(1996) observations of 122 best-practice
transfers in eight companies to
analyse the internal stickiness
of knowledge transfer. Stickiness
refers to the difficulty in
transferring knowledge.

Szulanski Cross-sectional analysis of primary

(2000) data collected through a two-step
survey of 122 best-practice
transfers in eight companies.

o Transfer success increases with
decreased 1) knowledge
embeddedness; 2) knowledge
distance; 3) norm distance
between source and recipient —
and with increased articulability
of knowledge

Weak links help a project team
to quickly search for useful
knowledge in other sub-units

o Weak inter-unit ties are suitable
for knowledge transfer (high
transfer speed) if knowledge is
not complex. If complex
knowledge is transferred, strong
inter-unit ties are required.

e Project teams with short inter-unit
network paths to units that possess
related knowledge obtain more
existing knowledge from other units
and complete their projects faster
While established direct relations
mitigate problems of transferring
non-codified knowledge, they
were harmful when the

knowledge to be transferred was
codified, because they were less
needed but still involved
maintenance costs

e The three most important origins of
stickiness are: 1) the lack of
absorptive capacity of the recipient;
2) causal ambiguity; and 3) an
difficult relationship between the
source and the recipient.

o A process model of knowledge
transfer is derived from his 1996
study. The model identifies stages of
transfer and factors that are expected
to correlate with transfer difficulties
at different stages of the transfer.

(Continued)
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Table 7.A1 (Continued)

Author Study

Findings

Tsai (2002) In-depth case study of a large,
multi-unit petrochemical
company to assess how a
multi-unit organization can
coordinate its units and
encourage them to share
knowledge with their
competitors inside the
organization

Zander and Study of 44 major innovations

Kogut (19995) of Swedish companies to
examine the central
proposition that the transfer
speed and imitation of
capabilities are related to the
dimensions of the underlying
knowledge

Knowledge transfer in acquisitions

Bresman et al.  Study of 42 international

(1999) acquisitions involving
knowledge transfer to identify
factors that facilitate knowl-
edge transfer as well as patterns
of knowledge transfer

Finkelstein Study of 96 organizations to
and Haleblian  examine positive and negative
(2002) transfer effects in acquisitions

e A formal hierarchical structure, in the
form of centralization, has a
significant negative effect on
knowledge sharing

Informal lateral relations, in the form
of social interactions, have a
significant positive effect on
knowledge sharing among units that
compete with each other for

market share, but not among units
that compete with each other for
internal resources

e The degree of codification, the
observability and the complexity of
knowledge and how easily capabilities
are taught has a significant influence
on the speed of transfer

Tacit knowledge is best transferred
through intensive communication,
with many visits and meetings, and
when the acquisition is fully
integrated

Articulated knowledge (such as
patents) can be made available to
the other party with little personal
interaction

e Over time, transfer of articulable
knowledge decreases and transfer of
tacit knowledge increases

Intensive use of integrating
mechanisms such as joint R&D
meetings, mixed project teams and
cultural training sessions eases
implementation and helps retention
of personnel

Acquisitions performance is positively
associated with the similarity of
industrial environments in acquirers
and targets
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Appendix 7.2: Questionnaire

In order to match your R&D activities with the knowledge terminology of
Birkinshaw (2002) please answer the following questions:

1. Observability: To what extent do you agree with the following ques-
tions about your R&D unit? (where 1=disagree completely to 7 =agree

completely)

A competitor can easily learn how to develop
our product by studying our employees at work

A competitor can easily learn how to develop
our product by taking a tour of the plant

A competitor can easily learn how to develop
our product by examining our machines

New R&D personnel can easily learn their job
by studying a complete set of blueprints

New R&D personnel can easily learn their job
by talking to experienced R&D personnel

Educating and training new R&D personnel
is a quick and easy job

01020304050607

010d20304050607

01020304050607

d10d20304050607

01020304050607

1020304050607

2. Mobility: To what extent do you agree with the following questions about
your R&D unit? (where 7 =disagree completely to 1 =agree completely)

For our most important product, knowledge about
many different technologies needs to be combined

The tasks of R&D units can not be divided between
units since all equipment must be kept in one location

The tasks of R&D units can not be divided between
units since the tasks demand daily face-to-face
communication between personnel

We can achieve satisfactory quality only because of
our firm’s long experience with the technology

To achieve high product quality it is important that
our R&D personnel have long experience in the
specific R&D unit in which they are working

Workers in important parts of the manufacturing
process have to be in constant contact with
engineers or product quality will go down

01020304050607
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01020304050607
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3.

If you had to decide on an exit option for your company, especially one

including a close/exclusive cooperation in R&D with an established player,
which of the below mentioned options would you prefer?

4.

Acquisition (typically least autonomy and strongest integration)
Merger

Licensing

Minority equity

Joint venture

Joint R&D

R&D contract

Research funding

Consortium

Networking

Outsourcing (typically strong autonomy and least integration)

Please provide a brief description on your three most important decision

criteria for answer 3.

Criteria 1:
Criteria 2:
Criteria 3:

5.

If not included in 3) what role do the characteristics of your company’s

R&D knowledge play in the area of cooperation?

6.

Independent of any equity and governance-related issues, if you had to

link your R&D operations to those of a global telecommunication equipment
provider, what would be the most successful type of cooperation?

Notes

1.

Obviously there are valuable acquisitions where the realization of synergies with
existing R&D operations is not the prime concern (for example when the parent
company pursues a pure portfolio management approach); however such acquisi-
tions are not the focus of this paper.

Other modes of access to external knowledge are excluded from our investigation.
These would comprise the spectrum of R&D collaboration from transactions to
contracting and licensing. For an overview see Chiesa and Manzini (1998).

In this paper knowledge includes all forms of technology. Therefore if we talk about
transferring knowledge, technology transfer is included.

Best-practice mergers realize a minimum of 70 per cent of total synergies within
the first year after acquisition. After year two the synergy potential is close to zero.

. We assume that the form and structure of the target in the R&D acquisition is

comparable to what Birkinshaw (2000) refers to as an ‘R&D Center’.

Typically these types of acquisition are not driven by mere R&D access but other
strategic acquisition objectives (such as customer base, sales channels, scale). One
practical example was the acquisition of Volvo by Ford in 1999.
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7. Information on the company was generated through interviews with the com-
pany’s CEO and COO (Appendix 7.2), discussion during a joint research project
and internet research (www.bamboomc.com).
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Supply Chain: Determinants and
Impacts on Performance
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Luc Cassivi and Gaél le Hen

8.1 Introduction

This chapter explores one specific aspect of the ‘open-innovation’ paradigm
(Chesbrough, 2003) by analysing collaborative new-product development
(NPD) among business partners involved in one supply chain. By defini-
tion, ‘open innovation assumes that useful knowledge is widely distributed,
and that even the most capable R&D organization must identify, connect
to, and leverage external knowledge sources as a core process in innova-
tion’ (Chesbrough, 2006, p. 2). Implicitly, the open-innovation paradigm
therefore implies that interorganizational networks or supply chains play a
salient role in the innovation process. However, our common understanding
of open-innovation practices remains limited (West et al., 2006, p. 294).
More specifically, this chapter attempts to assess the relative impor-
tance of determinants of cross-border electronically mediated collaboration
(e-collaboration) and examine the performance improvements derived from
such collaboration. The focus here is not at the firm level but rather at the
supply-chain level in the context of new-product development in the auto-
motive sector. This line of inquiry seems relevant for the following reasons:

1. In the case of complex products such as aeroplanes, network systems,
power plants or cars, firms reorganize themselves into supply chains
defined here as ‘the integration of key business processes from end-user
through original suppliers that provides products, services and infor-
mation that add value for customers and other stakeholders’ (Lambert
and Cooper, 2000). As a consequence, the locus of competition has
moved from individual organizations to supply chains (Christopher, 1992;
Cassivi et al., 2004); Furthermore, these supply chains are not only ‘reshap-
ing the global business architecture’ but are also becoming, as some
authors believe, ‘the dominant organizational paradigm’ (Parkhe et al.,
2006, p. 560).

169
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2. New-product development represents one key business process in a
supply-chain context which is considered as knowledge-intensive, high
value-added and strategic. New-product development is increasingly con-
ducted among geographically dispersed teams from different organiza-
tions. Past research in the specific context of new-product development
remains scarce (for a few exceptions, see Wierba et al., 2002; McDonough
et al., 2001);

3. The emergence of efficient e-collaboration tools such as internet-based
virtual project rooms or 3D viewing and modelling technologies creates
the electronically mediated (or virtual) environment for effective cross-
border and interorganizational collaborative product development work
(Lu et al., 2005);

4. The automotive sector, considered as a ‘medium-high tech manufactur-
ing’ sector (Leydesdorff et al., 2006; OECD, 2001) faces fierce competition
from developing countries. Since the automotive sector is part of the
techno-economic backbone of many industrialized countries, the strug-
gle to maintain value-added and knowledge-intensive activities such as
new-product development is ongoing while manufacturing facilities have
long been established in some developing countries in Asia or South Amer-
ica. The competition will become even fiercer as countries such as China
enter this sector.

This chapter is organized as follows: we will first briefly discuss conceptual
and theoretical issues related to global virtual teams, e-collaboration tools,
determinants of the use of these tools and alleged performance improvements
derived from such use (Section 8.2). We next present the methodology used
(Section 8.3). Finally, we discuss the study results (Section 8.4) ending with
some concluding remarks and research implications.

8.2 Conceptual and theoretical issues

8.2.1 Defining global virtual teams (GVTs)

As a relatively recent concept, virtual teams (VTs) suffer from the lack of a
unified definition among researchers even though a virtual team constitutes a
critical pillar for any successful organization that is willing to respond to ever-
increasing global challenges and thereby survive in the competitive world
market. In a comprehensive review of prior research on VTs, Martins et al.
(2004) indicated that there is a considerable overlap in the core definition,
with small variations in the specifics. Most of the studies (Bell and Kozlowski,
2002; Lipnack and Stamps, 1999; Lurey and Raisinghani, 2001) define VTs
as a group of people working together through computer-aided technologies
on a common project while crossing different boundaries (location, time,
organization). Other authors define VTs according to the degree of face-to-
face contact (Fiol and O’Connor, 2005) but most agree that virtualness should
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be defined according to the extent of technology used in the place of face-
to-face contact (Griffith and Neale, 2001; Kirkman et al., 2004; Zigurs, 2003;
Bell and Kozlowski, 2002; Chudoba et al., 2005). More and more studies focus
on hybrid teams since a purely face-to-face team that does not use electronic
communication technology is rather rare in organizations today (Griffith and
Neale, 2001).

When VTs are dispersed around the world, they are referred to as global
virtual teams (Montoya-Weiss et al., 2001). Due to the globalization of
business and the advancements in information-technologies, global virtual
teams (GVTs) are becoming increasingly present in organizations, leading to
growing interest and research on this subject (Jarvenpaa and Leidner, 1999;
Maznevski and Chudoba, 2000; McDonough et al., 2001). Unfortunately,
most of the studies were conducted with students in academic environments
which do not necessarily reflect the reality of industrial environments (Powell
et al., 2004). In this chapter, we retain Martins et al.’s (2004, p. 808) defini-
tion of VTs as ‘teams whose members use technology to varying degrees in
working across locational, temporal, and relational boundaries to accom-
plish an interdependent task’ and focus on these teams in the context of
new-product development projects carried out simultaneously in different
countries around the world.

8.2.2 GVTs in the context of new-product development (NPD)

In order to be more effective in their NPD activities, multinational firms rely
increasingly on global virtual teams. To launch a new product, these firms
have to overcome competitive pressures from foreign rivals while dealing
with the ever-growing risks and uncertainties related to NPD processes.

Previous research did not determine clearly whether GVTs are more effec-
tive than traditional teams in managing the NPD process (Schmidt et al.,
2001). Moreover, previous findings on the decisions made by GVTs are not
consistent. Comparison between GVTs and face-to-face teams suggested that
the former makes more effective decisions than the latter (Schmidt et al.,
2001) but not necessarily better decisions (Powell et al., 2004). These stud-
ies point to the poor co-ordination within GVTs which leads to substantial
loss of time and also delays in reaching effective decisions (Schmidt et al.,
2001). Electronic collaboration certainly fosters the dissemination of infor-
mation quickly among the global team members despite their geographic
dispersion and thus allows better communication. Global e-collaboration,
therefore, may be defined as ‘the use of e-collaboration technologies for
supporting collaboration among organizational members in two or more
countries’ (Munkvold, 2005, p. 78).

8.2.3 The emergence of e-collaboration in supply chains

Information among supply-chain members was historically exchanged
through paper-based documents such as faxes or catalogues. This type of
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information-sharing caused delays, the inefficient manual re-entry of data
into the information systems of each supply-chain member, multiple errors,
and miscommunications among and business partners. The internet and
World Wide Web nowadays provide a common network platform that allows
unparalleled levels of information openness (Markus and Christiannse, 2003)
and enables supply-chain members to collaborate electronically in real time
and in a leveraged manner. Moreover, e-collaboration represents ‘more
than a technological substitution for traditional face-to-face collaboration
(Rutkowski et al., 2002) as it enables the coordination of various decisional
activities beyond transactions among supply-chain partners (Johnson and
Whang, 2002).

The selection of specific e-collaboration tools depends on many issues
including the IT infrastructure, the organizational culture and the commu-
nication environment. Two issues need to be considered when attempting
to better understand the effectiveness of e-collaboration tools — the type of
communication technologies being used, and how to use those technolo-
gies. Daft and Lengel (1984) developed the concept of media richness, which
refers to the extent that the media transmits a higher volume and variety of
information (including non-verbal cues, which serve to reduce uncertainty
of meaning that can be found in face-to-face meeting interactions). Video-
conferencing is considered to be high in media richness. A high degree of
media richness has been linked positively to team effectiveness, efficiency,
the amount of communication, the relationships among team members and
team commitment (Martins et al., 2004).

8.2.4 E-collaboration tools for new-product development

Numerous firms reported how successfully they use the e-collaborative tools
in evaluating new products at different stages. These tools reduce the design
time because firms evaluate and modify their new designs faster and can make
changes more rapidly and earlier in the NPD process without changing the
product design repeatedly. The electronic collaboration in GVTs helps firms
bring together information located in various parts of the world. On the other
hand, it can remove the socialization aspects of human communication. To
compensate, some studies recommend that GVTs meet face-to-face at the
early stages of the NPD project so they can build better relationships, develop
trust and establish common understanding which will later improve their
performance (Maznevski and Chudoba, 2000; Robey et al., 2000).

Different types of technologies support e-collaboration among the GVT
members. Examples of e-collaboration technologies are websites, instant
messaging, groupware including e-mail, databases, discussion arenas, bul-
letin boards and calendars, videoconferencing, weblogs and Wikis. It is
accepted that there is a large selection of e-collaboration tools which require
that the team members are proficient in a new kind of literacy - relating to
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document formats such as forms, graphs, charts and maps and also visual
representations such as images, graphics, and video and audio presentation
of information (Gillam and Oppenheim, 2006).

In the context of new-product development, several functional teams are
involved and a vast number of technologies ensure efficient interactions
between them. With the advent of Web-based tools, collaborative engineer-
ing encompasses technical and social aspects of product development (Lu et
al., 2005). Technologies such as CAD systems or other systems that facilitate
communication and coordination are critical to the integration of partners
in the product-development process (Ragatz et al., 1997; Baba and Nobeoka,
1998). Collaborative engineering encourages design teams involved in a rela-
tionship to create and maintain joint processes (Baba and Nobeoka, 1998)
but also to develop decision-making models that focus on knowledge trans-
fer and management (Troussier, 2000). These challenges have pushed firms
to adopt different e-collaboration tools for communication (forums, white-
boards, chat rooms) but also for dedicated tasks such as document-sharing,
project management and technical communication (Delinchant et al., 2002).

8.2.5 Determinants of the use of e-collaboration tools

While a significant body of research on the benefits of e-collaboration tools
is steadily increasing, one of the areas that demands more research atten-
tion is the understanding of the determinants of use of e-collaboration tools.
Maznevski and Chudoba (2000) examined team effectiveness in terms of
the relationship between technology use, primary choice of communica-
tion medium and group conclusions. They also looked at how structural
characteristics such as tasks, organizational culture and team characteristics
interacted with technology. Their findings suggest that a global team’s most
effective use of technology will be shaped by the dimensions of the team’s
task and its context. In previous work, DeSanctis and Jackson (1994) showed
that the benefits of using a more complex medium increased as the tasks
became more complex. Other research on GVTs has mostly focused on the
role of cultural diversity and its influence on teams’ communication patterns
(Maznevski and Chudoba, 2000; Shachaf, 2005; Robey et al., 2000; Sarker and
Sahay, 2004). Other characteristics such as differences in language, tradition
and cultural values may make effective communication more difficult (Bell
and Kozlowski, 2002). Training is another issue that has been suggested as
supporting the performance of GVTs, most notably in communication using
electronic media (Hertel et al., 2005).

8.2.6 Performance improvements derived from e-collaboration tools

E-collaboration tools bring people together to work on interdependent tasks
without taking into account the geographic, temporal or organizational barri-
ers. The teams’ members are assigned according to their knowledge, skills and
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abilities (Martins et al., 2004). This certainly allows an organization to enrich
the pool of its resources at a more effective cost (Kerber and Buono, 2004).
Furthermore, since the pool of knowledge is more diversified, interactions
between team members with different professional and cultural backgrounds
foster creativity, since creativity mainly happens as a direct result of inter-
action (Leenders et al., 2003). Because of the global distributed nature of
business today and the technical advancements of e-collaboration tools, orga-
nizations with global teams can react in a more responsive way all over the
world. While e-collaboration tools offer all these benefits, a good understand-
ing of these tools is necessary for the management to ensure effectiveness. A
team’s extent of virtualness (its use of e-collaboration tools) depends on the
nature of the task, the technological resources and members’ skills and capa-
bilities (Griffith and Neale, 2001; Bell and Kozlowski, 2002). Because global
VTs live and work in different countries, cultural diversity, language differ-
ences and varying IT sophistication become important variables to consider
while studying the use of e-collaboration tools.

In the context of complex product development, there is a significant level
of product and engineering data, process uncertainty and frequent engineer-
ing changes. Firms are actively seeking more sophisticated e-collaboration
tools to effectively manage product engineering, thus enabling them to con-
trol design and engineering and measure progress during the development
process. Product lifecycle management (PLM) seems to be a powerful tool sup-
porting this endeavour. PLM is an approach that supports both engineering
data (drawings, project plans and part files) and the product-development
process during the total product life-cycle (Rouibah and Ould-Ali, 2006).
Product data is accessible to different GVT members, allowing them to effec-
tively collaborate, which leads eventually to a shorter development cycle
and reductions in time and cost for organizations. Although some authors
(see for instance, Cassivi et al.,, 2004) attempted to measure the impact
of e-collaboration on the performance of individual firms acting along the
different modes of a supply chain, the measurement of supply-chain perfor-
mance is plagued with difficulties and our common understanding of such
measures remains incomplete.

8.3 Methodology

8.3.1 Industrial context

The focal firm is a large multinational responsible for the development of
components, parts and systems that will be integrated into the next gen-
eration of cars. These include advanced navigation systems, ESC (electronic
stability control), improved ABS (antilock braking systems) or hybrid systems,
and are considered as complex products combining precision mechan-
ics, software, electronics and hydraulics. The automotive sector is highly
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Figure 8.1 The automotive supply chain under investigation

globalized. For instance, global outsourcing has been going on for a few
decades and is increasingly integrated from multi-tier suppliers to dealers.
Mass customization is also a powerful trend that promotes the integration
of dealers because most of the automotive customer data resides in their
management systems. In such a context, the new-product development pro-
cess has been extended to lower tiers of suppliers (upstream) and to car
manufacturers and dealers (downstream).

Figure 8.1 indicates the scope of this research initiative. The supply chain
under investigation entails four layers: multi-tier suppliers, one first-tier
supplier (considered here as the focal firm), OEMs (original equipment
manufacturers — or car makers) and dealers. Final customers have to be
excluded as the supply chain is not yet extended to them. The large multina-
tional acts as the key sponsor of the diffusion of e-collaboration tools within
its business units and among its business partners. This large multinational
also acts as the focal point in an increasingly integrated supply chain where
key partners invest more and more resources in the development of new
products. For instance, first-tier suppliers not only design, manufacture and
deliver parts and components to the multinational but they: 1) perform R&D
activities for the development of products (to reduce costs and increase secu-
rity); 2) provide technical services (such as the calibration of a component) to
the multinational firm; and 3) analyse installation and maintenance issues
for the multinational’s customers. As a result, the product-development pro-
cess is extended upstream and downstream along the supply chain, and the
use of e-collaboration tools is deployed among key partners.



176 Linking Internal to External Organization

8.3.2 Research design

The empirical evidence was gathered in two main consecutive but comple-
mentary phases.

Phase I: A field study carried out in one large multinational firm allowed us
to gain a better understanding of the ongoing collaboration between new-
product development teams. In particular, the deployment of e-collaboration
tools was mapped and the new functionalities of these tools were analysed.
Empirical results from this first phase are briefly discussed in section 8.4.1.

Phase II: A questionnaire that had been pre-tested and validated with project
and R&D managers was sent to all members of the three new-product
development teams (N =110). Members of these teams were geographically
dispersed over three continents and were involved in product-development
activities either in the business units of the large multinational, or in differ-
ent firms that are key partners of the multinational (selected suppliers and
customers). The three new development teams can therefore be character-
ized as a global virtual team. A total of 61 respondents participated in the
survey, which corresponds to a 55.5 per cent response rate. They included
downstream specialists (manufacturing, sales, and marketing) — 24 per cent;
upstream specialists (engineering, product design) — 45 per cent; and product
managers — 31 per cent.

The questionnaire provided two sets of data: 1) factual data on respon-
dents; and 2) their assessment of several critical issues such as characteristics
of the team, cultural factors, characteristics of e-collaboration tools and
the performance improvements derived from the use of e-collaboration
tools (Table 8.1). For the perceptual variables, previously tested multi-scale
constructs were used (Appendix 8.1). Construct reliability proved to be

Table 8.1 Construct reliability — Cronbach alpha coefficients

1. Team context Performance improvements
derived from the use
of e-collaboration tools

Level of involvement in the team 0.62 Communication improvements 0.76
Accessibility of team members 0.71 Time reductions 0.82
Training for e-collaboration teams 0.71  Creativity enhancement 0.84
Manufacturing improvements 0.95
Product improvements 0.81
Cost reductions 0.78
Cultural factors Characteristics of
e-collaboration tools
Language differences N/A  Usefulness 0.81
Professional background differences 0.69  Ease of use 0.76

Behavioural differences 0.69
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satisfactory since the Cronbach alpha coefficients are within the guidelines
set by van de Ven and Ferry (1980), ranging 0.62 to 0.95 (Table 8.1).

In this chapter, the main focus is on the results from the e-survey (sections
8.4.2 and 8.4.3).

8.4 Results and discussion

8.4.1 Deployment of e-collaboration tools

The e-collaboration tools rely on a product life-cycle management (PLM)
application called e-Vis for saving data files, exchanging data, controlling
data exchanges, exporting data files and viewing 3D models. The four
e-collaboration tools are briefly described in Table 8.2. The way team
members use these tools is also outlined in Table 8.2.

The above e-collaboration tools support the so-called ‘seamless 3D model
pipeline’, which includes the integration of 3D CAD systems with CAE-
CAM (computer-aided engineering and computer-aided manufacturing). The
3D models can also be used upstream in the supply chain by manufacturing
equipment such as CNC (computer numerical control) machines to directly
manufacture parts or components or to create tools or moulds. PDM (product
data management) systems need also to be implemented in order to store and
maintain information on the product, including technical documentation,
product specifications, bills of material, part classification, and so on. PDM
systems can also handle 3D CAD models, 2D drawings or CNC programs. As a
consequence, each member of the GVT from any of the four layers of the sup-
ply chain (Figure 8.1) can access real-time product information, be involved
in the new-product development process and participate to decision-making.
Access to and participation in the process is, however, made secure by several
mechanisms and procedures (including electronic signatures).

As indicated in Figure 8.1 the deployment of the four collaboration tools
does not yet directly reach the final customers since customer data resides in
the dealers’ management systems. The next challenge to be addressed is to
allow direct customer input into the design, a process by which supply-chain
organizations can co-create added value.

8.4.2 Determinants of the level of use of e-collaboration tools

Which factors best explain the level of use of the four e-collaboration tools?
Table 8.3 provides some answers by displaying the results from the multiple
regression analysis where the level of use of the e-collaboration tools is the
dependent variable and the team context, cultural factors and the character-
istics of these tools are the independent variables. Together the eight factors
displayed in the table explain 21.8 per cent of the variance. The following
pertinent comments can be made based on the data in Table 8.3.
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Table 8.2 Description of e-collaboration tools

3D model visualization: 3D models (CAD) publication:

1. A dedicated 3D model viewer is used by 1. In order to have CAD design
team members. Functions of the viewer engineers export data from their
(Digital Mock-up (DMU) format) include CAD/ADM into e-Vis, native 3D
product structure, rotation and zoom, CAD models are converted into
measurement (exact geometry), mark-up a DMU (Digital Mock-up) format
or redlining (to write comments), etc. through an ‘export menu’.

2. The 3D models (in DMU format) are 2. A first-tier supplier programmes the
saved on e-Vis, which allows team the ‘export menu’, which allowed
members to improve product design 3D CAD data to first be extracted
and have a better understanding of from the EDM (electronic data
the product (how the parts fit management) system, and then
together, the main dimensions, the converted into a DMU format, and
weight, how the geometry looks, finally saved in e-Vis (according to
holes, width, etc.). a document structure specified by

the engineer).

3D models conferencing: 3D models application sharing:

1. From a PC or laptop, a 1. A variant of 3D conferencing,
conference can be initiated by team application sharing, allows 3D
members to discuss technical issues conferencing between more than
using a ‘shared’ 3D model in a DMU two viewer applications (which is
format. Any action (measurement, the limit for 3D conferencing).
rotation, etc.) made by one team 2. Application sharing also
member is seen by online colleagues. enables different applications (e.g.
Other (secondary) users can also be Microsoft Word) to be shared or
involved in the conference. even the sharing of an entire

2. A command-sharing principle dictates desktop between different PCs. The
the 3D conferencing (the content of a conference participants can also
screen is not necessarily transmitted view and control one participant’s
from one PC to another). This type of application if required. Enabled
conferencing is therefore suitable for by high bandwidth, it sends the
‘graphic-intensive’ applications such as content of a screen to another PC.
3D models visualization, and enables Consequently, application-sharing
quasi-real-time interactions between (via such applications as NetMeeting
the participants of the 3D conference. from Microsoft and Centra) is

suitable for applications such
as Microsoft Word or Excel, but
it is not suitable for sharing a
viewer application.

Training emerges as a significant variable that explains the level of use
of e-collaboration tools. The so-called ‘3D pipeline’ requires the integration
of 3D CAD systems with CAE/CAM systems; this is plagued by a num-
ber of difficulties including incompatibilities between different systems and
the coexistence of 3D and 2D models. Appropriate training is required and
appears to be a strong and significant determinant of the level of use of
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Table 8.3 Determinants of the level of use of e-collaboration tools

Team context Characteristics of
e-collaboration tools

Level of involvement in the team 0.038 Usefulness 0.131

Accessibility of team members 0.021 Ease of use 0.120

Training for e-collaboration teams  0.390 ***
Cultural factors

Language differences 0.520 **** Adjusted R? 21.8% ****
Professional background differences —0.106
Behavioural differences —0.038

*p <0.10; **p < 0.05; ***p < 0.01; ****p < 0.001

e-collaboration tools. It should be noted that the multinational, as the key
sponsor of the e-collaboration tools, provided training to all members of the
new-product development teams.

Cultural differences hamper e-collaboration. This seems to be the case
for professional backgrounds and behavioural differences (8=—-0.106 and
B=—0.038 respectively), although it is not that significant. Surprisingly, lan-
guage differences are significantly and positively related to the level of use
of e-collaboration tools (8=0.520, p =0.0000). English is the common lan-
guage of communication among team members whose mother tongue for
the vast majority of respondents is not English. The type of e-collaboration
tools here offer visual representations, on which are based technical specifi-
cations, the assessment of impacts for the proposed design changes, and the
like. Team members in the field study believed it is much easier to point to a
particular problem or point of discussion on a visual representation than to
try to ‘explain it in words’. Furthermore, in the context of new-product devel-
opment, engineers are known to have a strong ‘visual culture’ (Henderson,
1999), which is also found to be present in team members from manufactur-
ing, sales, marketing and product managers, who usually rely on 2D models
and physical prototypes.

The characteristics of the e-collaboration tools, namely their usefulness
and ease of use, are positive but not significant determinants of the level of
use of these tools. E-Vis, as described in Table 8.2, was considered by team
members as ‘just another wave of change’ which brings its own burden of
adjustments but does not seem to drastically increase the complexity of the
day-to-day work.

8.4.3 Performance improvements derived from e-collaboration tools
and the role of communication improvement as an intervening variable

Structural-equation modelling represents a powerful tool for testing propo-
sitions involving a set of interrelated dependence relationships such as the
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Time reductions
R? = 45.39%

Creativity enhancement
R? = 55.51%

Level of use < - -p(Manufacturing improvements
of e-collaboration R? = 22.91%

= -'_'_‘_'_'_‘_‘_‘ BT Product improvements
036§~~~ . R? = 24.31%
— Significant relationship -

-- ¥ Non-significant relationship
*p < 0.10; **p < 0.05; ***p < 0.01; ****p < 0.0001

--- Cost reductions
R® = 13.70%

Figure 8.2 Performance improvements derived from the use of e-collaboration tools:
results from the LISREL analysis

Table 8.4 Overall fit statistics for the proposed structural equation model

Chi-square =0.268 Standardized RMR =0.020
Degrees of freedom =4 RMSEA =0.0000
Chi-square/degrees of freedom =0.067 GFI=0.996

P=0.99179 AGFI=0.970

ones displayed in Figure 8.2. The structural-equation model is estimated using
the LISREL program. Table 8.4 presents the criteria for assessing the fit of the
proposed model. The assessment of fit is good when based on the following
observations:

¢ The level of the chi-square test is not significant for the proposed model
(p=0.99179). Asignificant chi-square value would indicate that the model
is not appropriate (Bagozzi et al., 1998; Gefen et al., 2000).

¢ The root mean square residual (RMR), which represents the measure of the
average unexplained variances and co-variances, should be close to zero
if the empirical data is to fit the proposed model (Hair et al., 1998, Gefen
et al., 2000). With an RMR of 0.020 and an RMSEA of 0.0000, this second
criterion is met. A goodness of fit (GFI) above 0.90 is usually recognized as
an indication of good fit. The adjusted goodness of fit (AGFI) proposed by
Joreskog and Sorbom (1979) also meets the desired threshold of 0.90 and
is viewed as being more conservative than the GFI. With both the GFI and
the AGFI well above 0.90 (0.996 and 0.970 respectively), the fit is excellent.

The use of the path diagram to display the LISREL parameters facilitates
the interpretation of the results (Figure 8.2). The most striking result is
that the improved communication plays the role of an intervening variable
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between the level of use of e-collaborative tools and the other performance
improvements derived from the use of these tools.

The level of use of e-collaboration tools has a significant impact on com-
munication improvements (0.638****) which in turn has a significant impact
on time reductions (0.390***), creativity enhancement (0.765****), manufac-
turing improvements (0.444***), product improvements (0.405***) and cost
reductions (0.430***). However, the level of e-collaboration tools fails to show
direct significant relationships with four independent variables (although all
relationships are positive), with the exception of time reductions (0.354***).

Results suggest that communication among members from global vir-
tual teams is the cornerstone on which rest tangible monetary benefits
(reductions in cost and time), competitive-based benefits (product and man-
ufacturing improvements) and intangible benefits (creativity enhancement).
Non-monetary benefits, especially creativity enhancement, which displayed
by far the strongest relationship (0.756****), are important as they ensure
sustainable competitive positioning in the longer term.

8.5 Conclusion

The prevalence of e-collaboration tools as a dominant way to conduct new-
product-development activities seems to be an irreversible trend. The results
from empirical evidence gathered from three global virtual teams allow us
to partially respond to two fundamental questions: How can organizations
promote more effectively the use of e-collaboration tools?; and, Are these
tools worthwhile?

The answer to the first question may be divided into two main issues:

1. Some determinants of the level of use of e-collaboration tools cannot
(or should not) be changed in the short term. This is obviously so in
the case of cultural differences: bridging across different cultures requires
much more time than the typical lifespan of a new-product-development
project. However, strong awareness of these differences appears advisable
and, in the case of collaborative engineering, could even be capitalized
upon. Language differences are the strongest determinants (Beta=0.520,
p=0.0000) of the level of use of e-collaboration tools: language barri-
ers are removed to a large extent as members of virtual teams can better
express their ideas through visual representations such as 3D models and
prototypes. The visual culture of these teams can be emphasized in order
to remove some other cultural factors such as behavioural differences in
multi-country, multi-firm and multidisciplinary teams.

2. Other determinants can be directly acted upon. Multinationals make large
investments to improve the IT infrastructure but training remains the key
to the effective use of new IT functionalities and systems. Training may
prove to be a difficult task when spread among different firms. In this
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study, however, the multinational firm went to a great deal of effort to offer
training to all team members (whether or not they were its employees) in
order to ensure deployment of e-collaboration tools, making them easier
to use and more efficient.

In response to the second question — Are e-collaboration tools worthwhile? —
the answer from the members of the global virtual teams (and not the IT
consultants) seemed to be positive; the results indicate that communication
improvements are significantly enhanced through the use of e-collaboration
tools, which allow for synchronous and more effective communication.
They also reduce the information asymmetry between team members, and
improves the quality of their decisions. In particular, better communication
reduces the frequency of changes late in the product-development stage,
which are for the most part counterproductive. Results also point to com-
munication improvements as a strong intervening variable between the level
of use of e-collaboration tools and performance improvements derived from
these tools. In other words, communication, which is positively and signif-
icantly related to the use of e-collaboration tools, is revealed as one of the
core functions of e-collaboration tools. These findings confirm previous work
exploring the importance of the selection of e-collaboration tools that found
that communication is the core of any GVT process. As Hulnick put it (cited
in Powell et al., 2000): ‘if technology is the foundation of the virtual business
relationship, communication is the cement’.

The empirical results provided in this chapter seem also to support the
‘open-innovation’ paradigm, at least to some extent. The innovation process
is indeed open among selected business partners operating in one supply
chain, but appears to be closed to any other organizations. This raises a num-
ber of public policy issues: How can innovative activities that span across
organizations and countries be tracked?; and, To what extent does open
innovation occur across global supply chains? Is it possible to isolate specific
national patterns of innovative activities when departing from the closed
innovation model? Under what frame conditions, especially regarding intel-
lectual property law and market structure, would open innovation be most
effective?

Besides the practical implications raised above, this research certainly has
theoretical implications. First, it may be considered as a point of departure
from previous studies on how different factors (contextual and cultural, as
well as the characteristics of e-collaboration tools themselves) determine the
use of e-collaboration tools. These issues are relevant to forging a better under-
standing of the functioning of GVTs. Future research efforts should therefore
be directed towards the use of advanced e-collaborative tools such 3D col-
laborative technologies. While technical research on these tools is prolific,
future studies would benefit from a better understanding of the interaction
between the use of these technologies and the supply-chain performance. In
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particular, with improved communication among GVTs, the generation and
transfer of knowledge for new-product development activities would occur
faster within the supply chain. This may constitute one of the most critical
competitive advantages in the so-called knowledge-based economy.

Second, this exploratory research also departs from previous work by mov-
ing thelevel of analysis from individual firms to supply chains. This obviously
entails some difficulties in the research design as it demands a deeper under-
standing of the complex interactions between firms. However, the research
design closely reflects the reality of the chosen sector and is in line with the
grounded theory approach (Strauss and Corbin, 1990). Such an approach
may be worthwhile to pursue in the future.
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Appendix 8.1 Constructs and their measures

Table 8.A1 Constructs and their measures

Team context:

— Level of involvement in team:

You were involved at the very early stages of the project;
You spend a large part of your working time on this project.

— Accessibility of team members:
The people in the development team are geographically dispersed;
The people in the development team are difficult to reach.

— Training for e-collaboration teams:

The training you received showed the basic features of the cooperation tools;

The training you received showed what job-related tasks the cooperation tools were
good for solving.

Cultural factors:
— Language differences: (N/A)
— Professional background differences:
Differences exist among team members concerning technical terms used (jargon);
Differences exist among team members concerning professional background
(for example, engineering vs. marketing).

— Behavioural differences:

Differences exist among team members concerning time orientation (for example,
short-term vs. long-term);

Differences exist among team members concerning tolerance of ambiguity and
uncertainty;

Differences exist among team members concerning how decisions are made.

(Continued)
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Table 8.A1 (Continued)

Impacts of e-collaboration tools:

— Communication improvements:

The quality of the decisions and technical discussions with colleagues were better
(for example, more transparency);

The information asymmetry in the team was reduced.

— Time reductions:

Less travel was required;

The number of changes was reduced;

The time required to perform task(s) was reduced;

You were able to begin task(s) earlier and resolve issues earlier
(e.g. manufacturability).

- Creativity enhancement:

You were able to explore more issues;

You were able to generate more alternatives;
The alternatives were more creative.

— Manufacturing improvements:
The production time was reduced;
The manufacturability was improved.

— Product improvements:

The technical performance of the part/component was better (functional
performance);

The life-cycle performance of the part/component was better (maintainability).

— Cost reductions:

The investments in manufacturing and assembly equipment were reduced;
The product and production costs were lower.

Characteristics of e-collaboration tools

— Usefulness:

The functionalities provided by the e-collaboration tools are useful;
The information provided in the 3D models is useful.

— Ease of use:

The software is easy to use (‘user-friendly’);

It is easy to get help to learn a new feature of the e-collaboration tools.
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Innovation and Labour Productivity in
the Swiss Manufacturing Sector: An
Analysis Based on Firm Panel Data

Spyros Arvanitis

9.1 Introduction

This chapter investigates: 1) the determinants of innovation performance:
and b) the impact of innovation performance on labour productivity of Swiss
manufacturing firms in the period 1994-2002. The study is in the spirit of the
paper by Crépon, Duguet and Mairesse, published in Economics of Innovation
and New Technology (Crépon et al., 1998).

Our model of the innovative behaviour of Swiss manufacturing firms builds
on the wide agreement in the economic literature that demand prospects,
type and intensity of competition, market structure, factors governing
the production of knowledge (appropriability, technological opportunities),
resource endowment, and firm size (as a variable controlling for further unob-
served influences) are the main determinants of a firm'’s innovative activity.
Labour productivity depends on physical and human capital as well as on new
knowledge and innovation. Economies that develop more and more in the
direction of a ‘knowledge-based economy’ rely increasingly on technological
innovation. Hence, it is important to have some insights with respect to the
(quantitative) relationship between innovation and economic performance.

The data used in this study come from the KOF panel database and were
collected in 1996, 1999 and 2002 respectively, based on a questionnaire quite
similar to that used in the CIS. Most of the qualitative data refer to three-year
periods (1994-1996; 1997-1999; 2000-2002). The database contains, among
other things, firm data on several innovation indicators, on various innova-
tion determinants (demand perspectives, conditions of market competition,
appropriability conditions and technological opportunities), on firm perfor-
mance (value added per employee) and other firm characteristics. We use an
(unbalanced) panel of a total of 1691 manufacturing firms.

As a first step, we specify an innovation equation containing, as indepen-
dent variables: measures of demand expectations; measures of the intensity
of price and non-price competition; the number of competitors in the most
important market segment a firm is operating in; measures of technological

188
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opportunities (sources of external knowledge, technological potential); mea-
sures of the effectiveness of imitation protection; and measures for skill
shortage and shortage of internal financing. Further, it contains controls for
industry affiliation and firm size. Firm size is inserted in the form of a poly-
nomial (linear and quadratic term) with respect to the number of employees.
This allows testing for scale effects. We use five dichotomous innovation
measures (product innovations, yes/no; process innovations, yes/no; R&D
activities, yes/no; at least one patent application, yes/no; products new to
the market, yes/no) and three metric measures (R&D expenditure as a per-
centage of sales; sales share of new products; sales share of considerably
modified (already existing) products). The use of a wide spectrum of indi-
cators helps to test the robustness of the specification of the innovation
equation. The equations of the five dichotomous variables are estimated:
a) by a simple probit for the pooled data using year dummies; or b) by a pro-
bit with random effects in order to take into consideration heterogeneity
due to the panel character of the data. The equations of the three met-
ric variables are estimated: a) by a simple tobit (for the pooled data using
year dummies) in order to take account of the truncation of the variables
(a lot of zero values as downward limit); or b) by a tobit with random
effects.

In a second step, we specify a labour productivity equation (value added per
employee) containing a variable for human capital (share of employees with
tertiary-level education), a variable for physical capital (value added share
of non-labour firm income), a measure of R&D personnel shortage and an
instrumented innovation variable. Further, it contains controls for industry
affiliation and firm size. As instruments we use the independent variables
of the innovation equation specified in the first step. We investigate also
in this second equation all eight innovation variables already introduced in
the first step. Hence, we estimate eight different models, each one with two
methods: 1) two-stage least squares with pooled data and year dummies; and
2) generalized two-stage least squares with random effects.

We refrain here from separately specifying equations for innovation input
and innovation output to postulate a knowledge production function
because, with the exception of innovation input determining innovation
output per definition, all other determinants are identical in both equa-
tions. We prefer to investigate directly the (presumably) different impact of
innovation input and innovation output on economic performance with-
out the transmitting role of a knowledge production function, for whose
identification our mostly qualitative data would be too crude.

The new elements that this paper adds to empirical literature are: 1) the
use of a broad spectrum of variables covering most factors proposed and
discussed in the literature as possible determinants of innovative activity;
and 2) the consideration of several innovation indicators, thus allowing test-
ing of the robustness of the relationship between innovation and economic
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performance; and 3) the use of panel data for the period 1994-2002, since
only few studies until now could dispose of panel data.

Section 9.2 gives a short summary of related empirical literature. In
Section 9.3 we present the framework of analysis and the specification of
the innovation and the productivity equation respectively. Section 9.4 deals
with the data used in the study. In Section 9.5 we discuss the empirical results.
Section 9.6 contains a summary and some conclusions.

9.2 Summary of the empirical literature

We concentrate here on empirical studies that: a) develop a multi-equation
model for innovation and productivity at the firm level: and b) use CIS-like
micro-data.!

Crépon et al. (1998) studied the links between productivity, innovation and
research based on a structural model that explained productivity by inno-
vation output, and innovation output by research investment based on a
cross-section of French firm data. They found that the probability of engag-
ing in R&D increases with the firm’s size, its market share and diversification,
and with demand-pull and technology-push indicators. R&D capital inten-
sity increases with the same variables, except for size (linear effect only).
Innovation output, as measured by patent numbers or innovative sales, rises
with R&D capital intensity, and demand-pull and technology-push indica-
tors. Finally, firm productivity correlates positively with a higher innovation
output, after controlling for labour skill and physical capital intensity. In
a further study using French data, Duguet (2006) distinguished two types
of innovation, namely incremental innovation and radical innovation. He
found for a cross-section of French firm data that radical innovations are the
only significant contributors to TFP growth.

Loof et al. (2001), Janz et al. (2003) and Griffith et al. (2006) conducted
comparative studies for many countries using the framework of analysis
developed by Crépon et al. (1998). The first study covers three Nordic coun-
tries (Finland, Norway and Sweden); the second compares German firms with
Swedish firms, and the third deals with four European countries — France,
Germany, Spain and the UK. All three studies are cross-section investiga-
tions based on CIS data. Loof et al. found that the estimated elasticity of
productivity with respect to innovation output is higher in Norway than
in the other two countries. Rather surprisingly, no significant relationship
was found between innovation and productivity in Finland. The authors
were reluctant to draw definite conclusions from these findings because of
data errors, differences in model specification or unobserved country-specific
effects. Janz et al. analysed the relationship between productivity, innovation
output and R&D expenditure for a pooled sample of German and Swedish
firms. The analysis showed that the two main parameter estimates, the elastic-
ity of labour productivity with respect to innovation output and the elasticity
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of innovation output with respect to innovation input, are not significantly
different between the two countries. Finally, the authors of the third study
found, using different innovation output measures, that the innovation out-
put is significantly determined by the innovation effort in all four countries.
In contrast to that, productivity effects of innovation showed up only for
France, Spain and UK, but not for Germany.

In a study based on Irish panel data Love and Proper (2005) estimated a
recursive system of equations comprising an innovation production function
which related knowledge inputs to innovation success and equations which
related innovation to productivity. Results indicated that external sources
of knowledge are important determinants of innovation success. Product
innovation has a strong positive effect on growth and has a negative con-
temporaneous effect, but a positive lagged effect on productivity. Process
innovation has a positive effect on productivity with no lagged effect.

Finally, Lo6f and Heshmati (2006) and van Leeuwen and Klomp (2006)
discuss and apply alternative econometric approaches and model specifica-
tions. The former study uses Swedish cross-section firm data to examine the
sensitivity of the estimated relationship between innovation and firm perfor-
mance by carrying out comparisons in a number of ways (assuming different
error structure for the same data source, estimating the same model with dif-
ferent data bases, using different classifications of firms’ performance and/or
innovation, etc.). In the latter study, which is based on Dutch firm data,
the value-added production-function framework is replaced by a revenue-
function approach. A positive impact on productivity is found only for
revenue per employee but not for value added per employee.

On the whole, the comparability of existing studies is rather limited due
not only to data problems but also to differences with respect to model
specification and applied econometric methodology.

9.3 Framework of the analysis

9.3.1 Specification of the innovation equation

Dependent variables. In view of the complexity of the innovation process,
characterized by several stages, ranging from basic research to the pene-
tration of the market with new products, an approach relying on a single
measure of innovation may leave out important relationships and produce
results which are not robust (see, for example, Kleinknecht et al., 2002). In
this study we use a set of innovation measures covering several stages of
the innovation process, namely five binary indicators (product innovations,
yes/no; process innovations, yes/no; R&D activities, yes/no; patent applica-
tions, yes/no; products new for the (world) market, yes/no) and three metric
indicators (R&D expenditure/sales; sales share of new products; sales share
of considerably modified (existing) products) (see Table 9.1).
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Table 9.1 Definition and measurement of model variables

Variable

Definition

Dependent variables
INNOPD

INNOPC

R&D

PAT

WN

LRDS
LNEWS
LIMPS
LQL

Independent variables

Innovation model
D

IPC

INPC

Market environment
16-50 competitors;
six to 15 competitors;
up to five competitors

APPR

TPOT

Introduction of product innovations, yes/no

Introduction of process innovations, yes/no

R&D activities, yes/no

Patent applications, yes/no

Introduction of products new to the market (innovative
new products)

Log of R&D expenditures divided by sales

Log of sales share of new products

Log of sales share of (already existing) considerably
modified products

Log of value added per employee

Expectations with respect to demand development in the
next three years; transformation of a five-level ordinal
variable (level 1: 'strong decrease’; level 5 ‘strong
increase’) to a binary variable (value 1: levels 4 and 5 of
the original five-level variable; value O: levels 1, 2 and 3
of the original variable)

Intensity of price competition; transformation of a five-
level ordinal variable (level 1: ‘very weak’; level 5 ‘very
strong’) to a binary variable (value 1: levels 4 and S of
the original five-level variable; value O: levels 1, 2 and 3
of the original variable)

Intensity of non-price competition; original and
transformed binary variable as IPC

Three dummies for the market types: 16 to 50 main
competitors on the (worldwide) product market; six to
15 main competitors; up to five competitors (reference
group: more than 50 competitors)

Overall effectiveness of formal and informal mechanisms
of appropriation of innovation returns; transformation
of a five-level ordinal variable (level 1: ‘not effective’;
level 5 ‘very effective’) to a binary variable (value 1:
levels 4 and 5 of the original five-level variable; value O:
levels 1, 2 and 3 of the original variable)

Technological potential, i.e. scientific and technological
knowledge relevant to the firm'’s innovative activity;
transformation of a five-level ordinal variable (level 1:
‘very low’; level 5 ‘very high’) to a binary variable (value

(Continued)
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Variable

Definition

External knowledge sources
Users; suppliers;
competitors; affiliated
firms; universities; patent
disclosures; fairs,
exhibitions

FIN_IMPED

SKILL_IMPED

L; L2
NEW_IND

IMP_IND

Productivity model
LHK

RDSKILL_IMPED

LC

FOREIGN

Year 1999; year 2002
High-tech manufacturing

1: levels 4 and S of the original five level variable;
value O: levels 1, 2 and 3 of the original variable)

Importance of seven different innovation-related
external sources of information; transformation of a
five-level ordinal variable (level 1: ‘not important’;
level 5 'very important’) to a binary variable (value
1: levels 4 and 5 of the original five level variable;
value O: levels 1, 2 and 3 of the original variable)

Importance of the shortage of internal financing
resources as an impediment to innovative activity;
original and transformed binary variable, as for the
variables for the knowledge sources

Importance of the shortage of skilled labour as an
impediment of innovative activity; original and
transformed binary variable as FIN_IMPED

Number of employees (in full-time equivalents);
square of the number of employees

Average sales of new products in a firm’s 2-digit
industry of principal activity

Average sales of (already existing) considerably
modified products in a firm’s 2-digit industry of
principal activity

Logarithm of the share of employees with tertiary-
level education

Importance of the shortage of R&D personnel as an
impediment to innovative activity; original and
transformed binary variable as for the variables for
the knowledge sources

Logarithm of capital income per employee (capital
income = value added minus labour costs)

foreign firm, yes/no

Time dummies for 1999 and 2002 (reference year: 1996)

Chemicals; plastics; electrical and non-electrical
machinery; electronics, scientific instruments
(reference group: low-tech manufacturing: food;
beverage and tobacco; textiles; clothing and leather;
wood processing; paper, printing; glass, stone and
clay; metal; metal-working; watches; other
manufacturing; energy.

The ordinal variables refer to the three-year periods 1994-1996, 1997-1999 and
2000-2002 respectively; the quantitative variables refer to the years 1995, 1998

and 2001 respectively.
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Independent variables. For specifying the innovation equation we apply an
eclectic approach by taking into account a series of important factors that are
considered to be relevant for innovation at firm level in economic literature.
There is a wide agreement that demand growth potential (the ‘demand-
pull’ hypothesis; see Schmookler, 1966), type and intensity of competition,
market structure and firm size, as well as factors governing the generation
of knowledge (appropriability of the returns of innovations, technologi-
cal opportunities in the relevant fields of activities; the ‘technology-push’
hypothesis; see Phillips, 1966; Rosenberg, 1976) are the main determinants
of the innovation activity at firm level. In accordance to this tradition, the
empirical model used in this study comprises variables for the most impor-
tant determinants of innovative activity as noted in the literature (see, for
example, Dasgupta, 1986; Dosi, 1988; Cohen and Levin, 1989; and Cohen,
1995 for reviews of this literature).

We distinguish four groups of explanatory variables (see Table 9.1 for the
definition and the measurement of the model variables). First, we include an
indicator for demand conditions: variable D measures the expected develop-
ment of demand on the relevant product markets in the medium-term (the
next three years).

A second category of explanatory variables is related to the (product) mar-
ket conditions under which the firms operate, particularly the competitive
pressures they are exposed to. Mostly, market concentration, a structural
variable, is taken to reflect competitive pressures. Standard industrial orga-
nization models of product differentiation and monopolistic competition
typically predict that more intense product market competition, measured
by an increase in the substitutability between differentiated products, reduces
post-entry rents, and therefore increases market concentration (see, for exam-
ple, Kamien and Schwartz, 1970; Dixit and Stiglitz, 1977; see also the
discussion in Aghion et al., 2005). In the game-theoretic literature the impact
of market structure upon the schedule of innovation is shown to depend
critically on the difference between profit rates preceding and following the
innovation (see, for example, Reinganum, 1981). This dependence being
quite complicated, most studies do not reach theoretically unambiguous
results with respect to the effects of market concentration on innovation
(see Reinganum, 1989 for a review of such studies). Recently, Aghion et al.
(2005) developed a model that predicts an inverted-U relationship between
product-market competition and innovation. The authors found strong evi-
dence for this model using UK panel data. In sum, the issue of whether or not
positive effects in the tradition of Schumpeter are stronger than negative free
competition effects’ as some empirical studies find (see, for example, Geroski,
1995; Blundell et al., 1999) has to be resolved at the empirical level.

We use three variables to capture the influence of the market environment;
1) a measure of the intensity of price competition on a firm's specific market
(variable IPC); 2) a measure of the intensity of non-price competition; and
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3) a measure of the market structure as reflected by the number of main com-
petitors on a firm’s most important (worldwide) product market. We expect a
positive effect of the intensity of non-price competition on innovation. This
is in accordance with models of product differentiation, in which product
quality is the main dimension of competition among firms and which are
interpreted as models of incremental innovation (see, for example, Stone-
man, 1983; Levin and Reiss, 1988). We do not have an a priori expectation
with respect to the effect of price competition. A positive effect would con-
firm the ‘free-competition effect’, a negative one the Schumpeterian effect.
We do not dispose of a quantitative measure of market concentration of the
innovation-relevant market (such as the. share of patents of the four largest
firms), so we cannot test the hypothesis of a U-inverted relationship. Our vari-
able is defined only for some intervals with respect to the number of main
competitors on a firm’s most important (worldwide) product market — up to
five competitors, six to 15 competitors, 16 to SO competitors, 50 and more
competitors. What we can test with these data is the relationship between a
certain market environment and innovation. To this end, we include in our
model three dummies for the three market types (up to five competitors, five
to 15 competitors, 16 to 50 competitors). Also in this case we do not have a
priori sign expectations.

A third category of exploratory variables refers to the factors governing
the production of knowledge (appropriability, technological opportunities).
The theoretical literature focuses primarily on the effect of imperfect appro-
priability of results of innovation activities on the incentives to innovate
(see, for example, Spence, 1984; Levin and Reiss, 1984). There is a twofold
incentive problem. On the one hand, the existence of imperfect appro-
priability (above a critical level of the underlying knowledge spillovers)
decreases the incentives to innovate because of external losses of innova-
tion rents caused by imperfect appropriability (‘outgoing spillovers’). On
the other hand, imperfect appropriability also increases the incentives to
utilize spillovers coming from outside the firm (‘incoming spillovers’). The
extent of incoming spillovers depends also on the amount of external knowl-
edge that is available or can be anticipated as being available (technological
opportunities).

We use a measure of appropriability based on the firms’ assessment of the
overall effectiveness of formal and informal mechanisms of protection of
innovation returns (variable APPR; see Levin et al., 1987). We expect a positive
effect of this variable.

Technological opportunities representing the supply conditions of
innovation-generating activities are proxied by two (sets of) variables. The
first variable reflects the general technological potential characterizing the
fields of activity that are relevant for the firm (variable TPOT). TPOT tries to
capture the extent of overall accumulation of ‘basic knowledge’, an impor-
tant part of which comes from science-oriented basic research. We expect a
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positive effect for this variable. The second (group) of technological oppor-
tunity variable(s) measures the importance of several sources of external
knowledge for a firm'’s innovative activities (see Klevorick et al., 1995). We use
information for seven different sources of information, namely users, suppli-
ers (of equipment, components and the like), competitors, affiliated firms,
universities, patent disclosures and fairs and exhibitions. In accordance with
theoretical reasoning (see, for example, Cohen and Levinthal, 1989, 1990)
we expect a joint positive effect for the entire set of these variables but not
necessarily for each of them.

Fourth, measures for financial and human resources assigned to the gen-
eration of new products and new processes are taken into account. Thus,
in the innovation equation are also included a measure of shortage of inter-
nal financial resources for innovation (variable FIN_IMPED) and a measure of
shortage of skilled labour (variable SKILL_IMPED). We expect negative effects
for both variables.

Furthermore, firm size, an explanatory variable used in most innovation
studies (see, for example, Cohen 1995), is also included in the present study.
Firm size, which is expected to be positively related to innovation, plays a
special role: it may prove to be an independent (additional) determinant of
adoption, in which case it stands for firm-specific effects not explicitly mod-
elled (such the as scope of activities and the level of management capabilities)
and/or it may function as a proxy for other variables in the model, if it is
strongly correlated with them (size-dependence of the model variables; see
Arvanitis, 1997); we concentrate here on the effects as an additional determi-
nant. We use the number of employees in full-time equivalents as a measure
of firm size. We include a linear and a quadratic term with respect to the
number of employees (variables L, L2) in the innovation equation in order
to capture possible non-linearities. We expect that innovation increases with
firm size but at a decreasing rate.

Finally, we control for the manufacturing sub-sectors (dummy for high-
tech manufacturing) and the time (two time dummies for 1999 and 2002
for the estimates with pooled data). We expect time dummies to reflect the
effects of macroeconomic conditions on innovation not already captured by
the demand variable D. In the equations for the sales share of new products
and the sales share of considerably modified (existing) products) we con-
trol also for the length of the product life-cycle by inserting the average of
these variables at industry level as an additional independent variable (vari-
ables NEW_IND and IMP_IND respectively). We expect positive signs for both
control variables.

9.3.2 Specification of the productivity equation

The productivity equation (dependent variable: logarithm of value added per
employee) contains proxies of the intensity of human capital (variable LHK;
logarithm of the share of employees with tertiary-level education), a variable
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for shortage of R&D personnel (variable RDSKILL_IMPED; R&D personnel
shortage is a specific problem of the Swiss economy, especially in boom peri-
ods), physical capital (variable LC; logarithm of capital income per employee)
and knowledge capital approximated alternatively by the five binary and the
three metric innovation indicators that already served as dependent vari-
ables of the innovation equations (see Table 9.1). Further, we control for firms
being a foreign ones or not (dummy variable FOREIGN; foreign firm, yes/no),
for firm size, industry affiliation and time (if necessary). We expect positive
effects for the resource endowment variables LC and LHK and a negative
one for RDSKILL_IMPED. Our main hypothesis with respect to the binary
innovation indicators is that innovation activities would contribute, as an
additional production factor, to an improvement of labour productivity in
firms compared to firms that are not involved in such activities (see Griliches,
1979, 1995). The use of several binary variables for different kinds of innova-
tion activities allows the testing of the robustness of the innovation effect on
economic performance. Positive effects are expected also for the three metric
variables that measure the intensity of innovative activity. The signs for the
variable FOREIGN as well as for the firm size dummies are not a priori clear.

Finally, we take into account the endogenous character of innovative
activities by estimating a productivity equation, in which the innovation
indicators are instrumented. As instruments we use the independent variables
of the innovation equation as specified above.

9.4 Data

The data used in this study were collected in the course of three surveys
among Swiss enterprises in the years 1996, 1999 and 2002 using a question-
naire which included, along with questions on some basic firm characteristics
(sales, exports, employment, investment and employees’ vocational educa-
tion), several innovation indicators quite similar to those in the Innovation
Surveys of the European Community (CIS).2 The survey was based on a (with
respect to firm size) disproportionately stratified random sample of firms with
at least five employees covering all relevant industries of the manufactur-
ing sector, the construction sector and selected service industries as well as
firm size classes (on the whole 28 industries and within each industry three
industry-specific firm size classes with full coverage of the upper class of large
firms). We used in this study data for manufacturing firms in 18 industries.
Answers were received from 33.5 per cent (1996), 33.7 per cent (1999) and
44.6 per cent (2002) respectively of the manufacturing firms in the under-
lying sample. The response rates did not vary much across industries and
size classes, with a few exceptions (over-representation of machinery, under-
representation of clothing/leather and wood processing). The final data set
includes 1691 enterprises from all fields of activity and size classes and may
be considered as representative of Swiss manufacturing (see Table 9.A1 in
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Appendix 9.1 for the structure of the data set used by industry, firm size class
and year respectively).

9.5 Results

9.5.1 The innovation equation

For each binary innovation variable we estimated: a) a probit model with
the pooled data for all three cross-sections and two time dummies; and b) a
probit model with random effects.? In both cases heteroscedasticity-robust
standard errors according to the White procedure were computed. All estima-
tions were conducted with STATA, Version 8. Table 9.2 shows the estimates
for the five binary variables. The rather high share of variance due to hetero-
geneity (r =0.41-0.61) in Table 9.2 shows that the consideration of random
effect is the appropriate methodology.

We use the estimates for the binary variables INNOPD and INNOPC as a
reference in order to describe the main pattern of the determinants of inno-
vation activities, which we then compare: a) with the pattern for the other
three binary indicators; and b) with that for the three metric variables.

Demand expectations: Positive medium-term demand expectations (variable
D) in one period have a positive effect on the likelihood of introducing a
product and/or a process innovation in the next period. This result is in
accordance to theory and also to many other empirical studies based on
micro-data.

Competition: As expected, there is a positive correlation between the intensity
of non-price competition (variable INPC) and the propensity to introduce
product and/or process innovations. We also find a positive effect of the
intensity of price competition (variable IPC) but only for process innovation.
In this case the ‘free-competition effect’ seems to be more important than the
Schumpeterian effect. Intuitively, it is quite reasonable to assume that high
price competition for (obviously) highly substitutable products would be a
strong incentive for reducing production costs through process innovation
(see, for example, Levin and Reiss, 1988).*

All three dummies for the market structure have positive and statistically
significant coefficients in the estimates for product innovation but not in
the estimates for process innovation. This means that all three concentration
thresholds define market environments for which the likelihood of product
innovations is significantly larger than in the polypolistic market with more
than 50 competitors. In the random-effect estimates for product innovations
the differences between the coefficients of the three dummies are statisti-
cally significant but the coefficient for the threshold (six to 15 competitors) is
significantly smaller than the respective coefficients for the other two thresh-
olds (16 to 50 competitors) and (up to five competitors). In the simple probit
model with time dummies two thresholds have the same coefficient. Thus,
there is no monotonic positive relationship between concentration (as
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measured by the number of competitors) and the propensity to innovate.
How can we interpret economically the effects of the concentration thresh-
olds in the case of product innovations? They seem to reflect the ability of
innovative SMEs to operate in market ‘niches’ (with fewer than 50 competi-
tors) based on product differentiation due to incremental product innovation
rather than the market power in the narrow sense of ‘high-concentration
markets’ with permanently high entry barriers.

Appropriability: As expected, a high appropriability of innovation returns,
as measured by a high effectiveness of formal and informal protection
mechanisms (variable APPR), is important for both kinds of innovation.

Technological opportunities: The variable TPOT measuring the overall effect of
externally available knowledge that is relevant for a firm'’s innovative activ-
ity shows a statistically significant positive effect in all four estimates for
INNOPD and INNOPC. A joint test for the seven single external sources of
information showed that the overall effect is positive. Three single sources,
namely users, patent disclosures and fairs and exhibitions, have a significant
positive effect on the propensity to introduce product innovations. Patent
disclosures and fairs and exhibitions are also a relevant information source
for process innovations. The variable for knowledge from competitors has a
negative sign in the estimates for product innovations. Spillovers from com-
petitors are obviously not a means to encourage innovative activities in a
firm. The coefficients of the variables for suppliers, universities and affiliate
firms are statistically insignificant. On the whole, incoming spillovers are
transmitted only through a few channels.

Shortages of resources: Lacking enough (internal) financial resources for inno-
vation is a serious obstacle to innovative activities, especially product innova-
tions, as the negative sign of this variable shows. Since we control for a firm’s
specific demand development as well as for macroeconomic conditions (time
dummies), this kind of impediment seems to be of a structural nature, and
thus is a possible matter of concern for policy-makers. Skill shortages are rel-
evant only for product innovations. Also in this case we identify a structural
obstacle to innovative activity that could also reveal a policy problem.

Firm size: In the panel framework used here we find the same pattern as
in the single cross-sections in earlier studies, namely a significantly positive
coefficient for the linear term L and a significantly negative coefficient for
the quadratic term (L?) (see, for example, Arvanitis, 1997). This non-linear
relationship shows that the likelihood to innovate increases with firm size
but at a diminishing rate.

Control variables: There is a positive effect for firms in high-tech manufactur-
ing presumably reflecting further advantages of firms in this sub-sector that
are not captured by the other model variables. This effect is found only for
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product innovations. Obviously the differences between high-tech and low-
tech manufacturing are not primarily related to differences in the efficiency
of production techniques. The signs and the magnitudes of the coefficients
of the time dummies in the pooled data probit estimates for product innova-
tions show that the general economic conditions were quite unfavourable for
innovative activities in the period 1997-1998 (year 1999) compared to the ref-
erence period 1994-1996 and improved in the period 2000-2002 (year 2002).
For process innovations the general conditions were in both periods worse
than in the reference period (significant negative signs of both time dum-
mies). This result is contrary to the theoretical expectation that firms increase
their activities with respect to cost-saving process innovations under adverse
economic conditions (see, for example, Utterback and Abernathy, 1975).

In sum, all four groups of hypothesized variables and also firm size
are statistically relevant. This general finding is in accordance to previous
cross-section studies with Swiss firm data (see, for example, Arvanitis and
Hollenstein, 1996, for a similar analysis using data from 1993).

Other binary innovation indicators: For the dichotomous variable R&D we
obtain almost the same pattern as for INNOPD with the exception of the
variable APPR (positive but statistically insignificant coefficient) and the vari-
able FIN_IMPED (negative but statistically insignificant coefficient). A further
difference occurs in the results with respect to the variable for market con-
centration: in the case of the variable R&D (random effects estimates) the
coefficients of the dummies become larger with increasing concentration.
This result can be interpreted as (weak) evidence for the Schumpeterian com-
petition effect. The coefficients of the time dummies are statistically insignif-
icant. This means that the general economic conditions did not influence
the likelihood of conducting R&D but only the R&D intensity (see below).

For the variables PAT and WN we obtain similarities to the reference pattern
for product innovations with respect to demand expectations (D), appro-
priability (APPR), technological potential (TPOT), patent disclosures as an
important external information source and firm size. There are also some
differences as to the relevance of market conditions: non-price competition
is not relevant for PAT and WN, price competition only for WN; for the like-
lihood to file patent applications (PAT) we observe, similar to R&D, a (rather
weak) tendency to increase with rising market concentration (Schumpeterian
effect). This is not the case for WN. University knowledge seems to be impor-
tant only for patenting. Finally the variables for resource shortages show the
expected negative sign but are statistically insignificant in the estimates for
PAT and WN. For both indicators general economic conditions became more
favourable in the last period 2000-2002.

On the whole, for the four binary indicators referring mainly to prod-
uct innovations we find a series of robust results across all estimates that
are in accordance with theoretical expectations and are worth mentioning
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once more: positive effects for demand expectations, technological potential,
patent disclosures as an important external knowledge source and firm size;
also stronger positive effects for firms operating on a market niche with up
to five competitors than for firms operating in markets with more than five
competitors (with the exception of process innovation); also partly positive
influence of intensity of non-price competition, appropriability conditions
and users as a relevant knowledge source. Finally, belonging to high-tech
manufacturing contributes to a higher innovation performance, even after
controlling for all other determinants.

Metric innovation variables: We estimated: a) a tobit model with pooled data
and time dummies; and b) a tobit model with random effects for each of the
three metric innovation indicators, namely the logarithm of R&D intensity
(LRDS; R&D expenditure divided by sales), the logarithm of the sales share of
new products (LNEWS) and the logarithm of the sales share of significantly
modified (already existing) products (LIMPS).® In these estimations all firms
in the sample, both innovating and non-innovating ones, were taken into
consideration. We could do this because data for the independent variables
were also available for non-innovating firms. In this way, the usual problems
of selectivity bias due to considering only innovating firms could be avoided.
All estimations were conducted with STATA, Version 8. Table 9.3 shows the
estimates for the three metric variables. We also find a considerable amount
of heterogeneity in these estimates (r =0.36-0.64 in Table 9.3).

Demand conditions: We find also for these indicators significant positive effects
of demand expectations on innovation performance.

Competition: The intensity of non-price competition is important for input-
oriented as well as output-oriented indicators; the intensity of price com-
petition is relevant for the variable IMPS that measures the sales share of
considerably modified existing products, which are more price-sensitive than
thoroughly new products (variable LNEWS). Market niches with up to five
competitors as well as markets with six to 15 competitors are, as a market envi-
ronment, significantly more favourable for innovation than markets with 16
to 50 competitors or those with more than 50 competitors; this result is
valid for all three metric variables. But there is no monotonic positive rela-
tionship between concentration (as measured by the number of competitors)
and innovation intensity. In both estimates for LRDS we find a tendency for
R&D intensity to increase with increasing concentration.

Appropriability: We find positive effects for the variables LRDS and LNEWS;
appropriability is not relevant for modified products with a lower degree of
innovativeness than completely new products.

Technological opportunities: The (anticipated) technological potential is also
quite relevant with respect to these innovation measures variables. Users as
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Table 9.3 Innovation equation: determinants of innovation; metric innovation
indicators

Explanatory LRDS LNEWS LIMPS

variables
(Tobit (Tobit (Tobit (Tobit (Tobit (Tobit
pooled random pooled random pooled random
data) effects) data) effects) data) effects)

D 1.402%** 1.269*** 0.638*+* 0.519*** 0.470*** 0.357**
(0.269) (0.245) (0.110) (0.105) (0.123) (0.120)

IPC 0.515* 0.386 0.070 0.088 0.416** 0.412%*
(0.276) (0.261) (0.111) (0.109) (0.126) (0.124)

INPC 0.644** 0.697** 0.203** 0.177** 0.273** 0.266™*
(0.239) (0.222) (0.098) (0.094) (0.110) (0.107)

Market environment:

16 to 50 0.710 0.591 0.480** 0.415** 0.234 0.160
competitors (0.466) (0.439) (0.190) (0.186) (0.213) (0.210)
6to 15 1.783%** 1.589*** 0.523%+* 0.455%+* 0.450%+* 0.411*
competitors (0.374) (0.369) (0.155) (0.156) (0.173) (0.175)
upto s 2.092%+* 2.112%* 0.485%+* 0.444** 0.441* 0.443*
competitors (0.409) (0.405) (0.168) (0.170) (0.188) (0.191)
APPR 0.275%* 0.279** 0.082* 0.089* 0.003 0.019
(0.122) (0.111) (0.050) (0.047) (0.056) (0.053)
TPOT 1.488*** 1.198*** 0.294*+* 0.196** 0.370%** 0.333**
(0.250) (0.235) (0.103) (0.100) (0.116) (0.114)

External sources of information:

Users 0.324 0.220 0.266™ 0.265% 0.221%* 0.204*
(0.242) (0.227) (0.099) (0.097) 0.112) (0.111)
Suppliers —0.849%*  _0.636™  0.029 0.066 ~0.095 ~0.057
(0.286) (0.267) (0.116) (0.113) (0.131) (0.129)
Competitors ~ —0.531"  —0.542"  —0.239*  —0.217%  —0.352"*  —0.385"*
(0.255) (0.237) (0.104) (0.101) (0.117) (0.116)
Affiliated firms  0.168 0.259 0.040 0.065 0.299** 0.238*
(0.275) 0.272) 0.112) (0.112) (0.125) (0.126)
Universities 0.759% 0.666™* ~0.005 ~0.009 0.206 0.216*
(0.275) (0.261) (0.113) 0.112) (0.127) (0.127)
Patent 1.064%% 0.818** 0.094 0.091 0.151 0.172
disclosures (0.333) (0.314) (0.134) (0.131) (0.150) (0.149)
Fairs, 0.404* 0.332 0.336%* 0.311% 0.253** 0.296%*
exhibitions  (0.244) (0.230) (0.100) (0.098) (0.112) (0.111)
FIN_IMPED ~0.448 -0.301 —0.256  —0.235%*  —0.239* -0.198
(0.283) (0.275) (0.116) (0.116) (0.130) (0.132)
SKILL_IMPED ~ —0.391 —0.342 —0.154 -0.152 -0.139 -0.121
(0.279) (0.263) (0.112) 0.111) (0.126) (0.126)
NEW_IND 1.020% 1.074%+
(0.105) 0.112)
IMP_IMD 1.014%* 1.035%*
(0.135) (0.143)
L 7.5E—04** 1.0E—03** 3.5E—04"* 3.8E—04** 4.9E—04** 5704

(2.5E-04) (2.9E-04) (1.3E-04) (1.5E-04) (1.4E-04) (1.6E—04)

(Continued)



Innovation and Labour Productivity in the Swiss Manufacturing Sector 205

Table 9.3 (Continued)

Explanatory LRDS LNEWS LIMPS
variables
(Tobit (Tobit (Tobit (Tobit (Tobit (Tobit
pooled random pooled random  pooled random
data) effects) data) effects) data) effects)
L2 —4.3E-08"* —5.5E-08** —2.1E-08* —2.2E—08* —3.7E—08*** —4.1E—08)***
(1.7E—08) (1.9E-08) (1.2E-08) (1.3E-08) (1.3E-08) (1.4E—08)
High-tech 2.169%+* 2.345%+*
manufacturing (0.249) 0.277)
Year 1999 0.641** —0.222** -0.133
(0.273) (0.112) (0.126)
Year 2002 1.287*** —0.040 -0.038
(0.307) (0.124) (0.140)
Const. —1.903*** —1.298** —1.414** —1.539** 1.551** —1.667**
(0.562) (0.525) (0.272) (0.267) (0.319) (0.317)
N 1691 1691 1691 1691 1691 1691
N(left-censored) 471 471 518 518 576 576
Pseudo R? 0.072 0.056 0.044
LR(x2) 504+ 383 339% 27 5% 267%* 233%*
T (x%) 0.637%* 0.442%* 0.360%*

Note: see Table 9.1 for the variable definitions; ***, **, * denote statistical significance at the 1%,
5% and 10% test level respectively; heteroscedasticity-robust standard errors (White procedure);
: share of variance that can be traced back to heterogeneity.

a knowledge source show positive effects for both categories of innovative
products but not for R&D intensity. In the estimates for LRDS we also obtain
positive effects for university knowledge. Thus, the acquisition and utiliza-
tion of science-based knowledge seems to correlate positively with R&D
intensity. On the other hand, the likelihood of becoming involved in R&D
activities (variable R&D) is not dependent on such specialized knowledge.

Firm size: We obtain the standard pattern as for the binary variables (positive
linear term, negative quadratic term).

Shortages of resources: The coefficients for the variables for shortages in finance
and high-skilled personnel are throughout negative but only in the case of
estimates for LNEWS are they statistically significant.

Control variables: For the variable LRDS the affiliation to high-tech manu-
facturing is positively related to a higher innovation performance. In the
estimates for LNEWS and LIMPS the control variables for the length of
product life-cycle NEW_IND and IMP_IND respectively show, as expected,
a positive and statistically significant effect. In the estimates for these two
variables the dummy variable for high-tech manufacturing had to be dropped
because of high multi-collinearity with NEW_IND and IMP_IND respectively.
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The general economic conditions as reflected by the time dummies are
relevant only for LRDS.

9.5.2 The productivity equation

We estimated eight different models, five with the instrumented binary
innovation variables and three with the instrumented three metric indica-
tors, each one of them using two methods: a) two-stage least squares with
pooled data and year dummies and; b) generalized two-stage least squares
with random effects. The independent variables of the innovation equa-
tion in Tables 9.2 and 9.3 were used as instruments. All estimations were
conducted with STATA, Version 8. The high share of variance due to hetero-
geneity (r =0.53-0.73 in tables 9.4 and 9.5) shows that introducing random
effects is the appropriate methodology for our panel data. Table 9.4 shows the
estimates of the productivity equation with five alternative binary measures
of innovation. Table 9.5 shows the respective estimates with the three metric
innovation indicators.

As expected, the coefficients of the variables for resource endowment
(LHK; LC) are positive and highly statistically significant across all estimates.
The elasticity of capital income per employee varies between 0.046 and
0.073 in Table 9.4, meaning that an increase of 1 per cent of this variable
is correlated with an increase of 0.046 per cent to 0.073 per cent of labour
productivity; the elasticity of the share of employees with tertiary-level edu-
cation is lower (0.023-0.030) but much more stable across the model versions
presented in this table. The coefficient of the variable FOREIGN is also pos-
itive and highly significant; this can be interpreted as a hint that foreign
firms are, after controlling for all other factors, more productive than domes-
tic ones. Further, the coefficient of the shortage variable RDSKILL_IMPED is
negative and statistically significant in all estimates, with the exception of
the estimates with INNOPD. Thus, this kind of resource shortage should be
a matter of particular policy concern.

Now we turn to the binary innovation variables. The coefficients of all five
instrumented innovation indicators are positive and statistically significant.®
They vary between 0.23 (variable WN) and 0.58 (variable R&D). An economic
interpretation of these coefficients is that, for example, on average a switch
from a firm without product innovations to a firm that has introduced prod-
uct innovations is correlated to an increase of 41 per cent to 44 per cent of
labour productivity.” The smallest impact is found for WN (21 per cent) and
the largest for PAT (46 per cent).

We also find throughout a significant positive impact for all three metric
indicators. A change of 1 per cent of the R&D intensity (R&D expenditure
divided by sales) causes an increase of 0.052 per cent to 0.056 per cent of pro-
ductivity, all other things being equal.® As a comparison, the respective effects
for human capital and physical capital are 0.046 per cent and 0.027 per cent
respectively. The corresponding effects for the sales share of new products
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Table 9.5 Productivity equation; dependent variable; value added per employee LQL;
metric innovation indicators.

Explanatory 2SLS G2SLS 2SLS G2SLS 2SLS G2SLS

variables pooled random pooled random pooled random
data effects data effects data effects
(LRDS  (LRDS  (LNEWS (LNEWS (LIMPS (IMPS
instru- instru- instru- instru- instru- instru-

mented) mented) mented) mented) mented) mented)

LHK 0.048*  0.043**  0.059"*  0.053** 0.057"*  0.055*
(0.015)  (0.015) (0.014) (0.014) (0.014)  (0.014)
RDSKILL_IMPED  —0.056* —0.059* —0.052** —0.048* —0.055* —0.046*
0.023)  (0.023)  (0.023)  (0.023)  (0.024)  (0.023)

LC 0.027%  0.026"*  0.025"*  0.023"* 0.027"*  0.023**
(0.007)  (0.004)  (0.007)  (0.004)  (0.007)  (0.004)
LRDS 0.052**  0.056**
(0.011)  (0.011)
LNEWS 0.100%*  0.113**
0.030)  (0.036)
LIMPS 0.135*  0.141%*
0.031)  (0.038)
FOREIGN 0.119%*  0.101*  0.111"*  0.089** 0.124** 0.107**
(0.034)  (0.032) (0.032) (0.031) (0.033)  (0.033)
Year 1999 0.013 0.053* 0.056*
(0.025) (0.024) (0.025)
Year 2002 0.051* 0.114* 0.109**
(0.031) (0.026) (0.028)
Const. 11.784* 11.788* 11.827** 11.853"* 11.840"* 11.874*

(0.087) (0.074) (0.087) (0.081) (0.082) (0.075)
Industry dummies yes (17) yes (17) yes(17) yes(17) yes(17) yes(17)
Firm size dummies yes (6) yes (6) yes (6) yes (6) yes (6) yes (6)

N 1691 1691 1691 1691 1691 1691
R? 0.126 0.141 0.045

F 1 1*** 13*** 12***

SER 0.371 0.372 0.392

R? overall 0.148 0.141 0.116
Wald (2) 241 259 207
T 0.549 0.525 0.621

Notes: see Table 9.1 for the variable definitions; ***, **, * denote statistical significance at the 1%,
5% and 10% test level respectively; heteroscedasticity-robust standard errors (White procedure);
7: share of variance that can be traced back to heterogeneity.

and the sales share of highly improved (already) existing) products are larger,
namely 0.100 per cent to 0.113 per cent and 0.135 per cent to 0.141 per cent
respectively. Thus, the output-oriented variables LNEWS and LIMPS show a
considerably larger effect on economic performance than the input-oriented
measure LRDS.
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9.6 Summary and conclusions

The results for the innovation equations can be summarized as follows:
favourable demand conditions are an important precondition for inno-
vative activities to be undertaken by private enterprises (introduction of
product and/or process innovations, R&D activities, patenting). They also
enhance innovation performance as measured by R&D intensity (LRSD) or
the sales shares of innovative products (LNEWS, LIMPS). This result is quite
in accordance with theoretical expectations.

Competition pressures are more important for affecting the intensity of
innovation activities than they are for influencing the basic decisions to
engage in innovation activities as measured by the binary indicators. The
most robust result across all estimates with respect to market environment
is that a market niche with up to five competitors is considerably more
favourable for a firm than most other market constellations. The finding
is complementary and not contradictory to the finding with respect to the
intensity of price and non-price competition. A monotonic relationship
between innovation and market concentration could be found only for single
indicators. These results are more in accordance with the ‘free competition’
effect than with the traditional Schumpeterian effect.

Further, appropriability conditions are significantly positively related to
most innovation indicators. This is also quite compatible with theoretical
prediction (see, for example, Spence, 1984). On the whole, the variables
measuring the influence of technological opportunities have a positive effect
on innovation, as expected from theory (see Levin and Reiss, 1988; Levin
and Levinthal, 1989). In particular, the intense use of patent disclosures and
users as knowledge sources is shown to be positively correlated with inno-
vation in most estimates. University knowledge seems to be relevant mainly
to R&D intensity, but not to the basic decision to engage in R&D. Moreover,
firms with a high patenting propensity show a tendency to use university
knowledge.

Shortages of resources are relevant primarily for the basic decision to get
involved in innovation activities. Engaging in high-tech manufacturing is
throughout a characteristic of above-average innovative firms.

For all eight indicators used in this study we found that innovation
increases at a diminishing rate as firm size increases. This effect seems to
be quite robust across all estimates. It can be interpreted as a hint that large
firms do not have advantage vis-a-vis small firms with respect to innovation.
Thus, our evidence contradicts the so-called neo-Schumpeterian hypothesis
with respect to the influence of firm size on innovation performance.

Rather unexpectedly, the shares of the innovative products are not depen-
dent on general economic conditions; instead they depend on the develop-
ment of the specific demand for such products as measured by the variable D.
On the other hand, R&D intensity varies with general economic conditions;
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for both the periods 1997-1999 and 2000-2002 it was on average higher than
for the reference period 1994-1996. On the whole, evidence with respect to
the effect of macroeconomic conditions on innovation is not conclusive.

According to our findings, neither of the two ‘extreme’ hypotheses
(‘demand-pull’ or ‘technology-push’) seems to be predominant. Both effects
are found to be important to a firm’s innovation performance.

The results for the productivity equations can be summarized as follows: we
find significantly positive coefficients for all eight instrumented innovation
variables. The magnitude of the impact effect on productivity of the five
dichotomous variables varies between 21 per cent and 46 per cent. This means
that, depending on the concrete innovation indicator, the shift from a firm
without innovation activities to the one with such activities correlates with a
productivity increase of 21 per cent to 46 per cent. Further, a 1 per cent change
of the R&D intensity (R&D expenditure divided by sales) flows through into
an increase of 0.054 per cent in productivity, all other things being equal.
The respective effects for the sales share of new products and the sales share
of highly improved (already existing) products are larger, namely 0.106 per
cent and 0.138 per cent respectively.

Finally, the persistence of the negative effects of the shortage of internal
finance for innovation and qualified personnel (in some of the estimates
of the innovation equations) as well as for R&D personnel (in most esti-
mates of the productivity equation) points to possible structural problems
that should be a matter of concern to economic policy-makers.

Appendices
Appendix 9.1

Table 9.A1 Composition of the dataset

Industry N Percentage of firms
Food, beverage, tobacco 125 7.4
Textiles 54 3.2
Clothing, leather 27 1.6
Wood processing 79 4.7
Paper 41 2.4
Printing 107 6.3
Chemicals 98 5.8
Plastics, rubber 86 5.1
Glass, stone, clay 79 4.7
Metal 39 2.3
Metalworking 252 14.9
Machinery 260 15.4

(Continued)
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Table 9.A1 (Continued)

Industry N Percentage of firms

Electrical machinery 73 4.3

Electronics, instruments 162 9.6

Watches 59 3.5

Vehicles 32 1.9

Other manufacturing 78 4.6

Energy 39 2.3

Firm size

5 to 19 employees 399 23.6

20-49 employees 370 21.9

50-99 employees 296 17.5

100-199 employees 298 17.6

200-499 employees 213 12.6

500-999 employees 71 4.2

1000 employees and more 44 2.6

Year 1996 512 30.3

Year 1999 512 30.3

Year 2002 666 39.4

Total 1691 100

Table 9.A2 Descriptive statistics

Variable Mean Standard Min. Max.
deviation

INNOPD 0.773 0.419 0 1

INNOPC 0.648 0.478 0 1

RD 0.675 0.468 0 1

PAT 0.393 0.489 0 1

WN 0.346 0.476 0 1

LRDS 4.890 3.598 0 12.024

LNEWS 1.935 1.484 0 4.605

LIMPS 1.951 1.544 0 4.605

LQL 11.806 0.407 10.821 13.789

D 0.258 0.437 0 1

IPC 0.756 0.430 0 1

INPC 0.519 0.500 0 1

16-50 competitors 0.130 0.337 0 1

6-15 competitors 0.480 0.500 0 1

up to 5 competitors 0.263 0.441 0 1

APPR 0.598 0.211 0 1

TPOT 0.379 0.485 0 1

(Continued)
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Table 9.A2 (Continued)

Variable Mean Standard Min. Max.
deviation

Users 0.561 0.496 0 1
Suppliers 0.226 0.418 0 1
Competitors 0.333 0.471 0 1
Affiliated firms 0.248 0.432 0 1
Universities 0.265 0.441 0 1
Patent disclosures 0.169 0.375 0 1
Fairs, exhibitions 0.481 0.500 0 1
FIN_IMPED 0.223 0.416 0 1
SKILL_IMPED 0.235 0.424 0 1

L 241.7 758.5 5 20.180
NEW_IND 1.690 0.495 0.166 2.515
IMP_IND 1.725 0.437 0.083 2.225
High-tech manufacturing 0.498 0.500 0 1
LHK —-1.956 0.965 0 1.260
SKILL_IMPED 0.213 0.409 0 1

LC -1.154 2.621 0 0.946
FOREIGN 0.142 0.350 0 1

Table 9.A3 Correlation between the innovation indicators

INNOPD INNOPC R&D PAT WN LRDS LNEWS

INNOPC 0.476

R&D 0.717 0.520

PAT 0.375 0.243  0.409

WN 0.389 0.269 0396  0.427

LRDS 0.698 0.490 0924 0.502 0.482

LNEWS 0.683 0479 0.617 0352 0471 0.649
LIMPS 0.639 0.491 0587 0325 0327 0.602  0.528
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Notes

1. The volume by Kleinknecht (1996) contains studies on the determinants of inno-
vation for France, Germany, the Netherlands and Switzerland in the mid-nineties;
Raymond et al. (2004) give a survey of recent studies of the determinants of inno-
vation. See also the papers in the Special Issue of Economics of Innovation and New
Technology, June/July 2006. Wieser (2005) provides a survey of empirical work on
the relationship between research and development and productivity at the firm
level.

2. Versions of the questionnaire in German and French are available at
www.kof.ethz.ch.

3. We refrain here from presenting marginal effects instead of coefficients because
most of the model variables are dummy variables and the economic interpretation
of marginal effects is in this case rather problematic.

4. An alternative strategy would be of course product innovation.

5. In order to be able to calculate the logarithms of R&D intensity for firms without
R&D expenditures, we put these firms at the minimum value of R&D intensity of the
firms with R&D expenditure which was 0.00001. We then calculated the logarithms
of RDS and subtracted in (0.00001) =—11.513 to get O values for the firms without
R&D expenditures. The minimum value for the sales share of new products was
0.4, thus minimum LNEWS = —0.916, for the sales share of considerably modified
(already existing) products 0.6, thus the minimum LIMPRS =—-0.511; also in this
case we performed a linear transformation of the data in order to get zero values
for the firms without sales of considerably modified products.

6. This result is much less clear without instrumented variables.

7. We calculated the relative increase of labour productivity by the formulas: 100*In
(140.072)=6.9 and 100*In (1+40.076)=7.3 respectively; see Halvorsen and
Palmquist (1980), p. 475.

8. We found an elasticity of R&D capital of 0.043 in an earlier study based on cross-
section data for 1990 (see Arvanitis and Hollenstein, 2002).
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Financial Constraint and R&D
Investment: Evidence from CIS

Amaresh K Tiwari, Pierre Mohnen, Franz C. Palm,
and Sybrand Schim van der Loeff

10.1 Introduction

The connection between finance and investment starts with any violation of
the Modigliani-Miller theorem (Modigliani and Miller, 1958), usually mod-
elled formally via imperfect information. According to Ross, Westerfield and
Jordan (1993) about 80 per cent of all financing is done with internally gen-
erated funds. Explanations for this behaviour usually highlight the role of
information asymmetries (Myers and Majluf, 1984) and agency issues (Jensen
and Meckling, 1976) in raising the costs of external funds.

The notion of financial constraint that is employed in this paper is that of
credit rationing which arises due to informational asymmetry between the
borrower/firm and the lender about the quality of project that a firm wishes
to undertake and also due to the risk of bankruptcy in the event of the failure
of the project. Gale and Hellwig (1985) compare optimal contracts with the
first best situation. First best situations are those that arise when borrowers
and lenders share the same information about the nature and the outcome of
the project, that is, there are situations where there is no informational asym-
metry. An optimal contract is incentive-compatible, which allows borrowers
to truthfully reveal (since the firm has more information about the project
than the lender) the outcome of the project and also takes into consideration
that borrowers in their optimization program account for the possibility of
bankruptcy and the costs associated with it. Gale and Hellwig (1985) also
show that standard debt contracts that require a fixed repayment when the
firm is solvent and that require the firm to be declared bankrupt if this fixed
payment cannot be met and the creditor is allowed to recoup as much of
the debt as possible from the firm’s assets, are also optimal. In equilibrium,
a standard debt contract, which is also optimal, will usually involve credit-
rationing in the sense that the optimal loan is smaller and the interest rate is
higher than it would have been under the first best outcome.

Empirically, the existence of financial constraints for innovative firms is
most frequently investigated by examining the sensitivity of R&D investment
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to financial factors (see Himmelberg and Petersen, 1994; Harhoff, 1998;
Mulkay, 2001. It is estimated by using the same models as for physical invest-
ment (see Mulkay et al., 1999), that is to say, by using the reduced form of
accelerator models of investment (see Fazzari, Hubbard and Peterson, 1988;
Bond et al., 1997), or by using the structural framework of Euler equations
as in Bond and Meghir (1994). Himmelberg and Petersen (1994) find a large
and significant relationship between R&D and internal finance for US small
firms in high-tech industries. Similar results are obtained by Mulkay, Hall
and Mairesse (2001) with French and United States firms. In addition, they
find that cash flow has a much larger impact on R&D investment for US
firms than for the French ones. Harhoff’s results about German firms are less
conclusive. He finds a weak but significant cash flow effect on R&D by using
an investment accelerator model, while Euler-equation estimates appear to
be non-informative. However, Kaplan and Zingales (1997, 2000) and Cleary
(1999) provide evidence that cash flow sensitivity need not identify liquid-
ity constrained firms, that is, sensitivity is not monotonic in the degree
of constraints. Cash flow provides information about future investment
opportunities, hence, investment cash flow sensitivity may equally occur
because firms are sensitive to demand signals. On the theoretical side, Gomes
(2001) and Aydogan (2003) simulate dynamic investment models, demon-
strating that significant cash flow coefficients are not necessarily generated by
financing frictions. Conversely, Gomes (2001) shows that financing frictions
are not sufficient to generate significant coefficients on cash flow.

Among the many ways to study the effect of financing frictions on
physical/R&D investment is to construct an index of financial constraints
based on a standard intertemporal investment model augmented to account
for financial frictions. External finance constraints affect the intertemporal
substitution of investment today for investment tomorrow, via the shadow
value of scarce external funds. Recently Gomes, Yaron and Zhang (2006)
showed that one can rewrite a constrained problem as an unconstrained one
with embedded multipliers that give a characterization of the shadow value,
as a measure of the premium on external finance. This shadow value, in
turn, depends on observable financial variables and proxies that signal the
worthiness of firms — as debt, equity, liquidity, cash flow and bond ratings
to name a few. A generalized method of moments estimation of the model
provides an estimate of the shadow value that is then used as an index of
financial constraint. Many papers in the literature on financing frictions use
this approach to study the effect of financing premium on the behaviour of
such variables as investment (Whited, 1992; Bond and Meghir, 1994), stock
return (Gomes, Yaron and Zhang, 2006; Whited and Wu, 2006), and the term
structure of interest rates (Dow, Gorton and Krishnamurthy, 2004).

However, in our data set, which we have obtained from the Commu-
nity Innovation Survey (CIS), we do not have information on balance
sheets of the firms/enterprises,! which would allow us to assess the effect
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of internal/external finance on the behaviour of R&D investment. But, from
a question asked of the firms we know whether and to what degree a firm
was hampered in its pursuit of R&D activities by the presence of financial
constraints. This avoids the task of constructing an index of financial con-
straint to study the behaviour of R&D investment in the presence of capital
market frictions. That is, we have an index of financial constraint that is a
function of the financial position of the firm and its willingness to undertake
R&D activities.

The above statement needs some further explanation. A constructed index
of financial constraint is only a function of the financial state variable and
this index is purged of the effects of future expected profitability. However,
this is not the case for firms reporting whether they are financially con-
strained or not in our data set. In other words, the firms reporting that they
are financially constrained are also the ones that express a willingness to
invest in R&D activities but whose financial position is not sound enough
for them to take up R&D activities. That is, if two firms are equal in every
other respect but one firm is in a better financial position than the other,
then the firm in a better financial position is less likely to hit its debt limit
than the firm whose financial position is not as sound. Ceteris paribus, the
worse the financial position of the firm, the greater is the loan demanded,
which implies a higher repayment obligation to the lending agency and
hence a greater risk of bankruptcy. This risk is the prime factor for under-
investment. That is, firms might get some external finance to finance their
projects, but not to the extent that they desire or require.

There are many situations when a firm may report that financial factors are
constraining innovation. The prerequisite is that the firm is attempting to
undertake innovative activity. The firm must then consider that its attempt
to pursue that activity has been hampered by the lack of finance and/or
the cost of that finance. It need not be that all firms that are financially
constrained would report that they are financially constrained; for example,
they may not be innovation-active in the period, or they may face other
kinds of constraints that inhibit their R&D activities, which imply that the
financial constraint is not binding.

The aim of this chapter is twofold. The first is to study the effect of finan-
cial constraint, as reported by firms among other variables, on innovation
activity, here measured by R&D investment; the second is to establish the
determinants of financial constraint.

There are many problems to be faced when estimating the impact of finan-
cial and other variables on innovation; the selection and endogeneity of the
explanatory variables are chief among them. Problems of sample selection
arise since it is only firms that choose to indulge in R&D activities that report
R&D expenditure. Savignac (2005) examines the impact of financial con-
straints on innovation for established firms in France. An indicator based on
the firm’s assessment of financial constraints is found to significantly reduce
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the probability that a firm undertakes innovation activities. However, in her
paper she only accounts for the endogeneity of the indicator when indicating
whether a firm is financially constrained or not. But, the endogeneity of other
control variables could also lead to inconsistent estimates. To overcome the
potential endogeneity of the regressors we use Lewbel’s (2006) approach to
handling such problems. For studying the determinants of R&D investment
we use Lewbel’s semiparametric estimator that handles both the problem of
selection and of endogeneity. For the binary response model, with which we
study the determinants of financial constraint, we employ Lewbel’s (2000,
2004) semiparametric binary choice model that accounts for endogeneity of
the regressors.

Our results generally support the view that financial constraints affect R&D
investment and that the financial constraints are less binding in the presence
of other constraints on innovation, such as market or economic uncertainty
or regulation and organizational rigidities. Other significant determinants of
R&D investment that we have found are the age of firms, market share,
cooperation in R&D activities and firms’ share of innovative sales.

Ideally, we would have liked to assess the impact of the financial posi-
tion of the firms after controlling for investment opportunities or for future
expected profitability. However, the Community Innovation Surveys do not
provide us with the balance-sheet information for the firms. Instead of this
financial information we include age and a dummy for group membership of
the firm. Our results suggest that age and belonging to a group are significant
determinants of financial constraint. We believe that these variables reveal
the effect of the financial health of the firm. Our results also suggest that
the presence of other constraints on innovation, such as market uncertainty,
regulation and organizational rigidities, also reduces the probability of a firm
being financially constrained, though their influence is not so significant.
Expected future profitability, as proxied by the share of innovative sales in
the total sales of the firm, increases the probability of financial constraint
after controlling for information costs that are implied by the financial posi-
tion of the firm, which is proxied by age, market share and a dummy for
belonging to a group.

The rest of the paper is organized as follows. Section 10.2 describes the data.
Section 10.3 presents the theoretical model of R&D investment in the pres-
ence of financial constraints and Section 10.4 the empirical model. Section
10.5 discusses the results and Section 10.6 concludes.

10.2 Data

The data used for our analysis are collected by Statistics Netherlands (CBS).
The Dutch Innovation Surveys are conducted every two years. To implement
our model we used the fourth Dutch Innovation Survey, CIS 3.5, which per-
tains to the years 2000-2. The Innovation Survey data are collected at the



Financial Constraint and R&D Investment 221

enterprise level. A combination of a census and a stratified random sampling
is used. A census is used for the population of large (250 or more employees)
enterprises, and stratified random sampling is used for small and medium-
sized enterprises. The size of an enterprise is measured by the number of
employees, and the stratum variables are the economic activity and the size
of an enterprise, where the economic activity is given by the Dutch standard
industrial classification.

Since in our model we want to control for the endogeneity of the regressors,
we use as instruments lagged values of some of our potential endogenous
regressors. Hence we merged CIS 3.5 with CIS 3, which contains information
for the years 1998-2000. This leaves us, after cleaning the data, with a total of
3958 enterprises for our analysis, out of which 1531 report to be innovating.

Appendix 10.3 at the end of this chapter shows a table directly borrowed
from the CIS 3.5 questionnaire. Section 8a of the table asks an innovating
firm if it is hampered in its pursuit of innovating activities. Section 8b of the
questionnaire asks the non-innovating firms if it is important for them to
take up innovating activity and whether they are hampered in some way or
another. The number of non-innovating firms that answered in the affirma-
tive to question 8b is 95. These 95 firms could be thought of as potentially
innovating firms. Thus the total number of innovating and potentially inno-
vating firms is 1626. If either type of firm, innovating as well as potentially
innovating, replies in the affirmative to the general hampering question then
it is asked to fill out Section 9, in which it is asked to specify the hampering
factor(s) and to what extent they affect its innovation projects. We construct
a binary variable DFIN that takes value 1 if the firm answers that, because
of financial problems, some of its projects are: a) seriously delayed; b) pre-
maturely terminated; or c) did not start. Out of 1626 innovating as well as
potentially innovating firms, 583 firms reported that they were hampered
in some way or another in their innovation activities. Of these, 178 firms
reported that they were hampered due to financial reasons.

10.3 The theoretical model

In this section we present a model of financial constraint and then study the
decision of the firm to innovate and its decision on how much to invest in
R&D in the presence of financial constraint?. Please refer to Appendix 10.1
for a more detailed discussion of the model, which builds upon and expands
what follows.

If firms wish to undertake risky ventures but lack the necessary resources,
they can turn to investors (banks or other deposit-taking financial institu-
tions) for external finance. Venture capital and other types of non-deposit
private equity are not considered in our analysis. The firm is assumed to be
risk-neutral; it maximizes the expected value of its ‘wealth’. The returns to the
risky venture are described by a revenue function f: an investment of R units
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produces a revenue of f(s,R) units in state s (s being the state of nature).
The revenue function is also assumed to exhibit decreasing returns to scale.
Assume that f(s,R) =s¢(R;.); ‘.’ represents other parameters characterizing
the firm. A crucial assumption is that agents have asymmetric information.
The firm observes the state of nature free of charge, but the lender can only
observe this state by paying some observational cost. Gale and Hellwig (1985)
have shown that the optimal contract between the firm and the lender is a
standard debt contract that involves a fixed repayment obligation and a dec-
laration of bankruptcy if and only if the repayment obligation cannot be met,
and a confiscation of whatever wealth remains in the event of bankruptcy.

Under an optimal contract the firm maximizes its wealth taking into
account the possible risk of bankruptcy and subject to the constraint that
the zero profit condition of the lender is satisfied. The zero profit condition
states that the expected return from lending to the firm should at least be
equal to the amount that the lender can earn from lending this amount at the
risk-free rate of interest ir. Let R,y be the amount of R&D capital demanded
by the firm under an optimal contract.

To invoke the notion of financial constraint, let us now see what hap-
pens under the assumption that both the lender and the firm can directly
observe the state of nature. In such a situation, which is termed first best
(since the firm and the lender share the same information about the nature
of the project and the lender can costlessly observe the states of nature), the
problem is the same for both the firm and the lender.

Let Ry, be the solution to the firm’s problem under the first best situation.
Gale and Hellwig (1985) have shown that R > R, that is to say, the amount
of R&D capital demanded in the first best situation, is at least as great as the
amount lent under an optimal contract. Ry, is strictly greater than R if there
is a positive probability of bankruptcy and if the cost borne by the lender for
investigation in the event of bankruptcy is positive.

However, it should be noted that R, is a function of the distribution of
the states of nature over which it bases its expectations and which we seek
to capture through the expected future profitability E(xr), firm characteristics
FC, the organizational and the institutional constraints that the firm faces
and which deter a firm from taking up R&D activities CON, the liquid wealth
W) that the firm has at its disposal, and the risk-free rate of interest ir.

Ryp = Rop(E(m), FC, CON, ir) M

Gale and Hellwig (1985, 1986) and Gomes, Yaron and Zhang (2006) show
that R, <O, R, > 0.1t can be shown that R, >0and R}, = <O0.In words
this means that as the risk-free rate of interest rises the demand for R&D
capital decreases, as the liquid wealth of the firm increases the demand for
R&D capital increases and as the future expected profitability, E(r), increases
the demand for R&D capital increases. Also since the fixed payment to the
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lender when the firm is solvent increases with the amount lent, the effects
of ir, Wy, E(r), and CON on the fixed payment to the lender are qualitatively
the same as those on R,,.

Let r be the equilibrium rate of interest that the firm pays so that the
lender’s zero profit constraint is satisfied. This rate of interest is the inter-
est rate actually paid by the firm when it is not bankrupt. This implies that
r=r(Rep).

Since the fixed repayment obligation by the firm to the lender increases
with the amount of loan it can be shown that the rate of interest is non-
decreasing in the amount of R&D demanded under an optimal contract.
Equation (1) implies that:

r = r(E(xr), FC, CON, ir). 2)

Since the demand for R&D capital increases in expectation of future prof-
itability it can be shown that r; > 0 and since the demand decreases due to
presence of institutional factors that hamper R&D activities, r;,, < 0. Also,
since the demand for external sources of funding decreases with the increase
in the internal wealth of the firm, this implies that rj,, <0.

Define the function fin® as

fin = fin{(E(x), FC, CON, ir), }, 3)

where, ¢ is an idiosyncratic disturbance term. The inequalities discussed
above imply that finp >0, finggy <0 and fin}, <0. We say that a firm is
financially constrained if,

fin>F, 4)

where F corresponds to the threshold value on the loan that the firm can
get. This constraint becomes binding if the rate of interest demanded by
the lender on extra units of loan exceeds a certain threshold that the firm is
unable to meet. Consequently, the firm would not be able to meet its required
R&D investment level. The rate of interest corresponding to the threshold
could be thought of as the interest rate on the maximum amount of debt
a firm can incur. This threshold can differ from firm to firm depending on
the financial position of the firm. Take the example of two firms that are
equal in every respect except that one firm has a better financial position
than the other. The firm that is in a better financial position is less likely to
hit its debt limit than the firm whose financial position is not as sound. It
should be noted that what is driving these results is the positive probability
of bankruptcy. Ceteris paribus, the worse the financial position of the firm,
the greater is the loan demanded, which implies that the fixed repayment
obligation and the risk of bankruptcy are also greater.
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10.4 The empirical model

Before we set up our econometric model we would like to note that the

observed R&D expenditure corresponds to R, the optimal R&D capital

demanded under the optimal/standard debt contract, but the observed out-

come is closer to the first best level if the firm does not report that it is

financially constrained. Our objective here is to assess how the observed out-

come/R&D expenditure behaves under the presence of financial constraint.
We hypothesize that:

DFIN = I[fin—F > 0], (5)

where DFIN is the binary variable that takes value 1 if the firm reports that it is
financially constrained and value O otherwise, and I is the indicator function
that equals one if its argument is true and zero otherwise.

For our empirical analysis of the effects of financial constraints on R&D
investment we now seek to set up a model whose estimation will help us
judge the effects of financial constraint on R&D investment. Any such empir-
ical model would have to take into account the sample selection that arises
in our data set. Also, in a model of sample selection, common unobservables
may affect both the outcome (R&D investment) and the probability of selec-
tion (the decision to innovate) in unknown ways. To handle endogeneity in
a model of sample selection we use Lewbel’s (2006) estimator, which takes
the form of simple weighted averages, GMM or two-stage least squares. Lew-
bel shows that the distribution function of potential outcomes, conditional
on covariates, can be identified given an observed variable V, called a very
exogenous variable, that affects the selection probability in certain ways and
is conditionally independent of the error terms in a model of potential out-
comes. The nice thing about this estimator is that it is semiparametric and
there are no stringent assumptions as to the error terms.*

We specify the model below. Equation (6) is our main regression equation
in which we seek to establish our determinants of R&D intensity, equation (7)
is our innovator selection equation, and equation (8) is the indicator function
given in equation (5).

Let LR; be log of R&D intensity of a plant i, where R&D intensity is defined
as a level of R&D investment in a year divided by the year value of plant I's
sales:

LR; = (SINV;1 + DFIN;; + XiB3 + ViBs + €)D; (6)
D; = I[0 < V; + M(SINV;, DFIN;, X;, €;)] (7)
DFIN; = I[fin; — F; > 0], 8)

where D; equals one if the firm i is an innovator and zero otherwise. If D; =1
we observe some R&D expenditure which may also be zero. In our estimation
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we use log of R&D intensity instead of R&D expenditure. For those firms that
are innovators and for whom R&D intensity is zero,® log of R&D intensity
is taken to be a little lower than the lowest R&D intensity for a firm with
positive R&D expenditure. We do this because logarithmic transformation of
zero is not defined and therefore such an exercise prevents us from losing
any data during estimation.

Our variable V,° the very exogenous regressor, is the size of firms measured
in terms of employment. The assumption with V is that it is an observed, con-
tinuously distributed covariate (or known function of covariates) with large
support. The coefficient on V has been normalized to 1. In the Schumpete-
rian tradition, it makes sense to include size as an explanatory variable in
the main as well as the selection equation. It can also be argued that if there
are fixed costs of investing, then, as Cohen and Klepper (1996) argue, large
firms have more incentive to engage in innovative activities because they can
amortize these costs by selling more units of output.”

M is an unobserved latent variable which is a function of explanatory vari-
ables other than size. We also assume M to be linear function of its arguments.
I is the indicator function that equals one if its argument is true and zero
otherwise.

SINV is the share of sales with innovative products in total sales of the firm.
Analogous to the literature on physical investment, SINV could be thought
of as a proxy for q which is the expectation of the marginal contribution of
new capital goods to future profit. We also experimented with alternative
proxies for g, such as lagged values of share of innovation.® Mulkay, Hall and
Mairesse (2001) assess the impact of cash flow or profits on R&D and physical
investment. The share of sales with innovative products in total sales could
be a more accurate measure of the value accruing from R&D investment than
cash flow or profits are.

Below are listed the other explanatory variables included in X in equations
(6) and (7):

DOTH: This variable carries the effect of other hampering factors. This is a
dummy variable that takes value one if a firm is constrained because of one
of the following factors: a) internal organization; b) market uncertainties; or
c) regulation. The primary aim of constructing this variable is to see the effect
of other hampering factors such as uncertainty or institutional factors such
as regulation and organizational rigidities on R&D intensity and to see the
effect of financial constraint in the presence of such factors.

DCOOPERATION: The literature on cooperation and R&D activities is not
sparse. The crux of the issue lies in knowledge spillover and its effect
on investment. Spillovers increase the relative profitability of R&D coop-
eration once spillovers are sufficiently high. But higher spillovers also
increase the incentives to cheat by partner firms and the profits to be
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gained from free riding. Firms can increase the effectiveness of incoming
spillovers by investing in ‘absorptive capacity’. Cohen and Levinthal (1989)
show that external knowledge is more effective for the innovation pro-
cess when the firm engages in its own R&D. Increased absorptive capacity
through investments in internal R&D efforts thus increases the effectiveness
of incoming information. Also, when firms are not direct competitors but
market independent or produce complementary goods, cooperation is asso-
ciated with higher R&D investment levels independent of the amount of
spillovers.

AGE:? In our specification we also include the age of the firms. CIS data do
not provide this information. The birth date of the firm was obtained from
the Business Register.

LOG(MKTSHARE): This variable is a logarithmic transformation of the market
share, defined as the ratio of sales of the firm to the total sales of the industry.
It is a proxy for concentration or the degree of monopoly. Schumpeter (1942)
argues that a firm is incited to innovate if it enjoys a monopoly position to
prevent entry of potential rivals.

Innovating firms are asked if they have introduced new products or pro-
cesses into the market, and if so, if the new products or processes are:
a) developed by the enterprise; b) developed in alliance with third parties; or
¢) developed mainly by third parties.

PDOTH is a dummy equal to one if the new products were developed mainly
by third parties.

PDALOTH is a dummy equal to one if the introduced new products were
developed in alliance with third parties.

PCOTH is a dummy equal to one if the introduced new processes were
developed mainly by third parties.

PCAOTH is a dummy with value one if the new process were developed in
alliance with third parties.

The rationale for including these dummies in the specification can be
found in Table 10.1. It is evident from this table that the R&D intensity
monotonically decreases with the degree of alliance. However, it should be
mentioned that this is not the same as cooperation in R&D activities with
other institutions. Summary statistics reveal (see Table 10.2) that the mean
R&D intensity is higher for those firms that have entered into cooperative
arrangements with other institutions than for those that have not, but also
that the R&D intensity monotonically decreases with the degree of alliance
in the introduction of new products or processes.
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Table 10.1 Mean distribution of R&D intensity along alliance in the introduction of
new products and process

Mainly by Cooperation Mainly by
your with third third parties
enterprise parties
Product 1.45 0.68 0.35
(1363) (679) (296)
Process 1.70 0.77 0.24
(643) (601) (441)

The figures in parentheses are the number of observations.
These numbers are from the full sample of CIS 3.5, which has 10,628 observations.

Table 10.2 Descriptive statistics of the variables of interest

Mean St. Dev. Min Max
Variables for innovating firms
LR -5.09 3.80 -19.70 4.84
SINV 17.15 22.61 0 100
DCOOPERATION 0.41 0.49 0 1
PDALOTH 0.21 0.41 0 1
PDOTH 0.08 0.28 0 1
PCALOTH 0.16 0.36 0 1
PCOTH 0.08 0.28 0 1
Variables for all the firms
DFIN 0.04 0.21 0 1
DOTH 0.11 0.32 0 1
DFIN*DOTH 0.04 0.18 0 1
LOG(MKTSHARE) —8.88 2.27 —18.26 —0.48
SIZE 218.34 1014.91 2.67 39591.50
DSINPL 0.44 0.50 0 1
AGE 22.37 11.59 2.00 35.00

In our specifications we also include a dummy variable DSINPL, that takes
value one if the enterprise does not belong to a group headed by a company
that has more than one enterprise working for it. It could be quite possible
that the firm in question, if faced with financial distress, could be bailed out
by the company to which it belongs. It is also possible that the company
to which this enterprise belongs engages in diverse activities and produces
diverse products which reduces its risk of going bankrupt, thus enhancing its
ability to borrow more.
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Earlier we explained the construction of our binary variables DFIN. In our
bid to explain what causes financial constraint we use Lewbel’s (2000, 2004)
semiparametric estimator to estimate a binary-choice model. For our estima-
tion we choose a simple functional form for the function, fin-F, which is
given by:

finj — F; = Vi + R(Xj, &), 9)

where V and X include variables that parameterize the arguments in the
function fin. R is a latent variable, which we assume to be a linear func-
tion of variables other than V, the very exogenous regressor, and the error
term [epsilon]. Thus, the estimation equation is given by the following
equation:

DFIN; = I[0 < V; + R(X;, &:)] (10)

V in our model is the size of firms measured in terms of employment. The
coefficient on V has been normalized to 1. The assumption on V is thatitis an
observed, continuously distributed covariate (or known function of covari-
ates) with large support.!? It is known that small firms may be more tightly
constrained because they have less access to internally generated funds for the
financing of an innovation project and therefore have to approach outside
financiers. These considerations imply that the size of the firm has a bearing
on the financial wealth of the firm, especially with respect to the financing
of R&D investment from internal funds. Problems arising from information
asymmetries may also be more severe for small firms and may affect their
ability to raise outside finance. Moreover for smaller, newer firms there may
be no track record upon which to base a case for funding and/or there may
be fewer realizable assets to use as collateral. Thus size may have an effect of
raising the required rate of return independently of the financial position of
the firms.

For the same reason as stated in the model on R&D intensity we use SINV;,
the share of sales with innovative products in total sales of the firm, as a
proxy for future expected profitability.

As mentioned earlier, a proper explanation of a firm being financially con-
strained necessitates information on the balance sheet of the firms. But since
we do not have such information we use the age of the firm, the log of market
share, and a dummy if a firm belongs to a group, as proxies for wealth. We
include the age of the firm since it might be the case that long-established
firms that have survived exit are in financially better shape than new entrants.
Age carries a reputation effect which can have a bearing on the accessibility
of outside funds.
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10.5 Results

This section has two subsections. The first discusses the results of the sample
selection model in which we establish the determinants of R&D intensity and
the second discusses the result of the binary-choice model, where we seek to
explain the probability of a firm being financially constrained.

10.5.1 R&D intensity

In this subsection, we discuss the results of the effect of the financial variable,
DFIN, after controlling for the effect of other variables that influence the
choice of R&D investment.

Table 10.3 presents the result for R&D intensity. The estimates in the
columns differ only in the choice of instruments. The common set of instru-
ments for the two columns are the age of the firm (AGE); the logarithm of
market share (LOG(MKTSHARE)), the lagged dummy variable for being finan-
cially constrained (DFIN_;); the lag of the share of innovative sales in the
total output of the firm (SINV_;); the lag of the dummy equal to 1 if the firm
cooperated with others in its R&D endeavours (DCOOPERATION_,); the lag
of the log of market share (LOG(MKTSHARE)_;); the dummy set equal to
one if the firm did not belong to a group (DSINPL); the dummy indicating
if the firm also did non-technological innovation (DNONTECH) and its lag
(DNONTECH_;); the dummy that is equal to one if new products were devel-
oped in alliance with third parties (PDALOTH); the dummy that takes value 1
if new processes were developed in alliance with third parties (PCALOTH); the
dummy variable that takes value 1 if non-technological reasons or market ori-
ented reasons were important in driving innovation activities (NONTECHR);
the dummy variable that takes value 1 if technological reasons were impor-
tant in driving innovation activities (TECHR); total investment of the firm
during the last period (INVT_;); and industry dummies. The instrument set
in column (a) includes an additional variable PDOTH, which is a dummy
set equal to one if the new products were developed mainly by third par-
ties. Some of the variables in the list of instruments, such as TECHR and
NONTECHR, turned out to be insignificant and were therefore not included
among the explanatory variables.

The number of over-identifying restrictions (number of instruments minus
number of estimated coefficients) is equal to 2 in column (a) and 3 in col-
umn (b). The specifications in both columns satisfy the Sargan test that
the over-identifying orthogonality restrictions are not significantly different
from zero.

The results from the estimates suggest that, once other factors are con-
trolled for, a firm is adversely affected in its pursuit of R&D activities, as
measured by the R&D intensity, by the presence of financial constraints. The
large negative sign on DFIN is testament to this fact. From our discussion of
the model we know that, given the uncertainty, the risk of bankruptcy is large
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Table 10.3 Determinants of R&D intensity
Very exogenous variable: size in 100
Dependent variable: log of R&D intensity

(@ (b)
DFIN —41.65*** —41.66***
(11.44) (11.45)
DFIN*DOTH 44.44*** 44.45%**
(11.44) (11.45)
DOTH —1.77*** —1.74***
(0.59) (0.62)
DCOOPERATION 0.75%** 0.74***
(0.19) (0.20)
SINV 0.04*** 0.04***
(0.01) (0.02)
AGE 0.04*** 0.04**
(0.01) (0.01)
LOG(MKTSHARE) —0.18*** —0.17***
(0.04) (0.04)
DSINPL —0.29* —0.28*
0.17) 0.17)
PDOTH 3.05%** 2.97%**
(0.45) (0.73)
PDALOTH -0.20 -0.20
(0.42) (0.42)
PCOTH —9.57*** —9.63***
(1.24) (1.31)
PCALOTH —1.04*** —1.05***
(0.40) (0.40)
Sargan Test 6.04 6.02
Degrees of Freedom 3 2
P-Value 0.11 0.05
F-stat 3.86 3.65
P-Value 0.049 0.056

Significance levels: *: 10%, **: 5%, ***: 1%. Industry dummies are controlled for. For list of
instruments, see Section 10.1

for firms that are not financially healthy. This risk plays an important part
in reducing the amount of R&D investment. We include DOTH to assess the
effect of other constraints. The results of our analysis suggest that such fac-
tors on their own also have a negative effect on the amount of R&D capital a
firm wishes to use. The effects of the other constraints are much weaker than
the financial constraints; this suggests that, if there are any major hampering
factors, then these are financial constraints. To capture the effect of finan-
cial constraints in the presence of other hampering factors, we include the
interaction of DFIN and DOTH, DFIN*DOTH. Our results imply that financial
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constraints are less binding if market uncertainties or institutional or other
hampering factors are also present (the coefficient of DFIN*DOTH is positive
and statistically significant). The effect of financial constraints in the pres-
ence of other constraints is captured by the sum of the coefficients of DFIN,
DFIN*DOTH, and DOTH. The F-statistic corresponding to the test of the null
hypothesis that the sum of these coefficients is equal to zero is reported at
the bottom of Table 10.3. The restriction is marginally rejected in column (b)
but not in column (a). The estimated coefficients are rather similar in both
columns. We can thus conclude that the total effect of all constraints is not
significantly different from zero, but that the financial constraints alone are
quite prominent and negatively affect the R&D intensity.

Our results suggest that R&D intensity reacts strongly to SINV, which is
the share of sales with innovative products in the total sales of the firm that
we assumed to be a proxy for future expected profitability. The strong posi-
tive sign on SINV suggests that the higher the future expected profitability,
the higher the R&D intensity. However, we find that firms that have a higher
market share also have a lower R&D intensity. Not surprisingly, the sign of
this coefficient is positive when we use the logarithm of R&D expenditure
instead of the logarithm of R&D intensity as the dependent variable. These
findings are not new; they only suggest that a monopoly firm does indeed
invest more than a firm in a more competitive industry but proportionately
less as it increases in size, as measured by sales.!! Our results suggest that,
controlling for other factors, older firms tend to have a higher R&D inten-
sity than younger firms and that the spillover effects of cooperation lead to
higher R&D intensity. They could also suggest that the cooperative arrange-
ments are made with non-rivals or with firms that are engaged in producing
complementary goods.!? The negative sign of variable DSINPL indicates that
firms that do not belong to a group have a lower R&D intensity than those
that do belong to a group. Enterprises belonging to a group could be special
units, set up with the purpose of carrying out R&D activities for the whole

group.

10.5.2 Financial constraint

This section discusses the results of the binary-choice models with which
we seek to explain the determinants of the financial constraint itself. Our
dependent variable is DFIN which is the binary variable that takes value one
if the firms finds itself being financially constrained and zero otherwise. As
stated earlier, to handle the potential endogeneity of the regressors we use
Lewbel’s (2000, 2004) semiparametric estimator.

To estimate the binary-choice model we construct another dependent vari-
able DFIN*, which is DFIN-I(V > 0) weighted by the inverse of the conditional
density function of the negative of the logarithm of the size of the firm, mea-
sured in terms of employment, the very exogenous variable V, to use the
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Table 10.4 Determinants of financial constraint

Very exogenous variable: log of size

Dependent variable: DFIN, binary variable indicating if the firm was financially
constrained or not

(@ (b) © @
SINV 0.36 —0.06
(0.35) (0.59)
SINV_; 22.61 20.6 20.87
(25.9) (15.18) (15.1)
DOTH —15.25* —13.09 —13.46 -13.31
(9.36) 9.67) (8.87) (8.84)
AGE —0.96*** —0.94*** —0.95*** —0.95***
(0.24) (0.24) (0.24) (0.24)
LOG(MKTSHARE) 0.16 0.27 0.25
(1.38) (1.38) (1.36)
DSINPL 17.45%** 17.65%** 17.62%** 17.54***
(5.54) (5.53) (5.53) (5.51)
Sargan Test 13.23 12.51 12.52 12.55
Degrees of Freedom 10 9 10 11
P-value 0.21 0.19 0.25 0.32

Significance levels: *: 10%, **: 5%, ***: 1%. Industry dummies are controlled for. For list of
instruments, see Section 5.2

same notation as in Lewbel’s (2000, 2004) papers. I is an indicator variable
that takes value 1 if the argument in parentheses is true. The conditioning
variable is the union of all the explanatory variables and the instruments.
We take the negative of the logarithm of size because one of the assump-
tions of the model is that, as V decreases, the probability of DFIN being
zero increases (refer to footnote 9). In Lewbel’s method, the division by the
conditional density of V, converts V to a uniform distribution.

The results of the binary-choice model with which we seek to explain
the determinants of financial constraint are presented in Table 10.4.
The set of instruments in all columns contains DOTH, DOTH_;, AGE,
DSINPL, LOG(MKTSHARE), LOG(MKTSHARE)_1, DCOOPERATION_,, PDOTH,
PDALOTH, PCALOTH, PCOTH, SINV_;, DNONTECH, DNONTECH_,, lagged
size, and sectoral dummies.

The more striking results of this part of our analysis are the coefficient
estimates that we obtain on age and DSINPL. The results suggest that the older
a firm is, the less likely it is to be financially constrained, and significantly so.
This is understandable, since older firms, having survived preemption, are
more likely to be financially stable than new firms. Also, older firms have a
better reputation than younger firms, and therefore they have greater access
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to external funds. Secondly, the estimation results indicate that a firm is more
likely to be financially constrained if it does not belong to a group. This could
suggest that if it belongs to a group, then it has at its disposal some alternative
avenues of financing its projects that are closed to firms that do not belong
to a group. The fact that it belongs to a group may be an indication that
the group is engaged in diverse activities and thus less prone to risk than a
single enterprise engaged in a single activity. As explained earlier, DFIN is a
function of the financial state variables. In the absence of information on the
balance sheets, the effect of financial state variables is included in the error
term. Hence, the instruments that are supposed to be correlated with the
regressors are also correlated with the error term. But since the results of the
test of over-identifying restrictions do not lead to rejection, we conclude that
age and the dummy indicating that the firm belongs to group are picking up
the effects of financial variables.

As explained earlier the binary variable DFIN is an indicator of the firm'’s
willingness to undertake R&D activity as well as of its financial position.
As a proxy for future expected profitability we experiment both with the
current value of the share of innovative sales SINV and with its lag. Our
results suggest that controlling for other variables, the higher a firm’s future
expected profitability, as proxied by SINV or its lag, the higher the probability
of it being financially constrained, but not significantly so.

The results in Table 10.4 also suggest that a firm facing a priori hamper-
ing factors other than financial constraints is less willing to undertake R&D
activities and thus less likely to be hit by financial constraints. The results
on over-identification restrictions do not suggest that there is simultaneity
in the determination of DOTH and DFIN, since DOTH is included in the
instrumental variables.

10.6 Conclusions

In this paper we have empirically investigated the determinants of R&D and
investment. In particular, our aim was to see how financial constraints affect
a firm's R&D intensity. We found that a firm that reports that it is financially
constrained but not otherwise constrained is adversely affected in its pursuit
of R&D activity. Financial constraints have a large and a significant impact
in affecting R&D investment.

However, financial constraints are less binding if the firm runs into other
hampering factors or other constraints that are not a function of financial
constraint itself. We obtained this result both by looking at the effect of finan-
cial constraint on R&D intensity in the presence of other constraints, such
as market uncertainty, institutional constraints and organizational rigidities,
and looking at the probability of a firm being financially constrained in the
presence of other than financial constraints. We also found that the effect
of these other constraints is much weaker than that of financial constraint,
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which confirms the findings of many papers that financial factors are the
major stumbling block to the pursuit of any activity. However, this does not
diminish the fact that institutional and organizational rigidities also reduce
the amount or R&D investment. As well as taking into account the hamper-
ing factors that inhibit R&D activities, policy-makers should also consider
such factors. Also, since financial constraint seems to be the most important
factor that inhibits R&D activities, policy-makers should consider setting up
institutions that would allow economically sound projects to get the required
finance to enable them to be carried out. In particular, care should be taken
with young firms and firms that do not belong to a group, since these firms
are more susceptible to the exigencies of nature, as was well reflected in our
analysis. Finally, as a comment on financial constraint, we noted that age
and group membership, as proxies for the financial wealth of a firm, appear
to be significant predictors of a firm being financially constrained.

One of the shortcomings of our paper is that we have not used financial
information from the balance sheet of the firms, but instead used proxies for
financial-state variables. As a part of our future research agenda we would
like to enrich our model by using data from the balance sheets of firms in the
explanation of financial constraint. Also, for our future research we plan to
carry out our investigation of financial constraint on R&D investment in a
dynamic setting by using more waves of CIS data. This would also necessitate
a dynamic model of financial constraint and investment.

Appendices

Appendix 10.1 A model of financial constraint

In this appendix we present a model of financial constraint and study the
decision of a firm to innovate and how much to invest in R&D in the pres-
ence of financial constraints.!3 Firms wish to undertake risky ventures but
lack the necessary resources, so they turn to investors, banks or other deposit-
taking financial institutions for external finance. Venture capital and other
types of non-deposit private equity are not considered in our analysis. The
firm’s initial net wealth is Wy =Ao — Ro, where Ay is the firms’s initial lig-
uid assets and Ry the firm’s initial indebtedness. Assume that the firm’s need
of R&D expenditure R is greater than Wy. The firm is assumed to be risk-
neutral; it maximizes the expected present value of its ‘wealth’. The returns
to the risky venture are described by a revenue function f: an investment of
Runits produces a revenue of f (s, R) units in state s, s being the state of nature.
The revenue function is also assumed to exhibit decreasing returns to scale.
Assume that f(s,R) =s¢(R;.), ‘.’ represents other parameters characterizing
the firm. A crucial assumption is that agents have asymmetric information.
The firm observes the states free of charge, but the lender can only observe
the states by paying some observational cost. Gale and Hellwig (1985) have
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shown that the optimal contract between the firm and the lender is a standard
debt contract, which involves a fixed repayment obligation R;, and a decla-
ration of bankruptcy if and only if the repayment obligation cannot be met,
and a confiscation of whatever wealth remains in the event of bankruptcy.

Under an optimal contract the firm takes into account the possible chances
of bankruptcy. If the firm declares bankruptcy its revenue is reduced to
as¢(R; .), where 0 <« <1, and it suffers a fixed nonpecuniary penalty whose
monetary equivalent is K > 0. Under an optimal contract the firm solves the
following problem:

max E[s¢(R; FC, CON) — Rj]* — Pr [s¢(R; FC, CON) < R|] (A.1)
RR
subject to
ERi = (1+ir)(R — Wy) (A.2)
R>0,

where [X]* = max{X, 0}, Pr [.], denotes a probability, the expectation is taken
over the states of nature, ir is the risk-free rate of return, FC is firm character-
istics, CON is other constraints such as institutional factors that deter firms

from taking up R&D activities and Riis given by:

R=R if s¢p(R;.) > R;, and

R=as¢(R;)  ifsp(R;.) <R (A.3)

INQI is a random variable, which is the lender’s gross return under a standard
debt contract. R;, under the standard debt contract is the fixed payment
to the lender when the firm is solvent. In the event of bankruptcy, that
is, if s¢(R;.) <R, the revenue is reduced to as¢(R;.), and since the lender is
allowed to recoup whatever he/she can of the lender’s revenue in the state
of bankruptcy is as¢(R;.). One can interpret (1 — )s¢(R;.) as the cost borne
by the lender for investigation in the event bankruptcy. Equation (11) is the
zero profit condition of the lender, which states that the expected return
from lending to the firm should be at least equal the amount he/she can
earn from lending the same amount at the risk-free rate of interest ir. Let Ry,
be the solution to (A.1) and (A.2).

To invoke the notion of financial constraint let us now see what hap-
pens under the assumption that both the lender and the firm can directly
observe the state of nature. In such a situation, which is termed first best,
since the firm and the lender share the same information about the nature
of the project and the lender can costlessly observe the states of nature,
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the problem of the firm as well as the lender is the same. This can be
written as

InRaXE{sf(R, ) — (1 +ir)(R — Wy)}. (A.4)

Let, Ry, be the solution to the above problem. Gale and Hellwig (1985) have
shown that Rg, > R, and that Rg, > R, if Pr [s¢(R, ) < R >0and« <1, thatis
to say that the amount of R&D capital demanded in the first best situation is
at least as great as the amount lent under an optimal contract and is strictly
greater if there is a positive probability of bankruptcy and if the cost borne
by the lender (1 — @)s¢(R; .) is positive.

Letr be the equilibrium rate of interest that the firm pays so that the lender’s
zero-profit constraint is satisfied. This rate of interest r in (A.5) is the interest
rate actually paid by the firm when it is not bankrupt and is given by:

(1+7)(Ryp — Wo) =Ry (A.5)

This implies that:
r =r(Rop, Ry). (A.6)

However, it should be noted that both R,, and R; are determined simultane-
ously and are functions of the distribution of the states of nature, which we
denote here by h(s); firm characteristics, FC; the organizational and the insti-
tutional constraints that the firm faces and which deters a firm from taking
up R&D activities, CON; the liquid wealth W, that the firm has at its disposal
and the risk-free rate of interest ir. Hence:

Rop = Rop(E(), FC, CON, i), (A7)

and:
R; = Ri(E(n), FC, CON, ir). (A.8)

Here we seek to capture the distribution of the states of nature on which a
firm bases its expectation with a single variable, E(r), the expected future
profitability; this is given by E(x) = E[s¢/(R)] = [s¢'(R)h(s)ds.

Gale and Hellwig (1985, 1986) and Gomes, Yaron and Zhang (2006) show
that R, <O, R,, >0'*, where "’ denotes the derivative of the variable with
respect to the subscript variable. It can also be shown that R, >0 and
Ripcon < 0. In words this means that: as the risk-free rate of interest rises the
demand for R&D capital decreases; as the liquid wealth of the firm increases
the demand for R&D capital decreases; and as the future expected profitabil-
ity, E(w), increases the demand for R&D capital increases. Also, since the

fixed payment to the lender when the firm is solvent, R;, increases with the
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amount lent, the effect of ir, Wy, E(xr), and CON on R; are qualitatively the
same as those on Ry.
Equation (A.7) and (A.8) imply that:!®

r = r(E(x), FC, CON, ir). (A.9)

Since the demand for R&D capital increases in expectation of future prof-
itability it can be shown that r; >0 and since the demand decreases due
to presence of institutional factors that hamper R&D activities, r;,y <O.
Also, since the demand for external sources of funding decreases with the
increase in the internal wealth of the firm, this implies that r{/vo < 0. Define
the function fin as:°

fin = fin{(E(r), FC, CON, ir), £}, (A.10)

where ¢ is an idiosyncratic disturbance term. The inequalities discussed above
. , , , I .
imply that ﬁﬁE >0, fingoy <0, and finy, <0. We say that a firm is financially
constrained if:

fin>F (A.11)

that is, if the rate of interest demanded by the lender on an extra unit of loan
exceeds a certain threshold that the firm is unable to meet. Consequently the
firm would not be able to meet its required R&D investment level. The rate
of interest corresponding to the threshold could be thought of as the interest
rate on the maximum amount of debt a firm can incur. This threshold can
differ from firm to firm depending on the financial position of the firm.
For example, consider two firms that are equal in every respect except that
one firm has a better financial position than the other. The firm that is in
a better financial position is less likely to hit its debt limit than the firm
whose financial position is not as sound. It should be noted that what is
driving these results is the positive probability of bankruptcy. Ceteris paribus,
the worse the financial position of the firm, the greater the loan demanded
and therefore the higher the fixed repayment obligation and thus the greater
the chances of bankruptcy.

Appendix 10.2 A note on estimation

Given our estimation model equations (6) and (7) in the main text:

LR = (SINVB; + DFINB, + XB;3 + VB4 + £)D (6)
D =1[0 < V + M(SINV, DFIN, X, ¢)] 7)

where LR, the log of R&D intensity is the outcome and D is the decision
variable to innovate. D takes value =1 if the firm chooses to innovate and
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zero otherwise. Define:
U* = Z(LR* — (SINV B, + DFINB; + XB3 + VB4)), (A.12)

where Z is the vector of instruments and LR* is the unobserved R&D intensity
for firms which report to be non-innovators and therefore do not report their
R&D intensity. In such a situation the coefficients of the model could be
estimated by two-stage least squares or a GMM technique using the moment
condition E(U*) =0. But what we observe in fact is U, which is given by:

U = Z(LR — (SINV B, + DFIN B, + X3 + VB4))D. (A.13)

In the presence of selection, GMM or two-stage least squares is infeasible
because we only observe LR and not LR*, and unobservables that determine
the selection such as M, the unobserved latent variable, are correlated with
LR* and U*. But the estimation of the required coefficients could become
feasible given a consistent estimator of E(U*). Define the weighting scalar W
by W=D/f(V|Y) where f is the conditional probability density function of
V, introduced earlier, given Y, which is the union of the set of instruments
and the other covariates, that is, DFIN, SINV and X, that appear in equation
(6). Lewbel (2006) shows that:

> (Uiw;)
E(U*) = plim=L——. (A.14)
n—o0 Z Wi
i=1

The main assumptions required for equation (19) to hold are that the sup-
port of V|Y contains the support of —M|Y (these could all equal the real line,
for example), and that:

V|Y,U* M ~ V|Y (A.15)

that is, V is conditionally independent of the unobserved latent variables of
the model, conditioning on the set of covariates X. Given the above, our
estimates are based on the moment conditions:

E[ZW(LR — (SINV By + DFINB, + X5 + V4))] = O. (A.16)

We estimate the above by using the method of two-stage least squares.
To estimate the conditional density of V given Y, f(V|Y), we employ the
nonparametric density estimator described in Lewbel and Schennach (2007).
To obtain estimated standard errors we use the formulas derived by Lewbel. As
suggested by Lewbel (2004), we also applied the bootstrap to obtain standard
errors. The results appeared to be similar to those obtained using analytical
formulas for the asymptotic variances of the estimators. Therefore, we do not
report them here.
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Appendix 10.3 Part of the CIS 2000-2002 questionnaire asking
respondents for information on hampering factors

8. Hampering factors general

a. During 20002002, did your enterprise encountered hampering Yes  go to question 9
factors leading to seriously delayed, abandoned, not started
innovation projects? No go to question 10
b. In question 2 you have stated that your enterprise did not

engage in activities aimed at technological improvements.
What was the reason for this?

For our enterprise it was not necessary to engage in such

activities in 2000-2002 go to question 10

Such activities were needed, but hampered and therefore NOT go to question 9 (last column)
started

9. Hampering factors and consequences for innovation projects

Tick the consequences of the hampering factors your enterprise

. L N . "~ Consequences hampering factors: innovation projects are
experienced in innovation projects in 2000-2002

seriously delayed abandoned not started
No financing Lack of appropriate sources of finance
Cost too high Innovation costs were/became too high
Economic risks Too much uncertainty of future benefits and costs

Shortage personnel Lack of qualified personnel

Shortage knowledge  Lack of knowledge on technologies needed
Internal organization  Organizational rigidities within the enterprise
Market uncertainties  Future market developments uncertain
Regulation

Other reason Namely: ....covevriieiieicicceeesee

Source: Community Innovation Survey (CIS) 3: Statistics Netherlands
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Notes

1. The data collected through CIS are at the enterprise level and not at the company
level. Here we use the term firm and enterprise exchangeably.
2. See Gale and Hellwig (1985) for a detailed discussion.
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11.
12.
13.
14.

We now ignore the risk free rate of interest ir, since it should stay constant for a
single period of survey.

See Appendix 10.2: ‘A note on the estimation’.

Out of 1531 innovating firms, 107 or about 7 per cent of them do not have R&D
expenditure for the period of the survey.

To make sure that V or the log of size has a large support we demean it. With this
exercise, we make sure that V takes negative as well as positive values.

Nilsen and Schiantarelli (2003) find strong statistical evidence of this relationship,
including much greater incidences of zero investments in small versus large plants.
They attribute this relevance of plant size both to the presence of absolute as well
as relative fixed costs and to potential indivisibilities in investment.

See Nilsen and Schiantarelli (2003).

The age-of-firms data are available from 1967 onwards.

An implication of the large support assumption for V is that, for any value X [and
epsilon] may take on, it is possible for V to be small enough to make D=0, with
probability one, or large enough to make D =1 with probability one.

See Cohen, Levin and Mowery (1987) and Geroski (1990).

See De Bondt, Slaets and Cassiman. (1992) and Roéller, Tombak and Siebert (1997).
See Gale and Hellwig (1985) for a detailed discussion.

However, Gale and Hellwig (1986) show it is not generally true that a reduction
in the firm’s internal funds leads to a reduction in investment. They show that
the relation between the firm’s net wealth and investment is exceedingly compli-
cated. Formally, this complexity is due to the nonconvexity that arises from the
possibility of bankruptcy. Conceptually, the difficulties arise from the strategic
interaction between the borrower’s interests and the lender’s interests. To under-
stand the basic difficulty, consider the situation when the firm has some prior
debt so that its liquid net wealth is negative. A lender may be willing to roll over
the prior debt if he receives an appropriate claim on the surplus that the enter-
prise generates. In this situation, the lender is likely to insist on an investment
level that is sufficient to generate a substantial surplus. If the marginal returns to
investment are unaffected by the costs of bankruptcy, for example if the cost of
bankruptcy is a fixed nonmonetary cost falling on the borrower, then for very low
(negative) levels of the firm's net wealth, the chosen investment level will actually
be close to the first best level, because that maximizes the expected surplus that
can be made available to the lender. At this point, the marginal bankruptcy cost
of investment to the firm becomes irrelevant because the firm only has the choice
between an immediate default on its prior debt and an investment policy that is
acceptable to the lender.

Thus it may happen that investment is close to the first best level both if
the firm’s net wealth is very high so that little outside capital is needed and if
the firm’s net wealth is very low so that lenders are barely willing to roll over the
firm’s prior debts.

However, for intermediate wealth levels, investment will be strictly less than
the first best level because the firm takes account of the marginal bankruptcy
costs of increased borrowing. In this chapter we assume that the wealth level
of the firm lies in the region that Gale and Hellwig (1986) characterize as inter-
mediate wealth levels. There are three reasons for this assumption. Firstly, R&D
activities are mostly taken by firms that have a reasonably sound financial posi-
tion; secondly, for our analysis we take only those firms that appear both in
CIS3 and CIS3.5, that is those firms who since the last survey have survived until
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the current survey and hence are either likely to be large or growing firms; and
thirdly, if there is a situation where the lender is likely to insist on an invest-
ment level that is sufficient to generate a substantial surplus and the firm only
has the choice between an immediate default on its prior debt and an invest-
ment policy that is acceptable to the lender then there would be no financial
constraint.

15. In fact the rate of interest r does not have an independent meaning in the context
of the model. It is just another characterization of the fixed repayment obligation
of the firm, R;. We only introduce it here so that we can write the model to be
estimated.

16. We now ignore the risk-free rate of interest ir, since it should stay constant for a
single period of survey.
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Technology Diffusion and Innovation:
The Importance of Domestic and
Foreign Sources

Hans L66f

11.1 Introduction

Recent work in economic growth using aggregate data suggests that variation
in cross-country productivity is at least as much due to foreign as to domes-
tic innovation (Keller and Yale, 2003). At the same time, a vast majority of
scholars now agree that proximity afforded by locating in large urban regions
creates an advantage for firms by facilitating information and knowledge
flows for innovation activities, according to arguments presented earlier by
Vernon (1962), later by Glaesner (1999) and Feldman and Audretsch (1999).

The question of whether technological knowledge is mainly global or local
has been examined at various levels of aggregation within different branches
of the literature, with mixed findings. To summarize, there is robust evidence
of strong influence of global sources of knowledge at the national level. The
global influence becomes weaker at the industry level and the evidence for
global ideas versus proximity is somewhat mixed when micro-data is used.

Traditionally, foreign direct investment (FDI) and trade have been sus-
pected to be major sources of international technology transfer. Recent data
on corporate spending indicates an overall altered research and development
(R&D) strategy of multinational enterprises (MNEs) implying both increased
total R&D intensity and more dispersed R&D engagements across borders
(more FDI in research and development).

According to the Boston Consulting Group’s annual management survey
of 2006, innovation is ranked among the top three strategic imperatives by
over 70 per cent of 1070 executives in the world’s largest corporations (Boston
Consulting Group, 2006). Moreover, about 41 per cent reported that the
expenditures on research and development will increase between 2005 and
2006 (McGregor, 2006). The survey confirms the recent trend that research
and development are becoming central activities of MNEs. Between 1991 to
1996 research and development (R&D) expenditures in multinational enter-
prises increased by 4.4 per cent annually and by 2.8 per cent annually between
1996 and 2002 (UNCTAD, 2005).

245
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Recent research also suggests that MNEs are increasingly investing in R&D
activities in their foreign subsidiaries (Persson, 2006). For instance, the share
of R&D in the Swedish private sector that is carried out by foreign-owned
firms increased from 41 per cent in 2001 to 45 per cent in 2003 (ITPS, 2003).
Correspondingly, the share of R&D by the 20 largest Swedish MNEs that was
accounted for by subsidiaries abroad increased from 22 per cent in 1995 to
43 per cent in 2003 (UNCTAD, 2005).

The increasing dispersion of resources for research and development in
MNEs as well as the lack of robust empirical evidence on knowledge spillovers
motivates further research on the importance of domestic or foreign sources
for innovation. This paper estimates the elasticity of innovation output with
respect to knowledge transfer via collaboration, FDI and imports.

Using a sample of approximately two-thirds of Swedish firms with at least
10 employees and by accounting for selectivity and simultaneity biases,
sector-specific effects and firm-specific effects, we find robust evidence for
import spillover. The presence of FDI expressed as foreign-owned firms is neu-
tral with respect to innovation output. Among a sub-sample consisting only
of multinational firms there is support for knowledge transfer to the local
multinational firms from innovation arrangements that include foreign sci-
entific partners and foreign sub-units. We find only some weak association
between proximity to local partners and innovation. The most influential
aspect of the local milieu on innovation is skilled labour.

The outline of our study is as follows: Section 11.2 presents a theoretical
framework and elaborates on findings in previous studies. The discussion
is focused on access to embodied foreign technology in the form of inter-
mediate goods and disembodied technology diffusion in the form of direct
communication through FDI and collaboration. The data is described in Sec-
tion 11.3. Section 11.4 introduces the methodological approach. Section
11.5 presents an assessment of econometric results. Section 11.6 outlines
the conclusion.

11.2 Knowledge spillovers

The increasingly central role of across-border transactions of goods, ser-
vices, capital, labour and knowledge has brought about a surge in interest
in understanding the external sources of variance for the firm’s innovation
and productivity performance. In particular, research in this area has come
to focus on trade, FDI and flow of ideas through innovation collaboration
and patent citations.

An implication of the endogenous growth models (Romer, 1990) is the
importance of spillover from the existing stock of knowledge through
intermediate products. A simplified and general possibility implies that all
research outcomes enter a common global pool, which individual firms
and countries can tap. The main contributors to this pool are a very small
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number of countries — the so-called G7 - that account for more than 90 per
cent of global GDP. Examining aggregate productivity growth since the Sec-
ond World War in five of these leading research economies (West Germany,
France, the UK, Japan and the US) and assuming the presence of a global
stock of knowledge, Eaton and Kortum (1995) find that growth is primarily
the result of research performed abroad. Eaton and Kortum show that even
the world’s leading R&D nation, the US, obtained over 40 per cent of its
growth from foreign innovations.

When exploiting disaggregated data the spillover from global knowledge
is found to be somewhat smaller but still of importance. For instance, using
US industry data, Keller (2001) estimates a strong productivity effect both
from in-house R&D spending and R&D conducted elsewhere. The contri-
bution of R&D in the industry itself was about 50 per cent in the sample.
Domestic R&D in other industries was the source of 30 per cent of the pro-
ductivity increase and the remaining 20 per cent was due to R&D in foreign
industries.

How is global knowledge transferred across borders? It has been sug-
gested that FDI and imports are the major channels. Traditional FDI models
(Vernon, 1966) assume that firm advantages can be derived from favourable
home-country institutional conditions (such as the National System of
Innovations). These technological and managerial advantages of a firm
are subsequently transferred to foreign sub-units where they are exploited.
Importing technologically advanced intermediate goods is another channel
available to a country to get access to foreign knowledge.

With a sample of about 1100 US firms for the years 1987 to 1996, Keller
and Yeaple (2003) find robust evidence for substantial FDI spillovers, but also
weak support for import-related technology spillover. They estimate that FDI
spillovers accounted for about 14 per cent of US productivity over that period.
Using USPTO patent citations, Branstetter (2006) tests the hypothesis that
FDI is a channel of knowledge spillover for Japanese MNEs undertaking FDI
in the United States. In conformity with Keller and Yeaple (2003), he finds
that FDI is a significant channel of knowledge spillover both from investing
firms to indigenous firms and from indigenous firms to investing firms.

On the one hand, as opposed to markets, multinational enterprises have
been identified as a superior institutional form for the international transfer
of knowledge (Kogut and Zander, 1993). On the other, difficulties in achiev-
ing knowledge transfer within multinationals have been recognized not only
within the academic community (see for instance Gupta and Govindarajan,
2000), but also in the business community. In a survey by Ernst & Young,
it was found that only 13 per cent of 471 corporate executives indi-
cated that their organization was adept at transferring knowledge (Persson,
2006). Exploiting evidence from Belgian CIS-survey data, Veugelers and
Cassiman (2004) suggest that foreign subsidiaries are not necessarily effective
R&D partners for knowledge spillover. What seems to be more important
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for the local firm is having an international network of collaborators that
provides access to international technology.

In spite of the increasing global flows of ideas and the increasing dispersion
of R&D activities across borders, many authors claim an increased importance
for the proximity to sources of knowledge for innovation and make a distinc-
tion between knowledge that can be codified into transmittable information
and knowledge that is difficult or even impossible to codify. Knowledge that
is difficult to codify has been termed ‘complex’ by Beckmann (1994), ‘tacit’
by Polanyi (1966) and ‘sticky’ by von Hippel (1994). While ‘complex’ directly
refers to non-codified knowledge, ‘sticky’ refers to knowledge that is strongly
attached to given persons or groups of individuals. As argued by Antonelli,
Marchionatti and Usai (2003), this may imply that knowledge can be shared
by firms in a local environment with little risk that the knowledge is spread
outside the local context. A general assumption is that face-to-face contacts
facilitate communication and transfer of complex knowledge.

Supporting the basic ideas launched by Marshall (1890), a growing body
of empirical studies using patent citation data suggests the importance of
geographical proximity for innovation. Investigating US patent citation
data, Sonn and Stolper (2003) find that investors increasingly use domestic
knowledge more than foreign knowledge, in-state knowledge more than out-
of-state knowledge and knowledge from the same metropolitan area more
than knowledge from outside.

We now revisit the issue of local and global sources of innovation and
whether the most recent internationalization of R&D has influenced the
importance of MNEs as a network of different subsidiary units spread
geographically across vast distances.

11.3 Models and estimation framework

The theoretical framework for our study is a production function explain-
ing variation in innovation performance by different categories of knowl-
edge sources and a number of control variables that can be represented
schematically by the following equation,

Vi = Po + Bxxi + Brki + u; 1

Where i denotes log of variables expressed in per-employee terms, the left-
hand variable y is the innovation sales in firm, x is a vector of standard
control variables such as R&D, size as physical capital, employment and
industry dummies, and k is the various sources of knowledge or technology
spillovers that might influence innovation. g, is the elasticity of output with
respect to changes in the control variables, g is the elasticity of output with
respect to knowledge and technology spillovers, and u is the random-error
term representing all disturbances that prevent (1) from holding exactly.
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Let us first consider the OLS linear model:

where, in matrix form, y is innovation sales, and X is a matrix of different
categories of possible influences on firm performance: 1) knowledge sources
within the firm; 2) knowledge sources within the local/national systems of
innovation; 3) global knowledge sources within the group, and scientific,
vertical and horizontal partners; 4) international knowledge spillovers via
imports and FDI; and 5) other firm and industry characteristics.

The key assumption in regression model (2) is that the unobserved fac-
tors involved in the production function are not related systematically to
the observed factors X; that is, that the u processes have a zero-conditional
mean. However, we suspect a non-random sample of firms with observed
innovation output as well as simultaneous determination of some exogenous
variables and the endogenous innovation output; here the basic statistical
assumptions do not hold and we have to make a departure from the linear
model.

11.3.1 Sample-selection regressions

A regression estimated from the subpopulation of innovative firms, that is,
firms with positive R&D and innovation sales, will yield coefficients that are
biased without correction for non-random selection from the population at
large. In this paper, we will employ Heckman’s two-step estimator from the
Heckman selection model (Heckman 1979) in order to make such a correction
by estimating an omitted regressor A(x} 1), labelled the inverse Mills ratio
(IMR). Formally, this can be described as follows:!

Let y7 denote a latent variable and the outcome y; is observed if y; > 0, that
is, if the observed firm is classified as innovative. For example, y; determines
whether or not the firm is classified as innovative, and y; determines the
firm’s innovation performance. The variable yj is different from y; since firm
size or corporate structure, for instance, are more important in determin-
ing engagement in innovation activities than the size of innovation sales
per employee. The sample selection model then comprises the following
participating or selection equation and resulting outcome equation:

1 ifyr >0,

= 3
N 0 ifyi<0 (3)

ys if yi >0,
- ify; <0

V2 4)
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The standard model specifies a linear model with additive errors for the latent
variables:

yi=Xip1+er

Vs = X5 + &2

©®)

Where 8, is our primary interest, but a problem will arise estimating g, if ¢;
and ¢, are correlated. Is this case OLS regression of y» on x, using only the
observed positive variables on y, results in inconsistent estimates.

By including an estimate of IMR, Heckman’s two-step procedure can be
written as:

Vai = X B2 + o122 (Xy;B1) + v (6)

Where v is an error term, B is obtained by first-step probit regression of y;
on xj.

The Heckman model performs a test of whether or not the error terms
e1 and &2 in equation (5) are correlated and whether the sample selection
correlation is needed.

In addition to the selection model, we will exploit the predicted IMR in the
model dealing with the issue of simultaneity bias, which is presented below.

11.3.2 Generalized method of moments

Consider the linear regression model (2), where each component of x is acting
as an exogenous regressor if it is uncorrelated with the error in the model
and a variable x is endogenous if it is correlated with the disturbance. In the
first case, the OLS estimators can be used; otherwise, the OLS estimators are
inconsistent for estimating g.

In order to derive consistent estimates of equation (2) in the presence of
endogeneity among the regressors, we must find variables that satisfy two
properties: they must be uncorrelated with u but must be as highly correlated
with x as possible. A variable that meets those two conditions can serve as an
instrument for the correlation of the regressor and the error term.

In the case of simultaneous determination of response variables and regres-
sors, or endogeneity, there are several instrumental-variable options; the IV
and two-stage least squares (2SLS) as well as the generalization to generalized
method-of-moments (GMM) estimators. In this paper, we will employ the
GMM estimator.

11.3.3 Model specifications

Consider first the selection equation of the Heckman two-step model. The
empirical challenge here is to find a single or a set of variables that strongly
affects the probability of being an innovative firm but not necessarily the
size of innovation output. The determinants in the first step of the model
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(selection equation) are firm size, physical capital, capital structure and mar-
ket (a dummy variable indicating whether the firm is mainly focused on the
global market). Ten industry dummies are also included.

Our primary interest variables in the outcome equation are R&D collab-
oration, FDI and imports. The dependent variable innovation output is
measured as sales income from new products per employee. The control
variables in the outcome equation are R&D, skill (approximated by wage
sum per employee), the firm’s size measured by employment, investment in
machinery and equipment, and capital structure and industry indicators.

All variables are expressed as logarithms and are in per-employee terms,
with the exception of capital structure, human capital, market and the
indicator variables for collaboration on innovation, which are given as
percentages.

The GMM estimation is split into two parts. First, we consider a vector of
determinants that is almost the Heckman set of variables, with the exception
that we have included and instrumented for export. The instruments are (in
logs and intensity) gross investment, export value/export weight and import
value/import weight and the dummy variable that indicates whether the firm
exports more than 50 per cent of its production. Second, we extend the anal-
ysis of collaboration on innovation by considering 50 different combinations
of cooperation arrangements, reflecting complementarities between various
innovation partners.

11.4 Data

The empirical analyses in this study are based on data from the Commu-
nity Innovation Survey (CIS) IV for Sweden. The survey was conducted in
2005 and covers the period 2002-2004. The rate of response was close to
70 per cent. It covers both manufacturing and business-service sectors. The
original sample contains 3094 firms. The information on innovation activ-
ities from the survey has been supplemented with register data on sales,
value added, wages, physical capital, human capital, employment, exports,
imports and corporate structure from Statistics Sweden for the firms in
question.

In order to ensure that the data are suitable for our estimation purposes,
we have imposed restrictions on the sample. First, we removed all observa-
tions which the total sales in both the survey data and in the register data
remained zero even after the data treatment (see below). A second restriction
was the elimination of all observations for which the value added and wage
cost were zero. In total the restrictions applied to 10 observations. A third
restriction was the removal of 113 public utility firms (Nace 40 and 41) and
six financial intermediates (Nace 66-69). In the present analysis, these indus-
tries are not considered ‘innovative industries’. The result was 2962 complete
observations of firms with more than 10 employees.
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11.4.1 Definition of innovative firms

Aiming to distinguish firms by their innovative nature, we selected a sample
consisting of only innovative firms. There is, however, no general agreement
in the literature on how to classify a firm as ‘innovative’ or as to what distin-
guishes innovation from technical changes. Schmookler (1966) suggests that
when an enterprise produces new goods or services or uses a method that is
new to it, it is introducing technical changes.

The enterprise that is first to make a given technical change is an innovator.
However, Hall (1994) noticed that the distinction between an innovator and
its followers — the imitator firms — often is unclear. In their attempts to imitate,
firms often do things differently (unintentionally or by design) from the
way they were done by the first firm and thus become innovators in their
own right. The Oslo Manual (OECD, 2005), which sets out the guidelines for
collecting and interpreting innovation data in the CIS surveys, defines an
innovation as products, services and methods new or significantly improved
in respect to the market.

The CIS survey also provides an opening for a softer definition of innova-
tion by aiming questions at products that are new or significantly improved
with respect to the market as a whole as well as to the firm only. Together these
two aspects will probably reflect the findings of Geroski et al. (1993) who indi-
cate that the importance of innovation lies not only in the innovation in
itself, but also in the learning process associated with the innovation. These
CIS classifications of innovation can either be analysed jointly or separately.
In this paper we will choose the former.

We then define an innovative firm according to the following criteria: a
firm is innovative if its total sum of research and development expenditures
on: 1) intramural R&D; 2) extramural R&D; 3) acquisition of machinery; and
4) other external knowledge is positive, and if it also has positive sales of
goods and services according to the joint classification of innovation.

The CIS survey also allows us to distinguish between products developed:
1) mainly by the firm; 2) by firms in collaboration with others; and 3) mainly
by others. Interestingly, all three categories are associated with about the
same average innovation expenditures as a fraction of sales (7 to 9 per cent).
Moreover innovation sales as a fraction of sales are on average largest among
firms that reported that their innovative products were mainly developed by
others (24 per cent versus 19 per cent and 17 per cent respectively for the two
other categories of firms). Based on this information we consider a firm as
innovative irrespective of whether it mainly developed the new product itself
or not. We end up with a sub-sample of 1091 (36.8 per cent) innovative firms.

11.4.2 Cleaning data

Finally, we defined a ‘clean’ dataset according to the following criteria. First,
we censored any observation for which R&D was more than two times larger
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than sales. This means that for 21 observations with R&D expenditures
reported to be more than 200 per cent bigger than sales the R&D expenditures
are replaced by observations equal to sales times two. Second, if the reported
sales were zero or missing in the survey data, these have been replaced by the
figures from the register data and vice versa. There are 33 such observations
and all concern non-innovative firms. Third, we made value added identi-
cal to sales if value added was larger than sales. This resulted in 21 changes,
all concerning non-innovative firms. Finally, for all observations for which
employment was zero or missing in the register data, we replaced these with
the information from the survey data (16 observations of non-innovative
firms and five of innovative firms). In total, the ‘cleaning process’ resulted
in 150 changes for non-innovative firms and seven for firms belonging to
the innovative sample. The censoring eliminates the influence of extreme
observations and yet allows us to retain the observations in the estimation
procedure.

The non-innovative firms, according to our definition, consist of firms:
1) with neither positive R&D nor positive innovation sales: 2) firms with
positive R&D but no positive innovation sales, and: 3) firms with positive
innovation sales but no R&D. The non-innovative firms are retained in the
total sample and are used in the selection equation for estimating a correcting
variable which Heckman (1979) refers to as the inverse of Mills’ ratio (IRM).
We will also employ the IRM in the GMM estimations predicted from the
Heckman model.

11.4.3 Variables

Innovative product sales. The Schumpeterian branch of economic literature, a
branch characterized as explicitly focusing on innovation as a distinct eco-
nomic activity with distinct economic causes and effects, has shown that
R&D is a main determinant of productivity. A serious limitation of many
studies on R&D and productivity is that they only investigate the relation-
ship between R&D coefficients that are biased, and other input factors on the
one hand, and productivity on the other. The neglected link is what Pakes and
Griliches (1984) labelled ‘the knowledge production function’, a production
of commercially valuable knowledge or innovation output. The explanation
for this ‘ignorance’ is the lack of data on this commercially valuable knowl-
edge. Although they are not perfect, the CIS surveys, which now have been
introduced in the majority of OECD countries, offer an observation on the
firm’s assessment of their annual income from new products introduced to
the market during the most recent three-year period. Our analysis will use
this variable as the left-hand side variable and it is measured as the logarithm
of innovative product sales per employee.

Our set of explanatory variables consists both of those that have commonly
been documented as affecting innovation performance in the Schumpeterian
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Table 11.1 Variable definition and expected sign of the correlation with innovative
product sales

Variable Definition

Innovative firms Firms with positive R&D expenditures and positive
innovative product sales.

Innovative product sales Log sales income from innovate products per employee

FDI Dummy variable indicating whether the firm is
foreign-owned

Import value Log import value (in monetary terms) per employee

FOR GRO R&D collaboration, RDC, with foreign partners within
the group

DOM GRO RDC with domestic partners within the group

FOR SCI RDC with foreign scientific partners (universities,
research institutes)

DOM SCI RDC with domestic scientific partners

FOR VER RDC with foreign vertical partners (suppliers and
customers)

DOM VER RDC with domestic vertical partners

FOR HOR RDC with foreign horizontal partners (competitors and
consultants)

DOM HOR RDC with domestic horizontal partners (suppliers and
customers)

Import value/weight Log import value (in monetary terms)/import weight
per employee

Market Dummy variable indicating whether export/sales >
50 percent

Skill Log wage sum per employee

Size Log employment

Gross investment Log gross investment in physical capital per employee

Machinery investment Log investment in machinery per employee

Export value Log export value (in monetary terms) per employee

Export value/weight Log export value (in monetary terms)/export weight per
employee

Capital structure Total debt/(Total debt + equity)

Note: Table 11.1 displays the variables included in the Heckman selection model in the
GMM-estimation.

literature (our controls) and those that are supposed to capture the impor-
tance of positive externalities. The following variables are included in the
analysis:

e R&D. Since the objective of the paper is to investigate the importance of
external knowledge on firms’ innovation performance we need to control
for variation in (log) R&D intensity.

e Skill. In the specifications of the econometric models we have to account
for factors that can cause problems in the estimation procedure. Along



Technology Diffusion and Innovation 255

with the two main problems discussed in Section 11.3, multi-collinearity
among the explanatory variables and difficulties in identifying their
effect is another issue. Two simple ways of checking for the presence of
multi-collinearity are to look at the correlation coefficients among the
explanatory variables and the R2 from regression of each explanatory vari-
able on the remaining explanatory variables. Table 11.A1 in Appendix
11.1 below reveals a strong association between log R&D per employee
and human capital, partly due to the fact that R&D personnel are a frac-
tion of human capital. Since our data do not distinguish between R&D
personnel and other kinds of human capital, we will exploit wage sum per
employee as a proxy for human capital in order to avoid double-counting
of R&D. The assumption is that the wage sum includes a skill premium.
We therefore label this variable as ‘skill’.

Firm size and physical capital. The Schumpeterian literature has suggested
the importance of controlling for variation in firm size and physical capital
investment, which might be associated with innovation activities. Firm
size is measured as log of employment. For physical capital we employ
two different measures — gross investment and investment in machinery
and equipment. The former is employed in the first step of the Heckman
equation and the latter as an instrument in the GMM estimation.
Market. In order to better isolate the importance of spillover effects, we
include a variable that might pick up the importance of global export
markets. It is a dummy variable indicating if the firm is selling more than
50 per cent of its production outside Sweden.

Capital structure. Since the seminal paper by Modigliani and Miller (1958),
several theories have been proposed to explain the variation in debt ratios
across firms. There is, however, a broad agreement in the corporate finance
literature that firms prefer to draw on internal financing from retained
profits and seek external financing by issuing shares or corporate bonds
when there are insufficient funds for internal financing. Recent litera-
ture suggests that small firms and R&D firms are financially constrained.
(See Tiwari, Mohnen, Palm and Schim van der Loeff in Chapter 10 of
this book.) While there is an extensive literature investigating how finan-
cial constraints affect a firm’s R&D intensity, the issue of how the firm'’s
capacity to leverage (increase the ratio between debt and equity) affects its
innovation performance has been far less scrutinized. Assuming that the
firm’s innovation output signals growth opportunities, Harris and Raviv
(1991) report that there is consensus in the literature the leverage should
increase. If the innovation performance is related to profitability the evi-
dence from the literature is mixed. Discussing the effect of profitability
on leverage, Jensen (1986) predicts a positive correlation if the market
for corporate control is effective and a negative correlation otherwise.
The negative relationship is explained by the management’s preference
for internal financing while efficient corporate control forces the firm to
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pay out cash by leveraging up. Including information asymmetry among
market imperfections, as Razin, Sadka and Yuen (2001) have done in their
analysis, suggests that debt financing is preferred to equity since a choice
of equity finance signals that the firm’s shares are overvalued.

e Knowledge transfer via collaboration on innovation. Eight different indica-
tors are used for measuring the importance of transmission of technology
and knowledge via collaboration on innovation. We focus on collabora-
tion within the group, with scientific partners (universities and research
institutes), with vertical partners (suppliers and customers), and with
horizontal partners (competitors and consultants). Since the data on
collaboration contains information on national as well as global collab-
oration we hope to identify both local and global spillovers. In total, 50
different network combinations of R&D collaborations are investigated.

e Knowledge transfer via FDI and trade. Following Veugelers and Cassiman
(2004) and others we use the presence of foreign-owned MNEs in the host
country (Sweden) as an indicator of international knowledge spillovers.
We are interested to know whether foreign-owned firms ceteris paribus have
superior innovation performance in comparison to local firms. Interna-
tional trade is another common method of measuring knowledge diffusion
across borders and among two alternatives - the ratio of import value to
import weight. We use the latter in the equations and the former as an
instrument in the GMM estimation. There is also a possibility that the
firm'’s exports can be associated with knowledge transfer to customers.
However, in this study we include exports among the control variables.
A problem with this variable is that it can be assumed to be determined
together with the endogenous variable, that is, innovation sales, and a
possible result of this is that the estimation suffers from simultaneity bias.
Therefore, in equation (4) we instrument for the export variable (export
value) and make use of the ratio of export value to export weight as an
instrument in the GMM regressions.

Industry classifications: In order to control for any industry-specific effects
that may not be captured by the variables above, we also include ten industry
dummies. Table 11.2 provides mean values for some key variables distributed
over the 10 industry classes. There are large differences across industries. For
instance, there are four industries for which the proportion of innovative
industries is about 50 per cent or more (electrical and optical equipment
48 per cent; machinery and equipment 50 per cent; transport equipment
51 per cent; and pharmaceutical, plastics and other 55 per cent). In contrast,
in the transport and communication sector, only 16 per cent of firms can be
classed as innovative.

The average ratio of R&D to sales is 5.2 per cent in our sample, with a vari-
ation from 1.9 per cent (food, textiles and leather) to 11.9 per cent (business
activities). Firms in the business activities category have the largest average
innovation output when innovation sales are measured as a fraction of sales
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Table 11.2 Summary statistics: key variables distributed over industry classes. Number
of observations: 2962

Industry Obs Innovative® R&DP Innovation Human FDIY Market®
salesP capital®
1. Food, textiles, 506 0.312 0.019 0.070 0.120 0.144 0.113
leather
2. Pulp and paper 231 0.346 0.031 0.075 0.243 0.173 0.117
3. Pharmaceuticals 199 0.547 0.071 0.119 0.218 0306 0.215
and plastics
4. Mineral and 317 0.343 0.039 0.060 0.123  0.208 0.144
metals
5. Machinery and 194 0.500 0.058 0.120 0.216 0.231 0.253
equipment
6. Electrical and 251 0.478 0.095 0.155 0.293 0.211  0.190
optical
equipment
7. Transport 154 0.512 0.034 0.127 0.155 0.233  0.158
equipment
8. Wholesale and 197 0.355 0.014 0.099 0.269 0.406 0.044
retail
9. Transport and 392 0.155 0.015 0.040 0.220 0.178  0.006
communication
10. Business 521 0.399 0.119 0.132 0.548 0.166  0.025
services
Mean 0.368 0.052 0.095 0.258 0.206  0.107
Min 0.155 0.019 0.040 0.120 0.144 0.006
Max 0.547 0.119 0.132 0.548 0.406 0.253

Notes: Table 10.2 reports summary statistics for the 10 industry classes included in the study.
1 Manufacture of food products, beverages and tobacco; textile and textile products; leather

and leather products; manufacturing NEC.

Manufacture of pulp, paper and paper products: publishing and printing

Manufacture of pharmaceutical products; plastic and rubber products, of coke, refined

petroleum products and man-made fibres.

Manufacture of other non-metallic mineral products; basic metals and fabricated products

Manufacture of machinery and equipment

Manufacture of electrical and optical equipment

Manufacture of transport equipment

Wholesale and retail (service industry)
9 Transport, storage and communication (service industry)

10 Business services (service industry)

2 Fraction of the firms

b Fraction of total sales

¢ Employment with a university education as a fraction of total employment

d Foreign-owned firms as a fraction of all firms in the sample

¢ Fraction of firms with export more than 50 per cent of sales.

w N

0 N O

(12 per cent), while another service industry, transport and communication,
has a fraction of only 4 per cent.

The most human-capital-intensive industry is business services. The aver-
age share of university-educated employees is 55 per cent. The corresponding
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figure for food, textile and leather is only 4 per cent. There is a substan-
tial presence of foreign ownership in the Swedish economy. One out of five
firms in the sample is foreign-owned. The proportion of foreign ownership
is highest in wholesale and retail (40 per cent) and pharmaceuticals, plastics
and rubber (31 per cent). Finally, Table 11.2 shows that for 11 per cent of the
firms in the sample, exports constitute more than half of their total sales. The
most export-oriented industries are machinery and equipment (25 per cent),
pharmaceuticals, plastics, rubber and petroleum (22 per cent), and electrical
and optical equipment (19 per cent). Not unexpectedly, the service industries
in the sample are highly focused on the home market.

Table 11.3 provides summary statistics for all the variables used in the
analysis. We make a special distinction between multinational firms and non-
multinational firms. The descriptive statistics are restricted to the innovative
sample and we have transformed all observations into logarithms of intensity
terms (per employee) or percentages. The monetary variables are measured in
thousands of Swedish crowns. Column 1 shows statistics for the full sample,
while columns 2 and 3 give statistics for MNEs and non-MNEs respectively.
The most interesting findings are the large differences between the average
MNE and non-MNE in almost all variables. Looking first at collaboration on
innovation, not surprisingly it is shown that the typical MNE has a fairly
broad network of national and global partners within and outside the group.
The most important collaboration partners for non-MNEs are customers and
suppliers both in Sweden and abroad, and domestic universities. We then see
that close to one out of two MNEs in Sweden is foreign-owned and, not sur-
prisingly, that only MNEs have extensive trade. Among the controls, the most
striking differences concern firm size. The average employment is almost ten
times higher among MNEs (about 440) compared to non-MNEs (about 50).
The large difference between these two categories of firms supports our split
of the sample into two groups and the choice to focus on the MNE group in
our final analysis.

11.5 Empirical analysis

In the study, we investigate three main categories of external knowledge
transfer: 1) through collaboration on innovation; 2) through the presence of
foreign affiliates; and 3) through imports. The firms’ collaboration on inno-
vation is local/national as well as global. Tables 11.4 and 11.5 present results
for the importance of eight different collaboration partners separately, while
Table 11.6 reports estimates for collaboration within various networks. Only
the significant estimates are displayed. Table 11.A3 in Appendix 11.1 presents
all the 50 different combinations of collaboration arrangements analysed.
We have tried two estimators that differ in correction for selectivity and
simultaneity bias. Table 11.4 gives the results from the Heckman two-step
selection model. Tables 11.5 and 11.6 display results from the GMM model



259

§'0 < so[es/310dxa I9UIOYM SUNIEDIPUT d[qELIRA AWIUND © ST JONIeUWL
d[qetrea ay3 pue ‘9a4ordurs 19d a8em Sof se painseaw st (T) (IS "s1oulIed [ejuoziioy pue s1dujred [eonIda ‘s1ouired dognuans ‘dnoid sy urym s1sulred YIIm uoIBAOUUIL
U0 UOT)RIOQR[[0d dISIWOP 03 puodsariod YJOHNOA “YIANOA ‘TOSINOA ‘OYDNOJ Ssuoneiadiqqe 3y, ‘siauired [eyuozioy pue sauired [edniaa ‘srouired dynuans

‘dnoi8 ay3 uryym svuzred Yim uoreAoUUl UO UOHRIOQR[[0d US1RI0§ 03 puodsariod YOHYOL “YIAYO ‘IDSHOI ‘OdDYO] SUOTIRIAIGQE S [, "S3[RIIRA [0I3UOD 3} pue

41odwr pue [ ‘UONIRIOQR[[OD (IRY BIA Idjsuel) aSpa[mouy SuneSnsaAur 10§ pasn sa[qeriea ay) ‘dqerrea sdueuroyad ay3 105 sonsneys Arewrwns s310da1 ¢ 1T I[qeL, :SPON

SIX SOA SR sarwwnp Ansnpujp
00'T 200 0o 0,0 00'T 100 €20 99°0 00'T 100 €C0 89°0 amynys [eyded

dwa/[1ySrom 1odxa
90°ST 000 i 6€°S 99°¢1 000 8C'¢ 89 90°ST 000 16°¢ 68°S /ontea 110dxs] So
6¥°CC 000 9,.°8 8801 60'F1 000 60’9 ¥L1 8C'€T 000 90°8 €SPl duwa/ontea 310dxs 8o
001 00°0 Y20 80°0 00'1T 000 LE0 LT0 00’1 000 €e0 61°0 7 AN

durd/[3y8rom yrodurn
08°€L 01°0 IS4 8G°'S 9T'¥1 01’0 ST'E LT9 9T'¥I 01°0 6L°€ 16°S /onea yodui] 307
(ASAS 000 L0'C 801 91°ST 000 08’1 911 LYLT 000 S6'T €I'1L durd/aut *ss018 3071
T LT 000 So0'¢ L0°6 6071 000 0LC €96 (AWAS 000 L8'C 8¢€'6 duwd/Aut “yoewr 307
SC'8 0€'C 160 e /86 0€C 1S°T 8LV .86 0€C 0S'T or'¥y az1s swiy 3071
00T 000 LT0 0€°0 00'T 000 ¥C0 €0 00T 000 9C°0 €0 reydes uewnyy
66'L 00°S 820 L9°S S0'L 00°S 920 6L'S 66'L 00°'S LT0 vLS (IIRIS
9% 01 8.1 1€°01 PSPL  SS°€ 6L°1 6S°01 PSFL 0L 6L°1 V01 dws /a9y 3071
Nie)
89°1¢C 01’0 [A%] 16°01 8T€C 01°0 609 €T'LT ¥S€c 01°0 0S'L 6€T1 dws/yrodu 807
000 000 00°0 00°0 00T 000 670 S¥°0 001 00°0 €0 S0 1ad
Jodwir puv [ viA J2Jsuvi) aSpajmoud]
00T 000 €70 20 00T 000 870 8¢0 00T 000 950 €0 JOHWOd
001 000 LT0 80°0 00T 000 0 €C0 00’1 00°0 1€°0 91°0 YOHYOI
00'T 000 670 6€°0 001 000 0S°0 670 001 000 0S°0 S¥°0 YIANOA
00'T 000 o €20 00T 000 670 170 00T 000 LY0 €€0 YIAIOL
001 00°0 1¥°0 0 001 000 670 6<°0 001 000 9%°0 1€°0 I0S WOd
00'T 000 0c0 ¥0°0 00'T 000 9¢€°0 91°0 00T 000 1€°0 11°0 1084904
00T 000 920 80°0 00'T 000 o €C0 00T 000 99¢°0 ST0 OYONOA
001 00°0 000 000 00'1 000 8%°0 9¢€°0 00’1 00°0 |8 40 12°0 [OXiEaXi (0!
UOIIDIOGD]]0I DIA 1JSUDI] ISP MOUY

dura/sares
S6°ST 88°'S 9C'1 S0°CIL 0591 66'S el j4 44! 0591 88°S €1 LTT1 spnpoid aapesouur 07
21qVLIDA 2IUDULIOLID ]

Xe Uy qs UBIN Xe I qs uBIN Xe Uy qs U

08% = u A[uo INA-UON

119=1Uu A[uo NI

1601 =u d[dures [ng

sonsnels Arewwang 77 9|quL



260

Table 11.4 Regression results of selection equation, Heckman two-step model
Dependent variables: outcome equation: log innovation sales per employee

(only innovative firms). Selection equation: propensity to be engaged in product
innovation

All firms MNE only Non-MNE only

Coeff. S.E. Coeff. S.E. Coeff. S.E.

Outcome equation

Knowledge transfer via FDI and import

Inward-FDI 0.124 0.097  0.075 0.106 - -
Log import/emp 0.034*** 0.005  0.030*** 0.011  0.038***  0.007
Knowledge transfer via collaboration
FORGRO 0.113 0.118 0.136 0.132 - -
DOMGRO —0.058 0.111 -0.148 0.132 - -
FORSCI 0.057 0.150  0.264 0.171 —0.690** 0.311
DOMSCI —0.045 0.106 —0.148 0.138  0.105 0.160
FORVER 0.199 0.105 -0.030 0.141  0.474***  0.152
DOMVER 0.079 0.099 0.111 0.141  0.070 0.131
FORHOR —-0.201 0.132 -0.105 0.158 —0.385* 0.231
DOMHOR —-0.111 0.104  0.004 0.137 -0.238 0.156
Controls
Log R&D/emp 0.157*** 0.022  0.168*** 0.030  0.143***  0.032
Skill! 0.588*** 0.154  0.586*** 0.213  0.567** 0.222
Log firms size —0.138*** 0.043 -0.089 0.051 —0.237***  0.074
Log gross 0.025*  0.015  0.046** 0.021  0.009 0.021
investment/emp
Capital structure 0.694***  0.176  1.152*** 0.263  0.278 0.242
10 Industry dummies Yes Yes Yes

Selection equation

Log firm size 0.146*** 0.018 0.100*** 0.025 0.133***  0.037
Market? 0.751 0.097 0.617*** 0.120 0.832 0.182
Capital structure -0.110 0.112 -0.303* -0.303 0.087 0.153
Log gross 0.030*** 0.008 0.023* 0.013 0.037 0.101
investment/emp

Industry dummies Yes Yes Yes Yes Yes Yes
Mills, lambda —0.713**  0.285 —0.989** 0.453 -0.470 0.433
Number of observations 2,962 1,249 1,713

Censored observations 1,871 638 1,233

Uncensored observations 1,091 611 480

Notes: Standard error between brackets, ***p <0.01, **p <.005, *p <0.10. (1) Log wage per
employee, (2) Log investment in machinery per employee, (2) Export/sales > 0.5. The table reports
the parameter estimates of the correlation between innovation sales (i) FDI, (ii) import, (iii) and
eight indicator variables for collaboration on innovation respectively, using the Heckman
two-step estimator. In the regression 15 control variables are included. In the selection equation
all observations are included, while the outcome equation contains only innovative firms.
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Dependent variables: log innovation sales per employee
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Full sample MNE only Non-MNE only

n=1091 n=611 n=480

Coeff. S.E. Coeff. S.E. Coeff. S.E.
Knowledge transfer via FDI and import
Inward-FDI 0.117 0.100 0.054 0.111 - -
Log import/emp 0.028***  0.008 0.033**  0.016 0.029***  0.009
Knowledge transfer via collaboration
FORGRO 0.119 0.118 0.140 0.138 - -
DOMGRO —0.029 0.118 -0.152 0.139 - -
FORSCI 0.089 0.167 0.273 0.181 —0.635* 0.348
DOMSCI —0.020 0.107 —0.125 0.140 0.070 0.150
FORVER 0.184* 0.105 -0.214 0.144 0.461*** 0.147
DOMVER 0.048 0.103 0.100 0.149 0.052 0.135
FORHOR —0.209 0.132 -0.106 0.167 —0.369* 0.147
DOMHOR —0.105 0.105 0.012 0.143 -0.242 0.149
Controls
Log R&D/emp 0.149***  0.024 0.163*** 0.034 0.124*** 0.033
Skill! 0.625*** 0.175 0.616**  0.251 0.575**  0.225
Log firms size —0.147*** 0.041 —-0.114** 0.022 0.248*** 0.073
Log gross investment/ 0.032**  0.015 0.049**  0.022 0.018 0.020

employee
Log export/emp 0.010 0.010 —0.009 0.017 0.020* 0.011
Capital structure 0.718*** 0.172 1.030*** 0.232 0.474*  0.232
Inverse Mills ratio, IMR  —0.629**  0.264 —0.844** 0.340 -0.362 0.443
10 industry dummies Yes Yes Yes
Test statistics
Hansen ] statistics. 7.879 0.048 3.431 0.329 3.667 0.299
Overidentification

Anderson canon. Corr.  1310.118  0.000 544.471 0.000 693.643 0.000

identification

Notes: The table reports the parameter estimates of the correlation between innovation sales

(i) FDI, (ii) import, (iii) and eight indicator variables for collaboration on innovation respectively,
using the GMM estimator. In the regression, 16 control variables are included. Standard error
between brackets. ***: p <0.01, **: p <.00S5, *: p <0.10. (1) Log (w/l). Instrumented: Log export
value per employee. Included instruments: All variables reported in the table above. Excluded
instruments: Log gross investment per employee, Export/sales > 0.5, Log export value/export
weight per employee, Log import value/import weight per employee. FDI is foreign-owned firms
$ Test statistics in agreement with results reported in Table 11.3, column 2. The identification test
(Andersson) and the overidentification test (Hansen) are both satisfactory.
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including the inverse Mills ratio (IMR), which implies that we attempt to
control for both selectivity and simultaneity bias. Tables 11.4 and 11.5 show
coefficient estimates for the full sample of innovative firms, innovative MNE
firms and innovative non-MNE firms respectively. In Table 11.6 we report
coefficient estimates for only FDI, imports and network of R&D collaborators.

From the economic theory, we would expect that the propensity to be
innovative is an increasing function of firm size, gross investment and export
market. Yet firms who are highly dependent on bank loans are less likely to be
engaged in innovation activities compared to firms that finance their R&D
investments through retained profits or the stock market. Given that the
firms are classified as innovative, our a priori assumption is that the influence
on innovation output exerted by R&D, skill and coefficients that are biased,
physical capital and the capacity to leverage is positive. Regarding our key
variables, Ebersberger and Loof (2005) suggest that FDI is neutral with respect
to innovation output when the observed firms are MNEs and positive when
compared to non-MNEs. The importance of imports on innovation output
has been overlooked in the empirical innovation literature analysing firm-
level data, but based on work studying the correlation between import and
productivity, a positive effect can be expected. The literature provides mixed
results on the importance of R&D collaboration in relation to innovation
output.

Consider first the selection equation results reported in Table 11.4. The ben-
efit of using a selection model is to correct for a non-representative sample. In
order to reduce possible endogeneity problems we have excluded the export
variable from this equation but it will be used in the GMM equation. The
columns correspond to different samples. The first column corresponds to the
full sample, where we include all observations in the selection equation and
only innovative firms in the outcome equation. The second column reports
results only for MNEs. In the third column we report estimates for firms with
no affiliates abroad, that is, non-MNEs. There is data for 2962 firms in the
full sample, of which 1091 are uncensored. The corresponding figures for
the MNE sample and the non-MNE sample are 1249 (611) and 1733 (480)
respectively.

Recent research has addressed the involvement of foreign companies in
domestic economies — the relative engagement of foreign-owned companies
in R&D activities and embeddedness in various national innovation systems
and the relative output performance from R&D in terms of innovation and
productivity — with some mixed findings (Pavitt and Patel, 1999; Pfaffer-
mayr and Bellak, 2002; Dachs, Ebersberger and Lo6f, 2007). As displayed in
columns (1) and (2) we find that the presence of inward FDI per se is neutral
with respect to innovation output; that is, we find no difference between
foreign and domestic MNEs with respect to innovation sales. When con-
sidering the coefficients on imports, a pattern emerges in these coefficients
showing that spillovers from imports contribute significantly to innovation
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productivity. Note also that the estimated impact is highly significant for
MNE:s as well as for non-MNEs.

The point elasticities for knowledge transfer through collaboration on
innovation are estimated to be non-significant for the full sample and MNEs
only (columns (1) and (2)). When looking at non-MNEs in column (3) it
shows that the estimate for global scientific collaboration is highly signif-
icant and negative. However, as reported in the summary statistics (Table
11.2), only a small percentage of these firms has global scientific collabo-
ration arrangements. The typical innovative non-MNE is considerably less
oriented towards the global market than its MNE counterpart. More inter-
esting is the positive and significant correlation between innovation sales
and customers and suppliers. Our interpretation is that these firms, which
are smaller and less knowledge-intensive in terms of human capital and R&D
than the MNEs, are more dependent on external knowledge received through
market transactions.

The weak association between R&D collaboration and innovation output
is fully consistent with the findings of Brouwer and Kleinknecht (1996). It
is surprising that R&D collaborators do not have higher innovation output
than non-collaborators. This is a motivation for further analysis, which we
will return to in the subsequent discussion.

We now consider the control variables. The coefficients for R&D and phys-
ical capital are statistically significant and show a close association with
innovation sales. The results are also consistent with the literature. Due to the
strong correlation between innovation sales and human capital, we are using
wage per employee as a proxy for human capital. The coefficient estimate is
highly significant and the order of magnitude is close to 0.6. The capital struc-
ture variable controls for the firm’s access to external financial resources. The
estimate is significant and quite sizable, indicating the importance of the link
between debt funding and innovation performance.

The selection equation confirms previous findings that the propensity to
be engaged in innovation activities is an increasing function of firm size for
both our categories of firms. However, the results for the other three variables
are somewhat mixed. As expected, the firms focusing on the export market
have a large likelihood of being innovative (MNEs only). In accordance with
our a priori assumption, debt financing is negatively correlated to the like-
lihood of being an innovative firm (MNEs only). The coefficient estimate
for investment intensity is positive and significant (full sample and MNEs).
Finally, it is shown that the inverse Mills ratio (IRM) is significant.

Table 11.5 reports the innovation elasticities using the GMM estimator and
an IMR variable predicted from the Heckman equation. The estimation results
are supposed to have been corrected for both simultaneity bias and selec-
tion bias. The ] statistics (over-identification) and the identification statistics
are satisfactory for the two sub-samples, whereas the statistics for the four
instruments are not entirely satisfactory when the full sample is considered.
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Table 11.5 includes instrumented export intensity among the regressors, but
it is found to have a weak influence on innovativeness. Comparing the
results presented in tables 11.4 and 11.5 we find only marginal differences in
the coefficient estimates. The summary finding is that imports is the main
channel of technology diffusion when MNEs are considered whereas imports
and vertical collaboration with domestic partners is important in the case of
non-MNEs.

We will now consider the effect of R&D collaboration in some detail and
investigate 50 possible network arrangements between the local firm and
various innovation partners. There are 30 possible arrangements between
the local firms and networks including both foreign and domestic partners
and 10 collaboration networks with only domestic innovation partners. In
order to properly include foreign sub-units in the analysis we will limit the
discussion to MNEs only.

The results presented in Table 11.6 show the correlation between inno-
vative product sales and our three categories of knowledge transfer using
the same controls and industry dummies as those displayed in Table 11.5.
The analysis is limited to the sub-sample of MNEs and we will report only
the estimates for the key variables. The estimator is GMM-augmented with
an inverse Mills ratio among the explanatory variables.

Three overall findings emerge from the analysis displayed in Table 11.6
and Table 11.A3 in Appendix 11.1. First, the results for the FDI variable
and the imports variable are almost identical to those reported in tables
11.4 and 11.5. We can therefore concentrate our discussion on the effects
of network collaboration. Foreign-owned firms do not have a different inno-
vation performance than domestically owned MNEs and innovative product
sales are an increasing function of import intensity. Second, when the aspect
of network collaboration is taken into account it is shown that R&D col-
laborators have higher innovation inputs than non-collaborators in about
one out of five collaboration combinations (nine out of 50 investigated
networks).

Interestingly, there is a fairly robust pattern of collaboration arrange-
ments that affects innovation performance. When the network is restricted
to local (domestic) partners, no spillover effect can be established. When
the network includes a foreign sub-unit and a scientific partner, the like-
lihood of successful technology transfer increases considerably. In fact, all
six networks that include the local multinational firms, a foreign subsidiary
and a foreign scientific partner correlate positively with innovation perfor-
mance. It is also shown that the benefit of collaborating with local scientific,
vertical and horizontal partners increases considerably when a foreign sub-
unit and a foreign university are included in the arrangement. Finally, the
possibility of spillover from foreign customers, suppliers, competitors and
consultants is entirely dependent on assistance of a foreign firm within the

group.
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Concluding the results from this section, it is clear that multinational enter-
prises are in a special position for handling knowledge transfer. However,
recent research in this area has identified difficulties in transferring knowl-
edge across networks consisting of sub-units and innovation partners. Our
results indicate that what seems to be important for the local MNE is to
involve its foreign sub-units when collaborating on R&D internationally.
Hence, it looks like the technology transfer is not necessarily a flow from
one subunit to another, but rather one from different R&D collaborators to
the local firm via the foreign sub-unit. In this collaboration arrangement
foreign scientific partners also play a crucial role.

In a growing number of recent studies, research universities have been
identified as location factors of growing importance (Henderson, Jaffe and
Trajtenberg, 1998; Zucker, Darby and Brewer, 1998; Adams, 2002; Hall, Link
and Scott, 2003; Brennenraedts, Bekkers and Verspagen, 2006). It has been
suggested that regions with strong research universities have better oppor-
tunities to attract and support innovative industries than other regions. Our
study suggests that such universities contribute not only to regional spillover
but also to spillover across borders.

11.6 Conclusions

In our investigation of the importance of domestic and foreign sources for
local firms’ innovation performance, several main points emerged:

1. There is robust evidence that FDI, observed as foreign-owned firms, is
neutral with respect to innovation output. No difference can be found in
innovation output between foreign-owned MNEs and domestically owned
MNEs.

2. Technology transfer through imports correlates highly significantly with
innovation product sales among both MNEs and non-MNEs.

3. The evidence for spillover from R&D collaboration with domestic inno-
vation partners is weak when bilateral arrangements are considered. Only
non-MNEs collaborating with local, regional or national suppliers and
customers benefit from the collaboration.

4. When multilateral R&D arrangements are taken into account it is
shown that R&D collaborators have higher innovation inputs than non-
collaborators.

5. When the network includes a foreign sub-unit and a scientific partner, the
likelihood of successful technology transfer increases considerably.

We believe that our work suggests several lines of future research on domestic
and foreign sources of knowledge for innovation. First, a deeper understand-
ing is necessary of why a network, including both foreign units within
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the group and a foreign scientific partner, is superior to other collabora-
tion arrangements. Second, much remains to be done in order to better
understand how both imports and exports influence local firms’ innovation
performance. In particular, information on the geographical destination of
exports and the geographical origin of imports, together with the technology
classification of traded goods and a distinction between intra-firm trade and
other trade, would improve the quality of the analysis considerably. Third, in
order to assess the importance of FD], it is desirable to investigate how local
firms are related to foreign-owned firms in terms of suppliers, customers or
collaborators. Fourth, the CIS data on R&D collaboration is limited. It informs
us only whether collaboration exists or not. A proper analysis requires infor-
mation on the scope of the collaboration in terms of expenditures, the time
period and characteristics of the innovation projects. Finally, one must note
that there are several other sources of spillover than those considered in this
paper — these include patents, patent citations and strategic alliances.

Appendix 11.1

Table 11.A1 Regression results of explanatory variables
Dependent variable: l1og R&D per employee

Variables Innovative sample n=1091
Coefficient S.E. P-value

Human capital 1.862 0.247 0.000

Skill 0.592 0.224 0.009

Market 0.498 0.169 0.003

Global collaboration on innovation with 0.456 0.188 0.016
scientific partners

Domestic collaboration on innovation with 0.003 0.136 0.977
scientific partners

Global collaboration on innovation with 0.205 0.137 0.137
vertical partners

Domestic collaboration on innovation with 0.310 0.129 0.017
vertical partners

Global collaboration on innovation within —-0.091 0.149 0.546
the group

Domestic collaboration on innovation within 0.023 0.158 0.883
the group

Log import value per employee —0.001 0.009 0.883

Log export value per employee 0.029 0.009 0.002

Log investment in machinery per employee 0.054 0.017 0.002

Capital structure —0.070 0.225 0.754

FDI -0.378 0.128 0.003
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Table 11.A2 Test of appropriate instruments

Variables Corr Sig

Log (export value per employee/export weight) per employee 0.682 0.000
Log (import value per employee/import weight) per employee -0.126 0.000
Log gross investment per employee 0.303 0.000
Fractions of firm with export/sales >0.5 0.423 0.000

Note: Partial correlation of log export per employee with the following variables. Innovative
firms. Number of observations: 1091

Table 11.A3 50 different combinations of network collaborations

Foreign collaborators

Foreign and
domestic collaborators

Domestic collaborators

FORGRO +FORSCI+  FORGRO + DOMSCI DOMGRO + DOMSCI
FORGRO + FORVER FORGRO + DOMVER DOMGRO + DOMVER
FORGRO + FORHOR FORGRO + DOMHOR DOMGRO +DOMHOR
FORSCI+ FORVER FORSCI+ DOMSCI DOMSCI+ DOMVER
FORSCI+ FORHOR FORSCI+ DOMVER + DOMSCI+DOMHOR
FORVER + FORHOR FORSCI+DOMHOR DOMVER + DOMHOR
FORGRO + FORSCI+  FORVER + DOMSCI DOMGRO + DOMSCI +
FORVER +FORGRO + FORVER + DOMVER DOMVER
FORSCI+FORHOR+  FORVER +DOMHOR DOMGRO + DOMSCI +
FORGRO 4+ FORVER + FORHOR + DOMSCI DOMHOR
FORHOR +FORSCI+  FORHOR + DOMVER DOMGRO + DOMVER +
FORVER + FORHOR FORHOR + DOMHOR DOMHOR

FORGRO + FORSCI + DOMSCI + DOMSCI+DOMVER +

FORGRO + FORSCI+ DOMVER + DOMHOR

FORGRO + FORSCI+ DOMHOR +
FORGRO + FORVER + DOMSCI
FORGRO + FORVER + DOMVER
FORGRO + FORVER + DOMHOR
FORGRO + FORHOR + DOMSCI

FORGRO + FORHOR + DOMVER +

FORGRO + FORHOR + DOMHOR
FORSCI+ FORVER + DOMSCI
FORSCI + FORVER + DOMVER
FORSCI+ FORVER + DOMHOR
FORSCI + FORHOR + DOMSCI
FORSCI + FORHOR + DOMVER
FORSCI + FORHOR + DOMHOR
FORVER + FORHOR + DOMSCI
FORVER + FORHOR + DOMVER
FORVER 4+ FORHOR + DOMHOR

Notes: The table displays the different combinations of collaborative R&D networks investigated.
The ‘+’ sign indicates a significant correlation with innovation product sales using the GMM
estimator and control variables. The sample consists of 611 innovating MNE firms.
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Notes
1. Here we are partly following Baum (2006) and Cameron and Trivedi (2005).
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Industry Specialization, Diversity and
the Efficiency of Regional Innovation
Systems

Michael Fritsch and Viktor Slavtchev

12.1 Industry specialization and innovation activity

Innovating firms are not isolated, self-sustained entities but rather are highly
linked to their environment. This embeddedness can have a considerable
effect on innovation processes, and it is not very far-fetched to assume that
not all kinds of environment are equally well suited to a certain type of
research and development (R&D) activity. There are two prominent hypothe-
ses that pertain to the sectoral structure of the regional environment. One
of these hypotheses states that the geographic concentration of firms that
belong to the same industry or to related industries is conducive to innova-
tion. The other hypothesis assumes that it is the diversity of industries and
activities in a region, not the concentration of similar industries, that has a
stimulating effect.

In this chapter we test these two hypotheses by linking sectoral special-
ization of a region to the performance of the respective regional innovation
system (RIS). The next two sections (12.2 and 12.3) elaborate on the theo-
retical background of the two hypotheses and review the empirical evidence
attained thus far. Section 12.4 introduces our concept of efficiency of the RIS
and section 12.5 deals with data and measurement issues. We then give an
overview on the efficiency of the German RIS (Section 12.6) and investi-
gate the relationship between sectoral concentration and the RIS efficiency
(section 12.7). The final section (12.8) presents our conclusions.

12.2 Why should sectoral specialization of a region stimulate
or impede innovation?: the theoretical background

Innovation activity is characterized by the interaction and transfer of knowl-
edge between people and institutions. It can be regarded as a collective
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learning process. The main actors involved in this learning process are
private firms, customers, universities and other public research institutions,
technology-transfer bureaus, industry associations as well as public policy-
makers. If these actors are located in the same region they then participate
in the same RIS.

The specialization of a certain region in a particular industry is believed to
be conducive to innovation activities of firms affiliated with this industry for
a number of reasons. Accordingly, the co-location of a large number of firms
operating in similar technological fields may induce localization advantages
because:

e the aggregate demand of a relatively large amount of firms of an industry
may result in a pool of regional workers or employees with certain industry-
specific skills that can be utilized by all firms belonging to that particular
industry and located in the region (Marshall, 1890; Ellison and Glaeser,
1999);

e this aggregate demand of the regional firms can also induce a rich regional
supply of other relevant inputs such as specialized business services,
banks and credit institutions or certain kinds of infrastructure (Bartelsman,
Caballero and Lyons, 1994);

e the sectoral specialization of a region may stimulate R&D cooperation
between the firms which are sharing the same knowledge base and thus
may promote a high level of knowledge spillovers (Mowery, Oxley and
Silverman, 1998);

e tacit knowledge and geographically bounded knowledge spillovers may
be conductive for local collective learning processes (Lawson and Lorenz,
1999; Maskell and Malmberg, 1999).

These benefits of specialization within a certain industry are external to
the firm belonging to that industry but remain largely internal to the par-
ticular region. Such effects that result from the specialization of regional
economic activities in the same industry are labeled Marshall-Arrow-Romer
externalities! (MAR externalities) according to the authors who created this
concept (Glaeser et al., 1992).

However, the concentration of several firms of the same industry in a region
can also be disadvantageous if it leads to ‘lock-in’ effects. Such effects may
occur if the specialization of the regional knowledge and resources deter the
emergence and evolution of other technological fields (Grabher, 1993). In
particular, specialization may hamper the exchange between heterogeneous
actors with different, but complementary, types of knowledge. As argued by
Jacobs (1969), many ingenious ideas are born in the exchange process which
occurs between different fields of knowledge. In economic terms, this means
that diversity may lead to advantages of innovation activity which are com-
prised of different technological fields. Hence, it may be the industrial variety
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in a region that is conducive to innovation activity. Such economies are
external to the firms and industry but internal to the respective geographical
location. Moreover, as pointed out by Jacobs (1969), these effects can be
expected to be greater in densely populated regions. Therefore, regions with
diverse kinds of activities and a high degree of agglomeration, particularly
cities, may have a comparative advantage over less densely populated areas
which are usually characterized by a lesser variety of actors, institutions and
industries. Such effects of industrial diversity are labelled ‘Jacobs externali-
ties’. However, as Henderson (1997) showed for the US, agglomerations and
cities not only tend to be more diversified but also more specialized in certain
industries.

12.3 Empirical evidence

The answer to the question as to whether specialization or diversity in a
region is conducive to innovation activity is still largely unclear. For example,
Glaeser et al. (1992) found that diversity rather than regional specialization
had a positive impact on employment growth in US cities in the 1956-1987
period. This study is, however, not directly linked to innovative activities.
Feldman and Audretsch (1999) analysed the effect of sectoral specialization
on innovative output on the basis of innovation counts which were attributed
to four-digit SIC industries at the city level. They found that the innovative
output of an industry tends to be lower in cities which are specialized in that
particular industry. This result supports the idea that it is diversity rather than
specialization that plays a major role (Jacobs, 1969). In an earlier study for
the US, the authors found that the spatial concentration of certain industries
(MAR externalities) is not an important determinant for explaining innova-
tive output (Audretsch and Feldman, 1996a, 1996b). Obviously, Jacobs’ thesis
seems to hold for the US and can, according to Duranton and Puga (2000),
be regarded as a stylized fact.

Many of the respective studies for European regions explicitly tested for
both types of externalities. Paci and Usai (2000a) provide clear evidence for a
significantly positive relationship between sectoral specialization and inno-
vative output at the level of European NUTS-1 regions. The authors conclude
that innovations simply occur in locations with pronounced manufactur-
ing activities. However, there are typically a number of different knowledge
sources (such as universities and other public R&D labs) and other support-
ing facilities in such locations that are not included in their analyses. In the
case of Italy, Paci and Usai (1999, 2000b) found evidence for both Jacobs’
externalities and MAR externalities. With respect to the latter, the authors
conclude that innovative activities in a certain industry, as measured by the
number of patents, tend to be higher in geographic locations which are spe-
cialized in that particular industry. In a more recent study, Greunz (2004)
tested the impact of sectoral specialization on the number of patents at the
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level of European NUTS-2 regions and clearly confirmed these results. Van
der Panne and van Beers (2006) argue that MAR and Jacobs’ externalities may
both be relevant for innovation; however, they occur at different stages of the
process. According to their analysis for the Netherlands, MAR externalities
have stronger positive effects in the early phases of innovation activity while
Jacobs’ externalities are more supportive for the marketing of an innovation.

Overall, previous analyses could not provide an unambiguous answer to
the question of whether sectoral specialization or diversity in a region stimu-
lates innovation activities. In contrast to previous studies which focused on
the impact of MAR and Jacobs externalities on the number of innovations
or patents, we use the efficiency of RIS in generating new knowledge as a
performance indicator. Moreover, our analysis focuses not only on the role
of specialization or diversity but it also accounts for other key determinants
of the efficiency of RIS.

12.4 Assessing the efficiency of RIS

The term efficiency is used in a variety of ways. Our understanding of the
efficiency of RIS corresponds to the concept of technical efficiency as intro-
duced by Farrell (1957). Technical efficiency is defined as the generation of
a maximum output from a given amount of resources. A firm is regarded as
being technically inefficient if it fails to obtain the maximum possible out-
put. Reasons for technical inefficiency can be manifold and comprise all kinds
of mismanagement such as inappropriate work organization and improper
use of technology (Fritsch and Mallok, 2002), bottlenecks in regard to cer-
tain inputs as well as the ‘X-inefficiency’ described in Leibenstein’s (1966)
seminal work. Applying that definition to the concept of RIS means that a
region is technically efficient if it is able to produce the maximum possible
innovative output from a given amount of innovative input. Accordingly,
the inefficiency of a RIS results from the failure to meet the best practice of
conducting innovation activity.

Our measure of efficiency is based on a regional knowledge production
function that describes the relationship between innovative input and output
(Griliches, 1979; Jaffe, 1989). The basic hypothesis behind the knowledge
production function is that inventions do not ‘fall from heaven’ but result
predominantly from systematic R&D efforts, that is:

R&D output = f(R&D input) (1)

Adopting the Cobb-Douglas form of a production function, the basic
relationship between regional R&D output and input can be written as

R&D output = A*R&D input” *e )
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with the term A representing a constant factor, g providing the elasticity by
which R&D output varies with the input to the R&D process and ¢ as an
additional iid distributed statistical noise component.

The output of the R&D process for regions may differ because of two rea-
sons: the output elasticity of R&D input, g and the constant term, A. The
output elasticity may be interpreted as a measure of the marginal productivity
or efficiency of the input to the innovation process. If, for example, the qual-
ity of inputs to the R&D process is improving or if spillovers from the R&D
activities of other actors in the region become more pronounced, the input
elasticity of R&D output may increase. Differences between regions in regard
to the constant term indicate higher innovative output at any level of input.
Such differences in the constant term may be explained by all kinds of char-
acteristics of RIS that influence average productivity of R&D input but do
not necessarily affect marginal returns. An illustrative example of such dif-
ferences that pertain only to the average productivity of R&D input and not
to marginal productivity could be innovations that are not entirely based on
current R&D but also on the existing stock of ‘old’ knowledge. Moreover,
the presence of informal networks and ‘milieux’ may mainly affect average
productivity. Due to the fact that, in practice, we are only able to assess
the relevant knowledge stock rather incompletely, differences in regard to
the constant term may also reflect a misspecification or incomplete mea-
surement of the input variable. We therefore restrict ourselves here to the
assessment based on the marginal productivity of R&D input. Analyses of the
two measures show that they lead to a quite similar assessment of the quality
of RIS (Fritsch and Slavtchev, 2006). Based on the estimates of the marginal
productivity of R&D input in each region, the efficiency E, of the region r is
then calculated as:

E; = (B:/ max f;) " 100 [%] 3)

According to this approach, at least one region will meet the benchmark
value and the remaining regions will have efficiency values between 0 and
100 per cent of this benchmark value.

12.5 Data and measurement issues

In this study we use the number of disclosed patent applications as an
indicator for the innovative output of the regional innovation processes.
Information on the yearly number of disclosed patent applications is avail-
able for the 1995 to 2000 period from Greif and Schmiedl (2002). A patent
application indicates that an invention has been made which extends the
existing pool of economically relevant knowledge. However, using patents
as an indicator for new knowledge has some shortcomings (Brouwer and
Kleinknecht, 1996; Acs, Anselin and Varga, 2002; Griliches, 1990). On the
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one hand, patents may underestimate the output of R&D activity because
the results of basic research cannot be patented in Germany. The actual R&D
output may also be overestimated in the case of blocking patents, which
are typically applied around one core invention in fairly new technological
fields, where there may be many potential applications which are not yet
known. Although the use of patents has some shortcomings, this paper fol-
lows previous studies in this field by assuming that patents are appropriate
indicator of innovative output.

A patent is assigned to the region in which the inventor has his main
residence. If a patent has more than one inventor, the patent is divided
by the number of inventors and the respective shares are assigned to the
regions in which the inventors have their residence. Therefore, in event of
the inventors being located in different regions, the number of patents per
region may not always be a whole number. We have rounded up the num-
ber of patents per region assuming that innovations are randomly occurring
discrete events that typically follow a Poisson distribution. Hence, economet-
ric methods that account for the discrete nature of the dependent variable
appear more appropriate than the least square estimation technique, which
is based on the assumption of a normal distribution of the residuals. How-
ever, as the distribution of patent records shows pronounced skewness to the
left (over dispersion), we apply negative-binomial regression as an estimation
technique for assessing the efficiency of RIS.?

In an analysis of the knowledge sources of innovation for West German
districts® (Kreise) as well as for the German planning regions (Raumordnungsre-
gionen) with the number of patent applications as the dependent variable,
we found a dominant effect for the number of private-sector R&D employ-
ees in the region (Fritsch and Slavtchev, 2005, 2007). Further knowledge
sources that had a significant effect on innovative output of a region were
the number of R&D employees in adjacent regions indicating the presence of
spatial knowledge spillovers as well as the amount of external research funds
attracted by public research institutions. In this paper, we omit other input
variables and limit the analysis to the number of private sector R&D employ-
ees as the main knowledge source in the knowledge production function.
The main reason for this approach is that knowledge spillovers from adjacent
regions as well as the presence of public research institutions can be regarded
as determinants of the efficiency of private-sector R&D input and should,
therefore, not be used for measuring it. The numbers for R&D employment
in the private sector stems from the German Social Insurance Statistics (Statis-
tik der sozialversicherungspflichtig Beschdiftigten) as described and documented
by Fritsch and Brixy (2004). Employees are classified as working in R&D if
they have a tertiary degree in engineering or in natural sciences.

The estimation of a knowledge-production function at the level of planning
regions (Table 12.1) shows a strong impact of the number of private-sector
R&D employees on the number of patents. The production elasticity of
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Table 12.1 The knowledge-production function

Variable
Private sector R&D employees (In) 0.885*
(0.051)
Intercept —1.773**
(0.441)
N 388
Alpha 0.365
(0.045)
Wald x2 (1) 306.46™
Log pseudo likelihood —2,466.15
Pseudo R?di 0.916

Results of robust (cluster) negative-binomial regression; robust standard
error in parentheses; **statistically significant at the 1% level.

private-sector R&D employment is 0.885, indicating that an increase of
R&D employment by 1 per cent leads to an increase in the number of
patents of nearly 0.89 percent. According to the constant term of the model,
there are only 0.17 patents in the average planning region per year that
cannot be attributed to private-sector R&D efforts as measured by R&D
employment.

When relating knowledge input to innovation output we have to assume
that there is a time-lag between the respective indicators for two reasons.
Firstly, R&D activity requires time for attaining a patentable result. Secondly,
patent applications are published only about 12 to 18 months after submis-
sion. This is the time necessary for the patent office to verify whether an
application fulfils the basic preconditions for being granted a patent (Greif
and Schmiedl, 2002). Thereafter, each patent application has to be disclosed
(Hinze and Schmoch, 2004). Hence, at least two or three years should be an
appropriate time-lag between input and output of the R&D process.* How-
ever, because reliable data on R&D employment in eastern Germany are only
available for the years 1996 onwards, a time-lag of two or three years would
lead to too few observations per region for estimating a region-specific effect.
In order to have more observations available, we reduce the time-lag between
R&D input and the patent application to a period of one year.’ In other
words, R&D output in the period 1997-2000 is related to R&D input between
1996 and 1999. This appears justified because there are no great fluctuations
of both innovation input and innovation output over the years. Moreover,
the differences between an estimated knowledge-production function with a
time-lag of one year and with a time-lag of three years are negligible (Fritsch
and Slavtchev, 2005, 2007).
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The spatial pattern to be used for the analysis is given by the 97 German
planning regions.® The spatial concept of planning regions focuses on com-
muter distances; therefore, they account for travel to work areas and are well
suited to represent functional spatial economic entities. In general, plan-
ning regions consist of several districts and include at least one core city as
well as its surroundings. For historical reasons, the cities of Berlin, Hamburg
and Bremen are defined as planning regions even though they are not func-
tional economic units. In order to create functional units, we merged these
cities with adjacent planning regions for the analysis. Berlin was merged with
the region Havelland-Flaeming, Hamburg with the region Schleswig-Holstein
South, Bremen with Bremerhaven and with the region Bremen-Umland.
Hence, the estimation approach applied in this paper is based on observations
for 93 regions over four years.

To estimate the productivity of RIS in terms of the marginal return to
R&D input, we include a binary dummy variable for each region which is
multiplied by the respective number of private-sector R&D employees. This
dummy variable assumes the value one for the respective region and other-
wise has the value zero. The constant term, A, is assumed to be the same for
all regions. Hence, equation (2) can be rewritten as:

Patents, = Al_[ R&D priv/ * efr (4)
I

with g; as a measure of the marginal productivity of private-sector R&D
employment in the " region (r=1,...,93). In order to partly relax the
assumption of independency of the observations for a particular planning
region, we adjust the standard error for intragroup correlation by clustering
the observations for each region. Applying the clustering procedure is equiva-
lent to a White-corrected standard error in the presence of heteroscedasticity
(White, 1980). The efficiency measure is computed according to equation (3).
The results are reported in Table 12.A1 in Appendix 12.1.

12.6 The distribution of RIS efficiency across
German regions

There is a wide dispersion of technical efficiency of RIS among the plan-
ning regions that reflects the marginal productivity of R&D input. The values
for technical efficiency range between 53 per cent and 100 per cent, mean-
ing that productivity of private R&D input in the best practice region is
about twice the productivity in the least efficient region (see table 12A.1
in Appendix as well as Fritsch and Slavtchev, 2006, for details).

Generally, the values for the technical efficiency of RIS tend to be
higher in regions with large, densely populated agglomerations such as
Munich, Stuttgart, Cologne and Frankfurt. The lowest efficiency estimates
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Figure 12.1 The distribution of efficiency of RIS in German planning regions

are found for regions in the northeast such as Mecklenburgische Seenplatte,
Vorpommern and Altmark located in eastern Germany, the former German
Democratic Republic (GDR). The Berlin region, showing a relatively high
RIS efficiency, is an exception in the eastern German innovation landscape.
The relatively low values for technical efficiency in eastern Germany indi-
cate that the RIS in this part of the country is rather inefficient. Most of the
regions with a relatively high level of technical efficiency of RIS are located
in the southern and in the western part of the country. We find evidence for
spatial clustering of regions with similar levels of RIS efficiency (see Fritsch
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and Slavtchev, 2006 for details). This indicates that some of the determi-
nants of the efficiency of RIS apply to larger geographical units than planning
regions.

12.7 Sectoral concentration and the efficiency of RIS

To estimate the relative impact of different determinants of the technical
efficiency of RIS a robust OLS cross-section regression technique was applied.”
Although the main focus of this study is on the relationship between sectoral
concentration in a region and marginal productivity of R&D employment,
a number of further important determinants of RIS efficiency as well as a
number of control variables are included. Table 12.2 gives an overview of
the definition of variables and respective data sources. Descriptive statistics
presented in tables 12.3 and 12.4 show the regression results. Correlation
coefficients for the relationship between the variables are given in Table 12.A2
in Appendix 12.1.

A significantly positive impact of RIS on technical efficiency can be found
for the share of private-sector R&D employment. The estimated coefficient
provides clear evidence for scale economies. This means that an increase of
the share of private-sector R&D employment at a certain location may make
innovation processes more efficient. The sources of such scale economies
could be increasing opportunities for a division of innovative labour that
is related to a high level of knowledge spillovers. However, if more detailed
measures for regional specialization in R&D-intensive industries are included
(models 4-8 in Table 12.4), the impact of the share of R&D employment
becomes somewhat weaker or is no longer statistically significant (model 8
in Table 12.4).

The average amount of external research funds from private sector sources
per university professor has a positive impact on the efficiency of RIS. This
suggests that the intensity of university-industry linkages is conducive to
the efficiency of regional innovation activity presumably as a result of the
knowledge flows that are indicated by the money that private firms pay for
the R&D that the universities perform for them.

The industrial diversity index is the inverse value of the Gini coefficient
calculated on the basis of the number of employees in 58 different indus-
tries. The positive sign for the industrial diversity index (models 2-8) suggests
that the efficiency of regional innovation activity increases with the vari-
ety of industries in the region and that interaction of actors with different
knowledge endowments stimulates the generation of new ideas rather than
specialization. The results favor Jacobs externalities. However, the nega-
tive sign for the squared value of the diversity index indicates a nonlinear
relationship with the efficiency of the RIS that has the shape of an inverse
‘U’ which is truncated close behind the maximum value. Indeed, the same
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Table 12.3 Descriptive statistics

Variable Obs. Mean Std. Dev. Min Max Median
Patents? 372 395.50 508.60 11.778 3,652.7 245.75
R&Dppiy? 372 6,674.0 8,724.1 649.00 48,968 3,690.0

Marginal productivity 93  0.6513 0.0893 0.4119 0.7779 0.6768
of R&Dpriv [8]
Efficiency of RIS [%] 93  83.717 11.480 52.941 100.00 87.005

R&Dpgiy [Share] 93 0.0223 0.0089 0.0089 0.0528 0,0200
ERFinp per professor 93 11.062 14.735 0 97.067 7.1950
DIV 93 1.4979 0.0825 1.3076 1.6785 1.5023
TRANSPORT_ENG 93 0.0428 0.0375 0.0096 0.2259 0.0308
ELECTR_ENG 93 0.0354 0.0233 0.0038 0.1227 0.0292
OPTICS 93 0.0086 0.0086 0.0022 0.0553 0.0055
CHEMISTRY 93 0.0167 0.0227 0.0009 0.1795 0.0100
@ FSIZE 93 13.204 1.6957 8.5294  18.2661 13.308
SERVICES 93 -0.0481 0.0818 —0.2255 0.1999 —-0.0556
POPden 93 336.99 507.56 53.425 3,886.9 180.67

Note: 2pooled yearly values

pattern can be directly observed in the data (Figure 12.2).% This pattern
implies that an optimum degree of industrial diversity exists and that a fur-
ther increase beyond this level has an unfavourable effect. Obviously, at both
extremes broad diversity as well as narrow specialization may be unfavourable
to the performance of a RIS. Even after introducing a number of additional
variables in order to control for further effects, the estimated pattern for
industrial diversity remains remarkably stable.

Our results suggest that externalities of both the Marshall and Jacobs type
affect the efficiency of regions in producing innovative output. This con-
firms the previous results of Paci and Usai (1999, 2000b), who used the
Herfindahl index as a measure of industrial diversity, and it also parallels the
findings of Greunz (2004), who tested the impact of the industrial structure
on innovation in European regions by means of Gini coefficients.

In order to control for the relative impact of regional specialization in cer-
tain industries with a relatively high level of patenting, we include the share
of employees in transportation engineering, electrical engineering, measure-
ment engineering and optics. These are, according to Greif and Schmiedl
(2002), the technological fields in which most of the patent applications
in Germany are generated.’ Due to the fact that the available data do not
allow the identification of the exact number of employees in the biochemical
industry, which is another field with a relatively high share of patenting, we
include the percentage of people employed in chemistry as an indicator for
the region’s specialization in that particular sector. However, only regional
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Table 12.4 Determinants of efficiency of RIS

Dependent variable: Efficiency of RIS [Equation (3)]

(1) (¢)] 3 @ ) 6 ) ®)

R&Dppyy [Share]  0.026*  0.048*  0.067** 0.066™ 0.056** 0.064** 0.060* 0.028

(In) (2.21)  (2.62) (2.89) (2.79) (244 (2.69) (2.60) (1.19)
ERFinp per 0.022*  0.012 0.015** 0.015** 0.014* 0.015* 0.015* 0.016*
professor (In) (1.99) (1.92) (2.65 (2.67) (2.54) (2.65) (2.63) (2.62)
DIV (In) 8.540** 4.210* 4.027* 3.884* 4.216* 4.130* 3.306*
3.71)  (2.59) (2.45)  (2.51) (2.54) (2.45) (2.05)
DIV? (In)? —8.760** —4.727* —4.449* —4.425* —4.755* —4.646* —3.730
(297) (2.31) (2.19)  (2.33) (2.33) (2.22) (1.88)
TRANSPORT_ENG 0.008 0.012
(In) (0.80) (1.25)
ELECTR_ENG (In) 0.023* 0.032*
(1.96) (2.48)
OPTICS (In) 0.005 0.005
(0.46) (0.49)
CHEMISTRY (In) 0.005 0.013
0.61) (1.37)
@FSIZE (In) —0.441* —-0.224* —0.248" —0.253"* —0.244** —0.239** —0.234** —0.206™*
(2.98) (2.03) (2.89) (2.99) (2.84) (2.81) (2.86) (2.67)
SERVICES -0.637** —0.239 —-0.473"* —0.453** —0.436** —0.468™ —0.478** —0.401**
(3.10)  (1.42) (5.26) (4.97) (4.68) (5.12) (5.36) (4.46)
POPden (In) 0.137**  0.064** 0.069** 0.070** 0.068** 0.069** 0.068** 0.065**
(4.65) (3.51) (4.63) (4.61) (4.93) (461) (437) (4.53)
Dummy West 0.155** 0.147** 0.148** 0.154** 0.150** 0.122**
(1=yes) (5.92) (5.65) (5.62) (5.86) (5.08)  (3.81)
Dummy South 0.080™*  0.078"* 0.074** 0.080** 0.081** 0.069**
(1=yes) (5.23) (4.98) (498) (5.15) (5.31) (4.49)
Dummy Periphery —0.028* -0.029* -0.023 -0.027* —-0.027* -0.019
(1=yes) (2.04) (2.11) (1.72) (1.98) (1.96) (1.46)
Intercept 4.845* 2.811™* 3.837** 3.869** 3.856** 3.807** 3.799™* 3.783**
(10.94) (4.79)  (9.02) 9.25)  (9.79)  (9.18) (8.90) (10.16)
R-squared 0.33 0.66 0.86 0.86 0.86 0.86 0.86 0.87
R-squared adj. 0.29 0.63 0.84 0.84 0.85 0.84 0.84 0.85
F 5.40 44.60 61.08 57.19 58.01 54.52 59.00 52.62
Prob > F 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note: Results of OLS, Huber-White estimation. Robust t-statistics in parentheses; * significant at 5% level;
** significant at 1% level. Number of observations (regions): 93.

specialization in electrical engineering seems to have an effect on the effi-
ciency of RIS. The service sector may provide important support for the R&D
activities in diverse ways such as counselling, technical services, provision of
venture capital, and so on. This is particularly true for knowledge-intensive
business services (KIBS), which also may produce and diffuse knowledge
that is crucial for innovation processes (Muller and Zenker, 2001; Anselin,
Varga and Acs, 2000). One could, therefore, expect a positive impact from
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Figure 12.2 Industrial variety and technical efficiency of RIS at the level of the German
planning regions

the share of the regional service sector on RIS efficiency. However, a high
share of the service sector in the region may have a negative effect on the
number of regional patents due to the relatively low propensity to patent
in this sector. Hence, the overall effect of services on the efficiency of RIS
is a priori not clear. In order to test the impact of the service supply in a
region on the marginal patent productivity of private-sector R&D, we intro-
duce the relative size of that sector (in terms of employment) into the model
(SERVICES). Our results indicate that the share of the service sector has a
negative impact on the efficiency of RIS. This means that despite their sup-
porting function, resources allocated to the service sector are less efficient in
terms of patenting. This corresponds to the relatively low share of patents in
services.

As indicated by the significantly negative coefficient for average firm size,
patenting efficiency tends to be lower in regions that are dominated by indus-
tries in which economies of scale play an important role. This confirms other
studies which find that the number of patents per unit of R&D input is higher
in smaller firms than in larger ones (Acs and Audretsch, 1990; Cohen and
Klepper, 1996).

The positive coefficient for population density indicates the presence of
urbanization economies. This suggests that a location in a densely populated
region which provides a variety of opportunities for interaction in addition
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to often abundant supplies of input as well as a rich physical, institutional
and communication infrastructure may be advantageous for innovation
activity.

The results of the analysis also suggest that regions located in the west of
Germany as well as in the south of the country are more efficient in pro-
ducing innovative output per unit of innovative input than regions located
in the north and in the east. Regions located on the periphery tend to be
relatively inefficient in comparison to the nonperipheral areas. However,
if the share of employment in electrical engineering is included (models 5
and 8), the estimated coefficient for location in the periphery becomes sta-
tistically insignificant, indicating that this industry is not present in this
spatial category. The dummy variables for location in the western and in the
southern part of Germany remain quite robust, providing clear evidence of
the presence of region-specific factors which are not captured by the other
variables.

12.8 Conclusions

This paper investigated the effect of a region’s specialization in certain indus-
tries on the efficiency of RIS in producing knowledge. Our answer to the
question ‘Is regional specialization in a certain industry conducive to the
performance of RIS in terms of efficiency?’ is ‘Yes, but only to a certain
degree’. In fact, the data suggest that the relationship between sectoral
specialization and the performance of RIS takes the form of an inverse
‘U’. This means that if a certain level of specialization is reached any fur-
ther concentration in the respective industry tends to be unfavourable for
the efficiency of RIS. A high concentration as well as great diversity of
the sectoral structure in a region is associated with a relatively low level
of RIS efficiency. The results suggest that a region’s specialization in a
certain industry may increase the efficiency of the region in producing inno-
vative output. However, this does not hold for all industries but seems
to be the case for high-tech manufacturing industries such as electrical
engineering.

The results of this paper raise some important questions for further
research. First, the determinants of knowledge spillovers within the private
sector as well as industry-universities relationships should be more illumi-
nated because such interchanges seem to be conducive to regional innovative
performance. Second, additional research is required in order to answer the
question of what the forces are that determine the industrial structure of
regions. Moreover, regarding the positive impact of industrial diversity on
innovation, more information about the ways in which knowledge spills
over between industries should be helpful in deriving reasonable policy
implications.



288 External Organization

Appendix 12.1

Table 12.A1 The distribution of technical efficiency in the German planning regions

Planning region Estimated Technical Rank
production efficiency
elasticities [%]

Code Name ﬁ robust std. B = % 100

error maxp
1 Schleswig-Holstein North 0.5685 0.3012 73.07 75
2 Schleswig-Holstein South-West 0.5412  0.2919 69.57 80
3 Schleswig-Holstein Central 0.6104 0.2408 78.46 67
4 Schleswig-Holstein East 0.5991 .0.2639 77.02 70
S5&6 Schleswig-Holstein South & 0.6657  0.1995 85.57 55
Hamburg
7 Western Mecklenburg 0.4634 0.2534 59.57 88
8 Central Mecklenburg/Rostock 0.5163  0.2524 66.37 84
9 Western Pomerania 0.4479  0.2558 57.58 91
10 Mecklenburgische Seenplatte 0.4119  0.2737 52.94 93
11 & 13 & 15 Bremen & Bremerhaven & 0.6123  0.2170 78.71 66
Bremen-Umland

12 East Frisian 0.5866 0.2777 75.41 71

14 Hamburg-Umland-South 0.6778  0.2669 87.12 46

16 Oldenburg 0.6008 0.2683 77.22 69

17 Emsland 0.5823  0.2705 74.85 72

18 Osnabriick 0.6767  0.2550 86.99 48

19 Hanover 0.6691 0.2136 86.01 53

20 Suedheide 0.6290  0.2780 80.85 65

21 Luneburg 0.5726  0.3003 73.60 73

22 Brunswick 0.7250 0.2178 93.19 18

23 Hildesheim 0.6713  0.2566 86.29 50

24 Gottingen 0.6817 0.2601 87.62 45

25 Prignitz-Obehavel 0.4859 0.2630 62.46 87

26 Uckermark-Barnim 0.4542 0.2716 58.38 90

27 Oderland-Spree 0.4899 0.2574 62.98 86

28 Lusatia-Spreewald 0.5389 0.2314 69.28 81

29 & 30 Havelland-Flaeming & Berlin  0.6833  0.1915 87.83 44

31 Altmark 0.4247  0.3065 54.59 92

32 Magdeburg 0.5550  0.2300 71.34 78

33 Dessau 0.4634 0.2474 59.56 89

34 Halle/Saale 0.5604 0.2273 72.04 77

35 Muenster 0.7112  0.2255 91.42 31

36 Bielefeld 0.7150  0.2233 91.91 28

37 Paderborn 0.6673  0.2556 85.78 54

38 Arnsberg 0.6692  0.2516 86.03 52

39 Dortmund 0.6403  0.2276 82.31 58

40 Emscher-Lippe 0.6768 0.2413 87.01 47

(Continued)
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Table 12.A1 (Continued)

Planning region Estimated Technical Rank
production efficiency
elasticities [%]

Code Name ﬁ robust std. B ~ % 100

error maxp

41 Duisburg/Essen 0.6714 0.2077 86.31 49

42 Diisseldorf 0.7335 0.1964 94.29 12

43 Bochum/Hagen 0.7171 0.2215 92.18 26

44 Cologne 0.7018 0.2008 90.21 38

45 Aachen 0.7237 0.2235 93.02 19

46 Bonn 0.7149 0.2418 91.90 29

47 Siegen 0.7049 0.2571 90.61 35

48 Northern Hesse 0.6353 0.2399 81.66 62

49 Central Hesse 0.7282 0.2366 93.61 15

50 Eastern Hesse 0.6306 0.2843 81.07 64

51 Rhine-Main 0.7107 0.1920 91.36 32

52 Starkenburg 0.7185 0.2141 92.35 25

53 Northern Thuringia 0.5008 0.2697 64.37 85

54 Central Thuringia 0.5658 0.2296 72.74 76

55 Southern Thuringia 0.5698 0.2540 73.24 74

56 Eastern Thuringia 0.6349 0.2354 81.61 63

57 Western Saxony 0.5347 0.2171 68.74 83

58 Upper Elbe Valley/Eastern 0.6387 0.2132 82.10 59

Ore Mountains

59 Upper Lusatia-Lower Silesia 0.5356 0.2440 68.85 82

60 Chemnitz-Ore Mountains 0.6087 0.2254 78.25 68

61 South West Saxony 0.5520 0.2446 70.96 79

62 Middle Rhine-Nahe 0.7033 0.2385 90.40 37

63 Trier 0.6370 0.2847 81.89 61

64 Rhine-Hesse-Nahe 0.7220 0.2427 92.81 22

65 Western Palatinate 0.6619 0.2659 85.08 56

66 Rhine Palatinate 0.7339 0.2229 94.34 11

67 Saar 0.6591 0.2354 84.73 57

68 Upper Neckar 0.7084 0.2137 91.06 33

69 Franconia 0.7292 0.2348 93.73 14

70 Middle Upper Rhine 0.6975 0.2158 89.66 40

71 Northern Black Forest 0.7631 0.2490 98.09 3

72 Stuttgart 0.7556 0.1869 97.13 5

73 Eastern Wuertemberg 0.7631 0.2459 98.09 4

74 Danube-Iller (BW) 0.6950 0.2373 89.34 41

75 Neckar-Alb 0.7295 0.2390 93.77 13

76 Black Forest-Baar-Heuberg 0.7498 0.2501 96.39 7

77 Southern Upper Rhine 0.7141 0.2344 91.80 30

78 High Rhine-Lake Constance 0.7226 0.2397 92.88 20

79 Lake Constance-Upper Swabia 0.7198 0.2282 92.53 23

(Continued)



290 External Organization

Table 12.A1 (Continued)

Planning region Estimated Technical Rank
production efficiency
elasticities [%]

Code Name ﬁ robust std. i =~ % 100

error maxp

80 Bavarian Lower Main 0.7254 0.2604 93.24 17

81 Wurzburg 0.7083 0.2495 91.05 34

82 Main-Rhone 0.7531 0.2603 96.81 6

83 Upper Franconia-West 0.7407 0.2558 95.21 8

84 Upper Franconia-East 0.6377 0.2599 81.97 60

85 Upper Franconia-North 0.6868 0.2669 88.28 43

86 Industrial Region Central 0.7167 0.2021 92.13 27

Franconia

87 Augsburg 0.7281 0.2885 93.60 16

88 Western Central Franconia  0.6910 0.2305 88.83 42

89 Ingolstadt 0.7189 0.2545 92.40 24

90 Regensburg 0.7354 0.2384 94.53 10

91 Danube-Forest 0.6984 0.2658 89.78 39

92 Landshut 0.6713 0.2702 86.29 51

93 Munich 0.7379 0.1868 94.85 9

94 Danube-Iller (BY) 0.7223 0.2578 92.85 21

95 Allgaeu 0.7041 0.2612 90.51 36

96 Oberland 0.7779 0.2693 100.00 1

97 Southeast Upper Bavaria 0.7723 0.2441 99.27 2

Results of robust (cluster) negative-binomial regression.

Table 12.A2 Correlation of variables

Variable 1 2 3 4 5 6 7 8 9 10 11
1 Patents?
2 R&Dppriv? 0.92
3 Efficiency of RIS 1.00
4 R&Dppry [Share] 0.22 1.00
5 SERVICES 0.08 0.44 1.00
6 POPden 0.17 0.38 0.47 1.00
7 @ FSIZE 0.08 0.58 0.19 0.46 1.00
8 ERFinp per 0.23 0.33 0.20 0.04 0.20 1.00
professor
9 DIV 0.66 —0.09 —0.12 —0.05 —0.05 0.10 1.00
10 TRANSPORT_ENG 0.29 0.12 -0.12 —-0.05 0.16 0.13 —0.05 1.00
11 ELECTR_ENG 0.55 0.26 —0.11 0.02 0.18 0.21 0.44 0.06 1.00
12 OPTICS 0.34 0.02 -0.19 —-0.08 —0.11 —0.04 0.31 0.00 0.36 1.00
13 CHEMISTRY 0.31 0.23 0.17 0.09 —0.01 —-0.08 0.07 0.04 —0.08 0.02

2pooled yearly values.
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Notes

1. Based on Marshall (1890), Arrow (1962) and Romer (1986).

2. See Greene (2003, pp. 931-9). As we find at least one patent per year for each district
in our data, the problem of having ‘too many zero values’ does not apply.

3. The German districts (Kreise) coincide with the NUTS-3 regional classification.

4. Fritsch and Slavtchev (2005, 2007) relate patenting activities in West Germany
between 1995 and 2000 to R&D activities three years ago. Acs, Anselin and Varga
(2002) report that US innovation records in 1982 resulted from inventions that had
been made 4.3 years earlier. Fischer and Varga (2003) used a two-year lag between
R&D efforts and patent counts in Austria in 1993. Ronde and Hussler (2005) linked
the innovative output - the number of patents between 1997 and 2000 - to R&D
efforts in 1997.

5. Bode (2004) also uses a time-lag of one year when relating patent output to R&D
employment across German planning regions.

6. For this definition of the planning regions, see the Bundesamt fiir Bauwesen und
Raumordnung, BBR (Federal Office for Building and Regional Planning), 2003.

7. Since the dependent variable, the estimated marginal elasticity of private-sector
R&D, is bounded between zero and 100 per cent, we also applied (two-limit) tobit
regressions in order to check for robustness of the results. As the results of the tobit
analyses are identical with the results of the OLS regressions, they are not reported
here.

8. High values indicate high levels of industry diversification.

9. Inthe 1995-2000 period about 9.6 per cent of all patent applications were submitted
in the field of transportation engineering, 13 per cent in electrical engineering and
7.4 per cent in measurement engineering/optics (Greif and Schmiedl, 2002).
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