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INTRODUCTION: PRODUCT
INNOVATION — ON WHY AND HOW IT
MATTERS FOR FIRMS AND THE
ECONOMY

Bengt-Ake Lundvall and Jesper Lindgaard Christensen

1. INTRODUCTION

The aim of this book is to contribute to the understanding of product innovation
— how it takes place and how it affects the economy. Our analysis of product
innovation links it to interactive learning and to the performance of firms. On the
basis of unique data sets and detailed case studies we study the interconnections
between these three elements from different angles. We believe that the book will
prove helpful for managers, employees and policy makers as well as for all those in
academia who wants to understand the role of product innovation in the economy.

Product innovation is a complex and multidimensional phenomenon and in
order to capture this complexity we combine different theoretical perspectives,
different levels of aggregation, and different methodological approaches. We
apply economic, institutional, organizational and sociological perspectives and
we combine quantitative studies with qualitative case studies. At the same time
there is coherence across the different parts of the book reflecting a focus on
product innovation, organizational change and industrial dynamics. The team that
has produced the book has a long history of interdisciplinary collaboration. This
is obviously the case for the Aalborg scholars but it is also true for the three

Product Innovation, Interactive Learning and Economic Performance
Research on Technological Innovation and Management Policy, Volume 8, 1-18
Copyright © 2004 by Elsevier Ltd.
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2 BENGT-AKE LUNDVALL AND JESPER LINDGAARD CHRISTENSEN

outstanding external scholars, Lam, Lorenz and Tomlinson, who have contributed
to the book. The Aalborg researchers have been involved in long-term collaboration
with them in several international research projects.

Important parts of the book are based on empirical material gathered in
connection with the specific research project PIE — product innovation and
economic performance in Denmark.! The project organized the gathering of
different types of data sets on technical and organizational change in Danish
firms. A major survey on innovation, organization and competence building that
covered activities in 2007 responding firms for the period 1998-2000 was one
source and to these data were linked register data on economic variables as well
as the comprehensive labour market data base IDA. These data sets have been
used to analyse what factors that promote product innovation and to analyse how
innovation relates to economic performance (see Chapters 7, 11 and 14).

A different kind of data set was gathered through detailed consecutive interviews
in firms and covering different specific product innovation projects. In each firm
there were at least three consecutive interviews and in each firm several individuals
involved in the product development process were interviewed. The major aim of
this part of the project was to gain concrete and detailed insights regarding the role
of knowledge and learning in the context of product innovation (see Chapters 4, 6
and 10).

2. PRODUCT INNOVATION AND THE PERFORMANCE
OF THE FIRM AND THE WHOLE ECONOMY

Both at the level of the firm and at the level of the economy as a whole, product
innovation is of major importance. For the economy as a whole, the introduction
of new products is fundamental for economic growth. Process innovation without
product innovation would sooner or later result in economic stagnation and in what
has been called “technological unemployment.” To avoid stagnation of demand,
increasing income levels need to be sustained by the offering of new products and
services.

Surveys addressed to firms show that, in high-income countries, the introduction
of new products — not only modified ones — are events that take place frequently in
most parts of the economy. For instance, over a period of 2—3 years, normally about
half of all Danish private firms report at least one product innovation. The reason
why firms introduce new products is that they want to attract demand and maintain
their position in competition with other firms. In some sectors, such as information
technology, frequent introduction of new products is absolutely necessary for the
firm’s survival while in other sectors, such as food industry, the rate of change
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in products may be slower. But also in sectors traditionally seen as low-tech due
to their low level of R&D-intensity product innovation may be crucial to attract
customers from competitors.

3. BUT PRODUCT INNOVATION IS ABSENT IN
STANDARD ECONOMICS TEXT-BOOKS

Product innovations are thus important both for the survival of the single firm and
for sustained economic growth. In spite of that, remarkably little is said about
product innovation in standard textbooks in economics. Theoretical models of
production, the so-called production functions, take into account technical progress
when it results in more efficient processes of production but tend to neglect product
innovations. One reason for this neglect is methodological and has to do with the
predominance of quantitative models in economics (Lundvall, 1987).

There is a general ambition among economists to transform all aspects of reality
into quantitative variables that can be manipulated within continuous mathematical
models. This is one reason why, in general, innovation studies are not well
developed in standard economics. There is little doubt that technological change,
fundamentally, is a qualitative phenomenon. Discovery, invention, and innovation
can even be defined as activities giving rise to new qualities, which did not exist
before the act of discovering, inventing, or innovating.

In the real world, growing efficiency in production is, of course, a phenomenon
inseparable from changes in product quality and the introduction of new products.
New products stimulate aggregate demand and growth and it is the growth of
real incomes, induced by growing productivity that stimulates the demand for
new products (Pasinetti, 1981). This is reflected in the close statistical correlation
between economic growth and structural change. It is impossible to understand the
dynamics of industrial development, without taking into account that new products
and new product qualities are introduced.

4. THE MANAGEMENT LITERATURE RECOGNIZES THE
IMPORTANCE OF PRODUCT INNOVATION

The management literature gives much more attention to product innovation.
It addresses the challenges of product innovation for management. It instructs
managers to keep track of the process, to establish gateway meetings, to co-
ordinate the efforts of different departments within the firm. As we will show,
“to manage product innovation” is a very demanding task and one of the most
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efficient ways to do so is to establish a learning organization characterized
by continuous horizontal communication. This reflects that product innovation
processes mobilize knowledge and competence among many individuals belonging
to different spheres of activity and the process is very much one of interaction
between people and specifically about “interactive learning.”

Related to the interaction between learning individuals is the interaction between
organizations that results in inter-organizational learning. Long term relationships
with other firms, knowledge institutions and consumers stimulate and shape
product innovation activities in different ways. Firms that are customers signal new
needs that may be addressed by new products. Firms that supply services, materials
and equipments signal new technological opportunities that may be integrated in
the new product. But it is not only by influencing the agenda for product innovation
that external organizations play a role. During the development process there is
often an on-going process of inter-organizational communication and co-operation
and how well it works will be reflected in the market success of the new product.

5. INTERACTIVE LEARNING, MARKETS AND
HIERARCHIES

Standard economics focuses too much on how markets separate one organization
from another and has difficulties in explaining the frequency of long-term
collaboration in dynamic sectors characterised by frequent product innovations.
Industrial networks appear as anomalies as compared to the individual firm
selling its services on an anonymous market. Transaction cost theory gives one
explanation on why vertically separated units are brought together in hierarchies,
but it has difficulties to explain the intermediate forms where firms remain legally
independent but still get committed in long-term relationships. Here we will offer a
different explanation of why network relationships and relational contracting are so
frequent. We will argue that they are established because they are the most effective
institutional form when it comes to reaping benefits emanating from interactive
learning.

Such an explanation needs to take into account that interactive learning is
deeply embedded in social life. The outcome of learning processes will depend
on social relationships such as trust, authority and recognition. Therefore, the
broader societal and socio-economic context needs to be taken into account when
analysing the formation of network relationships. In this context the restrictive
view of standard economics where everything is reduced to individual instrumental
or strategic rationality is insufficient. To understand the dynamics of product
innovation and the formation of network relationships it is necessary to broaden the
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perspective and to let insights from other disciplines than economics be integrated
in the analysis.

6. PRODUCT INNOVATION AS A PROCESS OF
COMMUNICATION IN AN ENVIRONMENT OF
UNCERTAINTY

There are two characteristics of product innovation that makes it a process where
social and economic elements are intertwined in a complex way. One is the
fundamental uncertainty it involves. Uncertainty in connection with innovation
is fundamental in the extreme sense that the very aim of the process is to come
up with something unknown. While normally we define uncertainty as a situation
where the unknown may happen innovation is a process where we know that the
unknown will happen. We might define this as radical fundamental uncertainty.
This is why it is a process where beliefs, intuition and creativity are as important,
or more important, than calculation and optimisation.?

The second important characteristic is that it is a process where the outcome is
highly dependent upon interaction and communication between people. Individual
actors may try to realise their own intentions but they have to do so in a context
where the resources they need to mobilize are shared with others and actually
change in the very process of interaction. This is one reason why “methodological
individualism” cannot be applied to processes where knowledge and learning are
central (Arrow, 1994).

This combination of uncertainty and interaction makes product innovation a
social phenomenon in two respects. First, social relationships are fundamental
for commercial outcomes; the social institutions shape economic development.
Second, the innovation process affects social relationships within firms and
between individuals belonging to different organizations. Some of the learning that
takes place is “relational learning” and this kind of learning affects how people
and organizations relate to each other.

According to George Herbert Mead, the extension of markets has a civilising
effect since the market is an institution where sellers have to take buyers seriously
and regard them as “significant others.” It is interesting to note that product
innovation, much more than standard market operations, may be seen as a process
where close interaction and understanding is required. The innovating producer
needs to get an idea of user needs not served by existing products. This implies
that in an economy where product innovation is a frequent phenomenon we would
expect more closely knit social networks than in a static market economy where the
focus is upon the exchange of commodities with given use value characteristics.
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This implies that product innovation will flourish in contexts where there is a
multitude of “strong and weak ties” among users and producers. Trust, common
language, common routines are necessary prerequisites for a complex interaction
with uncertain outcome. This is why short “social” or “cultural” distance may be a
prerequisite for innovation. Sometimes there is also a need for short geographical
distance making it possible for the interacting parties to meet face to face. These
are some of the arguments behind the proposition that it is meaningful to analyse
regional and national systems of innovation.

7. THE INNOVATION PRONE ECONOMY IS A
MIXED ECONOMY

It follows that a market economy where product innovation is an important
integrated process must be a “mixed market economy” rather than a “pure market
economy.” Markets are mixed — combining elements of markets with elements
of trust, power and communication channels — and hierarchies are also mixed —
combining elements of authority with elements of loyalty and commitment.

How people relate to each other and what categories of people that most easily
relate to each other are crucial elements in what constitute the specificities of
a society. In countries where the elite is trained in separate schools — France
and England may be used as examples — we would expect a different pattern of
communication and therefore a different mode of innovation than the one that
we would find in Nordic countries with highly egalitarian education systems.
If there is a strong tradition among experts to stick to what you know best
and be sceptical to what other professions can offer (again France might be
a case) that would give a different pattern of communication and a different
mode of innovation than in a society where there are more fluid borders between
professions.

It is evident from the above that human resources play a pivotal role in
product innovation. Product innovation is based upon competences and it involves
processes of interactive learning within as well as across organizational borders.
Hitherto the literature on technological progress and innovation systems has
tended to give too little attention to this aspect and given much more attention
to research and development. However, in recent years the literature has caught
up on this aspect. Innovation systems are increasingly seen as building upon
the competencies embedded in people and organizations, and innovation studies
increasingly give some attention to the education system and the labour market
(Lundvall & Christensen, 2003). This book has the aim to move the analysis further
ahead in this respect.
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8. SOCIAL CAPITAL AND SMALL COUNTRIES

The sharing of a common language and the willingness to co-operate with parties
with different interests are more or less easy to establish in different countries
reflecting not only the education system but also how societies are stratified. To
overcome uncertainty, to build trust and to establish a common language takes time
and it may be seen in the light of accumulation and destruction of “social capital.”

Small countries have developed dense social networks both at the national level
and at the level of the single firm making adaptation more rapid and less costly.
Nation wide networks, including representatives of workers and employers as well
as policy makers, permit swift institutional reforms when external circumstances
make it necessary. Combined with a reasonably high, rather evenly and widely
diffused level of education these characteristics make it possible to be rapid in
establishing new competences as these are required (Maskell et al., 1998). These
“small country-advantages” may give an explanation of why many small countries,
in spite of increasing returns to scale in knowledge production and use, are listed
among the most competitive in the world in an era where knowledge is a key
production factor.

The Danish economy may be of special interest as an illustration of this small
country advantage since its formal knowledge base appears to be rather weak.
Denmark is among the richest countries in the world. But Danish firms, with the
exception of a few pharmaceutical firms, pursue relatively little R&D. Denmark
is extreme among the small countries in actually increasing its specialisation in
low technology products in the nineties. At the university level Denmark invests
less money per student level than other OECD-countries when the income level
is taken into account. On the other hand, Denmark is also extreme in the sense of
social capital based on egalitarianism and small power distance. It is the country
in the world with the most equal income distribution and with the highest rates of
unionisation (Lundvall, 2002). These properties are important for understanding
the context of the product innovations and interactive learning studied in most of
this volume.

9. THE STRUCTURE OF THE BOOK

Our analysis of product innovation links it to interactive learning and economic
performance. We tackle the interconnections between these elements from
different angles. The first part is about how knowledge and learning relate to
innovation — it introduces conceptual issues and alternative theoretical perspectives
and models. The second part is about interactive learning in connection with



8 BENGT-AKE LUNDVALL AND JESPER LINDGAARD CHRISTENSEN

product innovation. The third part considers how human resource management
and industrial relations affect product innovation and learning. The fourth part
explains how the organizational and inter-organizational context affects and
shapes innovation processes. We pursue this aim by focusing upon the interaction
between innovating firms and knowledge institutions. Finally, whereas we in
several chapters discuss different kinds of performance in connection with product
innovation we end up by relating product innovation to economic performance in
a strict economic sense.

9.1. Perspectives on Learning

Chapter 2 by Lundvall gives an overview of how knowledge is treated in economic
theory and makes an attempt to develop new concepts that makes the analysis of
knowledge and learning more adequate and useful. It ends up by sketching the
contours of a new type of economy — the learning economy — where the capacity
to learn is crucial for the success of individual actors, organizations and regions.
One central element in this chapter is the analysis of how learning and innovation
are interrelated and it is argued that it is not possible to understand innovation
processes without going deeper into the understanding of learning and knowledge.

In chapter 3 Alice Lam pursues this line of thought in an institutional context.
She demonstrates that there are important connections between the formation of
competences at the level of the individual, the structure of the labour market and
the organizational framework within which learning and innovation takes place. A
training system that fosters en elite isolated from workers will innovate differently
than one where education is more broad-based. A labour market organized around
professions will promote different kinds of learning than one where internal labour
market in the firm is dominating. Lam uses national models (the U.S., U.K., Japan
and Denmark) to illustrate her analysis. The chapter is an important contribution to
a broader understanding of national innovation systems that gives adequate weight
to the competence building as connected to education, labour markets and learning
inside firms.

Chapter 4 by Reinhard Lund is one of three chapters in the book that draw
upon a series of longitudinal case studies of specific product innovations in small
and medium-sized Danish firms. In this chapter the focus is upon the use of
knowledge in connection with the product innovation and upon the attempts to
establish “knowledge management” to promote learning in connection with the
innovations. Here the connection between innovation and learning as referred
to in Chapter 2 are spelled out in a very concrete way. A point of departure is
the analytical framework developed by Hargadon and Fanelli (2002) arguing that
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also seen from a management point it is extremely useful to keep track both of
innovation and learning and to understand the linkages between the two. One
interesting result in this chapter is that while only one of the five firms included in
the study had an explicit knowledge management strategy all firms had elements
of such a strategy that remained implicit. Normally people in the firms were not
prepared to express themselves in terms of “knowledge” and “learning” but when
probing it became clear that they have developed practices that aim at promoting
the use of knowledge and learning.

9.2. Product Innovation and Interactive Learning

Chapter 5 by Lundvall and Vinding on product innovation and economic theory
introduces the next section about product innovation and interactive learning. The
chapter demonstrates that while product innovation is of major importance both
for economic growth and for the competitiveness of firms it has been largely
neglected in standard economic theory. It goes on to show that the real-world
frequency and scale of product innovation cannot be explained neither by standard
economics nor by transaction economics. It is shown that combining product
innovation and interactive learning in the analysis of industrial organization leads
to radically different conclusions than what would follow from an analysis based
upon transaction economics. An important suggestion with major theoretical and
practical implications is that “interactive learning” is a major element in promoting
economic growth since it is one of the most important mechanisms that transform
local knowledge into more generally accessible knowledge.

Chapter 6 is by Reinhard Lund and here the case studies referred to in Chapter
3 are used to identify and analyse learning situations in connection with the
specific product innovation processes followed in the firms. The chapter illustrates
at a concrete and detailed level the importance of interactive learning alluded
to in Chapter 5 both within and across the organizational boarders of the firms.
The interactive learning across divisions and with external parties was seen as
becoming more important in all the firms. These changes were driven by the
general understanding that earlier innovation strategies had been too dominated
by technological concerns and engineering motivations and too little by market
concerns and the over all business goals. The chapter reveals important trade-offs
in connection with learning in the context of product innovation. One of the most
important may be seen in the light of the speed-up that characterises the learning
economy. The increased focus by top management on “speed to market” is reflected
in developers feeling more restrained in their creativity and there is also a tendency
that developers, production technicians and market people experience that there
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are too many unsolved problems with the first generation of the product. Interviews
also imply that there is too little time for reflection and “secondary loop” learning.
Chapter 7 by Anker Lund Vinding analyses interactive learning within and across
organizations on the basis of survey and register data using econometric techniques.
The theoretical focus is on the absorptive capacity of firms giving equal weight to
the internal competence (know-how and know-why) and the network relationships
(know-who and seen as “social capital”). The analysis gives highly significant
results that support what has been concluded in earlier chapters on the strong
interconnection of innovation and learning — on the one hand the firms that have
introduced “learning organizations” with dense internal interaction are much more
innovation prone than the rest. On the other hand firms that establish “complete
networks” -closer relationships vertically with users and suppliers as well as to
knowledge institutions are much more likely to innovate than the average firm. An
interesting result is that there is no positive correlation between the length of work
experience of managers and innovation. This may be seen as an indication of the
learning economy where competences tend to become obsolete at a high rate.

9.3. Industrial Relations, HRM and the Organization of Product Innovation

Chapter 8 by Edward Lorenz, Jonathan Michie and Frank Wilkinson compares
two different innovation systems — the U.K. and France. The focus is on how far
the use of high performance work practices can explain product innovation in the
two countries. It is a pioneering study since earlier international comparative work,
with few exceptions, have used other performance indicators than innovation. The
method is first to pursue a factor analysis trying to locate clusters of firms that com-
bine similar sets of practices and then to use these clusters as explanatory variables
in relation to product innovation. A general result, in accordance with what was
found in Chapter 7, is that the use of HRM-principles and instruments increases the
innovative potential in the firms. It is also shown that there are complementarities
between instruments that might make it difficult to get them implemented in an
incremental fashion. An interesting result is that there are quite substantial and
somewhat counter-intuitive differences that reflect institutional differences in the
labour market between the patterns in respectively the U.K. and France. Firms
in France have certain obligatory forms of representation of employees and that
results in that the connection between such representation and innovation appears
as not being significant for France but as being significant for the U.K.

Chapter 9 by Mark Tomlinson gives a useful complementary view of competence
building in the U.K. labour market. He uses the Employment in Britain data set
which has gathered information from almost 4000 employees and self-employed.
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The focus is upon how far the employee felt strongly that he or she was learning
new things in connection with the job. This variable is related to age, race and
gender. It is also related to work practices that are connected to the Japanese model
of learning organizations and to the inter- and intra-firm mobility between jobs.
Again it is found that employees working in firms using HRM-practises learn more
than the average. Also for the individual the performance of learning organizations
is to prefer. One very interesting result that calls for international comparisons is
the observation that while job shifts within firms promote individual learning this
is not true for job shifts between firms. Finally, the observation that women learn
less than men after all other factors such as sector and job position has been taken
into account points to a kind of dynamic economic discrimination of women that
is more serious than the one reflected in not getting equal pay. Again it would be
most interesting to see if this reflects a nation specific pattern — the author mentions
that he did not find any such pattern when studying countries in Eastern Europe.

Chapter 10 by Reinhard Lund is focused on innovation management and takes
its empirical observations from eight specific product innovations in four medium-
sized firms. It is interesting to note that in all the studied firms there seems to have
developed a stronger consciousness among management about the importance of
certain types of interaction in connection with innovation. This has been combined
with amore systematic use of central management techniques such as regular stage-
gate meetings and involvement of users as well as shop floor workers early on in the
process. One interesting result is that there is always a dilemma when it comes to
formalize and standardise procedures. On the one hand such standardisation may
work as a checklist making certain that all necessary co-ordination actually takes
place. On the other hand it may develop into routines that hamper the interest and
creativity of participants. The chapter demonstrates that firms tend to adjust their
procedures in these and other respects as new experiences are made. Innovation
management involves learning by doing.

9.4. Interaction with Knowledge Institutions and Product Innovation

Chapter 11 by Anker Lund Vinding is focused on the interaction between firms and
knowledge institutions in the context of product innovation. The chapter introduces
a simple model combining the concept of “absorptive capacity” with the concept
“strong ties” using the occurrence of academic employees and the strengthening
of interaction with knowledge institutions as indicators. The econometric analysis
demonstrates that the probability that firms introduce product innovations is the
highest among those firms that combine strong absorptive capacity with strong
ties. An important result is that the strongest correlation is found for small firms
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and firms that are not belonging to the science-based sectors. This indicates an
opportunity for stimulating innovation by giving this kind of firm incentives to
hire academic employees and to strengthen their collaboration with knowledge
institutions. This is one reason why a one-sided focus on high technology and high
technology sectors in innovation policy is detrimental to innovation.

Chapter 12 by Ina Drejer and Birte Holst Jgrgensen differs in focus from most of
the other chapters in studying the formation of new firms in connection with quite
radical product innovations. This is an important complement to the focus on exist-
ing firms in other chapters. The chapter analyses two different cases — both within
the broad field of sensor technology — and especially how the interaction between
private and public actors evolve in different stages of the innovation process — using
an extended version of the Rosenberg — Kline Chain link-model as organizing the
presentation. One of the innovations (electronic pen) is defined as demand driven
and the other one as technology driven (silicon microphone). The cases illustrate
that public-private collaboration can be established and that collaboration supports
interactive learning with benefits both for the firm and the public knowledge
institutions. But it also demonstrates that there are some extra costs in building rela-
tionships from scratch as compared to already existing networks. Neither complete
detailed and rigid contracts nor purely informal networking can stand alone and
striking the right balance will typically require some “relational learning” among
the parties involved. Especially in fields where there are high barriers to overcome
before partners can join and where collaboration is crucial for exploitation of new
technological opportunities public incentives have a role to play.

Chapter 13 by Jesper Lindgaard Christensen gives another complementary
perspective on innovation and interactive learning. The focus is on the role of
the national patenting office in Denmark — its internal learning and how it learns
in interaction with Danish client firms. The chapter raises two policy relevant
questions in this context. Does the organization of the patenting office promote
learning internally and externally? Is there a rational for keeping a specific Danish
patenting office or could the same functions be fulfilled by the EPO in Munich?
The answer to the first question is ambivalent. The character of the knowledge
flowing between departments within the Patenting Office may explain an internal
organizational structure where the marketing department operates only with limited
interaction with the main “production department” where patent applications are
processed. A more interactive form was tried out but showed inexpedient even if it
to some extent would promote and speed up learning internally. The result is in this
sense an important complement to several other chapters pointing to the benefits
of learning organizations: the practical implementation of such an organizational
structure is limited by the specificties of the organization and the character of
the knowledge exchanged. The answer to the second question is also mixed.
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It is concluded that the Office takes on certain indirect services of importance
for the national system of innovation — such as upgrading expertise among their
employees in handling patents and then exporting them to private firms. Also, the
Office is disseminating information on IPR, and has become the most central node
in a national network of experts and practitioners on intellectual property rights.
Regarding its primary function — to grant patents and trademarks — it seems as if
the Office has a role as an entrance to the IPR-system for very small and weak
players who cannot afford the services of a private agent and for very strong players
who know how to get the best out of the patenting office. For firms between these
extremes it is possible to use private patent agents and these could as well operate
in direct interaction with the EPO.

9.5. Product Innovation and Economic Performance

Chapter 14 by Toke Reichstein analyses the relationships between the growth
of firms and product innovation. He makes use of two data sets that are quite
similar and include a combination of survey data and register data. The first data
set covers 1003 firms 1994—-1995 and the second covers 1678 firms 1998-1999.
The chapter presents an econometric analysis where innovation is the dependent
variable and growth in respectively employment and revenue are introduced
together with a multitude of explanatory variables that have been shown to affect
product innovation in Chapters 7 and 11. This procedure is chosen in order to
avoid spurious correlation. The analysis ends up demonstrating that there is a
significant correlation between product innovation and growth in employment in
both the periods studied. The correlation between product innovation and revenue
growth is significant for the first set of data but not for the second. An interesting
observation made is that firms that engage in product innovation tend to be more
reluctant to reduce the work force in situations with stagnating demand. The first
period studied was part of a long period of stable economic growth while the other
is one where growth stagnates.

10. CHALLENGES AHEAD

In this volume we have brought together different elements of a more complete
understanding of product innovation and linked it to interactive learning and
economic performance. Such a broader understanding raises new challenges for
management, public policy and research. We conclude this introduction with some
brief reflections on these challenges.
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10.1. Challenges for Management

Within firms, learning for product innovation generally requires an interaction
between the specialized divisions and functions in charge of respectively, sales,
production and R&D. Sales departments will feed the firm’s development process
with information about user needs while the production department will contribute
with practical information about what production costs for alternative designs of
the new product. Development departments will keep track of and inform about
new technological opportunities.

This is one reason why product innovation is very demanding for management
in terms of organizing co-ordination and learning. It involves individuals from all
parts of the organization in an interaction and co-operation over a period and at the
same time it involves interaction and collaboration with external parties. Within
the firm there is a need for individuals who work in different departments and
functions and often belong to different “communities of practice” to understand
each other and to communicate in a context of radical fundamental uncertainty.

In such situations it is problematic exclusively to trust incentive mechanisms
related to pay or threat of job loss. And actually it might not be necessary. A
context where a broader circle of employees get engaged in common search for
solutions in the context of uncertainty may be felt to be “interesting” for those
taking part. The most advanced managers are those who focus more on enhancing
“the pleasure of learning” as incentive than on enhancing material incentives.

To manage innovation is also to manage conflicts in the organization. There
is a need to establish some degree of trust between communities with different
interests. The sales department and the production department will typically make
attempts to impose their needs on the development department that also has its
own agenda. Even so the collaboration between these different parties is often a
prerequisite for the success of the product innovation.

A key problem is to establish communication vertically as well as horizontally.
Here the language used in the communication is important. It can be formalized
and codified giving a strong position to academically trained professionals or it
can be informal and intuitive giving a strong position to “insiders” who have learnt
the language in practice. And there might be parallel discourses that from time to
time may get in dissonance with each other. To be aware of what languages that
are used and to install “translation” at crucial steps in the innovation process is of
key importance.

In the current context perhaps the most difficult daily challenge for management
is patience in relation to the width and timing of innovation activities. To what
degree can product innovations be narrowed down to operational adaptations to
immediate market demands without undermining the long-term building of new
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capabilities? To what degree can the different stages of the innovation process be
accelerated without losing control with the quality of the outcome, including the
room for learning among the employees involved? A thorough innovation process
that ends up with no need at all for debugging the innovation is normally not
rational but on the other hand there are many examples of premature launching of
innovations.

10.2. Challenges for Policy Makers

There are several more specific remarks in the chapters of this book on policy
implications. What will be said here is brief and general. First, it is obvious from
our analysis and many others that product innovation promotes economic growth
and that product innovation promotes job creation in the economy as a whole. This
implies that policy makers should reflect upon how they best can stimulate product
innovation.

There are several generally accepted lines of action that find support in our
analysis. Education and training is crucial. Basic research is important as well.
Access to venture capital is important especially for stimulating radical innovations
and start up firms. These are uncontroversial instruments but even those are not
always used fully because there is an unwillingness to allocate the necessary
resources.

We would like to add some remarks on instruments that are popular but that might
not be very efficient seen in this dynamic perspective. The general assumption
that it is always a good idea to make life as easy for private firms as possible
is basically unsound. Low wages, low taxes, trade protectionism, undervalued
currencies and a slack regulatory policies do not stimulate innovation. Rather they
increase slack in existing firms and they guarantee the survival of firms with limited
life expectancy. Neither is it clear why “entrepreneurship” in the elementary form
of a high frequency of new firms would promote innovation. Most start-ups are
based on old trivial technologies and their life expectancy is low. It is true that
in some sectors technology based start up firms may be necessary to exploit new
technological opportunities but this is a different issue than the general promotion
of as many new small businesses as possible.

Third there are instruments that need to be taken seriously into account but
appear to be controversial. These are instruments that can be seen as legitimate
only if we assume that firms do not by themselves find the best way of doing things.
This might be because they follow old routines and trajectories reflecting that they
operate in a context of (radical) fundamental uncertainty or because they operate
on the basis of compromises among different interests that make change difficult.
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The reader of this book will find at least two types of examples where policy
could make a positive difference. One is related to the hiring policy of small tradi-
tional firms and to the fact that such firms are reluctant to the hiring of employees
with academic degrees. There is quite strong evidence that a change in behavior in
this respect would have a major impact on the innovation activities in the firms as
well as in the economy as a whole. The other refers to organizational forms. There is
strong evidence indicating that a diffusion of good practice regarding networking,
HRM, Industrial Relations and organizational flexibility would have a major impact
first on innovation and second on economic growth in the whole economy.

One way to promote the diffusion of good practices is to make sure that the
transformation pressure (competition) is strong. We have seen how firms that are
exposed to intensified competition tend to be more active in introducing good
practices. But from the point of the view of the whole economy this mechanism
might be seen as working to slowly and as being too costly as compared to
other more direct forms of intervention. Bringing together managers, employees,
scholars and policy makers in co-ordinated discussions and actions aiming at
finding the best ways to stimulate organizational up-grading could be a first step
toward developing creative public-private programs aiming at promoting the
diffusion of good organizational practice.?

10.3. Challenges for Theory and Research

One implication of the important role of social dimensions is that it is difficult
to develop a general theory of innovation and interactive learning. The processes
involved are highly context dependent and the best we can do is to develop models
that bring to the fore differences in context as different patterns. We need to ground
theory in case studies and comparative work and only on this basis is it possible
to approach more general insights.

In order to understand how technical and organizational change affect economic
growth it is necessary to establish a link between the macro-, meso- and the
micro level of analysis. For instance our analysis demonstrates that more intensive
competition — something that might emanate from macroeconomic change — has
an impact both on efforts to innovate and on innovation outcomes. On the other
hand, we can show that the job creation that results in employment growth at the
macro level reflects a multitude of specific innovations and learning experiences
at the level of the single firm and at the level of the single individual. A major
challenge is to develop a theoretical understanding of how the transformation
pressure experienced by firms is an aggregate outcome of actions and learning
within and between those same firms (Lundvall & Nielsen, 1999).
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In order to respond to this challenge we need to go even further into what role
different types of knowledge and different forms of learning play in connection
with product development. Such an approach is reflected in the present book. Some
of the chapters deal with the innovation system as a whole, others look for sector
specific patterns and still others analyze what is going on inside firms. But all
of them try to be explicit in their attempts to understand the role of learning and
knowledge in relation to innovation.

NOTES

1. This project was part of a large-scale Danish research project called LOK —
Management, Organisation and Competence building. We thank The Social Science
Research Council for financial support for this research.

2. We do recognize that the kind of innovations studied in the Danish surveys and case
studies reported in this volume are incremental and sometimes have elements of imitation.
Even in these cases surprises are bound to happen both on the side of technologies and the
side of markets. Taking into account the capability of the agents to cope with change the
uncertainty might be quite high also in such instances.

3. It might be worth noting that the two examples illustrate a counterintuitive pattern
found in our analyses of product innovation in Danish firms. We find that the small low tech
firms are the ones that have most to gain from strengthening their connection to academic
knowledge while we find that organizational change bringing firms closer to the ideal of
learning organisations have most benefits to offer for high technology and science based
firms. The results are not incompatible with standard economics since we might put this in
terms of decreasing returns. The explanation can be that high technology firms have already
satiated their needs for access to academic knowledge while they often have problems with
speeding up the learning in all activities outside research and development. In the small
traditional firms the gains from speeding up organizational learning may be limited as long
as they are weak in coping with formal and codified knowledge.
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THE ECONOMICS OF KNOWLEDGE
AND LEARNING

Bengt-Ake Lundvall

ABSTRACT

This chapter is about the production, diffusion and use of knowledge seen in
an economic perspective. Fundamental distinctions between tacit and explicit
knowledge and between know-how, know-why, know-what and know-who are
related to distinctions between public/private and local/global knowledge. It
is argued that the idea of the economy as being knowledge based is misleading
and that we have moved into a learning economy where interactive learning
is a key to economic performance of firms, regions and nations. This is one
reason why a narrow economic perspective is insufficient. When it comes to
understand industrial dynamics in the learning economy it is necessary to
bring in other disciplines than economics in the analysis.

1. INTRODUCTION

This book is about product innovation, interactive learning and economic
performance. A central theme is the understanding of learning and knowledge in
connection with processes of technical and organizational change. In this chapter
we present a conceptual framework to analyse knowledge and learning from
an economic perspective. The starting point is the assumption that we are in a
knowledge-based economy but we end up proposing that it is more adequate to
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characterize the current era as “a learning economy.” Crucial issues analysed here
are distinctions between private/public, local/global and tacit/codified knowledge.
While appearing “academic” at first sight these distinctions have important
implications both for innovation policy and for the management of innovation
and knowledge at the level of the firm.

It has become commonplace among policy-makers to refer to the current
period as characterised by a knowledge based economy and increasingly it is
emphasised that the most promising strategy for economic growth is one aiming at
strengthening the knowledge base of the economy.! This discourse raises a number
of unresolved analytical issues. What constitutes the knowledge base? At what level
can we locate and define a knowledge base? What are the specificities of local and
sector specific knowledge bases? How stable is the knowledge base? In order
to approach an answer to these questions three different themes are introduced:
first, basic concepts related to knowledge and learning; second, the contribution
of economic analysis to the understanding of the production, mediation and use
of knowledge; and third, new economic trends and the formation of a “learning
economy.”

2. A TERMINOLOGY OF KNOWLEDGE
2.1. Is Knowledge a Public or a Private Good?

Sidney Winter concluded his seminal paper on knowledge and management
strategy by pointing out that there is “a paucity of language” and “a serious
dearth of appropriate terminology and conceptual schemes” for analysing the
role of knowledge in the economy (Winter, 1987). Since then, the number of
relevant publications has grown immensely, but little headway has been made in
terms of a terminology acceptable to all. There is little agreement on questions
such as: What is the meaning of knowledge and knowledge production? What
separations and distinctions between different kinds of knowledge are most useful
for understanding the interaction between learning, knowledge and economic
development?

Knowledge and information appear in economic models in two different
contexts. The most fundamental assumption of standard microeconomics is that
the economic system is based on rational choices made by individual agents. Thus,
how much and what kind of information agents have about the world in which they
operate and how powerful their ability to process the information are crucial issues.

The other major perspective is one in which knowledge is regarded as an
asset. Here, knowledge may appear both as an input (competence) and output
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(innovation) in the production process. Under certain circumstances, it can be
privately owned and/or bought and sold in the market as a commodity. The
economics of knowledge is to a high degree about specifying the conditions for
knowledge to appear as “a normal commodity,” i.e. as something similar to a
producible and reproducible tangible product.

In what follows, attention is on knowledge in this latter sense. In analysing
knowledge as an asset, its properties in terms of transferability across time,
space and people is central. This issue is at the core of two different strands
of economic debate. One is the public/private dimension of knowledge and the
role of government in knowledge production, the second is about the formation of
industrial districts and the local character of knowledge.

Is knowledge a private or a public good? In economic theory, the properties
that give a good the attribute of “public” are the following: (i) their benefits can
be enjoyed by many users concurrently as well as sequentially without being
diminished; and (ii) it is costly for the provider to exclude unauthorised users.

One reason for the interest in this issue is that it is crucial for defining the role
of government in knowledge production. If knowledge is a public good that can
be accessed by anyone, there is no incentive for rational private agents to invest
in its production. If it is less costly to imitate than to produce new knowledge,
the social rate of return would be higher than the private rate of return and,
again, private agents would invest too little. Nelson’s (1959) and Arrow’s (1962b)
classical contributions demonstrated that, in such situations, there is a basis for
government policy either to subsidise or to take charge directly of the production
of knowledge. Public funding of schools and universities, as well as of generic
technologies, has been motivated by this kind of reasoning, which also brings to
the fore the protection of knowledge, for instance by patent systems.

In a sense, this fundamental problem remains at the core of the economics
of knowledge production. However, another strand of thought, that has roots far
back in the history of economic theory, has become more strongly represented in
the debate in the last decades. It is the question of how to share knowledge that
is difficult to mediate. Marshall (1923) was concerned to explain the real-world
phenomenon of industrial district: why is it that certain specialised industries are
located in certain regions and why do they remain competitive for long historical
periods. His principal explanation was that knowledge was localised in the region
and rooted both in the local labour force and in local institutions and organizations.
This perspective, with its focus on localised knowledge, has, in the light of the
Silicon Valley-phenomenon, resurfaced strongly among industrial and regional
economists over the last decades. Correspondingly, the management literature
has seen a growing interest in the promotion of “knowledge sharing” within and
between firms.
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These two perspectives, while seemingly opposed in their contrasting emphasis
on protection and sharing of knowledge, raise the same fundamental questions. Is
knowledge public or private? Can it or can it not be transferred? Is the consent
of the producer needed for the mediation to be successful or can knowledge be
copied against the will of the producer? How difficult is it to transfer knowledge and
what are the transfer mechanisms? Is it possible to change the form of knowledge
so that it gets easier (more difficult) to mediate? How important is the broader
socio-cultural context for the transferability of knowledge? One reason for the
distinctions between different kinds of knowledge proposed below is that they
help to sort out these questions.

Responding to these questions is also a way of specifying what constitutes
the knowledge base of the economy. If knowledge were completely public
it would be meaningful to speak of one common knowledge base for the
whole economy and there would be a strong need for co-ordinating investments
in knowledge production at the global level. If, conversely, knowledge were
completely individual and private there would be no common knowledge base
at all and investment in knowledge production could be left to the individuals
themselves. As we shall see, reality is complex and most knowledge is neither
completely public nor completely private. The knowledge base is fragmented and
may best be illustrated as constituted by a number of semi-public “pools” to which
access is shared regionally, professionally and through networking.

2.2. Four Different Kinds of Knowledge

Knowledge is here divided into four categories, which in fact have ancient roots
(Lundvall & Johnson, 1994).2

¢ Know-what.
* Know-why.
¢ Know-how.
¢ Know-who.

Know-what refers to knowledge about “facts.” How many people live in New York,
what the ingredients in pancakes are, and when the battle of Waterloo took place are
examples of this kind of knowledge. Here, knowledge is close to what is normally
called information — it can be broken down into bits and communicated as data.
Know-why refers to knowledge about principles and laws of motion in nature,
in the human mind and in society. This kind of knowledge has been extremely
important for technological development in certain science-based areas, such as
the chemical and electric/electronic industries. Access to this kind of knowledge
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will often make advances in technology more rapid and reduce the frequency of
errors in procedures involving trial and error.

Know-how refers to skills —i.e. the ability to do something. It may be related to
the skills of artisans and production workers, but, actually, it plays a key role in
all important economic activities. The businessman judging the market prospects
for a new product or the personnel manager selecting and training staff use their
know-how. It would also be misleading to characterise know-how as practical
rather than theoretical. One of the most interesting and profound analyses of
the role and formation of know-how is actually about scientists’ need for skill
formation and personal knowledge (Polanyi, 1958, 1978). Even finding the solution
to complex mathematical problems is based on intuition and on skills related to
pattern recognition which are rooted in experience-based learning rather than on
the mechanical carrying out of a series of distinct logical operations (Ziman, 1979,
pp. 101-102).

Know-how is a kind of knowledge developed and kept within the borders of
the individual firm or the single research team. As the complexity of the knowledge
base increases, however, co-operation between organizations tends to develop.
One of the most important reasons for industrial networks is the need for firms to
be able to share and combine elements of know-how. Similar networks may, for
the same reasons, be formed between research teams and laboratories.

This is one reason why know-who becomes increasingly important. The general
trend towards a more composite knowledge base, with new products typically
combining many technologies, each of which is rooted in several different scientific
disciplines, makes access to many different sources of knowledge more essential
(Pavitt, 1998). Know-who involves information about who knows what and who
knows to do what. But it also involves the social ability to co-operate and
communicate with different kinds of people and experts.

2.3. How Public or Private are the Four Kinds of Knowledge?

The public or private character of these kinds of knowledge differs in terms both
of degree and form. Databases can bring together “know-what” in a more or less
user-friendly form. Information technology extends enormously the information
potentially at the disposal of individual agents, although the information still has
to be found and what is relevant selected. The effectiveness of search machines
developed in connection with the Internet is highly relevant in this context, as
this helps to specify how accessible the data actually are. Even with the most
recent advances in this area access to this kind of knowledge is still far from
perfect (Shapiro & Varian, 1999). Even today, the most effective medium for
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obtaining pertinent facts may be through the “know-who” channel, i.e. contacting
an outstanding expert in the field to obtain directions on where to look for a specific
piece of information.

Scientific work aims at producing theoretical models of the know-why type, and
some of this work is placed in the public domain. Academics have strong incentives
to publish and make their results accessible. The Internet offers new possibilities
for speedy electronic publishing. Open and public access is of course a misnomer,
in that it often takes enormous investments in learning before the information has
any meaning. Again know-who, directed towards academia, can help the amateur
obtain a “translation” into something more comprehensible.

This is one strong motivation for companies’ presence in academic environments
and sometimes even engaging in basic research. Some big companies contribute
to basic research and they tend to take over functions of “technical universities”
(Eliasson, 1996). But at the same time, the close connections between academic
science and the exploitation of new ideas by business in fields such as
biotechnology tend to undermine the open exchange that has characterised
academic knowledge production.

To gain access to scientific know-why, it is necessary, under all circumstances,
to pursue R&D-activities and to invest in science. This is true for individuals
and regions as well as for firms. There is much less completely free “spill-overs”
available than assumed in standard economics — absorptive capacity will among
other factors reflect historical investment in R&D (Cohen & Levinthal, 1990).

In fields characterised by intense technological competition, technical solutions
are often ahead of academic know-why. Technology can solve problems or perform
functions without a clear understanding of why it works. Here, knowledge is more
know-how than know-why.

Know how is the kind of knowledge with the most limited public access and
for which mediation is the most complex. The basic problem is the difficulty of
separating the competence to act from the person or organization that acts. The
outstanding expert — cook, violinist, manager — may write a book explaining how
to do things, but what is done by the amateur on the basis of that explanation
is, of course, less perfect than what the expert would produce. Attempts to use
information technology to develop expert systems show that it is difficult and
costly to transform expert skills into information that can be used by others. It
has also been demonstrated that the transformation always involves changes in
the content of the expert knowledge (Hatchuel & Weil, 1995). This is true of an
individual’s skills and competence, of professional skills and a team’s competence.

Eliasson (1996) has illustrated the limits of using management information
systems as a substitute for management skills by pointing out the strategic failures
of IBM and other big ICT-firms. Know-how is never a completely public good and
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normally firms get access to it only by hiring experts or merging with companies
with the knowledge they want.

Know who refers to a combination of information and social relationships.
Telephone books that list professions as well as databases that list producers of
certain goods and services are in the public domain and can, in principle, be
accessed by anyone. In the economic sphere, however, it is extremely important to
obtain quite specialised competencies and to find the most reliable experts, hence
the enormous importance of good personal relationships with key persons one can
trust. These social and personal relationships are by definition not public. They
cannot be transferred and, more specifically, they cannot be bought or sold on the
market. As pointed out by Arrow (1971), “you cannot buy trust and, if you could,
it would have no value whatsoever.”

On the other hand, the social context may support, to a greater or lesser degree,
the formation of know-who knowledge while the cultural context determines the
form it takes. When characterising national business systems, Whitley emphasises
factors having to do with trust and the capacity to build extra-family collective loy-
alties (Whitley, 1996, p. 51). This is also an important aspect of the concept of social
capital (Woolcock, 1998). In situations where technology is characterised by rapid
change or where the knowledge base is not well documented, it is necessary to meet
face-to-face from time to time in order first to define and then to solve problems.

2.4. Most Knowledge is Neither Strictly Public nor Strictly Private

It is clear from what precedes that very little knowledge is “perfectly public.”
Even information of the know-what type may be impossible to access for those
not connected to the right telecommunications or social networks. Moreover,
the current state of information technology still limits access for those who are
connected. Scientific and other types of complex knowledge may be perfectly
accessible, in principle, but for effective access the user must have invested in
building absorptive capacity. Know-how is never fully transferable since how a
person does things reflects that individual’s personality (even organizations have
a “personality” in this sense).

On the other hand, little economically useful knowledge is completely private
in the long run. Tricks of the trade are shared within the profession. Know-how
can be taught and learnt in interaction between the master and the apprentice.
New technological knowledge may be costly to imitate but, when it is much more
efficient than the old, there are several ways to obtain it. Even when the possessor
of private knowledge does not want to share it with others there are ways to obtain
it, such as reverse engineering which involves taking products apart to find out how
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to produce them. If necessary, private agents will engage in intelligence activities
aimed at getting access to competitors’ secrets.

Different parts of economic theory handle this mixed situation differently.
Underlying much of the neo-classical theory of production and economic growth
is the simplifying assumption that there is a global bank of blueprints from which
anybody can get a copy to be used for starting up production. This ignores the fact
that only skilled agents can use most accessible knowledge and that skills differ
and are not easily transformed into blueprints.

The resource base theory of the firm takes the opposite view and assumes
that the competence of the firm determines the directions in which it expands
its activities (Penrose, 1959). It is the specificity of the knowledge base that
determines the specific pattern of economic growth. Actually, however, this model
implies an even more dynamic perspective characterised by continuous creation
of new competencies within the firm and it points toward the need to develop
“learning organizations.” Otherwise, imitation and innovations in competing firms
would, sooner or later erode the firm’s competencies.

In real life firms will have to engage simultaneously in copying well-known
routines from others, exploiting internal capabilities and engage in building new
ones. This is what makes management a difficult art and why firms cannot
be reduced to maximising algorithms; the way they are presented in standard
textbooks based on neo-classical economics.

2.5. On Tacitness and Codification of Knowledge

There is currently a lively debate among economists about the role of tacitness in
knowledge (Cowan, David & Foray, 2000; Johnson, Lorenz & Lundvall, 2002).
The reason for the interest is, of course, that tacitness relates to the transferability
and to the public character of knowledge. It has been assumed that the more
knowledge is tacit, the more difficult it is to share it between people, firms and
regions. Specifically, markets might fail and other mediation mechanisms would
have to be given more attention.

Tacit knowledge is knowledge that has not been documented and made explicit
by the one who uses and controls it. The fact that a certain piece of knowledge
is tacit does not rule out the possibility of making it explicit if incentives to do
so are strong enough. To make this clear, it is useful to distinguish between tacit
knowledge that can be made explicit (tacit for lack of incentives) and knowledge
that cannot be made explicit — tacit by nature (Cowan, David & Foray, 2000).

Knowledge about the state of the world can to a certain extent be made explicit.
Know-what can be entered into databases and know-why can be made explicit in
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theorems. Skills embodied in persons and competencies embodied in organizations
can only be documented to a much more limited degree. There are “natural”
limits to how far it is possible to make “know-how” explicit; only approximations
are possible. This is why outstanding experts whose activities are based on their
unique know-how and firms whose activities are based on unique competencies
and permanent innovation may earn extra rents for long periods.

An important issue in this context is how much effort should be made to “codify”
knowledge. Only those with access to the code can access knowledge written down
in a code. Two parties can share the knowledge or one party can sell the knowledge
to another. Codified knowledge is potentially shared knowledge while non-codified
knowledge remains individual, at least, until it can be learnt in direct interaction
with the possessor. Sectors where the knowledge base is dominated by non-codified
but potentially codifiable knowledge may be sectors where systematic progress
towards more efficient practices is difficult. Economists have used education
as a typical example of a production process characterised by tacit techniques
(Murnane & Nelson, 1984). OECD (2000) presents a unique attempt to compare
the production, diffusion and use of knowledge across some important sectors —
health and education among them.

The debate on codification has been complicated by the fact that two different
meanings of “codes” have been alluded to. Some are explicit and available in
the form of textbooks, manuals, formulas and organizational diagrams. Other
“codes” have developed spontaneously as a means of communication within or
between organisations (Arrow, 1974). The latter are implicit and no individual
in the organisation may be able to give a full description. The issue about to
what extent such implicit codes can be transformed into explicit ones is an
important one. It is well known that organizational diagrams and management
information systems lose some of the complexity and richness that characterise
real existing social systems. If these codes could be made explicit, they could be
made available to external parties, and mediation of knowledge would become less
difficult. Another reason for making implicit codes explicit could be that, in some
instances, codification might make it easier to formulate and realise strategies of
change.’

What has just been considered as important attributes of knowledge
(public/private; codified/tacit) suggests that there may be marked differences
among various sectors with regard to their knowledge base. Some science-based
sectors base their activities mainly on codified knowledge while others operate
and compete mainly on the basis of unstructured and experience-based implicit
knowledge. But there are no pure cases. Even in the most strongly science-based
sectors tacit knowledge will be a key element in their competitive position and
conversely it is difficult to find firms in the OECD area that can avoid completely
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the need to codify. Accounting and reporting to tax authorities requires a minimum
in this respect and the wide diffusion of computers both contributes to and reflects
the trend among firms toward operating on the basis of codified knowledge
(information).

3. AN ECONOMIC PERSPECTIVE ON THE
PRODUCTION, MEDIATION AND
USE OF KNOWLEDGE

3.1. What is Produced When Firms Produce Knowledge?

Most authors using the concept of knowledge creation and knowledge production
refer to technological knowledge and to technical innovation as the output of the
process (Antonelli, 1999; Nonaka & Takeuchi, 1995). In the new growth theory,
the output of the R&D sector is viewed either as a blueprint for a new production
process that is more efficient than the previous one; it is assumed that it can be
protected by private property instruments such as patents; or as a production of new
semi-manufactured goods that cannot easily be copied by competitors (Verspagen,
1992, pp. 29-30).

A striking characteristic of knowledge production resulting in innovation is the
fact that knowledge, in terms of skills and competencies, is the most important
input. In this sense, it recalls a “corn economy,” in which corn and labour produce
corn. But it differs from such an economy in one important respect. While the corn
used to produce corn disappears in the process, skills and competencies improve
with use. Important characteristics of knowledge reflect that its elements are not
scarce in the traditional sense: the more skills and competencies are used, the more
they develop. This points to knowledge production as a process of joint production,
in which innovation is one kind of output and the learning and skill enhancement
that takes place in the process is another.

3.2. Innovation as one Major Outcome of Knowledge Production

There are two reasons for regarding innovation as an interesting outcome of
knowledge production. One is that innovation represents — by definition —
something new and therefore adds to existing knowledge. The second is that
innovation is — again by definition — knowledge that is in demand (Innovation is
defined as an invention that has been introduced in the market and it thus represents
knowledge that has proven its relevance for the market economy).
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On the other hand, it is important to note that innovation, as Schumpeter
emphasised, is part of a process of “creative destruction.” An innovation may
open up new markets and create the basis for new firms and jobs, but it will, at the
same time, close down some old markets and some firms and jobs will disappear.
This has a parallel in the impact on the stock of knowledge used in the market
economy. Moral depreciation of intellectual capital is the other side of innovation.
For instance, the know-how necessary to produce mechanical office equipment
and the competencies of firms engaged in their production became obsolete when
semi-conductors and computers were introduced.

There are important sectoral differences in knowledge production. Such
differences are reflected in the character, the mode and the outcome of the
innovation process. The taxonomy developed by Keith Pavitt (1984) represents
an important effort to capture these differences systematically. By analysing
2000 important technical innovations in the United Kingdom, Pavitt defined four
categories of firms and sectors. First, there are supply-dominated sectors (e.g.
clothing, furniture), in which firms develop few important innovations on their own,
but obtain some from other firms. Second, there are scale-intensive sectors (e.g.
food, cement), which focus their innovation activities on developing more efficient
process technology. Third, there are specialised suppliers (e.g. engineering,
software, instruments), and these carry out frequent product innovations, often
in collaboration with customers. Finally, there are science-based producers (e.g.
chemical industry, biotechnology, electronics) that develop new products as well
as processes in close collaboration with universities.

For long, knowledge production/innovation processes were considered largely
as the province of the fourth category, and still there is a bias in this direction,
often in combination with a linear view which assumes that new scientific results
are the first step in the process, technological invention the second step, and the
introduction of innovations as new processes or products the third. There is now a
rich body of empirical and historical work that shows that this is the exception rather
than the rule (Lundvall, 1988; Rothwell, 1977; von Hippel, 1988). Of all scientific
advances, very few are immediately transformed into innovations and, vice versa,
innovations very seldom reflect recent scientific breakthroughs. It is nonetheless
true that knowledge production/innovation processes are facilitated by science in
various ways, although normally it is old rather than new scientific results that
support the innovation process. Kline and Rosenberg (1986) have reviewed the
complex interaction between science and technology throughout the innovation
process. Their model is presented and used by Ina Drejer and Birte Holst Jgrgensen
in Chapter 12 in this volume.

The recent models of innovation emphasise that knowledge produc-
tion/innovation is an interactive process in which firms interact with customers,
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suppliers and knowledge institutions. Empirical analysis shows that firms seldom
innovate alone.*

3.3. Competence as the Other Major Outcome of Knowledge Production

The change from a linear to an interactive view of innovation and knowledge
production has also been a way to connect innovation and the further development
of competence. As now understood, the innovation process may be described as a
process of interactive learning in which those involved increase their competence
while engaging in the innovation process.

In economics, there have been various approaches to competence building and
learning. One important contribution is Arrow’s analysis of “learning by doing”
(Arrow, 1962a), in which he demonstrated that the efficiency of a production
unit engaged in producing complex systems (aeroplane frames) grew with the
number of units already produced and argued that this reflected experience-based
learning.® Later, Rosenberg (1982) introduced “learning by using” to explain why
efficiency in using complex systems increased over time (the users were airline
companies introducing new models). The concept of “learning by interacting”
points to how interaction between producers and users in innovation enhances
the competence of both (Lundvall, 1985, 1988; Lundvall & Vinding, Chap. 5 this
volume).

In most of the contributions mentioned above, learning is regarded as the
unintended outcome of processes with a different aim than learning and increasing
competence. Learning is seen as a side effect of processes of production, use,
marketing, or innovation. An interesting new development, which refers to
learning as an instrumental process, is the growing attention given to “learning
organizations” (Senge, 1990). The basic idea is that the way an organization
is structured and the routines followed will have a major effect on the rate of
learning that takes place. The appropriate institutional structures may improve or
speed up knowledge production in terms of competence building based on daily
activities.

The move towards learning organizations is reflected in changes both in the
firm’s internal organization and in inter-firm relationships. Within firms, the
accelerating rate of change makes multi-level hierarchies and strict borders
between functions inefficient. It makes decentralisation of responsibility to lower-
level employees and formation of multi-functional teams a necessity. This is
reflected in the increasing demand for workers willing to learn and, at the same
time, skilful, flexible, co-operative and willing to shoulder responsibility. Inter-firm
relationships with suppliers, customers and competitors become more selective and
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more intense. “Know-who” becomes increasingly important in an economy that
combines a complex knowledge base and a highly developed, rapidly changing
specialisation.

Apart from these organizational changes, there is growing emphasis on making
employees and teams of employees more aware of the fact that they are engaged in
learning. It has been suggested that second-loop learning, i.e. a process in which
the crucial element is that agents reflect on what has been learnt and on how to
design the learning process, is more efficient than simply relying on the impact of
experience (Argyris & Schon, 1978).

Itis much difficult to capture, empirically, competence building through learning
than innovation. Competence is primarily revealed in practice and sometimes in
no other way. This may become a problem as experience-based learning and
competence become increasingly important for the competitiveness of workers,
firms and regions. Tomlinson (1999) has made an interesting and original attempt
to map sector differences in competence building through experience. Using U.K.
labour market survey data, he shows that learning is more intensive and extensive
in the top than in the bottom of organizations. His data also indicate that learning
is more important in sectors characterised by frequent innovation. When it comes
to the development of indicators this is the most difficult but perhaps also the most
important area. In Chapter 9 Tomlinson uses the same data set to link organizational
forms to individual learning among employees.

These measurement problems reflect the general state of economic analysis in
this field. While economists have made substantial contributions to the economics
of innovation, their contribution to understanding competence building is more
modest. With scholars such as Christopher Freeman, Richard R. Nelson and
Nathan Rosenberg as entrepreneurs and spiritual leaders, there has been a massive
effort to understand the process of innovation in relation to economic theory
(Dosi et al., 1988) and in an historical and empirical perspective, including
the development of statistical indicators. There is no parallel for knowledge
production as learning and competence building. On this aspect of knowledge
production, sociologists, psychologists and anthropologists have more to offer
economists in terms of systematic insights than vice versa (see for instance,
Kolb, 1984).

3.4. Production of Knowledge as a Separate Activity or as a By-Product of
Regular Routine Activities: A Differentiation Which is Becoming Blurred

It is useful to separate two different perspectives on the process of knowledge
production which are not mutually exclusive but which can be found, in more
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or less pure form, in the literature on innovation systems and the information
society. They are also reflected in attempts to measure the relative importance of
knowledge in the economy and in theoretical models such as models of economic
growth.

On the one hand, one might look for a separate sector in charge of producing
new knowledge or handling and distributing information. Such a sector could
involve universities, technical institutes and government S&T policies, as well as
R&D functions in firms. Here, the production of knowledge would take place as a
deliberate activity, outside the realm of production. On the other hand, one might
regard the creation and diffusion of knowledge as rooted in and emanating from
routine activities in economic life, such as learning by doing, by using and by
interacting. Here, the production of knowledge would take place as a by-product
of production, through learning by doing or learning by using.

Another important distinction already touched upon is between “off-line”
and “on-line” learning activities. Above we referred to the growing focus on
establishing learning organizations. Another related new trend is the emergence of
a form of learning qualified as “experimental.” This form of learning taking place
“on line” (that is to say, during the process of producing the good or providing
the service) involves experimenting during the production process. By doing so,
one creates new options and variety. This form of learning is based on a strategy
whereby experimentation allows for collecting data, on the basis of which the best
strategy for future activities is chosen.

With the emergence of experimental learning and learning organizations, the
feedback and reciprocal links that tie “on-line” learning process and in-house
R&D together become crucial. One issue here is determining the extent to which the
knowledge produced “by doing” is valued. It might be a problem that management
rarely considers routine activities as activities that produce knowledge, although
different national systems differ markedly in this respect. The establishment of
feedback loops requires effective recognition, identification and valorisation of
the knowledge produced through the learning process.

3.5. Mediation of Knowledge

While the production of knowledge is important for the overall dynamics of
the global economy in the long run, the greatest economic impact comes from
broadening the use of knowledge in the economy. This is reflected in public efforts
to increase the diffusion of innovations as well as in training and education aimed at
the formation of skills and competencies. How can different aspects of knowledge
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be mediated? The natural starting point for an economic analysis is to see under
what conditions the market can mediate knowledge.

Some of the difficulties in mediating knowledge through the market have already
been indicated. Tacit knowledge in the form of know-how or an implicit code or
competence cannot be separated from the person or organization containing it.
This is what von Hippel (1994) calls “sticky data.” In this case, mediation may
take the form of the purchase by the customer of the services of the person or the
firm rather than the competence itself.

Carriers of such knowledge may have a problem demonstrating the quality of
their competence to potential buyers and buyers may have a problem locating the
best offers in terms of quality. Reference from key customers, which can be shown
as evidence to potential customers, is one strategy used by firms operating in this
kind of market.

This form of mediation and the problems it involves tend to take on
growing economic importance. The increasing specialisation in the production
of knowledge makes mediation more crucial for the system as a whole. This is
reflected in the fact that knowledge-intensive business services, a sector directly
engaged in the production and sale of knowledge, are among the most rapidly
growing sectors in OECD countries. Consultancy firms, accountancy firms and
financial firms have taken over the role of “strategic sector” historically played
by the sector producing machinery summarising and generalising experiencing
from local learning and delivering embodied and disembodied knowledge to a
broad set of users. This is confirmed by econometric studies demonstrating a close
correlation between the input of these kinds of services and productivity growth
in user sectors (Tomlinson, 2001).

A second way to mediate this kind of knowledge is to engage in a process of
interactive learning with the carrier of the knowledge. This may be a conscious
choice, for example when an apprentice enters into a contract with a master, or it
may be a side effect of co-operation between people and organizations to solve
shared problems. A third way to obtain this kind of knowledge is to hire experts
as employees or take over the organization controlling the knowledge.

Even when knowledge is explicit and can be separated from its carrier there
are problems with using the market as a mediator, which Kenneth Arrow, in
particular, has worked to define. One is for the customer to determine the value
of the information before the transaction has taken place; a user wants to know
something in advance about the knowledge, and the seller does not want to give
information away for free. Another is the difficulty for the seller to restrict the use
of the information once it has been sold and, vice versa, the difficulty for the buyer
to restrict its further distribution by the seller.
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Despite these difficulties, a large and growing amount of knowledge is the
object of transactions in something that looks like a market (there is a buyer, a
seller and a price). One reason why markets work is that formal and informal
institutions — including legal protection in terms of patents, licenses and copyright
— support transactions. Reputation mechanisms lower the risk for entering into
contractual relationships. Another, even more fundamental, reason is that many
markets for knowledge transactions are not pure but rather organised markets.
Long-term relationships with elements of experience-based trust often play a major
role in knowledge markets (Lundvall, 1985, 1988; Lundvall & Vinding, Chap. 5
this volume).

So far, the discussion has been limited to the mediation of what economists call
disembodied knowledge. Substantial flows of knowledge are built into products.
Scientific instruments and computers embody a great deal of knowledge, and users
with sufficient competence can perform very advanced operations with this kind
of equipment. Mediation of knowledge via embodied technology is sometimes
combined with a transfer of disembodied knowledge. For example, suppliers of
complex process equipment may offer training to the personnel of the customer
organization.

Finally, knowledge can be mediated in several other informal ways. One way
to overcome market limitations is for professionals belonging to separate and
sometimes even competing organizations to exchange pieces of knowledge on a
barter basis (Carter, 1989).

4. TOWARD THE LEARNING ECONOMY

Many indicators show that there has been a shift in economic development in the
direction of a more important role for knowledge production and learning. This
section looks at some of these changes and the issues they raise for the knowledge
base.

Moses Abramowitz and Paul David (1996) have demonstrated that this century
has been characterised by increasing knowledge intensity in the production
system. The OECD’s structural analysis of industrial development supports their
conclusion. It has been shown that the sectors that use knowledge inputs such as
R&D and skilled labour most intensively grow most rapidly. At the same time, the
skill profile is on an upward trend in almost all sectors. In most OECD countries,
in terms of employment and value added, the most rapidly growing sector is
knowledge-intensive business services (OECD, 1998, pp. 48-55).

These observations have led more and more analysts to characterise the new
economy as “knowledge-based,” and there is in fact little doubt about a relative
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shift in the demand for labour towards more skilled workers (OECD, 1994).
However, this perspective may underestimate the destructive aspects of innovation
and change. In an alternative interpretation of the change in the composition of
the labour force, Anne P. Carter (1994) pointed out that the main function of most
non-production workers is to introduce or cope with change. The rising proportion
of non-production workers may thus be taken as the expression both of the growing
cost of change and of acceleration in the rate of change.

Acceleration in the rate of change implies that knowledge and skills are more
exposed to rapid moral depreciation. Therefore, the increase in the stock of
knowledge may be less dramatic than it appears. An alternative hypothesis is that
we are moving into a “learning economy,” where the success of individuals, firms,
regions and countries will reflect, more than anything else, their ability to learn. The
speeding up of change reflects the rapid diffusion of information technology, the
widening of the global marketplace, with the inclusion of new strong competitors,
and deregulation of and less stability in markets (Archibugi & Lundvall, 2001;
Drucker, 1993; Lundvall & Johnson, 1994).

In this context, learning is defined as a process, the core of which is the
acquisition of competence and skills that allow the learning individual to be more
successful in reaching individual goals or those of his/her organization. It will also
involve a change in context of meaning and purpose for the individual and affect
his/her existing knowledge. This corresponds closely to what is commonly meant
by learning and to what experts on learning, who are not economists, understand
by the concept (Kolb, 1984). It is also the kind of learning most crucial to economic
success. At the same time it differs from some definitions of learning in standard
economic theory, where it is synonymous either with “information acquisition”
or treated as a black box phenomenon assumed to be reflected in productivity
growth.

5. CONCLUSION

It may be argued that, in a sense, all economic theory is about information and
knowledge. Problems of co-ordination have been at the core of economic theory
since Adam Smith. Individual agents make choices independently on the basis
of information offered by the market. Important differences between economic
models and theories reflect differences in the assumptions made about what agents
know and about the degree to which they learn anything from what they do. This
separates neo-classical economics from Austrian economics; the former takes
fully informed agents as the reference, whereas the latter emphasises ignorance
as the starting point for learning (von Hayek). It also separates those who assume
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hyper-rationality and rationality from those who assume limited rationality
(Herbert A. Simon).

Modern economics is more than ever aware of the importance of knowledge and
learning. New growth theory and new trade theory assume a strong link between
the increase in the knowledge base and the rate of productivity growth. Austrian
economists treat learning as a fundamental process in the analysis of market
transactions. The last decades have witnessed an explosive growth in institutional
economics and the economics of innovation. In these new fields, knowledge and
learning play a pivotal role in economic development. New theories of the firm
focus on building capabilities and competencies. The management literature has
made the concept of “learning organizations” central for theoretical developments
and especially for practitioners.

However, in almost all of these contributions, the understanding of knowledge
and learning remains narrow. In theories that form the core of standard economics,
it is assumed that rational agents make choices on the basis of a given amount
of information. The only kind of learning allowed for is agents’ access to
new bodies of information. The most recent developments within standard
economics are contradictory and ambivalent in this respect. On the one hand,
new growth theory and new trade theory focus on the importance of investments
in education and research. On the other hand, some of the most fashionable
developments in macroeconomics assume rational expectations and general
equilibrium frameworks, thus operating with even more extreme assumptions,
leaving no room for learning by agents.

Recent developments outside standard economics have been less constrained in
these respects. Research on the economics of institutional and technical change has
resulted in many new insights. Institutional economics, evolutionary economics,
socio-economic research, industrial dynamics and the economics of innovation
have typically developed in close interaction with historical and empirical
research programmes. This is why we know much more than before about how
innovation takes place in different parts of the economy now than we did 20 years
ago.

When it comes to the other aspect of knowledge production, i.e. competence
building and learning, research is only now beginning to raise fundamental
questions about who learns what and how learning takes place in the context
of economic development. In this area, economists have a lot to learn from other
disciplines and not least from education specialists who have developed a more
systematic and empirically based understanding of learning (Kolb, 1984). This
reflects the fact that when economists begin to focus on learning, they face issues for
which their traditional toolbox is insufficient. Scholars in philosophy, psychology,
education, anthropology and other disciplines have illuminated different aspects
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of these issues. The increasing division of labour in the production of knowledge
—useful as it might have been for the rapid advance within special fields — has had
as a major negative consequence the lack of a deep and systematic understanding
of the complex process of knowledge creation and learning.

In most of this book we use a broad definition of economics as our reference
platform but at the same time we try to broaden the perspective whenever
an understanding of the real world phenomena requires it. One of the major
conclusions is that it is not meaningful to pretend that economic performance can be
explained without bringing into the analysis social relationships and organizational
structures. The innovation literature has been instrumental in opening up the black
box of technical change: now the time has come to open up the black box of social
interaction through focus on how learning takes place in the real world.

NOTES

1. OECD has pursued several analytical activities along these lines (Foray & Lundvall,
1996; OECD, 1996). The Portuguese chairmanship for the EU Ministerial council for the
first half of 2000 was pursued under the theme of “a Europe based on knowledge and
innovation.”

2. Knowledge has been at the centre of analytical interest from the very beginning of
civilisation. Aristotle distinguished between: Episteme: knowledge that is universal and
theoretical. Techne: knowledge that is instrumental, context specific and practise related.
Phronesis: Knowledge that is normative, experience-based, context-specific and related
to common sense: “practical wisdom.” At least two of our categories have roots that go
back to these three intellectual virtues. Know-why is similar to episteme and know-how to
techneé. But the correspondence is imperfect, since we will follow Polanyi and argue that
scientific activities always involve a combination of know-how and know-why. Aristotle’s
third category, phronesis, which relates to the ethical dimension, will be reflected in what is
to be said about the need for a social and ethical dimension in economic analysis and about
the importance of trust in the context of learning.

3. For two different perspectives on the limits and the usefulness of codification see
Cowan, David and Foray (2000) and Johnson, Lorenz and Lundvall (2001).

4. This is also the background for developing a systemic approach to knowledge
production (Edquist, 1997; Freeman, 1987; Lundvall, 1992; Nelson, 1993). Innovation
systems may be defined as regional or national, or as sector- or technology-specific. The
common idea is that the specificities of knowledge production reflect unique combinations of
technological specialisation and institutional structure. In national systems, the education
and training system and the institutional set up of labour markets are among the most
important factors explaining national patterns and modes of innovation (see also Chapter 3
by Alice Lam).

5. A more recent analysis of learning by doing focuses on how confronting new problems
in the production process triggers searching and learning, which imply interaction between
several parties as they seek solutions (von Hippel & Tyre, 1995). This kind of learning
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is richly illustrated in the analysis of learning situations in Danish firms in Chapter 7 by
Reinhard Lund.
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SOCIETAL INSTITUTIONS, LEARNING
ORGANIZATIONS AND INNOVATION
IN THE KNOWLEDGE ECONOMY

Alice Lam

ABSTRACT

This chapter seeks to explain how societal institutions, which may exist at
the national or regional levels, shape the types of organizational learning
predominating at the level of the firm. It focuses on education and training
systems, and labour markets as key societal institutions shaping the micro-
level processes of learning and knowledge creation within and between firms.
The chapter argues that tacit knowledge, which is difficult to create and
transfer in the absence of social interaction and labour mobility, constitutes
a most important source of learning and sustainable competitive advantage
in the knowledge economy. It looks at the cases of Japan, the high-technology
clusters in the USA and U.K., and Denmark as illustrative examples.

1. INTRODUCTION

There is a considerable body of evidence pointing to country- or region- specific
trajectories of innovation giving rise to and reproducing distinctive national or
regional patterns of technological specialisation and industrial development (Patel
& Pavitt, 1994). The national innovation systems (NIS) literature has sought to
explain such variations by going beyond strictly technological explanations and to
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link them to national institutional arrangements (Freeman, 1995; Lundvall, 1992;
Nelson, 1993). Its main emphasis has however been on the science and technology
systems, and the links between public R&D and corporate innovation activities.
Although the NIS perspective acknowledges that the set of institutions influencing
the technological capabilities of firms and nations extends far beyond those directly
impinging on technological innovation, its analysis focuses on a rather narrow
range of institutions. The “varieties of capitalism” theoretical perspective adopts
a much broader view (Hall & Soskice, 2001; Hollingsworth & Boyer, 1997,
Whitley, 1999, 2000). It links the innovation trajectories within the economy
to the development of particular forms of organization and the orientation of
national institutional frameworks. It argues that societies with different institutional
arrangements develop and reproduce varied systems of economic organization
with different economic, social and innovative capabilities in particular industries
and sectors. They will, therefore, “specialise” in distinctive ways of structuring
economic activities that privilege some sectors and discourage others. The
“varieties of capitalism” perspective also gives attention to a much wider range of
institutional factors, including the state agencies, the financial systems and, labour
markets and training systems in shaping economic organization and the innovative
capabilities of firms.

Both the NIS and “varieties of capitalism” literature emphasise the importance
of macro-level societal institutions in shaping the innovative performance of
firms and economies. However, neither approach has given adequate attention
to how these are related to patterns of learning and knowledge accumulation at
the micro-level. There is a missing link in the literature. This has hampered our
understanding of the interdependencies between institutional environments and
organizational forms and how they generate patterns of learning and innovation
underpinning different types of technologies or industries. This chapter seeks
to bridge the gap in the existing literature. It develops a typological framework
linking the micro- and macro-level analysis to explain the links between learning
patterns, organizational forms and societal institutions. The chapter focuses on
the education and training system, and types of labour markets and careers as the
key societal institutions shaping work organization and the knowledge base of the
firm. Education and training shape the social constitution of “knowledge,” and thus
provide the basis of qualification, work status and job boundaries. As such, they
influence the relative status and importance of different types of knowledge, and
the nature of their interaction. The types of labour market determine the locus of
learning, the incentives for developing different types of knowledge, and define
the boundary and social framework within which individual learning interacts
with collective learning. These institutional features interact with organizational
structures and processes to generate different types of knowledge, patterns of
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learning and innovation. The econometric analysis comparing the U.K. and France
in Chapter 8 by Lorenz, Michie and Wilkinson confirms that national institutions
affect organizational structure.

This chapter argues that there are alternative models of learning and innovation
in the knowledge economy. Because these models are socially embedded, they
give rise to alternative patterns of “societal strategic advantage” in technological
innovation and industrial specialisation. The chapter uses the examples of Japan,
Denmark and the high-technology clusters in the U.S. and U.K. to illustrate
the logic of institutionalised variation in patterns of learning and innovation. It
argues, in line with the analysis in Chapter 2 by Lundvall, that tacit knowledge,
which is difficult to create and transfer in the absence of social interaction and
labour mobility, constitutes a most important source of learning and sustainable
competitive advantage. Institutions that are able to imbue trust and social capital
into firms and markets encourage interactive learning and are more likely to
produce strong innovative capabilities.

2. KNOWLEDGE, LEARNING AND ORGANIZATIONAL
EMBEDDEDNESS

The concept of embeddedness, as used by Granovetter (1985), refers to how
behaviour and institutions are affected by networks of social relations. At the
cognitive level, the notion of social embeddedness underlines the “tacit” nature of
human knowledge and the dynamic relationship between individual and collective
learning. At the organizational level, it focuses on how the organising principles
of the firm shape the social structure of coordination, the behavioural routines
and work roles of organizational members within which the knowledge of the
firm is embedded. At the societal level, it draws attention to the way societal
institutions shape organizational routines and coordination rules. The typology
presented below seeks to integrate the different levels of analysis into a coherent
framework, linking national specificities in the formation of skills and labour
markets to micro-level processes of knowledge creation and learning within
firms.

2.1. Knowledge Within the Firm: Characteristics and Types
The knowledge of the firm can be analysed along two dimensions: the

epistemological and ontological (Nonaka & Takeuchi, 1995; Spender, 1996).
The former concerns the modes of expression of knowledge, namely, Polanyi’s
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distinction between explicit and tacit knowledge. The latter relates to the locus of
knowledge that can reside at the individual or collective levels.

2.1.1. The Epistemological Dimension: Explicit vs. Tacit Knowledge

Human knowledge exists in different forms; it can be articulated explicitly or
manifested implicitly (tacit). Polanyi (1962) argues that a large part of human
knowledge is tacit. This is particularly true of operational skills and know-how
acquired through practical experience. Knowledge of this type is action-oriented
and has a personal quality that makes it difficult to formalise or communicate.
Unlike explicit knowledge, which can be formulated, abstracted and transferred
across time and space independently of the knowing subjects, the transfer of tacit
knowledge requires close interaction and the build up of shared understanding and
trust among them. The main methods for the acquisition and accumulation of these
two knowledge forms also differ. Explicit knowledge can be generated through
logical deduction and acquired by formal study. Tacit knowledge, in contrast,
can be acquired only through practical experience in the relevant context, i.e.
“learning-by-doing.” Although it is possible to distinguish between explicit and
tacitknowledge conceptually, they are not separate and discrete in practice. Nonaka
and Takeuchi (1995) argue that new knowledge is generated through the dynamic
interaction and combination of these two types. However, firms differ in their
ability to foster such interaction, and the relative importance and status of the
two types may also vary. More importantly, the creation of new knowledge in
itself will necessarily involve the use and generation of tacit knowledge. Polanyi
(1962, 1966) sees the origin of all human knowledge in individual intuition. The
learning and innovative capability of an organization is thus critically dependent
on its capacity to mobilise tacit knowledge and foster its interaction with explicit
knowledge.

2.1.2. The Ontological Dimension: The Individual vs. Collective

Knowledge within the firm can reside at the level of the individual, or be shared
among members of the organization. Individual knowledge is a repertoire of
knowledge “owned” by the individual, which can be applied independently to
specific types of tasks or problems. It is also transferable, moving with the person,
giving rise to potential problems of retention and accumulation. In contrast,
collective knowledge refers to the ways in which knowledge is distributed and
shared among members of the organization. It is the accumulated knowledge of
the organization stored in its rules, procedures, routines and shared norms, which
guide the problem solving activities and patterns of interaction among its members.
It can either be a “stock” of knowledge stored as hard data; or represent knowledge
in a state of “flow” emerging from interaction.
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Table 1. Knowledge Types.

Individual Collective
Explicit Embrained knowledge Encoded knowledge
Tacit Embodied knowledge Embedded Knowledge

2.1.3. Four Types of Knowledge

The explicit-tacit and individual-collective dimensions of knowledge give rise
to four categories of knowledge: “embrained,” “embodied,” “encoded” and
“embedded” knowledge (see also Blackler, 1995; Collins, 1993) (Table 1).

Embrained knowledge (individual and explicit) is dependent on the individual’s
conceptual skills and cognitive abilities. It is formal, abstract or theoretical
knowledge. It is typically learnt through reading books and in formal education.
Embrained knowledge enjoys a privileged social status within Western culture.
The high occupational status of science compared with engineering reflects
this.

Embodied knowledge (individual and tacit) is action oriented; it is the practical,
individual types of knowledge on which Polanyi focused. It is learnt through
experience and in training based on apprenticeship relations. Embodied knowledge
is also context specific; it is “particular knowledge” which becomes relevant in light
of the practical problem solving experience (Barley, 1996).

Encoded knowledge (collective and explicit) is shared within organizations
through written rules and procedures, and formal information systems. It is formed
in making explicit as much as possible of tacit knowledge. This is well illustrated
by the principles of Scientific Management, which attempt to codify worker
experiences and skills into objective scientific knowledge.

Embedded knowledge (collective and tacit) is built into routines, habits and
norms that cannot easily be transformed into information systems. It is produced
through social interaction among different members of the organization and
supported by its shared cultural norms. Embedded knowledge is relation-specific
and dispersed. It is an emergent form of knowledge capable of supporting complex
patterns of interaction in the absence of written rules.

2.2. Knowledge Types and Organizational Forms

All organizations potentially contain a mixture of knowledge types, but their
relative importance differs. Organizations may be dominated by one type of
knowledge rather than another. To each of the knowledge forms there corresponds
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Table 2. Organizational Forms.

Individual Organization
Standardized work Professional Bureaucracy Machine Bureaucracy

(embrained knowledge) (encoded knowledge)
Non-standardized work Operating Adhocracy J-form Organization

(embodied knowledge) (embedded knowledge)

an ideal type organization. Drawing upon Mintzberg’s (1979) classic typology
of organizational forms and the work of Aoki (1988), and Nonaka and Takeuchi
(1995) on the “Japanese model,” we distinguish four ideal typical organizational
forms, using two dimensions: the degree of standardisation of knowledge and
work, and the dominant knowledge agent (individual or organization) (see Table 2).
These different organizational configurations vary in their ability to mobilise tacit
knowledge, resulting in different dynamics of learning and innovation.

2.2.1. Professional Bureaucracy and Embrained Knowledge

Professional bureaucracy (based upon individual and standardised knowledge)
refers to a hierarchical complex organization where individual experts are highly
specialised and where they operate within narrowly defined fields of knowledge.
Such organizations may be especially efficient when the environment is stable and
the need for high degree of professional precision is necessary to avoid big negative
risks. However, its learning focus tends to be narrow and constrained within
the boundary of formal specialist knowledge. Tacit knowledge is circumscribed
and contained; it plays a limited role in a professional bureaucracy. Professional
bureaucracies are not innovative and they will get into serious crisis when faced
with radical change in the environment.

2.3. Machine Bureaucracy and Encoded Knowledge

Machine bureaucracy (with a knowledge base that is collective and standardised)
refers to an organization where the dominating principles are specialisation,
standardisation and control. This is an organizational form that is well suited for
mass production in a stable environment. It may be said to be the ideal type of
Fordist production where principles of Taylorist management are predominating.
There is a clear dichotomy between the ‘“execution” and “conception” of
knowledge. The managers are the key agents responsible for translating
individual knowledge into rules and procedures and for filtering information
up and down the organizational hierarchy. A large part of tacit knowledge
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is naturally lost in the translation and aggregation process. It is a structure
designed to deal with routine problems but is unable to cope with novelty or
change.

2.3.1. Operating Adhocracy and Embodied Knowledge

Operating adhocracy (the knowledge base is individual and non-standardised) is
a highly organic form of organization with little standardisation of knowledge
or work process. It relies not only on the formal knowledge of its members,
but draws its capability from the diverse know-how and practical problem
solving skills embodied in the individual experts. It has a strong capacity for
generating tacit knowledge through experimentation and interactive problem
solving. Organizations engaged in providing non-standard, creative and problem
solving services directly to the clients, such as professional partnerships, software
engineering firms and management consultancies, are typical examples. In these
organizations, formal professional knowledge may play only a limited role; a large
part of the problem solving activities has very little to do with the application of
narrow standardised expertise and more to do with the experience and capacity
to adapt to new situations. Tacit knowledge is generated through interaction,
trial-and-error and experimentation. It is a very flexible and innovative form of
organization. The fluid structure and speed of change, however, creates problems
in reproducing what has been learned into organizational memory. An operating
adhocracy is also vulnerable to knowledge loss when individuals leave the
organization.

2.3.2. J-Form Organization and Embedded Knowledge

The J-form organization (with a knowledge base that is collective and non-
standardised) derives its capability from knowledge that is “embedded” in its
operating routines, team relationships and shared culture. Its archetypal features
are best illustrated by some of the big knowledge-intensive Japanese firms (Aoki,
1988; Nonaka, 1994; Nonaka & Takeuchi, 1995). It combines the stability and
efficiency of a bureaucracy with the flexibility and team dynamics of an adhocracy.
One fundamental characteristic is that it allows an organic, non-hierarchical team
structure to operate in parallel with its formal hierarchical managerial structure.
Shared values and organizational culture form the environment where interaction
across functions and divisions take place in a systematic manner. This is an
adaptive and innovative form of organization. It has a strong capacity to generate,
diffuse and accumulate tacit knowledge continuously through “learning-by-doing”
and interaction. It is good at generating incremental and continuous innovation.
However, learning in the J-form organization is also potentially conservative. Its
stable social structure and shared knowledge base may block radical innovation.
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2.4. The Institutional Framework: National Systems of Competence
Building and Innovation

Organizations are socially constituted and their knowledge configurations reflect
this. The relative dominance of the different knowledge types, and the ability of
an organization to harness tacit knowledge as a source of learning are powerfully
influenced by the broader societal factors. Here, I focus on the education and
training systems, and labour market organizations as key institutional features
shaping the knowledge and learning pattern of firms. The implicit argument is that
these institutional aspects and patterns of learning within firms are inter-dependent
and they constitute a sub-system within the wider national innovation system.
There is a process of mutual adaptation between knowledge types, organizations
and institutions. Other national institutions such as the capital market also affect
learning within firms but in a less direct way, and the process of mutual adaptation
is less obvious.

2.4.1. Education and Training Systems: Narrow “Professional-Oriented” vs.
Broad “Competence-Based”

On the education and training dimension, national systems can vary according
to the relative importance they attach to different types of knowledge (e.g.
formal academic knowledge vs. practical skills), the level of formal professional
control over the nature and content of high-level expertise, and the distribution of
competence among the entire workforce. A narrow “professional-oriented” system
is characterised by the dominance of formal academic knowledge, a high degree of
professional control over training programmes and an uneven two-tier distribution
of competence: a well-developed higher education system for the professional
elites while the majority of the workforce is poorly trained. Such a system gives
rise to a narrow conception of knowledge, and the expertise acquired tends to be
highly specialized and distant from problem-solving practices. For example, the
system in the U.K. and USA can be described as narrow “professional-oriented.”
It displays a strong bias towards academic education and attaches little social
status and economic credibility to practical skills, which acts as a disincentive
for investment in this area. As a result, there is a widespread lack of formal
intermediate skills and qualifications among the general workforce in these two
countries (Buechtemann & Verdier, 1998). Such a system creates a bias in the use
of human capital and labour market polarisation. It is associated with a bureaucratic
form of work organization. The wide disparity in the educational backgrounds and
skill levels between the different categories of the workforce generates knowledge
discontinuities and social distance within firms. It reinforces the domination of
formal knowledge over tacit skills.
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In contrast, a broad “competence-based” education and training system
recognises the value of both academic education and vocational training. It is
characterised by a widespread and rigorous general and vocational education for a
wide spectrum of the workforce. Such a system is more conducive to a decentralised
mode of work organization. A more even distribution of competence among the
workforce provides a better basis for interactive learning and the cultivation of tacit
knowledge as a source of organizational capability. The cases of Germany, Japan
and also Denmark are illustrative (Koike, 1995; Kristensen, 1996; Soskice, 1997).
The systems in these countries accord relatively high social status to “practical
experience,” and recognise it as a source of competence and qualification. This
encourages investment in vocational training, which has resulted in a good supply
of intermediate skills. This enables firms to organise work in a more cooperative
and decentralised manner, conducive to the transmission and mobilisation of tacit
knowledge.

2.4.2. Labour Market and Careers: Occupational vs. Internal Labour Markets
Labour market organizations constitute another important dimension of national
systems of competence building. They influence the knowledge base and learning
capabilities of the firm in three main ways. First, these determine the extent to
which expertise is developed outside or within the firm, and hence the relative
importance of formal education and training institutions vis-a-vis employers in
defining the knowledge base of the firm. Second, they determine career mobility
and incentives for individual workers and the capability of the firm in acquiring and
accumulating different types of knowledge. And third, they shape the individual’s
career and social identity and define the boundaries of learning. A broad distinction
can be drawn between systems where career takes place through job shifts in an
occupational labour market (OLM) and where the typical career is connected to a
firm-based internal labour market (ILM). The former implies a higher degree of
market control over skills and competence criteria and hence a stronger tendency
towards formalisation and codification of knowledge across firms. In contrast,
the latter allows a greater degree of individual firm control over the definition of
expertise, leading to a lower level of standardisation of expertise around formal
knowledge.

2.4.3. Occupational Labour Market (OLM)

An occupational labour market (OLM) offers a relatively high scope for job
mobility. Knowledge and learning are embedded in an inter-firm career. Formal
education and training play a much greater role in generating directly relevant
occupational competence. The type of qualifications generated can be highly task-
specific based on standardised, advanced “packaging” of knowledge and skills (e.g.
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craft-oriented training or professional education). Alternatively, it can be a broad-
based general education that can be adapted and applied across a wide variety of
work settings and tasks. The former approach assumes that the task environment
is relatively stable and the knowledge required can be codified and pre-packaged
in initial training programmes. The latter, in contrast, rests on the notion that the
task environment is uncertain and the knowledge required is fluid and emergent.
It cannot be easily bundled into occupations or codified in advance, and hence
requires a broad-based initial qualification to enable individuals to pursue a more
varied and flexible approach to continuous learning.

In an OLM, knowledge and skills are owned by and embodied in the individuals;
they are personal properties for career advancement. The transparency and
transferability of the knowledge acquired is of paramount importance for inter-
firm career mobility. Such career mobility relies on effective signals: dependable
information about the type and quality of skills and knowledge that individuals
have. This can be based either on public certification (institutional signals), or peer
group recognition (information signals). The former approach works well provided
that the knowledge and skills required can be easily identified and codified, i.e.
bundled into specific occupations with a distinctive set of tasks or problems to
which these skills and knowledge are applied (Tolbert, 1996). In situations where
the tasks are highly fluid and unpredictable, and the knowledge used constitutes
a large tacit component, institutional signals become insufficient and unreliable.
This is because tacit skills cannot be easily codified; they can only be revealed
through practice and work performance. Their transfer will have to rely heavily
on social and professional networks based on shared industrial or occupational
norms. In other words, the efficient transfer and accumulation of tacit knowledge
in an OLM requires the support of a “containing social structure,” for example,
the formation of a community-based OLM based on localised firm networks and
industry clusters (Saxenian, 1996). Social networks facilitate the “marketability”
of cumulative personal tacit skills.

Learning within an OLM tends to be person-centred and market-oriented. It is
rooted in the individual’s professional and career strategy, and characterised by a
greater degree of autonomy and latitude in the boundary and domains of learning
(Bird, 1996). This can potentially enlarge the knowledge base of the firm and
stimulate radical innovation. Moreover, firms operating in an OLM are able to
reconstitute their knowledge base through hiring and firing. This allows them to
respond flexibly to shifting market requirements and technological changes.

2.4.4. Internal Labour Market (ILM)
Internal labour markets are characterised by long-term stable employment with
a single employer and career progression through a series of interconnected jobs



Societal Institutions, Learning Organizations and Innovation 53

within a hierarchy. Knowledge and learning are embedded in an intra-firm career;
a large part of the knowledge and work-related skills is generated through firm-
specific on-the-job training (OJT). Formal knowledge acquired through education
serves only as an entry qualification and provides the basis upon which work-
related skills are built within the firm. The nature of the work organization
and careers determines the quality and boundaries of learning through OJT.
Where jobs are narrowly defined and careers are organised around hierarchies
of jobs with tiered boundaries based on formal entry qualifications as in the
case of a machine bureaucracy, OJT will tend to be narrow and job-specific.
In contrast, an ILM can also be organised around broadly defined jobs and
a continuous career hierarchy based on a common ranking system (e.g. the
case of Japan). Progression to upper level positions is achieved, in this case,
through accumulation of a wide range of skills and organizational experience.
Formal knowledge plays only a limited role in defining competence criteria and
entry to senior positions; the key emphasis is on the long-term accumulation
of firm-specific skills and practical experience. OJT is broad-based and linked
systemically with career progression. This increases the variety of experience and
facilitates the generation of tacit knowledge. Job rotation also serves an important
socialization function and helps to reduce social distance between different
categories of the workforce. The close integration of OJT with career progression
also gives individuals a strong incentive to accumulate knowledge through practical
experience. The career hierarchy becomes a device for tacit knowledge creation and
learning.

Learning within an ILM tends to be organizational-oriented and self-reinforcing.
It evolves along the internal requirements of the firm, and is rooted in a firm-
based career and organizational identity. The stability of personnel within an ILM
facilitates the retention and accumulation of knowledge. Firms may display a
strong capacity for incremental innovation and focus on developing a distinctive
core competence.

2.5. Four Contrasting “Societal Models” of Competence
Building and Innovation

The education and labour market dimensions are inextricably linked and there is an
institutional logic defining their specific configurations. The interaction between
these institutions gives rise to four contrasting “societal models” of competence
building systems (see Table 3). The term “societal” requires some qualification.
It is used in a broad sense to point out the effect of institutional environments
on ways of organising knowledge and learning, rather than simply to emphasise
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Table 3. Societal Models of Competence Building Systems and Their
Innovative Potentials.

Occupational Labour Market Internal Labour Market
(OLM) (ILM)
Narrow “professional-oriented” Professional model Bureaucratic model (machine
education and training (professional bureaucracy, bureaucracy, encoded
embrained knowledge) knowledge) Slow learning,
Narrow learning inhibits limited innovation
innovation
Broad “competence-based” Occupational community Organizational community
education and training model (operating adhocracy, model (J-form organization,
embodied knowledge) embedded knowledge)
Dynamical learning, radical Cumulative learning,
innovation incremental innovation

national distinctiveness. The institutional environment may exist at the national,
regional or sector levels.

The professional model refers to an economy where the education and training
is governed by professions and education institutions and where the typical career
is one of moving between different employers. It is one where practical experience
has a low status while codified and scientific knowledge is regarded as very
important. Broad segments of the population have insufficient training. In this
context there will be a predominance of hierarchical forms of organizations.
Learning will be narrow and take place mainly among those who have already
a strong formal education background. The professional model is most likely
to be found in Anglo-American countries where the norms of “professional
specialisation” and “elitism” remain deeply rooted.

The bureaucratic model is one where careers take place inside firms but where
hierarchies are stable and connected with formal training and access to codified
knowledge. It seeks to control and eliminate tacit knowledge and its capacity to
innovate is very limited. The bureaucratic model prevails in economies or firms
that seek to sustain competitive advantage through standardisation and price-based
competition.

The occupational community model is one where there is high inter-firm mobility
in the context of a region. Inter-firm mobility fosters social and professional
networks. Education and training institutions may be well connected with
professional networks and with firms in the region. Italian industrial districts and
Silicon Valley are examples of this kind of model. This kind of context is highly
flexible and promotes continuous innovation as well as radical innovation. The
occupational community is an institutional prerequisite for fostering and sustaining
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the innovative capability of the “operating adhocracy.” In a “boundaryless” open
labour market, the operating adhocracy will be under pressure to bureaucratise
because of the difficulties in accumulating and transferring tacit knowledge.
The tacit knowledge creating capability of the operating adhocracy can only be
sustained if it operates as a member of localised firm network. Such networks of
social relationships provide the “social capital” and “information signals” needed
to ensure the efficient transfer of tacit knowledge in an inter-firm career framework
(Saxenian, 1996).

The organizational community model is characterised by a broad based
egalitarian education system and with careers that take place inside the firm.
Training takes place inside firms or in activities organised by the firm. This kind
of context is well suited to promote permanent incremental innovation but it might
be difficult to start up completely new activities in such an environment. It might
be combined with financial systems that give priority to existing firms. Japan
represents a typical example of this model.

Of course, what has been presented is a set of ideal types and in reality none of
the categories are pure. The typology is a heuristic tool. It helps us to understand
how institutionalised variation in learning and innovation may enable, or constrain
firms to create different organizational forms and related innovation trajectories.
It also suggests that there are alternative models for generating different types
of innovation that may lead to societal strategic advantage in different industrial
sectors.

3. LEARNING ORGANIZATIONS AND INNOVATION IN
THE KNOWLEDGE ECONOMY

The emergence of the knowledge economy has led to a growing emphasis on
the importance of learning and innovation as the key to economic success. One
fundamental characteristic of the knowledge-based economy is the rapid pace of
change and acceleration of knowledge creation. Although the use of information
technology enhances the incentives and possibility to codify knowledge, the rapid
pace of knowledge advancement has also created immense barriers to codification.
The limit of codification is especially obvious in skills and knowledge transmission
in labour markets. In the high-skills sector, knowledge is now moving too rapidly
to be encoded and institutionalised into a stable set of occupations (Lam, 2001).
Traditional institutional signals, for example, occupational qualifications have
severe limits in providing dependable information about the quality and contents
of skills. Codification is indeed too slow a process for the transmission of
rapidly evolving knowledge. The high rate of change and growing complexity
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of knowledge required for innovation has reinforced the importance of tacit
knowledge and collective learning in the knowledge economy.

The above analysis suggests that both the “organizational” and “occupational
community” models are favourable to the creation and transmission of tacit
knowledge. However, the different labour market structures generate some
significant contrasts in their learning and innovation patterns. The occupational
community model operates within a more open and fluid labour market which
permits extensive hiring and firing, risk taking and the development of human
resources in a “competency destroying” environment. In other words, it facilitates
the diffusion of tacit knowledge within a broader boundary and varied contexts. It
encourages experimentation and entrepreneurial behaviour and has the potential
to achieve radical innovation. In contrast, the “organizational community”
model derives its competitive strength from the cultivation of firm-specific core
competence. It allows the accumulation of tacit knowledge within the boundary
of the firm, and the continuous combination and recombination of firm-specific
product and process technology with industry technology. Firms within the
organizational community may develop a strong orientation to pursuing an
incremental innovation strategy and do well in established technological fields.
The strong emphasis on “competence preservation” within organizations, however,
inhibits the creation of active labour markets, and thus making it difficult for firms
to renew their knowledge base and compete successfully in rapidly developing
new fields.

The sections that follow examine three concrete examples to illustrate
the theoretical argument developed in this chapter. The divergent innovation
trajectories pursued by Japanese and U.S. firms in the high-technology sectors
give the most vivid illustration of the contrasts between the “organizational”
and “occupational” community model of learning and innovation. The example
of Denmark provides another interesting example of an innovation system with
characteristics of the occupational community model that differs from the high-
technology clusters discussed in the context of the Anglo-Saxon economies.

3.1. The Japanese “Organizational Community Model”

Michael Porter, in his book on the Competitive Advantage of Nations (1990),
notes that Japan is a “study in contrasts” with some of the most internationally
competitive industries found side by side with some of the most uncompetitive.
Japan’s institutional features and organizational capabilities have enabled firms
to succeed in a range of industrial sectors through cumulative learning and
incremental product and process innovation. Over the past three decades,
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Japanese firms have gained international competitive advantage in those industries
such as transport equipment, office machines, consumer electronics, electronic
components for computing equipment and telecommunication hardware, to name
a few of the most important ones (Kitschelt, 1991). The strength of Japan in these
sectors stems from the capability of firms to develop highly flexible production
systems through the close integration of shop-floor skills and experience, the
tight linkages between R&D, production and marketing, and a unique innovation
strategy based on continual modification and upgrading of existing components and
products (Odargiri & Goto, 1996; Westney, 1993; Womack et al., 1990). In contrast,
Japan finds it harder to excel in sectors that do not exclusively rely on incremental
upgrading of system components (e.g. aerospace; supercomputers) and those in
which fast-paced radical innovation are crucial for success (e.g. pharmaceuticals
and biotechnology).

The Japanese competence building and innovation system exhibits some of the
most quintessential features of the organizational community model. The economy
is characterised by a high level of cooperation and organizational integration
(Gerlach, 1992; Lazonick & West, 1998). This occurs through extensive long-
term collaboration between firms in business groups and networks. Additionally,
integration within large firms is particularly strong. Japanese social institutions and
employment practices foster the close involvement of shop floor workers in the
development of organizational capability. The successful state education system
and large company driven networks equip the majority of workers with a high level
of skills that employers respect and so can rely on them to contribute usefully to
innovation activities. The internal labour market system is characterised not only by
long-term attachment but also by well-organised training and job rotation schemes.
These practices promote continuous skills formation through learning-by-doing
and systematic career progression and, hence, a strong organizational capacity
to accumulate knowledge and learn incrementally. Moreover, the approach to
engineering skills formation fosters strong cross-functional teams and extensive
human networks in product development (Lam, 1996, 1997). Japan has historically
placed a high value on the importance of developing the practical skills of their en-
gineers in the workplace. This is due, in part, to the fact that industrial development
in Japan was historically based on imported technology, and Japanese engineers
have played an important role in translating theoretical knowledge into concrete
operational details for shop-floor workers (Morikawa, 1991). Japanese firms have
always placed a strong emphasis on developing the on-site practical knowledge of
their graduate engineers in order to facilitate knowledge transfer. Formal university
education is less important than practical learning in the workplace. The university
degree in Japan is far more general and broad-based than that in the U.S. or
Britain. Young graduate engineers normally spend their initial years in a wide
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range of peripheral technical tasks and gradually accumulate their knowledge and
expertise through assignment to a wider range of more complex tasks. The type
of knowledge transmitted tends to be judgemental, informal and tacit.

The knowledge base of the Japanese firm is characterised by a high degree
of tacitness and collective knowledge sharing. Japanese firms deliberately
organise the process of product innovation in ways that take into account the
importance of tacit knowledge and intensive interaction between skilled workers
and engineers. The semi-autonomous project teams, comprising members from
different functions, constitute one of the most important sources of learning and
innovation in the Japanese firm (Nonaka & Takeuchi, 1995). The low social
distance between engineers and production workers facilitates an interactive and
overlapping approach to product development. The close linkage between R&D
and production allows the early integration of downstream knowledge in product
design and planning. Japanese firms, for example in the automobile and electronics
industries, have been far more successful than their Western counterparts in
incorporating manufacturing criteria into their design process (Clark & Funjimoto,
1991; Womack et al., 1990). This contributes to the quality advantage enjoyed by
many Japanese firms, and a greater capacity for incremental product and process
improvement. The Japanese organizational community approach to learning has
allowed firms to thrive in “flexible mass production” characterised by constant
variation and improvement of basically standardised products. The capacity of the
organization to create new knowledge through synthesis and combination of the
existing knowledge has enabled firms to gain competitive advantage in relatively
“mature” technological fields characterised by rich possibilities of combinations
and incremental improvements of existing components and products.

Conversely, organization-specific and path-dependent learning have constrained
Japan’s success in a number of leading-edge technological fields. Japan finds
it harder to excel in sectors which do not exclusively rely on incremental
upgrading of system components (e.g. aerospace; supercomputers) and those in
which fast-paced radical innovation are crucial for success (e.g. pharmaceuticals
and biotechnology). The human-network-based interaction and internal tacit
knowledge transfer appear to be less effective in coordinating systems involving
complex interactions among components. The insular nature of the Japanese
human resource development system, and the absence of an active labour market
for experienced scientific and managerial staff has constrained the boundary
of explorative learning of firms. They also reduce the incentives for firms and
individuals to engage in risky new projects. The organizational community model
of learning limits the development of highly specialised scientific expertise, and
makes it difficult to adopt radically new skills and knowledge needed for radical
learning. The disappointing performance of Japanese firms in such fields as
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software and biotechnology (Anchordoguy, 2000; Henderson et al., 1999) during
the 1990s may constitute evidence of the difficulties faced by Japanese firms in
entering and innovating in rapidly developing new technological fields.

3.2. Occupational Community Models: High-Technology
Clusters in the U.S. and U.K.

While the dominant institutions of the Anglo-Saxon economies have less capacity
to foster the organization-oriented type of collective learning observed in
Japanese firms, they have the potential to accommodate a more market-based and
individually-driven form of collective learning and to compete successfully in the
highest-skill sectors (Casper & Kettler, 2000; Finegold, 1999). Some of the world’s
most innovative and prosperous high-technology clusters can be found in the USA
and also in the U.K. California’s Silicon Valley and the high-technology clusters
surrounding Cambridge in the U.K. are two of the most famous success stories.
These high-technology clusters provide good examples that illustrate the processes
of knowledge creation and dynamics of innovation underpinning the occupational
community model of competence building. They also highlight the importance for
the “adhocracy” of supportive local labour markets and other external institutions
typically included in analyses of national, sectoral and regional innovation systems.

Silicon Valley has been an enormously successful and dynamic region
characterised by rapid innovation and commercialisation in the fast growing
technological fields. The core industries of the region include microelectronics,
semiconductors, computer networking, both hardware and software, and more
recently biotechnology. Firms operating in these industries undergo frequent
reconfiguration and realignment in order to survive in a constantly changing
environment marked by incessant innovation. The availability of a large pool of
professional experts with known reputations in particular fields enables firms to
quickly reconstitute their knowledge and skill base in the course of their innovative
endeavours. The rapid creation of new start-up firms focusing on novel innovative
projects, and the ease with which project-based firms are able to assemble and
reassemble their teams of highly-skilled scientists and engineers to engage in new
innovative activities are central to the technological and organizational dynamism
of the region. The high rate of labour mobility and extensive hiring and firing creates
a permissive environment for entrepreneurial start-ups and flexible reconfiguration
of project teams and knowledge sources (Angels, 2000; Bahrami & Evans, 2000;
Saxenian, 1996). Labour mobility within the context of a region plays a critical role
in the generation of professional networks and facilities the rapid transmission of
evolving new knowledge, a large part of which may be tacit. Such a regionally
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based occupational labour market provides a stable social context and shared
industrial culture needed to ensure the efficient transfer of tacit knowledge in
an inter-firm career framework. The shared context and industry-specific values
within the regional community ensure that tacit knowledge will not be wasted
when one changes employers, and this gives the individual a positive incentive
to engage in tacit “know-how” learning (DeFillipi & Arthur, 1996). A regionally
based labour market and networks of firms create a stable social structure to sustain
collective learning and knowledge creation within and across firm boundaries. The
creation of a wider social learning system amplifies the learning and innovative
capability of the individual firms locating within the system.

The “Cambridge phenomenon” (Segal, Quince & Wicksteed, 1985, 2000) —
a clustering of small, but successful high-technology firms around Cambridge
University in the U.K. — has been likened to Silicon Valley. Many of the new
companies in the area started as university spin-offs by the Cambridge graduates
and academic staff. The process has been continuing since the 1960s and has led
to the area being dubbed as “Silicon Fen.” Similar to Silicon Valley, the success of
the Cambridge cluster has been helped by having a world-class research university,
a highly networked community, a dynamic labour market and an entrepreneurial
business culture. In terms of activities, the development of a distinctive micro-
cluster of dynamic SMEs in biotechnology and telecommunications has been
particularly notable in recent years. It is argued that these, in part, reflect the
national picture, but it may be especially rich in the Cambridge area (Segal, Quince
& Wicksteed, 2000). The same is also true for software which has been a strong
sector in the region since the mid-1980s and is, arguably, even more important
today. Another important activity in the area is technology consultancy, a highly
successful and distinctive feature of the Cambridge high-tech scene. Technology
consultancies play a vital role in spinning-out a large number of new technology
companies, many of which continue to maintain strong formal and informal
links with their former consultancy employers. Both the spin-out process and
the extensive involvement of these technology consultancies in the local network
have contributed to the development of a risk-taking and entrepreneurial business
culture in the region.

The Cambridge area is marked by the existence of a dynamic high-tech labour
market that has grown rapidly and become spatially more extensive over the years.
The success of the high-tech cluster has continued to work as a “pull” factor
attracting many qualified scientists and engineers from outside to work in the
area. The workforce in the area is highly skilled and is dominated by qualified
scientists and engineers. The technology consultancies have played an especially
important role in attracting experienced consultants and researchers from outside
the area. The inflow and mobility of people have contributed to the diversity of the
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workforce and dynamism of the region. Empirical studies also suggest that there
is an active process of inter-firm mobility in the region, involving the movement of
entrepreneurs, consultants and researchers (Lam, 2000; Lawson et al., 1997; Segal,
Quince & Wicksteed, 2000). This takes place primarily between consultancy and
clients, and between a consultancy and its spin-outs. Labour mobility and the
personal and professional networks formed as a result of shared experiences in
the region are important factors contributing to knowledge transfer and a growing
capacity of the region for technological innovation.

Itis clear from these accounts that what underlies the innovative capability of the
world’s most dynamic technological regions is the processes of knowledge creation
and collective learning sustained by a community-based social and professional
network. Labour mobility plays a critical role in the generation of these networks
and facilitates the transmission of rapidly evolving knowledge, a large part of
which may be tacit. There is a strong link between tacit knowledge and regional
competitive advantage (Lawson & Lorenz, 1999). The analysis also suggests that
the processes of developing the capabilities of the individuals and organizational
knowledge in the most dynamic technological sectors may be best served by an
open labour market rooted in an occupational community. Finegold (1999) argues
that in the turbulent, high-skill environments, the responsibility for skills formation
and career development shifted from the firm to the individual and regional cluster
itself. This is because for the engineers and scientists, who are the key drivers of
knowledge creation in the region, company-based formal training is often not the
main vehicle for learning. Instead, these people enter the labour market with a
high level specialised qualification. They then continue to learn through project-
based work and solving cutting-edge technical problems. Their wider personal
and professional networks are another important source of learning. Inter-firm
career mobility promotes learning and knowledge transfer. The willingness of the
individuals to change firms, on which the collective learning process depends, is
made possible by the guarantee of job opportunities elsewhere within the region.

3.3. Denmark as Another Example of an “Occupational Community Model”

Denmark represents another example of a national innovation and competence
building system that displays many of the characteristic features of the occupational
community model. And yet, the country has developed a pattern of industrial
specialisation that deviates sharply from that of the high-tech large economies.
Denmark is one of the smallest OECD countries with a population of just over five
million. It has one of the highest levels of GDP per capita in the world. The country
is especially successful in the production and export of low- or medium-technology
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goods. The main industries include meat, fish, diary products, wooden furniture
and related machinery. Maskell et al. (1998) argue that the economic success of
Denmark, and also of the other Nordic countries, demonstrate the possibilities
for economies to generate a high level of prosperity while retaining a low-tech
industrial specialisation. The main reason behind the competitive advantage of
these small countries, according to the authors, lies in the capabilities of the social
institutions to promote shared trust and interactive learning resulting in a set of
“localised capabilities” which are tacit and difficult to imitate for outsiders.

Denmark is characterised as a “village economy” with a strong tradition for
consensus-building deeply rooted in egalitarian values (Maskell et al., 1998). It
is one of the most equitable societies in the world and rich in social capital. The
business community has developed strong social networks and trade associations
enabling intense interaction and information sharing between manufacturers and
suppliers. Many Danish firms have also adopted a flexible form of organization
with a strong emphasis on cross-functional collaboration (Lundvall & Christensen,
1999). Denmark has a well-developed state-funded vocational system resulting in
a good supply of skilled workers. The flexible work system is highly dependent on
the competence and contribution of these workers. These institutional features have
enabled many small Danish manufacturers to develop a superior ability to create
and accumulate knowledge internally and between firms through “learning-by-
doing” and “learning-by-interacting.” The success of the Danish furniture industry
is a case in point (Maskell et al., 1998). The industry has attained the highest
productivity in the EU. It has been able to maintain international competitiveness
through product innovation rooted in a deep history of inter-firm relationships.
The industry is dominated by strong networks of small firms engaged in frequent
exchange of personnel, information and expertise. The industry is also strongly
agglomerated which further enhances interactive learning and the development of
localised capabilities. The success of the Danish furniture industry suggests that
it is possible for a high-cost country to gain international competitiveness in a
low-tech industry through continuous learning and innovation.

Danish firms are responsive to changes and have been able to combine
technological changes with organizational innovation (Lund & Gjerding, 1996).
Such responsive capacity is facilitated by an active labour market. It is suggested
that inter-firm labour mobility in Denmark is as high, or possibly even higher than in
the U.S. but by amore limited geographical spread (Lundvall & Christensen, 1999).
The willingness of Danish workers to change jobs is buffered by a good social
security net that reduces the costs and risks of job changes. Such social protection
also contributes to the positive attitudes among the workers and trade unions to
technical and organizational changes. In addition, Denmark has developed an
extensive and highly regarded public system for continuous training for adults. All
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these institutional factors have made it possible to combine a fluid and open labour
market with a high level of trust and cooperation that promote the development of
learning organizations.

Although Denmark is especially successful in the relatively low- and medium-
technology sectors, it also has some successful niche products in the high-
technology sectors such as mobile telecommunications and pharmaceuticals.
However, the dominant strategy has been to absorb and use technologies from
abroad and the approach to innovation is incremental. This can be partly attributed
to the fact that Denmark does not have a strong science base and the interaction
between the private sector and universities is not well developed. Moreover,
the majority of the academically trained workforce has historically opted for
employment in the public sector. On the whole, the Danish system of innovation and
competence building is geared towards competence-intensive low- and medium-
tech sectors. It is less well developed for the large-scale science-based industries.

The Danish “occupational community model” of competence building generates
a learning pattern that is more similar to that found in Japan rather than in the high
technology clusters in the U.S. or U.K. The strong ability of Danish firms to
learn collectively is rooted in the shared culture and “village like” institutions of a
small country. Such pre-existing social solidarity has shaped the formal social and
economic institutions leading to a high level of cooperation and trust in the society
as a whole. The whole country can be considered as a region like the industrial
districts in the larger economies.

However, an important characteristic feature of “village-like” institutions is the
exclusion of outsiders, as in the case of the corporate community in Japan. The
Danish labour market is not open to immigrant workers. This is in stark contrast to
the high technology community in Silicon Valley that builds on an extremely open
and diverse labour market with a truly international character. Cohen and Fields
(1999, p. 126) describe the foreign workforce as “a vital transmission belt, diffusing
technology and market knowledge, sometimes establishing offshore facilities that
seed new districts and serve as connectors into the Valley.” The Silicon Valley
labour market is local but borderless. This, arguably, is one of the region’s most
valuable assets and the main source of dynamism. In contrast, the localised learning
capability of Danish firms is embedded in a truly local labour market with less scope
for radical renewal.

4. CONCLUSIONS

The analysis presented in this chapter illustrates the logic of institutionalised
variation in patterns of learning and innovation. It also discusses how such variation
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may enable, or constrain regions or countries to create organizational forms needed
for generating the types of innovation associated with different technologies or
industrial sectors. The chapter argues that tacit knowledge, which is difficult
to create and transfer in the absence of social interaction and labour mobility,
constitutes a most important source of learning and sustainable competitive
advantage in an increasingly globalised knowledge-based economy. Learning
builds on trust and social capital. Institutions that are able to imbue these elements
into firms and markets encourage interactive learning and are more likely to
produce strong innovative capabilities. The learning capability of Japanese firms
is rooted in strong organizational integration and employee commitment. Social
capital is built on long-term obligational relationships within and between firms.
In Denmark, the networked learning organizations are supported by a strong
sense of communal trust and social solidarity that has become institutionalised in
formal mechanisms for collective decision-making. In the Anglo-Saxon economies
characterised by liberal market institutions and professional individualism, the
creation of regional clusters appears to be critical for promoting collective learning
rooted in professional and inter-firm innovation networks.

There are a variety of approaches to promoting learning and innovation. They
appear to generate and reproduce distinctive regional or national patterns of
technological specialisation. The Japanese “organizational community” model
continues to orient major Japanese firms towards adopting high-quality incremental
innovation strategies and sustaining competitiveness in mature technological fields.
Japan may find it difficult to develop a “societal strategic advantage” (Biggart &
Orru, 1997) in areas characterised by rapid and disruptive changes. The R&D glob-
alisation strategies adopted by Japanese firms in the science-based sectors appear
to have limited effect in altering the established learning patterns and innovative
trajectories (Lam, 2003). In contrast to Japan, the Anglo-Saxon “occupational
community” model can better accommodate a science-driven, entrepreneurial
approach to innovation and perform well in sectors in which radical learning is
important. A major underlying structural weakness of this model, however, is the
marked segmentation between professional and production workers, and the bias of
the competence building system in favour of the interests of high-technology firms
(Angels, 2000). Denmark, on the other hand, has developed a specialisation pattern
in low- and medium-technology sectors with a focus on an incremental innovation
strategy. The Danish case also suggests that an innovation-driven redeployment
of competencies can be organised more collectively by public agency action with
emphasis on workforce vocational training and lifelong learning.

Societies with different institutional arrangements will continue to develop a
variety of organizational forms and learning strategies that privilege some sectors
and discourage others. Learning and innovation are strongly embedded in societal
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institutions. Societal comparative advantage therefore resides in the “strategic
fit” (Sorge, 1991) between institutionalised patterns of organising and creating
knowledge and the requirements arising from specific niches.
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THE MANAGED INTERACTION
BETWEEN INNOVATION AND
LEARNING AND A COMPLEMENTARY

PERSPECTIVE

Reinhard Lund

ABSTRACT

This chapter treats the management’s understanding of the potential of
managing interaction between product innovation and learning. The chapter
draws its empirical results from interviews with the management, project
leaders, and other employees working on product innovations in five
manufacturing firms visited three to four times during 2001-2002. It is
shown that the managed interaction between innovation and learning is
promoted by explicit strategic consideration and most strongly by a knowledge
management strategy. Important positive and negative structural conditions
are highlighted.

1. INTRODUCTION

Organizational studies of product development were for a long time concentrated
upon how the innovation process ought to be carried out to get success followed
up by other studies of how the process was actually carried out (Cooper, 1993;
Van de Ven et al.,, 1999). It is a later interest how firms may use product
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development as an important base for learning to be used during ongoing and future
innovations.

The Danish project on Product innovation, Interactive learning, and Economic
performance (PIE) (www.business.auc.dk/pie) aims at analysing elements which
can enhance the understanding of how firms accumulate competence in connection
with innovation processes and at the same time determine which factors are decisive
for the success of product innovation. The study’s focus upon interactive learning
means that the PIE research interest centres around management’s approach to the
interaction within the firm as well as between the firm and its external partners.

A specific dimension of this interactive learning concerns the managed
interaction between knowledge for innovation and learning from innovation as
a management strategy. This chapter treats factors, which have been found to
promote or hamper the management’s efforts to activate innovative activities, accu-
mulate learning from innovation, and determine measures promoting the managed
interaction between innovation and learning. This interaction mirrors what March
(1991) described as exploitation and exploration, respectively as was clear from
Chapter 2 by Lundvall, knowledge has since long been recognised as crucial to
innovation, and interactive learning is key in many innovation processes (as is
argued in more detail in the next chapter by Lundvall & Vinding). Whereas most
innovation studies see knowledge as a precondition for innovation, the focus in this
chapter is on the knowledge generated by means of the innovation process, and on
how such knowledge can be actively accumulated and stimulated. In this way, the
chapter relates to the knowledge management literature. In Chapter 6, itis discussed
how such learning may be organised and what are the roles of key actors in this.
Hargadon and Fanelli (2002) have confronted innovation and learning by acknowl-
edging their complementarity' and have discussed the importance of combining
the innovation perspective and the learning perspective. Therefore, the results of
the PIE-project can also be understood within such a complementary perspective
and compared with the main conclusions of the Hargadon and Fanelli study.

2. INTERACTIVE LEARNING AND THE IDEA OF
COMPLEMENTARITY BETWEEN MODELS OF
INNOVATION AND MODELS OF LEARNING

2.1. The PIE-Study of Interactive Learning in Connection with Innovation

The data for this study comprise both data from a quantitative study and data from
a qualitative study of innovation and learning. The qualitative study investigated
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product innovation in 11 small and middle sized (100—400) firms of which five
form the empirial basis for this chapter. The five firms comprise two machinery
firms one of which delivered its machines to the food industry (F) and the
other to metal and transport (B), one metal firm (E), one firm producing for the
graphical trade (H) and one electronics firm (D). Four of the firms had small
development divisions with only eight to 10 persons, whereas the graphical firm
employed around 40. In each of the firms, people from top management, persons
responsible for major functions, project leaders and in a couple of the firms also
technicians and a few workers were interviewed. The interviewing took place
January 2000-December 2001 according to a longitudinal design and comprised
three to four visits by the researchers. In each of the firms two development
projects were followed in more detail besides investigating the firms’ product
innovation activities in general. All in all, the visits to the five firms implied that
29 persons were interviewed one or more times for about an hour, which resulted in
49 interviews.

A reservation as to the data and the related analysis has to be made. The
investigated innovations refer to major changes of product features, which place
them in between radical innovations and mere trivialities. Priority has been
given to understanding the management’s thinking as expressed during interviews
(focussed upon business activities and social, technical and commercial behaviour
related to product innovation) without trying to explore in depth how the intervie-
wees constructed their world or were driven by more or less unconscious motives.
Furthermore, it is not problematised how knowledge transfer may raise many
intricate questions regarding common understanding, knowledge capacity etc. The
aim has been to highlight the benefits and traps connected to an organized cycle
of activating knowledge for innovation and drawing knowledge from innovation.

2.2. Hargadon’s and Fanelli’s Study Based on the
Complementarity Perspective

Hargadon and Fanelli (2002, p. 291) juxtapose the innovation and organizational
learning literatures. They contain two different theoretical perspectives on learning
respectively based upon empirical knowledge of action as found in blueprints,
products and processes and tacit knowledge of possibilities represented by the
beliefs and values of organizational participants based upon their experiences.
Their knowledge concept points to the same important knowledge dimensions
as Christensen (2003) who distinguish between knowledge of perception and
knowledge of experience. Within these perspectives empirical knowledge can
develop into latent knowledge by reflexive experience, and latent knowledge
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into empirical knowledge by “the application of knowledge latent in individuals
to generate a physical or social artifact.” They argue that studies using only
one of these perspectives miss important understandings of knowledge. Focus
upon innovation underplays how the necessary knowledge is created, and focus
upon learning neglects how the accumulated knowledge may be used in new
ways. To overcome these deficiencies of each of the approaches they point to
the principle of complementarity as known from physics to acknowledge for the
dual characteristics of knowledge in organizations. So, taking a complementarity
approach leads them to study the interaction between learning and innovation. This
complementary perspective is used in two case studies of product development
consultants in the United States, which document the fruitfulness of combining
the dual perspectives. Hargadon’s and Fanelli’s studies result in the following
discussion and conclusion.

Their first conclusion is that the complementary perspective demonstrates the
mutual dependence between the consultancies and their clients. The consultancies
need the clients for generating possibilities i.e. the learning perspective, and the
clients need the consultancies to activate a broader input of tacit knowledge i.e. the
innovation perspective. This conclusion is explicitly seen in relation to the balance,
which has to be maintained between the single-mindedness necessary for action
and the diversity conducive for creativity.

The second conclusion concerns the interrelationship between individual and
social knowledge. Hargadon and Fanelli state that the complementary perspective
shows how individual action and its individual tacit knowledge by transformation to
an artefact such as a new product becomes collective knowledge by social interac-
tions between individuals. This aspect was also discussed in Chapter 2 by Lundvall.

The third conclusion points to the contribution of the complementary perspective
based on its cycle between internal tacit knowledge and external empirical
knowledge. Activation of internal knowledge can be fertilized by the surroundings,
but drawing upon the environment demands some specific prior knowledge. The
generation of new knowledge depends upon “the cyclic interaction between the
two,” between the “energy” that resides in latent knowledge and the “matter” of
empirical knowledge” (Hargadon & Fanelli, 2002, p. 300).

Hargadon’s and Fanelli’s contribution can be crystallized by Fig. 1.

After this presentation of the Danish and U.S. studies I shall go through
the following steps similar to the complementary perspective upon product
development and learning. First it is seen how product innovation according to the
PIE-study implies processes by which the management and the employees integrate
diffused information and convert latent knowledge in a context of promoting
factors and constraining barriers. Next it is presented how the Danish management
and employees in some instances seem to use product innovations as a source of
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Within firm:

Activation of (latent) knowledge >

> PRODUCT INNOVATION and EMPIRICAL KNOWLEDGE >
> Possibilities for learning — New (latent) knowledge >

> Activation of (latent) knowledge

> PRODUCT INNOVATION and EMPIRICAL KNOWLEDGE>
Conditioned by constraints and furthered by external relationships

Fig. 1. The Relationship Between Product Innovation and Knowledge.

learning and latent knowledge, but are constrained by certain barriers. Thereafter
it is described to which extent the Danish management directly manages the
interaction between innovation and learning. A number of quotations from the
interviewing illustrate the analysis. These quotations are edited for the sake of
briefness and clarification. The results in this section are systematized along major
organizational dimensions of the interaction between innovation and learning. The
article ends with conclusions concerning the Danish findings and a comparison
with the results by Hargadon and Fanelli (2002).

3. FROM INFORMATION AND KNOWLEDGE TO
PRODUCT INNOVATION

An analysis of the Danish cases shows the management’s conscious occupation
with activating information and knowledge from both external and internal sources
for the benefit of product innovation. Similarly project leaders gathered information
and knowledge from the external environment as well as information and
knowledge from colleagues. In general, technicians and workers took active part in
this process contributing with their experiences. The following analysis of the inter-
views demonstrates a number of initiatives taken by the actors, which strengthened
the application of knowledge and enhanced the product development process, but
barriers were also found. Firstly, the analysis focuses upon promoting factors re-
lated to the activation of external knowledge, internal formal structuring for the ben-
efit of more information as well as the acknowledgement of informal relationships.
Secondly, barriers are highlighted with regard to strategy, structures and processes.

3.1. Promoting Factors for the Activation of Knowledge

Regarding external relations, top directors, development managers and
sales/marketing managers told the researcher that visits to potential customers,
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fairs and information from sales and servicing people gave information input
for new product ideas. Other information could be collected from other firms
which themselves contacted the visited firms when wanting some help (interview
reference code D010209:3; E0041113:3-4&9). A specific method mentioned by a
product manager was to discuss focussed ideas about new products with selected
customers.

Product manager: In connection with some selected customers and discussions with them ...
say you have these things, . . . is there a basis for sale if we do it in this way. This is an example
of our increased marketing focus (D3010209:6).

Regarding internal structures and processes, the management had introduced a
stage-gate procedure (Cooper, 1993), which furthered the integration of explicit
and tacit knowledge situated within the different functions. Concerning the gate’s
role a supply manager’s explanation was as follows.

Supply manager: You take a look at the product, and the product responsible men go through
the product. You look at it from an aesthetic and a functional point of view. Find out whether
something has to be changed. You behave nearly as a consumer. Production takes part and tells
you how the product should look like to get smoothly through production. The idea is to be
frank and find the weak spots before the consumers get the product (E2000510:6).

Behind this lies the understanding of product innovation as implying innovative
behaviour from not only development but also sales and marketing, production
and distribution. As stated by a development manager, the product innovation was
more and more seen as a concern across the various functions.

Product development manager: Product development is everything from the first ideas from the
market to the interaction with production, test activities, sales, sending and how you control the
logistics afterwards. These things we did not speculate about previously. Today they are defined
in the project (D091812:6-7). A specific reason for integrating knowledge within the firm can
be seen by the change in the concept of product. To the extent a product had to be closely
serviced by service people after sales, the knowledge of service was of much importance for
design (HO11112:5).

In one of the visited firms, a manager included external partners in its efforts to
activate information and knowledge for innovation.

Technical director: We believe that integrated product development must go beyond the firm,
so we include to a wide extent the main suppliers. We are not producing, we outsource, we are
pure assembly (H0051614:2).

By setting up an integrated procedure for product development, other functions
than design and technique got a clearer picture of when to deliver an input and
take responsibility for specific tasks e.g. writing the user manual (D3010209:8).
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Also by thinking about the functional responsibilities in connection with input
to innovation, it was possible to improve this input. An engineering manager
succeeded in changing his input.

Development manager: The new engineering manager wanted to have an influence upon product
development from the start. . . . He has some production ideas, which we can get integrated in
the product development from the start. Before, development alone made the prototypes. He
said he would be glad to join because then he got a basis for experiences (D4011030:1).

Concerning influence from the firm structure upon the activation of knowledge, it
could be seen that the managers in the visited firms favoured a structure, which
contributed to widespread communication and little hierarchy.

Development manager: We use each other very broadly. I will say we use the total organization.
We use our welding people, our production people (E0041113:3).

A product leader in another firm referred to his development group.

Product leader: We have a forum where we can talk with each other and draw upon each other’s
expertise . . . we take a brainstorming around the table . .. (D32714:1).

Communication was linked to easy physical access to colleagues.

Product leader: We help each other . . . We are sitting together physically, it does not take many
minutes to get contact. In case of serious problems we have our project meetings . . . or if the
professional expertise is found in other projects, we will talk to those people (B2010118:11).

Furthermore production input was strengthened by having the workers’
participation at gate meetings.

Development manager: We have recently involved the skilled workers in gate meetings. . .to
get them involved at an earlier time (D4011030:2).

A production manager at the same firm developed this point.

Production manager: We have learnt from experience, it is very new, we have had to acknowledge
that we must include some of our skilled people in production for the sake of their influence
upon test equipment and the like (D4011030:1).

In another firm a development manager expressed his recognition of the workers’
participation in gate meetings and their creativity in the following way.

Development manager: The production participates. We include all the links in the development
process. We look at the design. We have had fantastic luck by having shop floor people at the
meetings. The man who has done welding for 30 years, he knows how the product should
look. They have contributed to a decrease in unit costs by putting knowledge from production
into design. We have to recognize that we have production people who are able to think rather
creatively (E0041113:6).
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In connection with the integration of knowledge, the problem of timing was
important for the actors’ ability to make use of their knowledge as an input for the
innovation process.

Product leader: We have an integrated product development model which we use . .. We try to
incorporate people at meetings at an early stage so they can get more influence instead of getting
an instruction when they have to work on the product at a later stage (D032714:5)...some
thoughts will always appear (across the functions, rl) and which have to be looked upon, or
investigated, or tried out (D091814:2).

A production planner pointed to the lack of knowledge among developers
concerning lay out. He argued for an early involvement of planning in the product
development process.

Production planner: We want to join the discussions as early as possible because we do not
expect the developers to have experiences with production, but this is what we have, so we can
see to it that the process goes on smoothly when it comes to production (E2001005:1).

Besides formal meetings, informal relationships had their importance for the
activation of latent knowledge to be used for product innovation. Project leaders
in a couple of visited firms pointed out that the actors showed different behaviours
regarding the blending of formal and informal input.

Project leader: You find much informal talk. For myself I go directly to the sales people and talk
with them. It differs how you make it. I am not the person who calls upon many big meetings
and the like. I prefer to take direct contact to the persons who I know can give the answers
(D3010209:3).

In another firm the product leader similarly drew upon his informal network.

Product leader: There are both formal and informal reviews. You have formal meetings, but in
other cases when I have made a certain part of the new product I will go to the operator and ask
him to do the part and afterwards talk with him about the problems (E2001005:11).

3.2. Barriers for the Activation of Knowledge

During the interviews a number of hindrances for the use of knowledge concerning
innovation were mentioned by the managers, project leaders and other participants
of the innovation processes. In some cases the managers would also point to
measures, which could reduce the barriers.

Yet, the first barrier to be mentioned was part of the management’s strategy and
intended to be upheld. So, some acquired knowledge had to be ignored because its
use for innovation would interfere with the product strategy or bring the firm into
unwanted conflicts with competitors or suppliers.
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Department manager C: The product committee evaluates the project ideas to see whether they
are in keeping with the product strategy. If they are not in keeping with the product strategy,
they have to be approved by the top management to get started (H0091913:2).

Even though cooperation with customers had certain advantages, it might also have
disadvantages because the customer might get too much influence and reduce the
creativity.

Department manager C: We have had bad experiences with the inclusion of a customer when

working on a new concept. Because it may be subject to the customer’s terms, and we forget
what we really want to do . . . we might loose focus (H0091913:6).

When thinking upon which knowledge could be activated for a given new product
innovation the firms had to take reactions from competitors into consideration
including the observance of patents.

Project manager: At a certain point in the development process we recognized that a firm holds
a number of patents in the area in which we worked. In principle it has to be investigated in
phase C, but we recognized it at an earlier point in time. So we introduced some details in our
design to evade the patents (H010226:4).

Internally there might be disagreements between managers regarding product
innovation. Strategic disagreements were mentioned by a development manager.

Development manager: The strategic guidelines are being strongly developed now. We have
had the problem that sales and development would disagree about how long it would take to
develop new products, and the reason was disagreement about strategy (B2010118:17).

Both old habits and political barriers were mentioned in another firm. A manager
stated at the same time how to evade the barrier in a specific case.

Department manager A: The project is sort of skunk work. The agreement with the director
is that if internal resources cannot be found, I shall find external resources. The project is not
going to become talked about all over the organization in this starting phase. Some may say that
usually we do not work along the lines which the project suggests and there are a lot of political
barriers because those who are more interested in getting something they can sell tomorrow,
they cannot see the perspectives of this project (H0091910:7).

Another hindrance for activation of information and knowledge was found in
the structuring of review meetings. Their number was not optimal. It was
recommended to extend the number of meetings for various reasons.

Product manager: Properly we shall introduce some intervening meetings where we can do
a little more . .. It is limited what you can discuss during one hour at a gate meeting with
participants from production etc. . . . instead we may sketch something and visit somebody and
get feedback (D4011030:10).

A negative experience also related to the number of gate meetings. There small
number might give too much room for the developers to work without the guidance
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of their colleagues. In this case the developers could miss the relevant experiences
and knowledge from their colleagues. A project leader expressed his problem in
this way.

Project leader: I may go on in one direction which is not optimal when other eyes take a look,
other constructors, and therefore a gate meeting on smaller parts of the new product would be
a good forum for discussion of various solutions (D4011030:4).

Time pressure was seen as a possible hindrance for satisfactory preparation of a
project and of later periods of sound reflections.

Development manager: Time pressure and unrealistic planning are the greatest hindrances for
our department. When you have a time pressure in the creative phase of the project, the result
will usually be poor (E0041113:10).

Some tacit knowledge would not get activated at the gate meetings because of lack
of time or interest among those participants who had the knowledge.

Development manager: Sometimes some people cancel their participation at gate meetings
because they feel they do not have the time, also you see that it is not everybody who are
equally interested (D4011030).

Similarly, the project leaders also felt that due to time pressure they would
sometimes have to disregard the participation of certain actors and their experiences
(D4011030:3).

In one of the visited firms the management had introduced a production strategy,
which prescribed a certain degree of reuse during product innovation. This rule
contributed to the restraint of the activation of knowledge for alternative solutions.

Product developer: The director has been very rigid concerning reuse of components. .. now
we have run our head against a brick wall . . . the result of reuse is a construction which is larger
than accepted by the sales people. .. we have to change some things. .. we have to use more
time for design now than if we had fewer restrictions (H010226:4).

To some extent the development function had created the problem itself because
it had presented the project as low-cost due to much reuse of known components
to get acceptance from the top management. In reality the project turned out to be
rather complex and expensive (H010226:6).

In this section we presented a number of elements that management has
drawn upon to mobilise information and knowledge for the benefit of innovation.
Similarly a number of barriers has been unveiled. A summary of the results is given
in Fig. 2.



The Managed Interaction Between Innovation and Learning 79

Promoting factors.

Contacts with markets and specific customers.
Positive attitudes towards functional integration.
Stage — gate procedure.

Widespread communication and little hierarchy.
Workers’ participation.

Informal relationships.

Barriers.

Restraints due to product and competitive strategy.

Excessive influence by customers.

Divergent opinions among the management.

Internal structure and processes.

Sub-optimal gate meetings.

Time pressure.

Lack of interest among (potential) participants of gatc mcetings.
Excessive reuse of components.

Fig. 2. Overview of Promoting Factors and Barriers for Actors’ Activation of Knowledge
for Product Innovation.

4. FROM PRODUCT INNOVATION AND MARKET
RELATIONSHIPS TO KNOWLEDGE

The ultimate success criterion for product innovation is its success on the market
resulting in better firm performance. So when launching a new product, top
management followed up upon the reception of the product by the market. In this
way learning about market reactions and reflections about how to improve market
position stand at the fore of management’s thoughts. The middle management
and project developers would learn from technical and commercial experiences
and accumulate ideas for future innovative work. At the same time the work on
innovations resulted in social experiences about internal organizational and social
relationships and the behaviour of external partners, which could be taken into
consideration for the future planning of new product innovations. Yet, a number of
hindrances prevented the optimal use of the potential learning possibilities attached
to product innovation. Firstly, the organizational and social experiences are treated.
Secondly, the technical and commercial parts of the product innovative activities
are analysed concerning their content of learning and delivery of knowledge.
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Thirdly the barriers for learning are exposed. These three types of hindrances
are discussed in sequence below.

4.1. Organizational and Social Experiences from Innovation

The management and developers felt that the product development activities
provided important lessons regarding organizational and social relationships.

The introduction of the principles of integrated product development according
to a stage-gate plan was the result of previous experiences with unsatisfactory use of
internal tacit knowledge and too long periods of working on the various products.
In this connection the management also worked upon reducing the number of
active projects. Such a reduction was still an issue during the PIE-team’s visits in
the firms (D4011030:2).

Project manager: Some projects have suffered much because of the big project, especially
the other longer-term projects. Every time the big project ran into problems, it took
resources from the middle term projects, whereas the short-term projects were allowed to
continue. These experiences have given us a picture, which says that you must be careful
concerning larger projects, because one of them always gets priority and the others suffer
(HO11112:8).

By experience the development managers had also taken structural initiatives for
example by tightening the procedures of the stage-gate plan.

Development manager: When we find out that things might work smarter, I will change the
template in a way which makes people remember what to do. In this way we make changes
continuously (D4011030).

One of the firms had its first experiences with a cross-functional project
group headed by an external facilitator. Some participants hoped that certain
characteristics of the teamwork would not be repeated.

Project leader: It is worth to repeat some sort of team work, but the frequency of meetings was
too high, so we could not prepare ourselves properly. And maybe the members of the group
were not the right one. In fact it was other people who carried through the project, and they
ought to have been involved from the start (F3010312:7).

The management was aware of the necessity of having a stock of people who knew
the products because of their accumulated tacit knowledge.

Project leader: The way we run our development department means that it is important that we
do not have too much turnover. We do not write down too many things so, it is important to have
a stock of people who have been here for five or ten years. They can teach their experiences to
the new men. That is necessary (F3010312:10).
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The management also felt that to get such a core of people it had to support the
creativeness and motivation of the project leaders who had a major responsibility
for securing the success of the innovative process. On the other hand, the
management had also learned from the innovative tasks that a balance had to
be struck between giving weight to activating creativeness by lean control of the
project leaders’ innovative experiences and management’s control of having the
time schedule observed. One manager had the following personnel policy.

Product development manager: The starting phase has got some slack so the developers have
some months to find out for themselves by experiments etc. followed up by some milestones
which define the time for carrying out the project’s phases (D0091812:6).

A similar point has been made by Tidd, Bessant and Pavitt (2001 p. 55) who
reminded management that the various conditions supporting creative behaviour
had to be balanced “with the somewhat harsher realities involved elsewhere in the
innovation process.”

Project leaders learnt to pay more attention to the project instead of focussing
upon their own professional abilities.

Project developer: One important experience is that I have been better to carry out the project
leader role and to get more focus upon the project rather than my profession. And I shall
certainly continue to work at this task (HO11112:15).

In relation to milestone meetings to be treated below, the climate was of importance
as well as acceptance within the different functions of critical remarks from the
meetings. A production manager touched upon this issue.

Production manager: We have introduced the participation of skilled workers from production
at gate meetings...It demands that the engineering department gets accustomed to the
interference by these people who may criticise the department’s solutions (D4011030:3).

External relationships gave the product leaders experiences with disagreements
with suppliers for various reasons. It could be delivery dates, quality demands or
the understanding of the content of the delivery as in the following extract from
an interview with a product leader.

Product leader: We had some economic problems with the supplier. If you have not made your
cooperation agreement very clear and explicit problems will suddenly arise. In the middle of the
project we had to renegotiate the agreement because we did not agree on the term programming
(E2001005:4).

Such experiences regarding deliveries made the product leaders think about
improvement of their negotiation skills and better ways of controlling the suppliers
and the firm might stop deliveries (F3010312:7).
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4.2. Technical and Commercial Experiences

The technical and commercial experiences from product innovation related both to
feedback from the market and internal experiments and tests carried out by project
developers, technicians and workers.

The innovative work on new products involved learning concerning market
reactions and produced new ideas for product innovation. This input was presented
by external actors as well as the firms’ managers, project leaders, technicians, other
employees including the operators working on the new products and the service
people handling the customers’ problems with the products.

Just after launching a new product the management’s interest might focus upon
the difference between estimated costs and actual prices and learn from it.

Development manager: One or two times after launching the product there must be made a
business evaluation. How much is sold and how are the cost prices. Of course you have to learn
from this (B0020715:15).

Information on this subject might lead to a search for cutting costs, which could
relate to the design, supplies, production and/or distribution.

Product manager: Sometimes we have got a chock due to calculations of costs. .. but many
time you may start up under time pressure, and the chosen components were not the most cheap
and the supply was not optimal with regard to the volume. .. or the technical solution could
have been better. . .in this case we have talked with those customers who were interested in
the product to discuss changes (D3010209:14).

Another firm had tried to evade this kind of above mentioned chock by running
a continuous estimation of costs and expected benefits of new products during
product development and make economic computations after half a year, one year,
two years and three years after the launching of the new product. This sort of
information raised a number of questions.

Department manager B: We try to make an analysis. What sort of learning have we had; was
the product more costly; why could we not control the cost price; what shall we do now about
the costs. But it also taught us that there are certain things which are more difficult to estimate
(H0091911:6).

Another sort of experience related to the balance between technological depth
versus rapid reaction to the market demands. A couple of the visited firms had
previously carried out more or less long term product innovations driven by
advanced technological features, but not long before the PIE researchers’ first visit
it was decided by the management to direct more interest towards the markets. The
consequence was that the technical developers had to get a broader perspective on
their work and become better acquainted with the market.
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Development manager: I work on making developers to generalists instead of specialists
(B0020715:13).

Another consequence was that the projects were reoriented towards minor projects,
which could result in new products ready for sale at an early time.

Development manager: Some projects have run during four years because they have been
extended and remade. We want to leave that practice. Instead we shall have one month for the
preliminary investigation, three month for the business case and one year for production or for
beginning to deliver the product (B010118:7).

Practical information regarding the function of the product would be registered by
specific process people and service people. Their experiences would be forwarded
to the developers and used for adjustments of the product relative to other
consumers.

Product manager: Process people will follow the processes of the new product and share the
information with the product developer and other people from development, but not too many
people. Instead we focus upon such activities which means that we can sell the product to those
applications for which it is convenient (F3010312:5).

During the process of design and prototype work the project leaders, technicians
and workers accumulated knowledge from ongoing experiments and tests and
on-the-job learning.

Project leader: Regarding tests, we have got competence within an area, and we can work from
here, and it gives a product platform from which to continue with new products and earn money
(HO11112:15)

A technician could tell about how his experiences and communications with
production and development regarding his work with tests resulted in a new
organizational unit, which would take advantage of idea accumulation concerning
test equipment.

Technician: I started in production and I made test equipment. I had got some experience about
how it was used in production. .. when we tested I found some errors in new products . . . the
production manager asked me to establish a new department for test equipment (D091814:8).

The importance of workers’ input was related to experiences from joint
experiments as well as their participation in gate meetings within the firms’
standard procedure for integrated new product development.

Production manager: The skilled workers join in leaving their stamp on test equipment . . . they
know a lot about the products, our engineers ask them often about various things because they
can supply answers on practical issues (D4011030).

Technical experiences of importance for future innovative work included work
with new materials and processes.
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Project leader: It is the first time I have to make something with plastic tools so, this has been
learning for me . . . I have got an experience with plastic tools which I did not have before . . . so
if I have to make it next time I know about it (D3010209:10).

The same project leader meant that his experience pointed towards the necessity
of acquiring more knowledge about specific technical processes.

Project leader: At one time or another the firm becomes so large that it has to go deeper to get
more knowledge and consolidate it’s know-how. It’s about motors. I want to work in depth with
these things (D3010209:11).

When the prototype was ready for production, the project leader had to make an
instruction for those who should have the responsibility for training the production
workers how to carry out their new tasks. In one of the visited firms, the technician
had chosen to discuss the procedures with those who had the responsibility
for instruction to get their suggestions and be sure of full understanding and
accept.

Product leader: I talk with those people in production. They read my proposal and can come
up with their input. This is also a tactical question, because you evade the troubles when they
start working since they have taken part in the decisions (D3010209:9).

We found that innovative work continuously added new ways of working. In this
connection new ideas may result in feedback to the product developers.

Technician: If they (production people) find out about something when starting production for
the first time, then we will make the necessary changes, if we can see it is a good idea maybe
also psychologically (D3010209:9).

Besides production workers also service people and external actors contributed
new ideas.

Product leader: Follow-up upon new products in their early market phase is the task of the
developers. In case of deficiencies you will try to minimize the damage, and change the product
the next time. The products are developing all the time due to sparring with service, the market,
production and component suppliers. We have strengthened our cooperation with suppliers
(B3010522:9).

4.3. Barriers for Learning

A general condition for learning was reflection. In this connection the firms had a
problem because of the felt lack of time for such activities.

Project manager: We did not have the optimal time for reflections. We only had the necessary
time for continuing the development work. I should have preferred to set some question marks
by some features of the rules for accumulation of knowledge. But we did not have the time
(HO11112:4).
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The developers had some difficulties in getting experiences from the working of
their new products when they were exported to far away markets.

Product developer: We cannot travel too much. Instead you have to speak to the firm’s sales
man and get him to get the information about the working of the new product. But when you
travel and see the problems with your own eyes and talk with the customer, it is a good thing.
But it is impossible by all the tasks (F041414:9).

For developers to extract knowledge from work done by their collaborators, it was
a hindrance for sound reflections if operators followed their own routines instead
of keeping strictly to the prescribed work descriptions made by the developer. On
the background of such an experience a product leader (D091814:4,7) told the
researchers that he had learned the necessity of making a checklist and having a
supervisor to overview the process to accumulate the right information as early as
possible about experiences with the production of zero series.

Persons outside the small group of developers and their collaborators could only
learn from the innovation experiences by taking contact to those involved.

Product leader: All the knowledge I have gathered during this project is now placed by a few
colleagues and my manager, and also the consultant who helped us. What I know, they will also
know because of our discussions. Much information is found in blueprints, process diagrams,
sales material etc. There will be no meetings for my discussion of these things (F3010312:5).

Learning from the innovation process was dependent upon market constraints.
One of the firms sold equipment, which had to fit in with equipment sold by
a big company, which controlled the market. So the visited firm had to confine
its thinking to possibilities which were useful for solutions for such equipment
(H010226:6).

Learning from the innovation process was conditioned by taking responsibility
for the process. The point is that the actors had to see the process as having
consequences, which depended upon their actions before they would take an active
part in the innovation process. Besides the general economic consequences there
were consequences for the activities of the various functions. An example with
regard to an active participation in review meetings was given by a project manager.
He reasoned about the work of the service people.

Project manager: After a number of years people begin to see the advantages of reviews. The
next is that they begin seeing that they have a responsibility at the review meeting because they
will be kept responsible, so if the service people do not mention that they will have a problem
with a solution, then they will have a problem later on. We have seen this a couple of times,
and we have been rather rigid towards them when they are too late with their input, and this has
had a positive influence (H010226:5).

This section has exposed how the management, project leaders and technicians felt
they learnt from the innovation activities. They could mention both organizational
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Organizational and social experiences.

From unsatisfactory use of tacit knowledge to procedures for integrated product innovation.
Expected advantage of fewer ongoing projects within a given period.

Improvements of stage-gate procedures.

Management’s awareness of supporting creativeness and motivation.

Project leaders’ priority to the project rather than their own professional abilities.

The importance of the climate at gatc mectings.

Acceptance of critical remarks.

Learning concerning negotiations with suppliers.

Technical and commercial experiences.

Feedback from the market.

— Registration of prices versus costs.

— Balancing technological depth with market considerations.
Experiences from experiments and tests and on-the-job learning.
Dialogues about instructions for production and assembly.
Production workers’ feedback to developers.

Barriers for learning.

Lack of optimal time for reflection.
Keeping to routines.

Dependence upon market constraints.
Actors’ lack of responsibility.

Fig. 3. Overview of Factors of Importance for Learning During Product Innovation.

and social experiences as well as technical and commercial ones. At the same
time they could also give examples of hindrances for learning. An overview of the
results is found in Fig. 3.

5. THE MANAGED INTERACTION BETWEEN
INNOVATION AND LEARNING

The preceding sections have shown how management in the visited Danish firms
regard learning for the benefit of product innovation and the constrains, they
have registered. These innovative activities have resulted in new experiences
serving learning and knowledge accumulation, again within certain restraints.
Now we want to highlight to which extent the management directly manages
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the interaction between the activation of information and knowledge as the basis
for product innovation and learning from the innovation activities which can
also be seen as a complementary perspective upon product development and
learning as highlighted by Hargadon and Fanelli (2002) by making room for
the reciprocal interaction between innovation and learning. At the same time
we shall be attentive to potential traps connected to a cyclic interaction between
innovation and learning. As seen from a complementary perspective you have
to choose between the perspectives at a given moment, but the argument is that
within a given period there will be advantages from connecting both perspectives.
In fact, this way of thinking and acting is the core of knowledge management
directed towards managing knowledge and converting knowledge into increased
organizational competence (Sanchez, 2001, p. 3). Only one of the visited firms
(H) had an explicit knowledge management strategy and it was only two years
old at the time of interviewing. Yet, we can also find traces of knowledge
management as an emergent strategy (Mintzberg et al., 1998, p. 189) in the other
firms. First the presentation is concentrated upon the knowledge management as
practised by the management in firm (H). Afterwards we give an exposition of
the less systematic managing of the interaction between innovation and learning
in the other four firms. Finally the results of this section are systematized by
selected organizational dimensions of the managed interaction between innovation
and learning.

5.1. Knowledge Management in the Graphical Firm (H)

The following presentation of knowledge management in firm (H) is based on those
traits, which the management itself pointed to as an expression of its knowledge
management strategy which was part of its more general business strategy. The
strategy of knowledge management was seen as an integrated part of the product
work flow where the product innovation project resulted in a product/concept which
went to the market/customers but also delivered input to knowledge management
and from there to new products/concepts.

The major areas for knowledge management in firm (H) concerned accumulation
of knowledge, the sharing of knowledge, the structuring of innovation activities
and the inclusion of the different internal functions and external partners. In spite
of management’s great interest in knowledge management it had to acknowledge
certain limitations concerning the implementation of the concept.

In firm (H) the technical director defined the concept by pointing to
regular feedback from product innovation activities for the sake of knowledge
accumulation and later use in innovation projects.
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Technical director: Whether or not a new product has success or fiasco, there is some knowledge
which we accumulate, we call it knowledge management, and that is a factor that has come to
our attention within the last two years. It is key to our existence. It means we can supply the
key knowledge to every project. Each of the big customers know that some knowledge drops
to the next customer (H0051614:3).

A department manager expanded on the firm’s attitude towards knowledge
management and pointed to certain limitations.

Department manager B: What we mean by what I will call aknowledge based system, knowledge
integration, that is that we should reach a state where products and processes developed by us
can be found again, can be reused. We begin by getting control of the knowledge concerning
our physical products that is drawings, objects, constructions, tests, results, and then there may
exist minutes of meetings with customers, which we find of interest for the firm, so they can
be traced. But we have also chosen to exclude something such as project management. We are
looking for more hard core knowledge (HO091911:4).

The introduction of knowledge management was based upon a structural
framework headed by a steering group and supported by integrated product
development procedures. So new product development experiences went into other
projects via a small steering group. In this way there was established an interaction
between innovative activities, learning and competence building.

Project developer: There is a fantastic learning during such a product innovation. It is very
intense and very fruitful ... There exists a small steering group which governs competence
development. In our project we have a man who brings knowledge from us to the steering
group. Their task is to coordinate the various projects regarding documentation and see to it
that it goes on to other projects (H010226:11).

The transfer of knowledge from one product to the next and from one customer to
the next was partly facilitated by the structuring of integrated product development
implying external participation. So, the firm had a clear operational policy of
combining product innovation with competence building in an interactive way.

Technical director: I prefer to pay the sub supplier for lending one of his engineers. . . then I
feel sure that he has optimized the construction exactly to fulfil the knowledge you must have
about his firm’s supply . ..I prefer they join our group. Physical presence in the group gives
a breath of fresh air for the projects and new competence. They see many solutions from a
different angle (H0051614:2).

When explaining the course of product innovation and knowledge management
as described by a flow chart, the technical director underlined that the firm
accumulated knowledge by information technology across a broad spectrum of
dimensions which served as basis for future products.

Technical director: The tools used during the project is found as a template and saved. It is not
only drawings, test reports and such things, but also acquaintance with people, a key by which
you can find one’s way back to specific people and use their knowledge. When this block of
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knowledge management is crammed with knowledge you will see, from time to time, that a
real hard core project appears (H0051614:4).

The firm (H) established rather large project groups divided into a core group and
a periphery group. The core group members would sit together in the same room
to maximize knowledge sharing by the support of physical nearness.

Technical director: It is our philosophy that physical presence is important. It means that the
hardware man sits opposite the software man, who sits opposite the assembly man, who sits
together with the project leader. They talk about the product. The synergy, which appears, rubs
off onto the solution in the single product (H0051614:1-2).

It was quite clear that the firm (H) had high ambitions regarding knowledge and
competence in connection with innovation, but the firm also had to recognize that
it had to counteract hindrances. It was not an easy task to implement the plans and
carry out the prescriptions regarding knowledge management.

One thing was to overcome obstacles in knowledge sharing as seen in poor
proactive participation in department meetings (H0091911:7).

An important part of the knowledge management strategy of the firm consisted
— as mentioned earlier — in interaction with external partners. The firm (H) had
joined a project in late 1998 with some other firms, which was directed towards
the accumulation of knowledge from ongoing projects using advanced information
technology. Regarding this project it had taken much time to get it implemented and
only a feeble start was under way during the research period. Another weakness
had to do with the follow-up of plans.

Department manager C: I do not think we are good at learning. We are not so good to follow
up upon our plans even though the project leaders may say otherwise . .. some of the project
leaders arrange a meeting to follow up upon the project and we try to accumulate experiences
to get some learning (H0091913:3-4).

The technology part of product innovation was difficult to control with regard to
both resources, costs and time in the firm. Therefore a specific project was directed
towards solving problems, which would show themselves in a number of future
projects. In this way knowledge input to future products and problems, which
had been found in output from previous projects were seen under the same angle
(H0091910).

A manager called attention to the problem inherent in knowledge management
when understood as accumulation of historical data for the use in future activities.
The benefits to be harvested from this accumulation of knowledge was conditioned
upon staying in the business, but as the firm was active in a market with great
turbulence it had to be kept in mind that one day the accumulated knowledge
could loose its importance. So, knowledge management had to be tied strongly to
the general strategy of the firm (H010226:8).
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Besides its attempts to counteract hindrances for knowledge management, the
management had to consider its explicit strategy of reuse of components during
new product development. In one of the projects, which was studied by the PIE-
team, the management had recognized a dilemma.

Project manager: The experience that we have had is that when you talk about product concept,
it is important not to place too heavy constraints upon your work, that is logical . . . But during
the product development we did not have this discussion on reuse and constraints. We had just
said, of course, we have to have reuse (HO11112:3).

Besides its brake on creativity, reuse might also mean more time for development
because of difficulties in finding suitable solutions within the given prescriptions.
To overcome this dilemma the management had loosened its prescriptions for
reuse.

Another way of counteracting restraints on using the possibilities created by
innovative work was to introduce some kind of skunk work, which did not have
to be formally recognized by the top management. This activity was exposed
above when treating customs and political barriers for the activation of knowledge
(H0091910:7).

5.2. Managed Interaction Between Innovation and Learning — Fragments
Found in Firms (B), (D), (E) and (F)

Looking at the four visited firms (B), (D), (E), (F), the complementary perspective
upon innovation and knowledge was part of the management learning and so
expression of an emerging strategy (Mintzberg et al., 1998). The background for
a change towards an explicit interactive view was strategic considerations and
bad experiences with the one-sided view caring for either activation of knowledge
for innovation or learning from product innovation. Typically the sales function
and development function had each behaved rather autonomously. In firm (B) the
developers had seen too many possibilities for new products which were criticised
by the sales people. The management had reacted by focussing more on activating
latent knowledge across the firm. In firm (D) the new manager of development
accepted the learning perspective by the developers and gave them some room for
looking into possibilities for innovation but after a period they had to concentrate
on activation of existing knowledge. In firm (E) the management had recognized
that it had not always given the problems enough thought before starting a new
project and asked the right customers. Therefore the firm had been eager to activate
functional knowledge by the introduction of integrative new product development
procedures. In firm (F) a change was initiated by the mother company. In a concrete
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case at the time of the PIE research the sales people meant that enough functional
knowledge was at hand to innovate, but by intervention from the mother company
the sales people together with development and production were forced to look for
new possibilities by external contacts and headed by a foreign facilitator.

The management’s initiatives towards getting benefits from an explicit
acknowledgement of the potential contained in the interaction of tacit knowledge
for product innovation and learning from innovation activities can be crystallized
from explicit strategic considerations and more attention to external relationships
as well as structural changes and specific processes.

Even though the management did not know exactly how they should systematize
the interaction between the innovative processes and the accumulation of
knowledge, the management might have strong views regarding the necessity
of connecting innovation and knowledge as manifested in explicit strategic
considerations. One reason was the priority to hold on learning which was a result
of the firm’s innovation for the benefit of continuous improvements of the products.

Top director: Besides buying competences, we consciously make sure to possess certain types
of knowledge. We have an overarching strategy, which says that we will know something about
the processes of our machines. We want to be able to develop such a machine and having control
of the process (B0020713:8).

A common tendency in the visited firms was more attention to the market. This
appreciation of the market also meant that knowledge activated by work for
advanced customers was seen strategically as a fertile source for learning with
consequences for future product innovations.

Development manager: Many times we get knowledge by our customer designed tasks. From
them we get new knowledge, and so we can develop our technology (D091812:5).

Customer reactions served as input for the developers when a new product was in
its running-in stage by the customer. Besides immediate help to the customer, the
new information would serve as knowledge for future product innovations.

Product leader: A customer had problems with the new product because it was combined with
a new product from another firm. Theoretically I might have foreseen the situation. But it was
OK for me to meet the problem by the customer instead of having gone through all possibilities
on beforehand and used half a year more on the product. The customer got the necessary help.
But I am quite sure I shall use this knowledge in future product developments including that
my intelligent product shall go together with other intelligent products (E4091001:3-4).

The management’s structural initiative in all the four firms to introduce an
integrated new product development procedure meant that tacit knowledge was
activated for product innovation and results during the product development stages
documented at gate meetings. So interaction between an innovation perspective
and a learning perspective was instituted. However, the supporting processes were
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not optimal for several reasons. The written documentation was held to a minimum
only of interest for the product innovation in question. Also the transferral processes
of importance for the activation of knowledge to innovation and tacit knowledge
and more innovation depended upon the individual participants or the group
established for a specific project, and no organizational unit had the explicit
responsibility to manage the interaction between innovation and learning as seen
in firm (H).

Product leader: We have no database or any other thing in which we can accumulate these
things (knowledge acquired during the product development, ed.) and draw upon later on. It is
something which is found in the group as such (D32714:7).

This meant that when working on a new product, the product leader would have
to ask around about experiences from earlier cases and find out whether relevant
information was at hand. Besides he could acquaint himself with blueprints and
test reports from earlier projects. A development manager pointed to advantages
of this oral procedure.

Development manager: The structuring of information from review meetings is very difficult.
You must use extra time at points in time when you do not have very much time, but worse, it
is my experience that there is little possibility for anyone finding the document when starting
anew project. .. I think we learn by meetings with the project leader (B2010118:10).

In this connection, the management’s efforts to strengthen the role of product
development leader promoted the broad interaction of knowledge activation for
innovation and learning from innovative activities. The reason was that the
projects leaders got the responsibility for the total development process and had to
acquaint themselves with processes across functions and not only keep to technical
specialties.

The management acknowledged the learning process going on during product
innovation and its importance as tacit knowledge during future product innovations.
One dimension of this knowledge was directly promoted by the management who
made room for workers’ participation in giving input to product development
activities and learning from such activities.

Another dimension was related to the developers’ organizational and social
experiences with customers.

Development manager: What makes us get success is application knowledge . . . Those who
are good at application, who knows what after four or five times having worked along
similar lines. .. they can also control the customers, so technical knowledge is not enough
(D4011030:3-4).

In the beginning of this section it was mentioned that the management in firm
(D) paid attention to the motivation of developers for both thinking at activating
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knowledge and having an eye for the creative possibilities by innovative work.
The idea was to give the product developer some leeway at the beginning of the
process, but also to put some restraints on tendencies for the developers to go
astray.

Development manager: You have tasks which must be finished and preferably to a definite
point in time. But at the same time the development phase has been loosened so much that
the developers may have some months where they can work according to their own choosing
(D00991812:6).

The interaction between product development and learning implied some choices.
Some sorts of knowledge accumulation might be demotivating.

Development manager: Technology projects can supply new knowledge, but you have a choice
between establishing standards either for the construction of the product or for the tests of the
product. By having standard tests the developers will learn from work with the construction
until it satisfies the tests, whereas they will not be motivated to follow standard construction
rules . . . it kills creativity (B0020715:10-11).

Another problem consisted in underestimating the necessity of renewal taking the
market experiences from a product and tacit knowledge as sufficient. In one of
the firms interference from the mother company stopped this possibility and made

Knowledge management in firm (H).

The concept and its meaning.

Structural setting.

Information technology.

Physical nearness.

Implementation problems.

Technology projects.

Restraints on benetits from knowledge management.
The dilemma of reuse.

Managed interaction between innovation and learning — fragments found in firms (B),
(D), (E) and (F).

Strategic considerations.

Introduction of an integrated new product development procedure with documentation.
— Limitations concerning documentation and organizational setting.

The role of new product development leader.

Acknowledgement of learning processes as seen in connection with innovation.
Recognition of limits to the use of connecting innovation and learning.

Fig. 4. Items Concerning the Managed Interaction Between Innovation and Learning.
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room for a combination of tacit knowledge and new experiences from preparatory

work on product innovation.

Product developer: At first the plan for the new product built upon the conviction that we
knew enough to construct it. Because of other tasks the work was postponed. When the project
should start again, the mother company interfered, a group representing the diverse functions
was formed and a consultant acting as a facilitator was brought in. Documents were investigated
and interviews with customers took place. On this basis the group decided to make a genuinely

new product (F041414:4).

The two sub-sections on firm (H) and the firms (B), (D), (E) and (F) have presented
the management’s more or less explicit and comprehensive recognition of the
necessity of combining the innovation perspective and the learning perspective to
get a full picture of innovation and learning instead of only working along one
dimension at a time. Yet, it has also been shown how the management has to deal
with problems, which were a part of the implementation of a dual perspective.
An overview of the items referred to by the interviewees concerning the managed
interaction between innovation and learning is given in Fig. 4.

Organizational dimension

Firm (H)

Firms (B), (D), (E), (F)

Management’s strategy.

Knowledge management.
The dilemma of rcuse.
Restraints on the benefits
from Knowledge
Management.
Technology projects.

Fragments of stratcgic
considerations pointing
towards better
connection between
innovation and learning.

Structure. Structural setting. Integrated new product
Physical ncarness. development procedure.
The role of new product The role of new product
development leader. development leader.
Processes. Innovation. Innovation.
Learning. Learning.
IT processes. Documentation.
Implementation problems. Participation.
Motivation.

External relationships.

Markets and customers
Suppliers’ role.

Markets and customers.

Fig. 5. Main Organizational Dimensions of the Managed Interaction Between Innovation

and Learning.
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The items contained in Fig. 4 together with the analysis in this section on the
managed interaction between innovation and learning can be summarized from an
organizational point of view comprising the elements of actors’ strategy, structure,
processes and external relationships, cf. Fig. 5.

6. CONCLUSIONS

The interviews with the Danish managers show a number of important insights
into the management’s understanding of a managed interaction between product
innovation and learning which at the same time means that they in practice
used a complementary perspective. From an organizational point of view the
management’s handling of the managed interaction relates to strategy, structure,
processes, and external relationships as shown in Fig. 5 above. The treatment of
these dimensions gives also a background for a comparison with Hargadon’s and
Fannelli’s three major conclusions referred to in the beginning of this presentation.

Among the visited Danish firms the graphical firm (H) had introduced a
knowledge management strategy within the firm’s overall management strategy.
The management’s concept and practice showed an explicit understanding of the
importance of connecting work on innovations with a learning perspective. The
strategic implications aimed at strong external relationships, an organizational set-
up for the coordination of experiences from innovative activities with new projects,
and processes strengthening internal and external relationships.

It is important to notice that the advantages of connecting an innovation
perspective with a learning perspective do not accrue automatically. Firm (H)
gave the example how an important strategic choice has to be made by the
management working in turbulent markets. The choice concerned the degree to
which reuse of components should be made during innovations because reuse
of prior learning from previous innovations put a brake on creative activation
of knowledge. The interviewed manager’s point of view was that a knowledge
management strategy had to be part of a comprehensive strategy, which looks
beyond current products. In this connection could also have been mentioned the
dilemma between the costs of information accumulation and the doubtful benefits
of reuse in a turbulent environment. Other experiences showed that the strategists
could have an advantage of paying attention to a broad network of actors.

Regarding structure the results showed that the firms had introduced principles
of functional integration including gate meetings and documentation to promote
the managed interaction between innovation and learning, but except for the firm
(H) there existed disadvantages connected to this structuring from a learning point
of view. The reason was that the documentation was closely related to test results
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besides serving as a memo for the next meeting, but told nothing about social
experiences and only little from experiments, which went astray. According to
the management it was necessary to take individual contact to participants in
older projects when new projects were started because the documentation was not
satisfactory.

The management’s choice of a structural setting in firm (H) meant that individual
innovative activities based on tacit knowledge via an organizational unit were
transformed to social knowledge for the benefit of other projects. This specific
combination of structure and processes gives further substance to Hargadon’s and
Fanelli’s second conclusion on how the complementary perspective highlights
what can be called organizational knowledge. This knowledge is created by the
recursive interaction between latent and empirical knowledge taking the form of
blueprints, databases and other artifacts of the organization.

In the Danish firm (H) the knowledge management strategy meant the creation
of a combined innovation and learning cycle by instituting an integrated product
development procedure supplemented by an organizational unit as referred to
above. So this Danish case gives an explicit example of the suggestion by Hargadon
and Fanelli concerning how to generate new knowledge by the complementary
perspective.

The Danish management’s choice of giving more cross-functional responsibility
to project leaders can be seen as promoting the interaction of innovation and
learning. The project leaders’ role as generalists who must take interest in the total
product innovation process from the design phase to the products’ introduction on
the market promotes a better understanding of the accumulation of knowledge for
the benefit of future innovations. The weakness is that the learning is found at the
individual level or within small groups.

Regarding processes mirroring the complementary perspective, product
developers’ organizational and social experiences were seen to be consciously
recognized as accruing during product innovation and explicitly drawn upon in
future activations of knowledge for innovation. In this connection the management
acknowledged how workers’ participation supported the managed interaction of
input to product innovation activities and learning from such activities.

From one of the firms was given an example how the management paid attention
to the motivation of developers for both thinking at activating knowledge and
having an eye for the creative possibilities. The idea was to give the product
developer some leeway at the beginning of the process, but also to put some
restraints on tendencies for the developers to go astray. This observation is in
accordance with Tidd, Bessant and Pavitt’s (2001) who argue that the management
should balance the support of creative behaviour “with the somewhat harsher
realities involved elsewhere in the innovation process.”
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A major drawback for managed interaction processes was time pressure which
was felt both during product innovation work and when going from one project to
the next. Such pressure was seen as negative for reflection.

Intense external relationships were an important part of the firms strategy
as mentioned above. The Danish study found firm (H) drawing upon external
partners by integrating them in certain stages of the product innovation with the
explicit opinion that external partners’ “physical presence in the group gives a
breath of fresh air for the projects and new competence. They see many solutions
from a different angle” (HO051614:2). This statement shows a recognition of the
interrelationship between innovation and learning expressed by the combination of
a broader input from another firm and new competence in the visiting firm. Similar
to the first conclusion by Hargadon and Fanelli it is seen from this Danish case
that the suppliers and the visited firm draw mutual benefit from their interaction.
The suppliers obtained an improved input for their deliveries and the firm created
a new product suited to the components from the suppliers.

NOTE

1. “Complementarity principle, in physics, tenet that a complete knowledge of
phenomena on atomic dimension requires a description of both wave and particle properties.
The principle was announced in 1928 by the Danish physicist Niels Bohr. Depending on
the experimental arrangement, the behaviour of such phenomena as light and electrons
is sometimes wavelike and sometimes particle-like, i.e. such things have a wave-particle
duality (q.v.). It is impossible to observe both the wave and particle aspects simultaneously.
Together however, they present a fuller description than either of the two taken alone.”
The New Encyclopeedia Britannica, 3, 504, Chicago, 1990.
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In this chapter it is shown that, in spite of the fundamental importance for
economic growth of product innovation, standard economic theory — neo-
classical as well as transaction cost approaches to industrial organization
— tends to neglect it. It is also shown that moving the focus to product
innovation leads to very different conclusions on how alternative institutional
set-ups affect economic performance. Institutional set ups assumed to
optimise allocation and minimise transaction costs do not support innovation
and growth. That is why producer goods where innovation is a regular
phenomenon are transacted neither in pure markets nor in hierarchies. The
omnipresence of “organized markets” reflects the need for users as well
as producers to engage in on-going information exchange and interactive
learning in connection with product innovation.

Trust cannot be bought — and if it could — it would have no value whatsoever.
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1. INTRODUCTION

Product innovations — defined as innovations addressing users not belonging to the
innovating firm — are important when it comes to sustain competitive advantage.
The business sector allocates more than half their R&D resources to product
innovation. Innovation surveys demonstrate that more than half of all firms have
introduced at least one product innovation over a three year-period. There are sector
differences in this respect but there is little doubt that most firms see product
innovation as a necessary element in their business strategies. Several of the
chapters in this book will demonstrate that firms introducing product innovations,
ceteris paribus, create more jobs than those that do not.

For the performance of the economy as a whole, product innovations — defined as
new products addressing consumers — are of fundamental importance. If technical
progress exclusively took the form of increased technical efficiency in producing
a given bundle of goods the end result would be stagnation, de-qualification of the
labour force and technological unemployment. The introduction of new and more
attractive consumer products are at least as important as sales efforts when it comes
to counteract stagnation. This is obviously true in a closed economy-context. In the
open economy the dynamic specialisation toward high income-elasticity products
addressing the world market is crucial for competitiveness and growth.

On this background it should be expected that product innovation was at the very
centre of economic analysis but this is not the case. As pointed out by Carter (1986)
production theory abstracts from it and as to be shown here, so does the theory
on industrial organization. There are several reasons for this neglect. One reason
is that economics avoids analytical fields where qualitative change is important. It
has a strong bias in favour of quantitative analysis. Its tools are not well suited to
clarify what is going on in connection with product innovation.

In this chapter we try to work out some of the implications for industrial
organization that follows from focusing on product innovations addressing
professional users. We demonstrate that what appears to be the most efficient way
of organising the economy when the focus is upon allocation — the pure market —
is highly inefficient when it comes to promote product innovation. We also show
that some of the conclusions reached on the basis of transaction economics need to
be revised, if not reversed, when the focus is upon product innovation (Lundvall,
1988).

One fundamental assumption leading us to these conclusions is that innovators
benefit from having access to feedback from and interaction with a diverse set
of users. Being locked in with just one gives a too narrow basis for interactive
learning. More generally the differences in analytical results emanate from the
focus on innovation (not allocation) and from the elementary idea that economic
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agents may become more competent through learning processes (not just making
choices on the basis information and competence given once and for all). This
hypothesis is supported by econometric analyses in this book that confirm that
firms that succeed in building more complete networks are more innovative than
the others (see for instance, Toke Reichstein, Chap. 14; Vinding, Chaps 7 & 11).

2. STANDARD ECONOMICS IS BEST SUITED TO
ANALYZE CIRCULAR FLOW

The core of neoclassical economics is about allocation of scarce resources and its
most conspicuous analytical result is the possible existence of a state of general
equilibrium where resources have been allocated efficiently and where there are
no incentives to rock the boat. In a context with no innovation and no learning this
abstraction would be more legitimate than it is in the learning economy.

In an economy with little change — in what Schumpeter refers to as circular flow
— cost-saving routines would be developed and it may be legitimate to assume that
firms would focus on how to allocate resources in an optimal way. And in such
a context (and with convex production and preference functions etc.) the whole
economy may actually converge toward general equilibrium.

Here it is plausible that producers and users through adaptive behaviour and
learning converge towards what the theory prescribes as rational behaviour — ratio-
nal behaviour might be seen as an emergent property of consumers and producers. !

On the other hand it follows that the assumptions related to rational behaviour are
less applicable in an economy where producers are assumed to engage in innovation
and consumers are assumed to develop new needs and wants. Here uncertainty
is ubiquituous and the actual limits for access to information and of human
intelligence becomes a problem. In a world with innovation there is no reason
to assume that instrumental rationality or even strategic rationality will become
the dominating rule of behaviour. Creativity, discursive rationality and even human
virtues such as solidarity, loyalty and trust may affect the economic climate.?

Taking the next logical step and bring in the potential for learning and
competence building among producers and consumers explicitly into the analysis
gives even stronger emphasis on the diversity among the economic agents. In such
a world there will be different satisfactory ways of making choices and the fact
that different agents make different choices even when confronted with the same
constraints and opportunities might actually be fundamental for the viability and
performance of the economy as a whole.

The analysis of innovation and especially of product innovations is important
in itself because innovation is a major driver in the modern economy. But it is
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especially important as a testing ground for the validity of standard economic
theory. It is dubious to present a theory that does not remain relevant in an economy
with innovations as a general theory.

3. FIRMS HAVE COMPLEX GOALS AND NEED TO
DEVELOP COMPLEX STRATEGIES

Much of our analysis of user-producer interaction will have firms at both sides
of the dyads and it is useful to reflect on why firms do what they do. In standard
economics the ojective of the firm is to maximise profit and the major function of
firms in the economy is to react on price signals and to allocate and reallocate
resources accordingly. Modern industrial organization economics see firms as
a system of contracts defining rights and obligations but the focus remains the
efficient allocation of given resources.

In the real world, firms are organizations with complex sets of objectives. While
itis reasonable to assume that they are profit-seeking organizations the time horizon
may differ and the same is true for the span of attention. Management may focus
their attention on allocation but they may also take into account the need to have
some flexibility in the use of resources in order to be able to cope with unforeseen
change. But management may also consider how to make the firm grow given the re-
sources commanded by the firm — firms may introduce new products and enter new
markets. Finally managers may consider how to engage the organization in creating
new resources and capabilities through learning and competence building. There is
no way to say that a focus on allocation is more rational than a focus on innovation
and learning. In some sectors it might be fatal not to focus on innovation and learn-
ing while it might be more legitimate in some other more slowly changing sectors.

In this chapter we make a radical shift in theoretical focus by moving our
attention from allocation to innovation. We will analyse what kind of institutional
set ups that promote innovation. The classical question of Adam Smith around
which much of economic theory has been built may be formulated as “how can
the shoe-maker know how many pairs of shoes to produce when he addresses
anonymous customers via the market.” We are going to address another puzzling
question: “how can the maker of a specialized machine tool know in what directions
to develop a new and more attractive version of the machine tool when he addresses
anonymous customers via the market.” The classical response to the first question
is that the “invisible hand” solves the problem while the response to the second
question is that there is a need for a “visible handshake.”

In order to clarify the argument we will go into some detail regarding the basic
assumptions on which the analysis is grounded. Most of these are empirically
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founded and reflect stylised facts emanating from modern innovation research. We
will present some of the evidence in brief texts put in boxes in order not to break
the logic of the analytical argument. Our criticism of transaction cost theory will
refer to the original version presented in Williamson (1975). This is not because
we are not aware of Williamson’s more recent work but because this seminal work
serves so well as a contrast to our own. Later versions have more nuance but they
are also more complicated without adding much new to the core of the argument
(see also Lundvall, 1992).

4. CONCEPTUALIZING PRODUCT INNOVATION

4.1. Innovation as a Cumulative Process

Innovations may be seen as distinct events, which can be dated in time. Empirical
work trying to explain innovation has often taken its departure in a list of such
dated events.

In this chapter we see single innovations as elements in a cumulative process.
The outcome of this process may be incremental technical change or discrete
leaps in technical opportunities. But, the process from which it emanates is
always cumulative — even the most conspicuous single innovation has its roots
in accumulated knowledge and experience. For instance, the cumulative learning
history behind the most radical innovation of our time, the computer, goes back
at least to Babbage and the 18th century. It also implies that innovation is path-
dependent and that theories focusing on innovation have to be designed so that
they recognize historical time.

4.2. Innovation as a Collision Between Technical
Opportunity and User Needs

We shall regard single innovations as the result of collisions between technical
opportunity and user needs. We acknowledge that single innovations might result
from pure accidents, but we do not see this as the normal pattern. Innovation
takes place when there are new developments either in terms of technological
opportunities or in terms of new user needs and normally it is when the two sides
meet that innovation takes place.

A more mundane way to put this is that the innovating unit needs access not
only to information about technical opportunities, but also to information about
user needs. We assume that while information about user needs may differ in terms



106 BENGT-AKE LUNDVALL AND ANKER LUND VINDING

of complexity and appropriability, some costs and efforts are always involved in
obtaining the information. The assumption that information about user needs is
not a public good is of central importance for the results presented in Box 1.

Box 1: The Dairy Machinery Firm and its access to lead users

In the context of a study of dairy processing in Denmark we found that one
of the major global producers of dairy machinery — the Swedish multinational
Alfa Laval — had located a unit in Denmark reporting a financial loss to the
mother company year after year. When asked why the unit was not closed
down management told us that “we are willingly paying that price for operating
in close interaction with the most advanced users of dairy machinery in the
world” (Lundvall et al., 1984).

4.3. The Separation of the User from the Innovating Unit

Our analysis relates to the interaction between units innovating and other distinct
units, which are potential users of the innovations. This perspective is relevant
only if the innovator and the user are separate units. In the extreme case when,
for example, a scientist as an integrated part of his research project, develops new
methods and scientific instruments in order to solve a problem, no informational
problems will be involved.

If we disregard such extreme cases, there will always be some degree of
separation between the innovating unit and the user. It is obviously the case, when
there is a vertical division of labour between different organizations. But it is
also the case when different individuals or departments will have to interact and
exchange information within an organization. In most of this chapter we treat the
special case where users and producers are separated by a market.

Most of the analysis could as well have been applied to how different departments
within a firm interact and communicate. The R&D department developing new
process equipment will for instance need to engage in communication with the
potential users in the production department. Building channels and codes of
innovation inside the firm is far from cost-less (Arrow, 1974).

4.4. Innovation and Production

Relating technical opportunities to user needs involves a logical problem. There is
an immense amount of potential user needs in the economy and all individuals and
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organizations could in principle be regarded as potential users of an innovation. Is
it possible to define a set of users, ex ante, that is before the new product has been
developed and procured by the users?

To overcome this difficulty, we assume that innovation activities take place in
units engaged in production. We also assume that this production addresses a
definite set of users and that innovations are oriented toward the needs of a subset
within this set. The product might be tangible — such as a machine tool — or non-
tangible — such as a software package or even a new chemical formula emanating
from outsourced R&D activities.

What is important is that we see production as a routine process resulting in a
regular flow of products from producers to users. Innovation, on the other hand,
is a search and learning process characterized by less regularity in its outcome.
Production and innovation are interdependent. Learning taking place in production
and in the context of the regular flow of products, feed the innovation process. On
the other hand, innovations will upset and reconfigure production and the regular
flows.

This assumption linking innovation to production does not fit very well with
once-for-all inventors — such as the university professor selling the outcome of a
single invention to a commercial user. We do not see this as a major problem. Even
in such cases certain routine activities addressed towards a specific set of users
may be identified.

The fact that innovation activities are addressed toward a specific set of users
does not exclude the possibility that the result of those activities — the product
innovation — ends up addressing new categories of users whose needs were not
taken into account when the innovation was developed. Actually, innovations often
result in an extension of the set of users related to the innovating unit.

4.5. Consumers and Professional Users

The concept of needs is fuzzy. But the problem of defining needs in operational
terms takes different forms depending upon the character of the user. The
distinction between professional users and consumers proves to be fundamental.
The goal function of the average consumer is broad and vague; it can only be
defined in very general terms — utility maximization, satisfaction, happiness, etc.
The professional users — users acting within the formal part of the economy — has
more well defined goals for their activities. In the former category, it is dubious
to ascribe needs to the user and to separate needs from wants. This is much less
problematic, when the user is professional. If the goal function is properly defined,
bottlenecks can be identified and new and better ways to produce goods and services
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might be conceived and developed. Under certain circumstances it might even be
possible for an external observer to reveal and address needs that the user has not
yet been able to put on to his explicit agenda.*

In this chapter we are concerned with user-producer relationships were the user
is a professional. This limitation makes it possible to operate with a concept of
needs that is reasonably clear. Still, we can include innovative activities with a
major impact upon the over-all process of technical change and economic growth.
Some revolutionary innovations — the automobile, television, etc. — have, however,
developed at the interface between producers and consumers and those fall outside
the analysis.’

In this context it is interesting to note that in certain areas the distinction between
consumer and professional user is becoming less clear-cut. Consumers acting
as amateurs involved in hobbies might display behaviour similar to professional
users’. The user-clubs related to specific brands of home-computers and computer
games is just one example demonstrating that the amateurs might be as advanced
as professionals in terms of both use and innovativeness (Jeppesen, 2001; von
Hippel, 2001) (Box 2).0

Box 2: How users of computer games contribute to product development
In a recent Ph.D. thesis Lars Bo Jeppesen has analysed the role of consumers
in product development using computer games as the case. He shows how the
interaction among the users — in chat rooms provided by the producer — helps
producers to sort out who are the lead users and how the producer links up with
lead users in their product development. He also demonstrates how producers
give consumers access to tools making it more easy and attractive for users to
contribute to the product development process (Jeppesen, 2004).

S. CONCEPTUALIZING INFORMATION EXCHANGE
AND INTERACTIVE LEARNING

5.1. Information Exchange and Interactive Learning

In this chapter we make frequent use of concepts from information theory and more
specifically from the economics of information as developed by Kenneth Arrow.
We refer to information as flowing between units, passing through information
channels and getting transformed into specific codes. We assume, that each unit has
a memory consisting of accumulated information, as well as an agenda consisting
of items that attract the attention of the unit.
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But the use of “information” and “information exchange” as being at the core
of the process is just a first (and not quite satisfactory) step in the analysis. These
are handy concepts not too far away from a standard economics vocabulary. But in
order to fully understand the dynamics of innovation and institutional change it is
necessary to introduce a broader perspective where “competence” and “interactive
learning” become the crucial concepts. In the last part of the chapter we indicate
some of the consequences of such a shift in perspective.

5.2. Information Channels and Codes of Communication

In a dynamic perspective, the establishment of information channels and codes of
communication may be regarded as investments and as outcomes of learning. It
is time-consuming, as well as costly, to develop new channels of information and
for participants to learn new codes.

Box 3: Complementary channels used in exchanging information between
the collaboration partners

Different types of channels have different abilities to convey information and
to contribute to the process of transforming explicit and tacit information into
knowledge. The tacitness and complexity of knowledge, which to a large extent
is present for more science-based firms, is illustrated in Vinding (2002) who
examines the use of respectively employee, prototype and internet exchange
as three different types of communication media. The analysis shows that the
three media are complementary. It also shows that 31% of the firms in more
science-based oriented sectors have used two/three media when exchanging
information from its partners while the percentages where less than half for
firms operating in low-technology sectors.

However, the high intensity of media used and hence information exchanged
may also reflect a large distance in the relative absorptive capacity between
the firm and its collaboration partner. A large distance may for instance occur
when the type of knowledge delivered from a partner is atypical and in order
to compensate for these differences several complementary media need to be
used. The analysis shows that in 26% of the cases where firms have received
technological competencies from customers, two or three media have been
used while two or three media have only been used in 9% of the cases when
the technological competencies are coming from suppliers. For firms receiving
market-related competencies from customers two or three media have only
been used in 17% of the cases. Thus, when the firm requests an atypical
competence from its partner, it is more likely that different kinds of media,
which complement each other, are used (Vinding, 2002).
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The content of the memory changes as new information enters it — either as
the result of internal experience, or as the result of information brought into the
organization from external units. To this should be added forgetting — a process
that might be important for the implementation of any innovation.

As new information is obtained, new items will enter the agenda of the
organization and old ones might get excluded.

The linkages between a user and a producer refer to regular flows of tangible
or non-tangible products from the producer to the user. Such linkages can be
described by an extended input/output table where capital goods are treated not as
final demand, but as intermediate goods.

The channels of information between user and producer refer to a flow of
signals not embodied in the regular flow of products.” We assume that the
network of linkages and the network of information channels overlap to a
substantial degree. An important aspect of the innovation process is the exchange
of disembodied information between the producer and the user via information
channels. This is another way to state the close relation between innovation and
production.

The relationship between user and producer refers to the combinations of
linkages and channels of information (Box 3).

5.3. User-Producer Interaction and Learning by Interacting

The interaction between user and producer takes three different forms: Exchange of
products, exchange of information and direct cooperation. In connection with these
three forms of interaction learning by interacting takes place. Learning may take
the form of participants becoming more able to communicate (learning know-who
and learning the local code), better informed (learning know-what), better analysts
(learning know-why) or more skilful in action (learning know-how).

Co-operation may be routine based collaboration — such as when a firm out-
sources regular activities to another firm. But co-operation may also aim at
problem solving in connection with the innovation process. Especially in the later
type of co-operation learning by interacting may be crucial linking together and
generalizing learning by doing and learning by using (see the last section of the
chapter).

5.4. The Stability of Relationships

There are several factors reinforcing relationships once they have been established.
The channels of communication and the code used within a given channel are
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costly to establish. As the channel and the code are used, the effectiveness of the
exchange of information grows. Alternative channels and codes become relatively
less attractive. Only when alternatives offer substantial returns will it be rational
to change channels and codes. Even in such situations inertia will tend to prevail,
especially when the old channels can be operated under satisfactory conditions.
This general observation deriving from information theory is reinforced by the
characteristics of technology and innovations. When the information relates to
technology, the code will be complex and specific making the change of channels
and codes extra expensive.

To this should be added that uncertainty is a uniquely important characteristic of
innovative activities. If the outcomes of innovation processes were well defined in
advance they would not be innovations. This implies that the relationships between
users and producers need to be founded in norms and principles that extend outside
economic rationality. Trust becomes important for the parties involved and as
illustrated by the introductory quotation this is something that needs to be founded
in non-economic logic. We define trust, as a shared norm applied in practice telling
agents not to exploit fully new opportunities in a situation where the other party
has become the victim of unforeseen calamities. It takes time to build trust and
this is another reason why user-producer relationships tend to be durable and not
easily dissolved (Box 4).%

Box 4: The importance of established relationships with users in the
product development process

In an evaluation of the most important product development project within a
two year period, customers with which the firm has collaborated before, were
attributed as being of more importance for the specific product development
project compared to new customers. Established relationships with customers
were also attributed as being of more importance for the firms’ ability to develop
new products in the future compared to new customers (Kristensen & Vinding,
2001a).

5.5. Producer Dependence — How Innovating Producer Monitor Users

The product innovating producer has incentives to monitor what is going on within
user units and it is not primarily a question of getting an isolated signal about a
new need. What is required is continuous process of information gathering that
might involve considerable costs and resources. First, the producer will monitor
process innovations within the user units; if the process innovations are successful,
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the producer might try to appropriate them and present them to other users as a
product innovation. Sometimes users will be willing and positively interested in
sharing such information with producers (Harhoff et al., 2003).

Second, product innovations within user units will often imply changes in
process technology. The producer has therefore, as well, an incentive to monitor
the product innovations within user units. If a certain product innovation becomes
successful, it might open up a new rapidly widening market for new process
equipment. The automobile makers will typically have a network of suppliers
of components and machinery who need to be mobilized when a new product
is developed. For these suppliers having access to information about the product
development in the automobile firms is of critical importance.

Third, technological bottlenecks and technological interdependencies in user
units offer potential markets for the innovating producer. Such problems might
be complex, and in some cases the producer must have direct access to specific
information about the production process of the user in order to contribute to
a solution. Visiting plants or being linked up to the production process through
information technology may be necessary.

Fourth, users of complex and changing technologies will be involved in a process
of learning-by-doing. Access to experience and know-how accumulated in this
process will be crucial for the producer.’

But the producer also needs to monitor the competence of the user in a wider
sense. When developing a specific innovation, the producer must take into account
the competence and learning capacity of the users. Very advanced solutions that
demand too much of the users would not be diffused.

Finally, when a production innovation has been developed and adopted by
some users a more specific monitoring process takes place. In order to debug the
innovation and make incremental adaptation of the original innovation the producer
must monitor its use, the learning-by-using taking place and new bottlenecks, etc.

5.6. User Dependency — Users Monitoring Producers

On his part the user is engaged in a (more or less intensive) search for information
about new technical opportunities that may result in better performance. He will
have incentives to monitor innovative activities among producers and also to
monitor the competence and reliability of different producers.

To be aware of a specific product innovation is only a first step. The user has to
gather information making it possible to assess the potential impact upon his own
performance, and the compatibility with the competence and learning capacity
within his own user unit. When the product innovation is radical and at an early
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stage of diffusion, such information will be extremely difficult to obtain and a
considerable amount of uncertainty will be involved. Hands on experience and
face-to-face contacts may be necessary.

The user will experience specific bottlenecks in the regular production process.
When developing new products, he will discover that the process technology
used must be changed. To solve those problems he might involve an independent
producer in the analysis and solution. In order to do that, he must know which user
to approach. This gives him an incentive to monitor the competence of producers
(Box 5).

Box 5: The importance of users in product development

With respect to nine different partners, both within and outside the value chain
of the product, users were the most frequent partner. Not just in general terms
but also with respect to being referred to as most important partner in the most
important product development project within a two year periode (Kristensen
& Vinding, 2001b).

6. DISCUSSION

6.1. Dilemmas in the Exchange of Information

In order to get an effective solution to his problems, the user must give the producer
a certain minimum amount of information about his needs. The more free access
the producer gets to such information, the greater the chance for a successful
solution. If the user is competing with other users, it might be problematic to give
a producer free access to information about his technology and his evolving needs.
There is a risk that the producer might appropriate information and distribute it to
other users.

The producer is interested in diffusing information to users about his competence
and about his product innovations. If he is involved in competition, however, he
will also be in a kind of dilemma. On the one hand, he needs to convince users
about the superiority of his competence, reliability, and product innovations. This
might demand an extensive disclosure of the product innovations involved. On the
other hand, he does not want his competitors to get access to his technology.

How this dilemma is solved in concrete cases will reflect individual
characteristics of the involved parties as well as the context in which they operate
and communicate. When the parties are opportunistic and legal protection is weak
the information exchange may be hampered. The fact that benefits can be drawn
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from building trust may change the parties as well as the context. Trust and
co-operative behaviour may be learnt and the rationality of the parties may be
transformed in the process.

6.2. The Need for Cooperation Between User and Producer

Certain new products can be ordered by catalogue or bought off-the-shelf by
the user. This is the case for low-priced standard components. Other products
— typically specialized and expensive capital goods — can only be adopted in a
process of cooperation between the user and the producer.

Box 6: The mutual interaction between the producer and user illustrated
by channels of communication

Kristensen and Vinding (2001b) show by analyzing the use of three different
channels of communication — exchange of employees from the firm to the
partner and vice versa, exchange of prototypes and electronic media that.

* Exchange of employees from the firm to the partner has a significant
correlation with the exchange of prototypes, and no correlation with use of
electronic channels.

¢ Exchange of employees from the partner to the firm shows the reverse picture.
It has no correlation with the exchange of prototypes, but shows significant
correlation with use of electronic channels.

This may reflect that exchange of employees can be complementary to use
of other channels in two ways: (i) in the coding during the capture (Nonaka
& Takeuchi, 1995); and (ii) in the decoding during the interpretation of
exchanged information (Sivadas & Dwyer, 2000). As pointed out by Cowan and
Foray (1997), some tacit knowledge is needed in order to understand codified
knowledge.

The role of employees who work on the partner’s premises when a prototype is
exchanged may be to capture and bring home to the firm information produced
during observation of the partner’s use of the prototype. The role of employees
from a partner working on the premises of the focal firm may be to provide tacit
knowledge that complements codified information exchanged electronically
(Kristensen & Vinding, 2001b).

The cooperation might take place in different steps. The user might present the
producer with specific needs that the new product should fulfil. When the product
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innovation has been developed, the producer might install it and start it up in
cooperation with the user. In this phase, the producer might offer training in the
use of the new product. After the product has been adopted, the user might have a
responsibility for updating the product as well as for its repair and service.

The extent of the cooperation might vary with the type of product innovation.
But we shall assume that most important product innovations involve at least some
elements of cooperation. This increases the dependence of the user. The user does
not only procure a product with uncertain properties — he also becomes dependent
upon the future behaviour of the producer. This reinforces the user in his efforts
to monitor competence and reliability. The choice of a specific producer might be
as decisive as the choice of a specific product innovation.

We, thus, find that the users and producers of product innovations are mutually
interdependent in a complex way. We shall now discuss how different institutional
frameworks connecting users to producers may influence such interdependence.
To which degree can the market mechanism intermediate this interdependence
(Box 6)?

7. PERFECT COMPETITION AND PRODUCT
INNOVATIONS

7.1. Perfect Competition does not Promote Innovation

In the pure market case, where a great number of producers are competing and
users are anonymous and numerous, agents will have access only to information
in the form of price signals. It is not clear how the users get acquainted with new
products in such a pure market. Let us assume than they can observe new products
at the marketplace by inspection.

It should be obvious that perfect competition does not induce product
innovations. The producer does not get any information about user needs not
already served by the market (the fact that we operate with professional users
exclude the possibility of introspection and own-use, as a substitute for such
information). The user can only observe superficial characteristics of new products.
The uncertainty in assessing the impact upon performance will be enormous if the
product innovation is radical and complex. Perfect competition implies a weak
innovative capability on the part of producers and a weak incentive to develop
product innovations with complex properties. Such new products will typically
diffuse very slowly or not diffuse at all.

Perfect competition does not, however, affect process innovations negatively
to the same degree. Here, the information about user needs is available within the
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producing unit and the user can get full and immediate access to information about
the properties of the new process.!? The most important limitation to process
innovations will be the small scale of the operation involved. There will be no
external market for the new process, and the appropriation of benefits will be
related exclusively to cost reductions within the producer unit. This will put strict
and narrow limits upon the amount of resources allocated to innovative activities.
Process innovations will mainly result from learning-by-doing and learning-
by-using — that is, from activities that do not impose any extra costs upon the
producer.!!

We have reached the non-trivial result that a market form, assumed to be the
only one guaranteeing optimal allocation of resources in a static framework, might
be the one least suited to promote technical change and economic growth (see also
Johnson & Lundvall, 1989). Only if we assume that producers have immediate
access to information not only about revealed preferences, but also about needs
and wants in relation to products that do not yet exist, can this problem be overcome.
As far as we can see, even the most extreme adepts of rational expectations would
be reluctant to go as far as that.

In markets close to the ideal of perfect competition, we should expect product
innovations to be developed by accident rather than as a result of purposeful
innovative activities. Trivial changes in product design might be easier to introduce
than complex product innovations. Process innovations — mainly based upon
learning — might take place in parallel within different producer units. But the
small scale of operation would reduce the incentives to innovate. And the lack of
a mechanism that generalized the results of local learning would indicate a slow
growing economy as the outcome.

7.2. A New Perspective on Innovation and Competition

The literature on competition and innovation has not taken into account the
importance of learning by interacting. Some of the standard literature in industrial
economics treats innovation on line with sales efforts as a strategic action aiming
at raising the barriers to entry on line with sales efforts. The debate started by
Schumpeter and Galbraith on innovation and competition has often been illustrated
by data linking R&D efforts to the size for firms and given rather equivocal
results — typically very small and very big firms perform less well than firms
of an intermediate size.

Our own research has given very clear results using a different kind of data.
We have found that firms that report that they have become exposed to stronger
competition are more innovative than those that do not report stronger competition.
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Basically we see this result as confirming that firms are organizations with slack
and that slack is reduced when competition becomes stronger. More specifically
firms realize that they need to produce new things, do old things in a new way or
enter new markets in order to survive. Therefore stronger competition has little to
do with approaching perfect competition. The number of competitors might not
change and the challenge may be coming from competitors that either introduce
new products or enter new markets.

Do markets characterized by perfect competition exist in the real world? Do they
influence technical change in the way predicted? In markets where professional
users operate, it is not so easy to find examples. Markets for vegetables and fruit
where numerous restaurant owners come and inspect the products of numerous
producers, might be one example. Product innovations are not frequent in this
area, and process innovations are mainly reflecting learning.

This fact reflects, however, also a combination of conservative users and natural
limits to product innovation. The potential for product innovations — in terms of
the rate of change in user needs and new technical opportunities — influences the
form of the market. Perfect competition can survive only when this potential is
small or absent. In the case mentioned above, a future application of biotechnology
to product development might undermine the anonymous relationships between
user and producer. To which extent this will be the case, will depend upon the
willingness to adopt new products in restaurants.'?

7.3. A Growing Potential for Product Innovation
Undermines the Pure Market

Let us see why a growing potential for product development undermines perfect
competition. In a static framework the major concern might be that the new product
constitutes a (temporary if time is allowed to be taken into account) monopoly
for the producer. More interesting are the dynamic effects that relate to user-
producer interaction. If the growing potential reflects new technical opportunities
increasing the chance to develop new products in the future, the producer can
benefit from vertical integration with one or more user units. He will get access
to information about the needs of the users and he will be able to monitor the
application of the new technical opportunities to those needs. On this basis, he can
develop products superior to those of competitors and he can extend his share of
the market.

If the new potential reflects new user needs, a user can gain from vertical
integration. By integrating a producer the user will get immediate access to the
technical competence within the producer unit and he can gear it towards the new
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needs he experiences. If the user is involved in competition with other users, he
will be able to reduce his costs and obtain a growing share of the market.

Vertical integration undermines perfect competition in three different ways.
Directly, it diminishes the flow of goods transmitted by an anonymous market.
Indirectly, it gives rise to concentration both on the producer and the user side of
the market. If we assume that learning by producing and learning by using are
important in relation to the new products involved, the process of concentration
will be reinforced by learning by interacting linking the two to each other.

In the treatment of vertical integration by Williamson (1975) the main
explanation for this phenomenon is transaction costs whenever small numbers are
involved. We suggest that vertical integration motivated by information problems
and learning benefits, will take place also when large numbers are present.
Furthermore, Williamson argues that technological factors do not play any decisive
role in determining vertical integration. We suggest that the forthcoming of new
technical opportunities are critical in inducing vertical integration when large
numbers are involved.!3

Our conclusion is thus, that perfect competition forms an environment hostile
to product innovations but also that a growing potential for product innovations
will undermine perfect competition. In a world where product innovations are
frequent and important we should not expect to find perfect competition. In a world
characterized by perfect competition we should not expect to observe frequent and
important product innovations.

7.4. Small Numbers and Product Innovations

Within the category of non-perfect competition several different constellations
might occur.

(a) One producer might relate to one user, a few users, or to numerous users.
(b) A few producers might relate to one user, a few or numerous users.
(c) Finally, many producers might relate to one or a few users.

Thus, there are eight different constellations involving small numbers either on the
producer or the user side of the market. We will not go into detail with each of those
constellations. We will only present some general implications of small numbers
in relation to product innovations. In doing so, we refer to the ideas developed by
Williamson (1975) and we use elements of his conceptual framework as far as it
applies to the problems treated. Thus, we certainly accept that the actors involved
are characterized by bounded rationality and that the environment is characterized
by uncertainty and complexity.
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Regarding product innovations within such a framework gives interesting
results. In earlier sections we specified the information needs of the producer
and the user in relation to product innovations. If we take a closer look at the
distribution of information in relation to those needs, we find that “information
impactedness” is a general characteristic of these relationships. The producer has
access to information about technical opportunities that the user does not have, and
the user has access to information about user needs that the producer does not have.

We also find that uncertainty and complexity emanates from the product itself
and not just from the context surrounding the transaction. The user has —especially
in the early stage of diffusion — very limited possibilities to assess how the new
product will affect his performance. He will also have difficulties in assessing the
future services to be delivered by the producer. If the producer is opportunistic,
there will be ample room for misleading and cheating the user. The producer might
exaggerate his own competence and the capacity of the new product in order to
attract users. He may promise to solve problems that he cannot solve, and he may
promise to deliver a package of services, which he knows he cannot deliver.

The room for misinformation is more limited on behalf of the user. He cannot
misinform the producer without risking that it affects the effectiveness of the
solution. He can, of course, misinform the producer in relation to factors not
directly related to his technical needs. He can overstate his own capability to
develop a substitute for the product for example. Finally, the producer as well as
the user might spill information to competitors of the respective counterpart. Or
they might use information obtained to invade the market of the other party. It
should be observed, that those specific problems, having their origin in the fact
that a product innovation is involved, should be added to the general problems
concerning an uncertain and complex environment.

Can a contract be written which eliminates the possibility of cheating in such a
situation? It is obvious that expectations of opportunistic behaviour on behalf of
the other party would normally result in haggling and in tremendous transaction
costs when complex product innovations were involved. This has two important
implications. If opportunistic behaviour prevailed, small-number markets would
be as inefficient as perfect competition in promoting product innovation. We should
expect that all, or almost all, complex innovations were process innovations — i.e.
developed by presumptive user units. Secondly, this would reflect a movement
towards vertical integration where users and producers become joined within the
same organization. We should expect that most important innovations were located
within vertically organized firms. Also, we should expect a correlation in the
opposite direction. The greater the potential for product innovations the more
the user-producer relationship should be mediated by a hierarchy rather than by a
market.
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8. A LEARNING BASED EXPLANATION OF VERTICAL
INTEGRATION AND RELATIONAL CONTRACTING

8.1. The Actual Importance and Frequency of Product Innovations

The frequency and importance of product innovations vary across sectors and
across firm size but on average the evidence shows that among manufacturing firms.

* A big proportion of firms actually introduce product innovations (more than 50%
over a 3-year period).

* A big proportion of sales are constituted by new products (more than 15%).

* Firms allocate a substantial share of their total R&D expenditures to product
innovations (more than 60%).

These stylized facts are in contrast to the analytical results obtained above. If the
world was according to standard economics or transaction economics we would
not expect product innovations to be important and frequent and we should not
expect private firms to use resources to develop them. In order to dissolve this
paradox we need to take into account not only the transaction costs but also the
benefits from co-operation and interactive learning. And we also need to revise
the assumption of opportunism as general norm of behaviour.

8.2. The Limits of Vertical Integration

The informational problems related to product innovations can, together with
the benefits that can be reaped from interactive learning, explain why vertical
integration might be ineffective under certain circumstances when small numbers
are involved.

If there is only one user and several producers, the user will control the producers
by playing one out against another. All the producers will compete with each other
when it comes to understand and address the needs of the user. There is little room
for cheating and misinformation and the incentives to integrate are weak.

If there is only one producer addressing several users, an integration of one
of those users equates an invasion of the market of the other users. Other users
will assume that it increases the producer’s incentives to cheat and favour the
integrated user. The rest of the users might, therefore, be expected to react — either
by developing their own capability in the field controlled by the producer — or
by stimulating the entrance of new producers. It is reasonable to assume that the
remaining independent users will become more reluctant to inform the producer
about their needs.
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If there are several producers and several users, the vertical integration might
take place either up-streams or down-streams. If a user integrates a producer, he
will get access to the technical competence of the producer and uncertainty can be
reduced. At the same time it is to be expected that the other users will restrict their
procurements from and interaction with the integrated producer. They will be less
prone to give him access to information about their own process technology. Also,
they will fear that he delivers less efficient technology than he delivers to his own
user, as well as that he will be transferring critical information to his own user.
The producer will get his information input regarding user needs restricted to what
can be attained within the new organization and this would gradually erode his
technological competence. This means that the user — by integrating one producer
— in the long run might get stuck with more limited technical opportunities than
other users.

If a producer takes over a user unit, the same type of problems will occur.
His access to the rest of the users will become limited because he has become a
competitor.

If there in only one user and only one producer involved, vertical integration
might be effective in overcoming contractual and informational problems. Here,
other limits — such as bureaucracy and other disadvantages of big size — might
be operating. And anti-trust regulations might be especially important in blocking
this kind of giant-mergers.

Our conclusion is that markets characterized by small numbers, and by frequent
and complex product innovations, will not easily be transformed into hierarchies.
Vertical integration might have detrimental effects for the dynamic performance
of users as well as producers by reducing market shares and flows of information
to the producer level. Only in the limiting case where there is one user and one
producer operating on the market, no such negative effects can be expected for the
firms involved.

This is another way of stating that product innovations will be superior to
process innovations. Firms engaging in product innovations draw upon a broader
set of user experiences as input into the innovative process than firms engaging in
process innovations. Diversity is key to interactive learning and, for the economy
as a whole, product innovation plays the important role of generalizing the local
learning taking place among several users. Process innovation will only use the
experiences and needs of one single user and they will only use this local knowledge
locally (within the firm).

Here we reach a conclusion opposite the one reached when we applied
transaction cost analysis. While transaction cost analysis would point to an
economy with little product innovation in areas where small numbers are involved
we have pointed to mechanisms that counteract vertical integration. We also
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argue that innovations will be stimulated by a vertical division of labour between
producers and user belonging to different organizations. How to resolve this
apparent contradiction? We believe that part of the answer lies in a revision of
the assumption on opportunism.

8.3. Opportunism and Interactive Learning

First there are elements of self-interest that limits the tendency to misinform and
exploit the partner in weak situations. If a producer aims at supplying a specific
set of users on a regular basis, it would be unwise to become known as an
opportunistic cheater. Especially if we allow for information exchange among
users, opportunistic behaviour will be less rewarding from the point of view of the
producer. Such an information exchange will often take place between professional
users. Professional users often have their own organizations, which have as one
important function, to supply their members with such information.

Especially, when complex product innovations are exchanged the trustworthi-
ness of the producer becomes a decisive competitive factor. The costs inflicted
upon the user by an un-reliable producer will be considerable, and the user will
often have to accept the word of the producer as the only guarantee for that
the innovation will perform according to specifications. Producers regarded as
trustworthy will attract users, while producers regarded as unreliable can present
advanced technical solutions without attracting users. This will counteract any
tendency toward cheating. An important aspect of a producer strategy will be to
build a relationship characterized by mutual trust with users.

This will be reinforced by the fact that producers depend upon information
about user needs as an input to their innovative activities. A producer who acts
opportunistically risks to be excluded from access to such information. That would
put him into a serious disadvantage in relation to markets where there is a big
potential for product innovations. In such areas, we believe that codes of conduct
are imposed upon users as well as producers. Such codes might be tacit and vague,
but still they will make distinctions between what is acceptable and what is not.
They will impose responsibility and restraint upon the producers, defining limits for
what is serious misinformation. They will also define limits for spilling information
to the competitors of the other party. Such codes of conduct will take on a life of
their own and systematically reduce opportunism as the normal form of conduct.

Such codes of conduct may also get some of their strength in societal norms
developed outside the economic sphere. One might ask why opportunism should be
a dominating rule of behaviour in the economic sphere. Substantial resources are
invested in bringing up children to be honest, responsible, and caring for others. It
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is not obvious why the result should be cynical individuals or collectives willing to
compromise on what is true and right. The predominance of competition, rent- and
profit-seeking in the business sector may stimulate the diffusion of opportunistic
behaviour; but even in this sphere, countervailing forces reflecting the social
embeddedness of the economy are at work. The most important have to do with
the fact that agents have a lot to gain from interactive learning and with the fact
that interactive learning cannot thrive without a minimum of trust.

8.4. The Organized Market and Product Innovations

In the organization failure framework (Williamson, 1975), a clear-cut distinction
is made between the market and the organization. Also, the only alternative
coordination mechanism within the organization is hierarchy. We shall question
all those assumptions and distinctions.

We have put forward several arguments why in the context of product innovation
relatively stable user-producer relationships will develop. Every single user will
establish special and durable relations with a subset of all producers and vice
versa. This makes it easier to establish mutual trust and effective exchange of
information. This vertical semi-integration differs from full integration, in that it
is a more flexible and easily reversed relationship than full vertical integration and
its negative impact in terms of reducing the diversity of the flow of information is
much more limited.

Such subsets of user-producer relationships might involve elements of hierarchy.
The user might dominate the innovative activities within producer units that are
formally independent and vice versa. We do not, however, believe that all user-
producer relationships can be described exclusively in terms of hierarchy. If mutual
trust and responsibility were totally absent, such hierarchies would be difficult to
operate for the dominant part.

We shall propose that the predominance of product innovations can only
be explained by the fact that most markets are organized markets. The clear-
cut distinction between market and organization might be a useful analytical
tool, but it does not reflect reality. We shall also propose, that the element of
organization entering the market cannot be reduced to a dimension of hierarchy.
Hierarchical relationships are combined with elements of cooperation and mutual
trust.!4

The idea that there are only two ways to co-ordinate economic activities —
either through markets or through hierarchies — reflects a very pessimistic and
individualist view of human societies. Teams have been recognized as analytical
units in the more recent literature on economic organization but there is still a long
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way to go to explain the frequency of people doing things together without having
private economic incentives to bring them to co-ordinate their activities. The idea
that individuals may value belonging and contributing to a community for its own
sake has yet to be taken up by standard economics.

9. CONCLUSIONS

In this chapter we have changed the analytical perspective of standard economics
by moving the attention from allocation and co-ordination in a static context to
innovation and learning in a dynamic context. This has led to conclusions regarding
the importance and frequency of product innovation much more in accordance
with the observed patterns than what we found when applying transaction cost
analysis.

We have reached two conclusions regarding the validity of central assumptions
of the original version of the Williamsonian analytical scheme. The first is
that organized markets are strongly correlated with the occurrence of product
innovation and that the distinction between pure markets and hierarchies
is misleading. Williamson has taken account of the frequency of relational
contracting in his more recent work but his lack of interest in innovation and
learning makes this analysis incomplete. The second correction is that opportunism
should not be assumed to be a general rule of behaviour in the business sector. The
combination of mutual gains from co-operation and non-economic influences may
be strong enough to keep opportunism at a level where incomplete agreements may
work also in the absence of hostage taking and similar dirty tricks.

One important implication of our analysis is that learning by interacting in
organised markets is a very fundamental form of learning in the economic system.
Learning by doing and learning by using are local and if standing alone may take
the form of process innovations that remain in-house. Learning by interacting,
resulting in product innovations, brings together insights from diverse users and
combine them in the new products that are then distributed as widely as possible
by the producer. This is why learning by interacting and product innovation are
fundamental in the learning economy. The major reason why, as argued by Adam
Smith, there is a strong link between an extended division of labour and economic
growth is not that it results in a better allocation of resources or local scale
economies. It is rather the dynamic process where many local learning processes
gets fused and transformed into product innovations.

This might be seen as bringing important lessons for industrial policy and
innovation policy. To fight opportunism and to make it easy for users to establish
informal collaboration with innovating producers are ways to stimulate learning
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and growth. Another hypothesis that can be raised is that vertical integration may
have a stronger negative impact on dynamic efficiency than horizontal integration.
The transaction costs saved may be lost in foregone benefits from interactive
learning. This is especially the case in a rapidly changing world where the
knowledge base is complex. In the learning economy attempts to gather too many
stages of the production process into one organization may slow down innovation
and learning.

NOTES

1. This kind of reasoning is not very different from the one presented by Milton Friedman
in defence of profit maxismising assumption — over time firms that do not attempt to/succeed
in maximising profits will have lower survival rates than those who do so and therefore the
whole population of firms will be more and more densely populated by profit maximisers.

2. This implies that “culture,” including national culture may affect innovation processes
and economic transactions within and across national borders (Lundvall, 1993).

3. Separation and proximity in space — geographical as well as cultural — between user and
producers is critical when it comes to explain regional and national systems of innovation
(Lundvall, 1999).

4. This difference between consumers and professional users is also reflected in their
respective expected behavior in relation to innovations. The professional user is expected
to be active in his search for new ways to solve his problems. He is also expected to adapt
his behavior and qualifications when new technical opportunities come forward. This might
include formal training as well as learning-by-using. The role played by the consumer, on
the other hand, is expected to be passive. He/she does not engage in systematic search for
new products and he/she is not prone to adopt products, which involve extensive training
and changes in behavior — at least not without having been exposed to major sales efforts
from suppliers. Professional users are more apt to use “voice” when it comes to express
needs while the typical consumer will be more prone to use “exit.”

These differences in behavior are reinforced by the way producers address the respective
category of users. Producers of consumer goods use market research to uncover the needs
of the consumers and advertising both to make new products known to consumers and to
influence their needs. They will also, ceteris paribus, tend to be conservative in their product
innovations, in order to limit the change imposed on user behavior from the new product.
Product innovations in this area might be radical in terms of the technology built into the
product. In terms of the interface between user and product, however, they will tend to be
incremental.

5. This point was made by Kenneth Arrow in discussions at Stanford University 1984
about the original draft paper (see Lundvall, 1985).

6. Other categories of consumers that seem to become as focused as professional users
belong to “communities of practise” enjoying technically demanding hobbies — Harley
Davidson bikers, surfers, skate-boarders and mountain climbers fall into mind.

7. This distinction does not always apply. An interesting exception is “the flying
prototype” where the innovation is physically embodied in a product that is sent to the user
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for him/her to respond to. Here the major role of the physical object is to carry information
between the two parties (Kristensen, 1992).

8. The specific set of user-producer relationships and their stability tend to channel the
innovative process in certain directions; but hamper it in other directions. The interaction
between innovation and user-producer relationships is far from harmonious. The actual
pattern of user-producer relationships does not easily adapt to radical change in needs
and technological opportunities. Periods of slow-down in economic growth may reflect a
mismatch between the pattern of relationships and radically new technological opportunities
(Lundvall, 1991).

9. Converting this knowledge into new products is one fundamental way of generalizing
local knowledge obtained by learning by doing and learning by using. This is why learning
by interacting in connection with product innovation is of fundamental importance for the
over all economic dynamics and growth in the learning economy.

10. Asshown by Reinhard Lund in Chap. 4 in this volume there are important information
problems to overcome across divisions within firms in connection with product innovation.
Actually, our conceptual discussion on building codes and channels and information has
been inspired by Arrow (1974) who analyses intra-organizational communication.

11. Itis interesting to relate this result to the fact that product innovations are neglected
within neoclassical theory. This is quite logical since the basic models operate on the basis
of an assumption about perfect competition that leaves little room for product innovation.

12. The basic idea in this section, that pure markets are dynamically inefficient, has been
developed further in a broader discussion of the limits of the pure market economy (see
Johnson & Lundvall, 1989).

13. In Williamson (1975), there is a chapter on market structure in relation to technical
and organizational innovation. It is, however characteristic that the part of it relating to
technical innovation almost exclusively refers to scale economies and to how big firms
perform compared to small firms. The exchange of information between user and producer
relating to innovative activities is not taken into account. This might explain why Williamson
concludes that his analysis.

Makes it evident that it is transactions rather than technology that underlie the interesting issues
of microeconomic organizations.

A user-producer perspective leads to radically different conclusions. The interaction
between users and producers is a process related to technical progress and it has a strong
impact upon microeconomic organization.

14. Our arguments against the transaction cost approach are akin to and compatible with
the analysis of vertical integration developed by G. B. Richardson before Williamson (1975)
introduced the transaction cost perspective in his seminar book. Richardson recognized
the importance of hybrid forms of market and organization and built an explanation of
vertical integration based upon the idea that firms will gather “similar” activities in house
and establish durable network relationships to those suppliers that produce key inputs by
processes that are not similar to the core activities of the firm (Richardson, 1972).

15. While organized markets may be seen as a necessary precondition for product
innovation they may also be seen as lock-in mechanisms. Especially in periods of radical
technological change this may be a major problem and result in a generalized productivity
slow-down (Lundvall, 1991).
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THE ORGANIZATION OF ACTORS’
LEARNING IN CONNECTION WITH
NEW PRODUCT DEVELOPMENT

Reinhard Lund

ABSTRACT

This chapter extracts a broad range of learning situations in connection with
product innovation. The data comprise interviews with the management and
employees in five Danish manufacturing firms visited during 2000-2001.
Among important learning situations and factors promoting learning have
been found the firms’ contacts with customers, project leaders’ cross
functional coordinating activities, and cooperation with suppliers and knowl-
edge institutions. The restraints upon learning comprise inter alia strategic
patterns, tight time planning, old routines and communication difficulties,
changing of roles, ad hoc decisions on training and education and some times
among employees lack of motivation. Some policy perspectives are outlined.

1. INTRODUCTION

Danish, national survey data for both 1995-1997 and 1998-2000 have shown that
half the private firms report that they have undergone important organizational
changes during these periods. The objectives for these changes have represented
two main routes i.e. daily effectiveness and longer term renewal of products and
quality, knowledge, and organizational cooperation and coordination. Furthermore
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analysis of the survey data has shown that product innovation is positively
connected with internal and external coordination of activities (Nielsen &
Lundvall, 2003). In this chapter I shall concentrate on the learning aspects of
these activities using the qualitative part of the PIE project.

There is arich literature exploring research on learning and knowledge in relation
to organization and management (Sanchez, 2001; von Krogh et al., 1998; Weick &
Westley, 1996). Instead of using such results for hypothesis testing I shall choose
a “grounded” approach (Locke, 2001), which starts from the information supplied
by managers and employees in a few small and middle sized Danish firms. Here
the actors involved in product development were asked by repeated interviewing
about their way of working and indirectly were questioned about promoting factors
and barriers of learning and knowledge connected to product innovation. From this
has been extracted important learning situations which will be put in perspective
by comparisons with other research before conclusions are drawn. So the main
focus of this chapter is upon situations of learning as planned and/or experienced
by people working on new products. Compared to Chap. 4 the emphasis is more on
organizational issues and human resources rather than knowledge management.

2. DATA COLLECTION

The qualitative part of the PIE project comprised eleven small and middle-sized
firms. This chapter focuses upon information from five firms, which were visited
three or four times during the period January 2000-December 2001. The five
firms comprise two machine firms one of which delivered its machines to the food
industry and the other to metal and transport, one metal firm, one firm producing for
the graphical trade and one electronic firm. Within each of these firms a couple of
specific product developments were investigated besides the gathering of general
information on the firms’ product innovation activities. Interviews were carried
out with 29 persons coming from top management, the functions of development,
sales and marketing, and logistics including production. All in all 49 interviews
took place during the period as some central actors were interviewed at each of
the three or four visits.

3. LEARNING SITUATIONS IN CONNECTION WITH
NEW PRODUCT DEVELOPMENT

The product innovation activities build upon actors’ theoretical and practical
understanding. At the same time new product development implies the actors’
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acquisition of new experiences and related understanding which by definition
means learning and so also a contribution to the actors’ knowledge. When
interviewing the managers and employees involved in new product development
they did not refer explicitly to concepts such as knowledge and learning, but the
researchers raised the question during the interviewing and got some reactions.
Mostly the actors referred to such information and communication, which
solved problems and raised new issues relevant for their work on new product
development. Problem solving is one important way of learning, so, a good deal of
the following description and analysis of the actors’ product development activities
is focussed upon what the actors had to say about their search for information in
the context of problem solving. Other learning situations stemmed from formal
teaching and informal discussions and sparring with colleagues and external
partners about task related questions. An overview of the following analysis of
learning situations as regard promoting factors is given in Table 1.

Table 1. An Overview of the Learning Situations and Related Promoting
Factors.

Learning Situation Promoting Factors

Contacts with customers and the product market. Interaction with customers and other
people related to the product market.
Field tests.

The product committee. Product strategy directed towards new
product ideas.

‘Work on business case.

Experiments and tests. Trial-and-error activities.

On-the-job learning. Project leaders characterized by
sociability and oriented towards the
whole new product development task.
Project leaders promoting
communication and consultation.

Gate meetings. Drawing upon knowledge distributed
among functional departments and
supervisory as well as non-supervisory
personnel.

Contacts with suppliers and knowledge institutions. The developers sparring with external
actors.

Building and drawing upon personal
relationship.

Formal training and education. Educational plans.

The actors’ interest in supplementary
courses.
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The presentation of the interviews is arranged around some major steps of new
product development which were in use in the investigated firms and mirrored
suggestions well known in the literature on product development (Cooper, 1993).
One part of the talk was concentrated around the idea for a new product. A second
part concerned the development of the product and the related coordination of
functional contributions. A third part it was directed towards the extent of support
from outside the visited firm. For the sake of a clear presentation barriers for
learning is gathered in a specific section, which follows the above mentioned three
parts. At the end of the chapter we discuss the results regarding the connections
between learning and new product development with specific emphasis on factors
related to promotion and hindrances for learning. This discussion also relates the
findings to other research.

4. IDEAS FOR PRODUCT DEVELOPMENT

The start of new product development was often a nebulous affair according to
the managers who took the decisions regarding new products. Nevertheless the
external input was stressed by all the managers. To give an example.

We get incredibly much information from sales people, from service people, from customers,
yes you know, I was just about to say from all the world. It’s such things you listen to. And
from this you make up a picture (B1).

The CEOs and managers of sales and development also made their own visits
to (potential) customers and fairs and gathered their own information. The great
interest in learning from the market and customers must to some extent be seen
as a reaction to the greater weight previously given to ideas founded upon internal
technical explorations. This change in strategic outlook showed itself most clearly
by the recommendations from the technical managers given to their developing
people. The developers were asked to direct more attention to the market and the
customers. In one of the machine firms another sign was the splitting up of larger
technical oriented projects in smaller customer oriented projects.

One thing was information, another was to develop an idea based on a picture
— as mentioned by our manager above — of relevant traits of the competitive
situation. Or to use the language of learning: How to learn from the information and
understand the situation. Before an idea was transformed into a project a top level
committee would decide upon a proposal, which outlined the business which could
be expected from a product based upon the idea. The proposal would be prepared
by the development department after contact with sales and other relevant people.
Both the committee and the way the expected business was investigated pointed
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to the weight the firms gave to draw upon knowledge found across the functions
of the firms. One of the managers of development explained the procedure and its
motivation in the following way:

We have established a new scrutiny or construction method. It is based upon the experience
that from time to time we do not think carefully before we start....So I have made a new
method . . . where we simply take all possible functions into account. Let it be purchase, quality,
sales, service, construction of course, and production . . . and then I have asked, I think it is about
400 questions. All those things which can interrupt the process when it starts, we try to collect
them before we start from a proposal (E1).

The principles of the new method mentioned by this manager of development
was also in use in the other visited firms. This fact could be attributed to the
choice made more or less recently of the investigated firms to introduce a product
development procedure termed Integrated Product Development or the Stage-Gate
New Product Process, which the top managers knew directly or indirectly from
Robert G. Cooper, the father of this procedure (Cooper, 1993). The procedure
implied the formalization of a business case, and a stepwise continuation of the
work on the new product through construction, testing, and production to launch
and parallel activities on supplies, marketing and sales, and production layout
evaluated by gate meetings between the stages. In this way learning and the use of
available knowledge situated in different functions and among external partners
came to the fore.

The survey part of the PIE project showed that 89% of the firms which carried out
product development arranged formal meetings during the process (Christensen
et al., 2005).!

But one thing was the intention of integrating knowledge and learning, quite
another was really to secure the learning and the use of available knowledge. This
will be illustrated from the case studies by concentrating upon the work of the
project leaders, the experience from gate meetings and the contacts with external
partners.

5. PROJECT LEADERS

For the purpose of integrating knowledge from the various functions, the
management selected project leaders whom they expected to understand the
importance of drawing upon and activating the knowledge situated throughout
the firm. The managers pointed to those people who they called generalists.

Project leaders are much more generalists than specialists. And the specialist can be as clever as
a constructor can be and burn 100% for the project, but has no intention of becoming included in
other phases of the project. . . there has to be a little touch of marketing man hidden somewhere
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in him. There needs to be an understanding of production. There has to be a little of everything
in such a project (H1).

The interviews with the project leaders confirmed that they had this broader
understanding of their development task. One of those leaders pointed to the
difference between the old way of development and the new one in which the
departments had to learn from each other e.g. development and sales department.

The idea concerning . .. the developer to get involved early, that is also to secure that sales
is included all the time,...that demands more dynamics on the part of the development
department. It also demands that sales begin to get an understanding for what is actually
happening during the development phase. Why can’t we do what they think we can...it
demands more of everybody, but it also means that at the end when production takes place,
there is no doubt that what we get is something which we have agreed upon (B4).

From the interviewing it could be seen that the task of the project leader concerning
construction and the related experiments and tests depended upon trial-and-error
learning. Again, this learning depended upon coordination of activities and the
use of distributed knowledge and cross functional learning. Here the project
leader based his work on such social processes as communication, sociability,
consultation, and negotiations combined with more or less conflict.

Besides electronic communication much mutual learning took place by
communication face-to-face. So was the case when developers carried through
design experiments together with a colleague with another form of advanced
training and/or workers with practical experience. Here mutual inspiration was
observed in several projects. Sometimes the communication was informal as when
a developer would go to the workshop and have a talk with the worker about
materials and work processes. In other cases a formal setup and measurements
were used, but again discussed between a developer and one or more partners
and during the design process commented upon by sales people. It was a
specific lesson according to one developer that it was necessary to write down
what happened along the process. If you did not, you could not reconstruct
the process and really learn what had actually occurred and explain your
results.

From the survey part of the PIE project it was seen that within 79% of the firms
that carried out product development, a written documentation was prepared at the
end of the process (Christensen et al., 2005).

The importance of interactive learning made project leaders’ sociability i.e.
being friendly and ready to converse, important for successful development
processes. For instance they would start meetings by small talk, and be ready
to listen to suggestions from their surroundings. This was also confirmed by
their collaborators in the development department and in production. One of the
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developers told the PIE researchers that this sort of sociability behaviour was
learned by experience from less satisfactory gate meetings.

To some extent the project leaders promoted learning for themselves and their
partners by using a consultative approach. As an example from the cases, it can
be mentioned that the sales people were very satisfied with the developer at the
metal factory because they found that he had “really” consulted marketing and
sales at the beginning of his development task. But the sales’ informant could also
tell that such behaviour was not always seen. Nevertheless it seemed to marketing
and sales at this firm that the time worked toward more such consultation between
development and sales.

In the electronics firm an interview with the worker who assembled the product
which was investigated told the researchers that she had got all the necessary
information from the developer who had taught her the new task. But she had also
been active herself in pointing out difficulties in the assembly process and in this
way contributed to necessary changes in design. In this case the learning would
spread to other workers through their autonomous groups because the assembly
workers taught each other the work processes when a new product was introduced.
The initiation would come from the assembly worker who had worked together
with the developer on the construction of the prototype.

Part of the developers’ learning showed itself as joint decision making when
knowledge coming from actors in different functions was involved. Such decisions
might imply some negotiations and contained the potential for conflicts. As said
by a product leader.

We can’t deliver a custom made solution from the prototype shop and introduce it directly in
production (E1).

A problem concerning work processes could for instance imply a choice between
welding or bending based on some trials. Another problem would be the layout.
At this stage negotiations between product developer and product technical
people became of importance as well as relationships with product responsible
managers and production and/or assembly workers. These situations meant
learning occurrences for the developers in relation to production layout and
production processes. The solving of layout problems was primarily the task
of production technicians. But developers had to think of the consequences for
layout when making blueprints. In this connection talks between developers and
layout people had become more common — as expressed by both the production
manager and the developer in the metal factory — by which the developers had learnt
more about the organization of work activities and would take this knowledge
into consideration. Nevertheless in some instances the developer would evade
negotiations and possible conflicts by letting the production people take the
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decision themselves instead of having trouble with the groups regarding their
work loads and other interests which would be of importance for their decision.

In this section we have given examples of project leaders who with positive
results based their work on social processes such as communication, sociability
and consultation. Such traits are central to human resource management. The
qualitative results are in line with the results based on PIE survey data cf. Vinding’s
analysis in Chap. 7 showing that firms that apply HRM practices to a high extent
are in a better position to innovate.

6. THE GATE MEETINGS AND THE SCRUTINY
PROCESSES

The stage-gate model in use in the five firms implied a number of gate meetings,
which showed themselves as important for learning and the coordination of
knowledge. One of the managers of development pointed to the joining of
experiences in the following way.

It’s a routine that a scrutiny must take place at the end of a stage when we are finished. And
you have to call across functions. .. we have production included. .. we have had incredible
luck by having people from the floor. He who has been welding during 30 years, he knows how
the product should look like. We have reduced our cost prices considerably since we started to
look into that part where we try to draw production knowledge into development (E1).

In the beginning of product development it was typically sales and development
who participated in a gate meeting. Later on by the development of the new product
these people were joined by those who had taken part in the previous stage of the
development and those who got to be active in the following stage. So, before
zero-series and full production technicians and other production people from both
supervisor level and workers would take part. Generally, recently the shop floor was
included to a higher extent than previously and workers’ creativity was underlined.
In all the firms inputs from these various functions were seen as an important way
to secure technical integration but also improved understanding of the necessity of
cooperation. The differences between the inputs from the different functions were
explained by a sales manager in the following way: Sales would look upon the
aesthetic and functional side of the product and look upon the product just like a
consumer. Production looked upon how easy the new product was to produce, and
logistics look into the buying situation. Not every scrutiny was a success. Some
conditions had to be taken into consideration as will be explained below in Section
8 on restraints on learning.



The Organization of Actors’ Learning in Connection with New Product Development 137

7. EXTERNAL CONTACTS FOR SUPPORT

The PIE survey data shows that 80-90%. of the Danish product developing firms
to a high or to some extent have developed a closer contact with customers and
suppliers whereas only between one fourth and one third have done so with
consultants and research institutions (Table 2).

The investigated firms disclosed a number of external contacts from which they
learnt, which kind of products they should focus upon and how to carry through
some parts of new product development. In the words of one of the developers.

The products are continuously developed as a consequence of the developers’ sparring with
service, the market, production and component suppliers (B3).

And speaking about the lack of certain competences, a top manager pointed to the
following sources.

From where do we get this knowledge? It can be AUC (Aalborg university). It can be DTU
(Technical university of Denmark, Copenhagen). It can be some other external actors. And it
need not only be technology (B1).

By drawing upon external knowledge the firms got that extra competence which
was of importance for their total competence regarding new product development.
In the following is illustrated learning from customers, suppliers and knowledge
institutions. The learning situations comprise discussions and sparring as well as
joint experiments.

Learning from customers was important for the firms to be able to develop
successful products. In this connection the informants stressed that customers of
the same product did not all demand the same. Their opinion on for instance
design or quality would differ. So, the input from customers and about customers
had to be used selectively both by developers and production people. Learning
from customers specifically oriented towards the new products occurred both in
the beginning of new product development, during development and at the end of

Table 2. Product Developing Firms and Their External Contacts.

Firms’ Contacts % Of Firms Which Have Developed a Closer Contact to a
High Extent or Some Extent

Customers 91
Suppliers 79
Consultants 33
Research institutions 23

Source: PIE survey.
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the development process. Customer relevant input at the beginning of the process
was referred to above in Section 4 concerning the idea for changing a product or
developing a completely new product.

During the process the developers might contact (potential) customers to get a
more solid base for a choice between alternative product possibilities. At the end
of the development process when a prototype or a zero series had been produced,
the development and sales people would often contact a key customer and ask him
to try the product. The developers could give examples of learning from such so-
called field tests both regarding the technical parts of the products and the manual
to be used by the customer. In the food machinery factory the manager responsible
for deliveries would see to it that production by the customer was registered and the
data diffused to the developers and people from his own division. He underlined
that such information was not given to many employees, but to those who could
use it.

The developers had an ambiguous attitude toward customer contacts. On the one
hand they saw advantages of such contacts for their own learning about the product
and to show the importance the firm felt for its product and use. On the other hand
such contacts took time from other tasks, which the developer was expected to
carry out. Through experiences the developers went through learning processes
with regard to administer such customer relationships.

During full production customer complaints and experiences from service
employees would be part of the input to new product developments. Such
input would be discussed at meetings within the sales department together with
experiences from sales people and raised in other fora as well.

For technical and manpower reasons the visited firms used suppliers incl. sub-
contractors to a certain extent. In relation to learning and knowledge some such
input took the shape of technologies, but at the same time the developers learnt
about the use of the products by the suppliers and by related experiments together
with suppliers. It was the opinion among the developers that suppliers could come
up with solutions that the developers had not thought themselves. In relation to
some equipment, which was bought by a developer in the metal firm the necessary
software demanded a good deal of learning by the developer.

The graphical firm sometimes hired in employees from their suppliers for a
period and at a certain stage of the development for two reasons. Firstly, the
managers at the electronic firm expected that the supplier’s employee would
see to it that the firm got a new product development, which would give no
delivery trouble with his own firm. Secondly, the visited firm’s employees learnt
more by having the employee from the other firm nearby to see how he solved
upcoming problems and by having extensive interaction with him along diverse
tasks.
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Part of the learning regarding suppliers had a social dimension. In relation to
the investigated product developments, the developers could tell the researchers
about two cases where they had to renegotiate the contracts with sub-contractors.
They could tell that they had learnt to be more careful and be more specific when
negotiating contracts. Other cases stemmed from the handling of problems with
quality of deliveries and the ability to keep to time limits. Information on such issues
would be recognized by logistics people and communicated to those responsible
for quality. In case of dissatisfaction with a supplier various measures to change the
situation could be taken, and as examples given during the interviews are written
warnings to suppliers of discontinuation of business.

The support from knowledge institutions such as universities and technical
and commercial high schools comprised both formal educational courses,
cooperation on projects and ad hoc advice on technical and commercial
matters. Furthermore some learning took place through the relationships to
the technological institutes which provided authorization as required by public
authorities regarding environment protection, fire risks etc.

In the graphical firm the technical director stated that he had an educational
plan for the employees, and this plan was related to the strategic plan. Another
manager from within the director’s department modified this impression. He had
no formalized educational plan in his section, but written information about the
employees’ courses and wishes for further education. The main impression from
the other four firms was that the management had chosen an adaptation strategy
in relation to learning by formal education. To the extent new tasks were to be
carried out or an employee should change his job, the management would initiate
the necessary education. The form could be learning on the job by the help of a
colleague or an external course.

In the PIE survey it was found that long term educational planning took place
in 53% of the firms with product development. Custom made courses were used
by 65% of the product developing firms.

In the five firm’s development departments the educational background was
characterized by medium or higher education. Most product developers were
civil engineers or engineers educated at polytechnics even though a few were
skilled workers who had supplemented their craft background with supplementary
courses.

All the firms’ product developers had participated in various forms for
relevant courses. They showed much interest in supplementary courses because
of continuous changes in their area of work, but also based on a wish for new
contacts and wider horizons. The technicians working on tests, construction tasks
etc. usually had a formalized technical education, but again you could find skilled
workers who had supplemented their training with relevant courses.
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The firms’ external contacts concerning research and development covered both
Danish and foreign institutions. The motives for such contacts were based on the
new possibilities which opened up due to new knowledge and extra capacities,
economic advantages and motivation of the employees.

The machine firm which produced new products for the metal industry and
transport drew upon the Danish FORCE institutes as well as foreign institutes.
Moreover the firm had good contacts to Danish universities. The firm did also
participate in some projects supported by EU. By these contacts the firm sought
to be in front regarding new processes of importance for its products. To this
were added the economic advantages of EU projects and the possibilities for the
management to present more interesting tasks to its employees with the hope of
keeping a motivated work force.

The electronics firm worked together with a Technological Institute and other
consultants who provided expertise concerning design and compensated for the
firm’s shortage of manpower in other new product development areas.

The metal firm was part of a foreign concern which meant cross firm
development work. So the concern’s managers of development defined a joint
product development project during the interviewing period. Also the metal firm
worked together with the Technological Institute concerning areas where the firm
lacked the necessary competence. Some projects were supported by public funds.

The machine firm, which delivered products to the food industry cooperated with
a technological institute concerning the use of the institute’s machines. Regarding
some construction tasks the firm had the support from consultants. One of the
projects investigated by the PIE researchers got public support because of the new
product’s contribution to energy savings.

The graphical firm exchanged knowledge with one of the universities and a
couple of research centres.

8. RESTRAINTS ON LEARNING

The previous sections have described learning situations and related promoting
factors connected to new product developments as experienced by the actors of
the five visited firms. An overview was given in Table 1 in Section 3. Briefly the
situations have comprised the following.

* Contacts with customers and other relationships with the product market such
as fairs and visits to potential customers.

* The product committee.

* Experiments and tests.
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* On-the-job learning.

* Gate meetings, formal and informal.

¢ Contacts with suppliers and people from knowledge institutions.
¢ Formal training and education.

The management of the visited firms were clearly trying to strengthen several
factors which could improve learning and competence during the above mentioned
situations. On the other hand these learning situations still were hampered
by restraining factors due to strategic decisions, structural features, opposing
processes and cultural features related to these factors. In the following we report
observed restraints, found in each of the learning situations. These restraints are
summarized in Table 3.

Starting with the firms’ contacts with customers and other relationships with the
product market, the researchers were told in two of the firms that the management
put limits to the learning which would imply the crossing of market borders that
might activate their competitors to start retaliations.

Another limit to the learning from the market concerned the feedback from
the sales staff. The developers thought sales staff were sometimes biased because
they paid too much attention to agents instead of going to the end-consumer. The
sales staff were not totally denying this statement, but explained that they had to

Table 3. An Overview of the Learning Situations and Related Restraints.

Learning Situation Restraints

Contacts with customers and the product market. Fear of retaliations from other businesses.
Limited feedback.

The product committee. Strategic choices.

Strategic ambiguities.
Priority to reuse.

Experiments and tests. Time pressure.
Unrealistic plans.
On-the-job learning. Old routines.

Limits to communication.

Subconscious knowledge.

Lack of capacity, opposing attitudes.
Gate meetings. Participants’ lack of interest.

Technological bias.

Unsatisfactory minutes of meetings.

Lack of openness and mutual trust.
Contacts with suppliers and knowledge institutions. Lack of personal relationships.
Formal training and education. Ad hoc decisions by the management.

Limitations of supply.

Lack of motivation among employees.
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listen to the agents who were the ones with which they did business. Marketing
would criticize development staff for not listening to them and learn from their
experiences. So, the quality and quantity of the feedback had its limitation. This
was clearly shown when a project group at the food machine factory wanted to
get information about production cost in user units. Such figures were not at hand
and the project group had to find out for itself. All in all fragments of input could
be found in the firm, but learning from the results of product development with
regard to more development was not systematized and accumulated.

The actors in the meetings of the product committee insisted upon the firm’s
strategic pattern. An important strategic signal from the management concerned
the priority given to the market and the weakening of the teams put on technological
developments. For example one of the members of the product committee stated.

We try to make those development people much more market oriented. Much more involved
in the business part of the project. .. (and later) ... think it is very important not to promote
technology too much during the single development project, because then you cannot control
it (B1.5.17).

It meant that learning initiatives trespassing this strategic orientation would be
stopped, and the managers were much aware of holding their developers away
from experiments, which would deviate from the managements’ orientations.
This attitude by management was a reaction to experiences with technological
developments of products, which demanded too many resources for too long time.
So, a change in business culture had taken place or rather was under its way
during the PIE research. On the other hand the management had to balance this
strategy giving some concern for the creative ideas of their developers. This was
done by giving some leeway to the developers at the beginning of developments.
The developers who wanted to stay in their jobs had to accept the managements’
orientations. So, when learning brought them off the line defined for a specific
new product development, they were ready to stop. Yet, this did not exclude the
possibility that the new knowledge might be of use when the developers later on
worked on another new project.

The strategic orientations of management were in some cases felt to be too
ambiguous according to the developers and sales staff. This ambiguity was given as
areason for difficulties in reaching common understanding of product development
across sales and development.

In the graphical firm the management’s strategy placed much weight on reuse
of components as part of a system called Design for Manufacturing. This strategy
resulted in problems for the project leader of the project which the PIE group
studied. The reason was that only by creating new components he thought he
could stick to the promised measures of small size, but this meant a deviation
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from the percentage of reuse and the planned costs of the new product. Part of the
problem in this case could be seen as coming from development who had reduced
the expected costs by promising too much reuse when negotiating the new product
development with top management.

Experiments and tests were hampered by adherence to a norm of giving priority
to the time factor. The strong negative effect of this factor is illustrated by the
following excerpt from the interviewing.

Interviewer: If you should mention something, which could impede or raise barriers for the
development process and later on for the profit, what would you point to?

Manager: Time pressure.

Interviewer: Time pressure?

Manager: Time pressure and unrealistic plans. That is the biggest clog on our department by
which we can destroy everything completely. Cases where we take an optimistic viewpoint and
forget everything we have around us. Time plans which collapse. You can say time pressure in
the creative part of the project. In that case the result will be meagre. Poor preliminary work
can also destroy a project. Therefore I have really also tried to make a good preliminary work
to get all functions involved before we start up (E1).

In the metal firm one of the developed products gave problems for some of the
customers. By his visit the developer found out that his new product was not
compatible with a new product used in the same process developed by another
company. After adjustment of the new product, compatibility was established.
It was his opinion that with a sufficient number of experiments and modelling
he could have foreseen the possibility of the other firm’s new product and its
consequences, but the time loss in his development would not have been rational
for his firm.

Both in the electronics firm and the metal firm the developers regretted that
production workers sometimes followed old routines instead of learning-on-the-
Jjob the new ways of work which the developers had announced recommended.
In the electronic firm this kind of behavioural inertia damaged the learning of the
developer when a zero series went wrong. By taking countermeasures with regard
to control of the process he succeeded in getting the necessary information for
changing the product.

In the food machinery factory the issue of old routines to the detriment of
learning-on-the-job showed itself in the relationship between development and the
group responsible for electric equipment. The electric group did not want to involve
themselves in new product development. They just demanded the developers
to present their prototype and what they thought was necessary with regard to
electronics and the electric group would solve the problems. For the developers
such behaviour had been acceptable when electric problems were simple, but the
content of new product development today would gain from creative work on the
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part of the electric group. The reluctance by the electric group was a clear hindrance
for the developers and new product development across functions.

Limits to communication hampered learning-on-the-job in a number of cases.
For instance the assembly worker in one of the electronic firms would tell about her
satisfaction with information on the product, which the PIE group investigated but
add that such satisfactory information from the developers was lacking in the work
of another group. In other cases praise to one developer was followed by making
reservations towards other developers with regard to exchange of information.
Even though some developers often went to the production shop, others were seen
more seldom which restrained their possibility from learning from production. In
the metal factory a production manager criticised the developers for not answering
suggestions by production and he also pointed to the business culture of physical
division between production and development.

A part of the individuals’ knowledge was difficult to communicate. So,
production people and developers each had their own thoughts about how to
use the materials, reduce waste, find the right measures. All those things, a
manager explained, was part of each one’s subconsciousness. The firm tried to
put such knowledge into the quality handbook, but still something would stay
as implicit knowledge, which was only brought into play by direct face-to-face
interaction.

The managements wanted to change the work roles of both developers and
technicians in such a way that technicians got more responsibility by taking over
some engineering tasks and the developers got room for more creative work in
accordance with their formal education. The experience by the management was
that such a change was difficult. Firstly, learning their new role was difficult for the
technicians on the background of their previous education and training, which had
stressed the execution of specific tasks. So some of them hesitated regarding taking
over the responsibility for a full task including taking contact with production
staff. Secondly, both the technicians and developers had to change their attitudes
and norms i.e. a part of their business culture, which demanded more than just a
signal from top management. The relationship between attitude towards change
and education is also found in the quantitative data.

According to the PIE survey data an increase in employee responsibility and
technical demands is more widespread in product developing firms than other firms;
but with variations according to educational levels (cf. Table 4). At the same time
lack of qualifications among both middle managers/supervisors and employees is
found to hamper organizational changes in product developing firms, but not to
the same extent as in firms without product development.

The gate meetings were established to control the product development process
but also to integrate the knowledge of the different functions. As mentioned in
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Table 4. Some Changes in Work Demands and Acknowledged Qualification

Problems.
Change Product Developing Firms % Other Firms %
Increased independence and responsibility 58 29
for employees with higher education.
Ditto for employees with vocational training. 56 29
Ditto for other employees. 34 18
Middle managers’ and supervisors’ 17 11

qualifications as a hampering factor for
organizational development.
Qualifications of employees with no real 17 12
management responsibility as a hampering
factor for organizational development.

Source: PIE survey.

Section 6 the gate meetings also had their negative sides. One problem was the
participants’ lack of interest in listening to other’s functional input. A solution in the
metal factory with specific meetings for each function had a drawback concerning
cross-functional learning. The same problem was tackled more satisfactory in
the other firms because their management saw the lack of interest as a problem
of learning a new culture of increased mutual understanding across different
functions.

Another problem was the bias at the gate meetings with regard to a focus on
blueprints or the physical model at the expense of market consideration. In the
machinery firm which produced for the iron and metal industry, the management
would strengthen focus on knowledge on the business conditions by introducing
separate meetings before gate meetings for discussion of the technical problems
whereas the gate meetings should be made shorter and concentrate on business
conditions. By this change the product development process would also become a
more continuous one.

A third problem was the accumulation of knowledge from the meetings. The
discussions at the meetings were registered in the minutes of the meeting which
were written by the project leader but they were directed towards the immediate
tasks. So, much information was owned only by the participants. The result was
that if knowledge based on gate meetings should get activated, it was necessary
to go directly to the participants of the meetings. By a direct question from the
PIE researchers about this problem, the manager of development in the machine
factory, which delivered to the iron and metal industry suggested to have meetings
with the relevant project leader if one thought it fruitful for a specific new product
development.
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Gate meetings might be used by the different functions to relieve themselves
from responsibility. One tactic, which had been used by the actors, was to get their
specific task in each stage meticulously defined. But this was to the detriment of
a creative solution across functions based upon an open discussion of next
steps without blaming each other. At the time of interviewing the management
saw it as important to change the culture towards more openness and mutual
trust.

Contacts with suppliers and people from knowledge institutions rested to some
extent on personal relationships for example built through common educational
background or former job experiences. Lack of such relationships or forgetting to
cultivate them restrained the contacts with external knowledge institutions.

Formal training and education was strongly circumscribed by the management’s
human resource strategy putting weight on ad hoc decisions regarding education
and training whereas formal continuous education was put into the background.
The supply of formal training or education was also experienced as a restraint. In
some cases the developers had wanted to follow a specific course, but could not
find one at the time they had chosen or courses were suspended because of lack of
interest.

Among the interviewees a few expressed a lack of motivation for more formal
education as they found they had acquired much knowledge from their previous
work and still saw current development tasks as the best way of relevant learning.

9. DISCUSSION

The analysis of the information on new product development activities of
managers, developers and other actors working on new products has focussed
upon learning situations and their promoting and hampering factors. The result
has been seven learning situations and a number of positive and negative factors
as summarized in Table 1 (Section 3) and Table 3 (Section 8). In this section
our findings concerning learning are put in relief on the basis of issues extracted
from the organizational literature. The issues are selected from three outstanding
summaries of organizational research on learning and knowledge by Levitt and
March (1988), Dodgson (1993) and Weick and Westley (1996). To some extent I
also call attention to research done by co-authors of this book.

A reminder regarding the PIE cases has to be made at this point, cf. Section 2 in
this chapter. The firms were within the range of 100—400 employees. The number
of people in the development function varied between 10 and 50. The competitive
strategy was one of adaption to more or less well known markets and customers.
This meant priority to incremental innovation with no ambition of developing
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radical product innovations. Projects were carried through within a development
period of one to two years. The management style was oriented towards openness
and flat hierarchy. The managers of development were all much in favour of
extended cross-level and cross-functional communication. Quite clearly these traits
of the investigated firms have coloured our results on learning as discussed below.

9.1. Definition of Learning

Our interviews were not bounded by a specific definition of learning, but the
analysis of the interviews has resulted in the crystallization of the term “learning
situation” which by the chosen content points to learning from interaction as
central among actors from the visited organization and/or between these actors and
external contacts. These interactions take a number of forms such as formal
and informal meetings, joint tasks, contacts with external partners and training and
educational situations. The interactions accounted as learning to the extent that they
showed new ideas and understandings, problem solutions and new ways of doing
tasks. In some cases restraints blocked such results as highlighted in Section 8. In
such cases the learning situation can only be seen as potential.

Levitt and March (1988, p. 320) stated that “organizations are seen as learning by
encoding inferences from history into routines that guide behaviour.” A comparison
of our definition with the definition by Levitt and March shows that they just
highlight one aspect of learning i.e. encoding inferences. So we shall return to this
difference below. Dodgson’s (1993, p. 377) definition of learning said: It’s “the
ways firms build, supplement and organize knowledge and routines around their
activities and within their cultures, and adapt and develop organizational efficiency
by improving the use of the broad skills of their workforces.” On this background
Dodgson (1993, p. 377) stated: “Encouraging and coordinating the variety of
interactions in learning is a key organizational task.” This viewpoint is similar to
the one which characterizes our definition, and will make the issue of interaction
topical. Weick and Westley (1996, p. 440) do not give a definition of learning along
the same lines as those found above, but instead made the provocative statement:
“To learn is to disorganize and increase variety!” This statement calls upon further
consideration about organizing for learning which was a major issue during our
interviews. Another point made by Weick and Westley (1996, pp. 442, 456) referred
to the connection between learning and culture by saying that “learning is inherent
in culture” and that “organizations have multiple cultures.” On this background we
shall discuss our results regarding the importance of interaction, the problem of
organizing and creation of variety, the problem of interpreting one’s experiences,
and cultural traits connected to learning.
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9.2. Interaction

Processes of interaction between actors have shown themselves as important
for learning in connection with new product development. The small size of
the firms was explicitly mentioned by some interviewees as important for
their many opportunities to talk to each other, even though certain barriers
also existed as mentioned below regarding culture. The crystallized learning
situations and the related promoting factors pointed to such learning which
resulted from interactions with customers, suppliers, and knowledge institutions,
joint experiments carried out by developers, technicians and workers, as well as
face-to-face communication at gate meetings. At the same time such interaction
was also seen to be restrained during on-the-job learning by lack of capacity,
and by lack of interest during gate meetings. The weight put on interaction
is in accordance with other research stressing “learning by doing” (Levitt &
March, 1988, p. 321) “across the development/manufacturing interface...” and
supplemented with “learning by using” (Dodgson, 1993, p. 379), not to mention
the research carried out by Lundvall (1992) who has focussed upon “interactive
learning” especially “user-producer interaction” (see also Chap. 5 on this point).
Regarding lack or no lack of capacity for learning, the research on “absorptive
capacity” has developed this viewpoint with regard to interaction with external
partners. Dodgson (1993, p. 379) referred to results showing improved absorptive
capacity as the result of research and development. Vinding (2002) analysed
the impact of absorptive capacity upon innovative performance from a human
capital viewpoint and concluded “that interaction with knowledge institutions is
dependent on both absolute absorptive capacity and social capital” (Vinding, 2002,
p. 212). Our research results supplement these other results by exemplifying the
concrete processes of interaction regarding e.g. “doing” in experiments, “using”
in field situations and “interacting” with suppliers as part of the new product
development activities. Regarding “absorptive capacity” we have seen how a
combination of personal relationships and joint educational background was part of
the explanation of the successful interaction between the firms and the knowledge
institutions.

9.3. Organizing and Variety

Our results point to the importance of organizing learning situations such the
stage-gate meetings and creating a role of new product development leader who
could take care of the procedure. The structures were followed up by processes of
communication and consultation and cross-functional integration of learning and
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distributed knowledge. In this connection the general climate of openness and flat
hierarchies mentioned above was of importance. At the same time it has also been
recognized that the formalization of the new product development process raised
motivation problems for the developers.

Dodgson (1993, pp. 384, 388) pointed to literature which considered the
positive role of organizational structure and strategy and treated “the importance of
key individuals in organizational learning” which included “boundary spanners”
and “technological gatekeepers”. Our cases have shown the important role of
the product development leader. This role is highlighted in Chap. 10 regarding
getting the development process going, securing communication and holding
gate meetings. In Chap. 6 the project leader’s contribution to learning has been
demonstrated in connection with his promotion of communication and consultation
to the benefit of cross-level and cross-functional learning. In this task he had the full
support of top management as stated above. Moreover, top management saw to it
that the project leaders were ready to extended communication and manifested
sociability. This trait was also developed as part of the role as mentioned in
Section 5. In the learning literature this trait is part of the social qualifications
seen as important for learning in two respects (Illeris, 1999). It helps spreading
experiences among actors by pure and simple interaction, but it also provides the
sounding-board for joint reflection.

Weick and Westley (1996) make it a central point in their exposition of the
learning literature that there is a dilemma with regard to the weight placed
respectively on organization and learning. There has to be a balance between
stubborn routine and excessive renewal. Our results showed that old routines
stood in the way of learning-on-the-job, but trial-and-error without registration
was also a nuisance to learning, cf. Section 5. In the same way the priority given
to reuse acted against learning, as did unrestricted technological creativity. We
were told that some engineers were more interested in their engineering features
than reaching a result of interest to the market. Here the management tried to
strike a balance by giving some leeway to the engineers, but also securing that
the market focus was upheld. In this way the management also kept a distance to
a competence trap (Levitt & March, 1988, p. 322), which could develop because
the engineers might become more and more specialized concerning their “fancy
features” but to the detriment of more attractive user characteristics regarding new
products. Keeping to the middle of the road was also chosen by the developers
when they loosened their grip on the administration of gate meetings without loss
of the meaning of the meetings. So, compared with other research our results have
pointed to valid methods used by the management and the developers concerning
the avoidance of unrestricted variety as well as too much emphasis on rules. This
orientation among the actors can also be seen as quite natural as a corollary to a
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strategy of adaptation and incremental innovation, whereas our results say much
less about best practice in case of a desire for radical innovations.

9.4. Interpretation

During our data gathering both managers and developers called attention to their
problems concerning how to interpret diverse information from external contacts
or experiments and tests. Among the restraints, which we recognized were strategic
ambiguities, time pressure and the difficulties to come to terms with subconscious
knowledge as well as unsatisfactory minutes of meetings. Strategic ambiguities
were founded on turbulent environments and/or divergent opinions among top
managers. The reactions of the subordinates showed that they were insecure
concerning what and how to learn from such ambiguity. From a learning theory
point of view one could emphasize the fruitfulness of conflicting opinions and
the opportunity for seeking an optimal compromise (Weick & Westley, 1996,
p- 448). These observations also show deficiencies with respect to the encoding
of experiences and call attention to learning as an encoding process as stated by
Levitt and March (1988, p. 320). The interpretation of data relates to the issue of
single-loop and double-loop learning and diversity of paradigms (Levitt & March,
p- 324). In our data we saw these interpretative issues raised in connection with the
different paradigms expressed by sales people and developers, and with developers
looking for double-loop learning. At the same time it was clear that the management
in the five firms pressed for a market orientation as its major paradigm. This
orientation is supported by the literature referred to by Dodgson (1993, p. 386) who
wrote: “Particularly important for innovation in firms is learning from customers
and users.” The restraint of subconscious knowledge has been discussed under
the term of “tacit knowledge.” Here Levitt and March (1988, p. 327) pointed to
results, which showed that such knowledge was more frequent in craft situations
and complex environments. Our example was also drawn from a learning situation
based on craft work necessary for the construction of the first models of the new
product.

9.5. Culture

The learning taken place in the five firms was at the same time promoted
and restrained by the change in business culture which meant more market
orientation to the benefit of customer contacts and to the detriment of free technical
experimentation by the engineers during new product development. Another
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cultural change concerned the management’s wish for giving the employees more
responsibility. These cases of cultural change were to some extent met with lack
of capacity and opposing attitudes, and from the management’s side was seen
a more or less strong recognition of the necessity of introducing more formal
training and education to support the changes. In the literature is found divergent
statements on learning and culture. On the one hand it is said that shared culture
facilitates learning (Dodgson, 1993, p. 382). Along the same line is seen corporate
strategy which aims at learning by creating a corporate culture which can influence
structures conducive of learning. (Dodgson, p. 388). On the other hand, cultural
differentiation may be seen as significant for learning. This is mirrored in the
literature summarized by Weick and Westley (1996). So, central statements by
Weick and Westley (1996, p. 442) concerned “learning is inherent in culture” and
“organizations have multiple cultures” (Weick & Westley, p. 456). This implies
that a cultural approach directed attention to learning as it goes on in the practices
of groups and by reciprocal comparisons, but is restrained by cultural systems
which were characterized by too much weight on identity and routines instead of
giving room for ambivalence and serendipity (Weick & Westley, 1996, p. 450).
The interest of the management of the five firms in more openness and trust can
be seen as an attempt to combine a common culture based on market orientation
with a modern human resource management style. In this way top management
gave signals regarding product innovation but it also believed in the knowledge
owned by the employees. By putting the new product development leaders in a
pivotal role they supported a middle-up-down role regarding knowledge creation
(Nonaka & Takeuchi, 1995, pp. 130, 240, 241).

10. CONCLUSIONS AND PERSPECTIVES

By analysing a number of specific product developments within five manufacturing
firms it was possible to crystallize seven learning situations. The learning element
related to interactions producing new ideas and understandings, problem solutions
and new ways of doing tasks. These interactions took four major forms: (1) formal
and informal meetings e.g. product committees and gate meetings; (2) joint tasks
e.g. experiments and tests; (3) contacts with external partners i.e. customers,
suppliers and knowledge institutions; and (4) training and educational situations
e.g. on-the-job-learning and courses. From the interview data have been extracted a
number of promoting factors concerning learning (cf. Table 1) as well as a number
of restraints (cf. Table 3).

In line with PIE survey results cooperation with customers e.g. in field tests
and cooperation with suppliers and knowledge institutions were found among
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the important promoting factors. The importance of integrating the product
development processes was clearly demonstrated by the positive effect of scrutiny
processes carried out jointly by actors from different functions, project leaders’
cross functional coordinating and motivating activities, and technicians’ and
workers’ active involvement based on delegation and participation in the project
during its different stages and related gate meetings.

Important restraining factors comprised strategic patterns concerning the
priority given to the market forces and tight time planning, inertia with regard to
old routines hampering cross functional coordination, communication difficulties,
changing of roles, ad hoc decisions on training and education and some employees’
lack of motivation for creative contributions to product development.

Taken together the promoting and restraining factors put problems of interactive
learning, the dilemma attached to organizing for both innovation and routines and
subconscious knowledge and cultural heterogeneity at the fore. These challenges
for improved learning in connection with product development were shortly
discussed in relation to some organizational research on learning and knowledge.
An important result of this analysis has been the weight given by the firms’ actors to
collective learning activities. It is worth noticing the interactive learning across the
hierarchy of managers and non-managerial personnel and the inclusion of external
partners. This result paints a perspective for extended interactive learning based
on flat organizational hierarchies, construction and extension of networks and
conscious organization of learning situations, and last but not least more weight
attached to integrative product development, something which is explored even
more in Chap. 10.

Another perspective relates to the discussion of culture and its differentiation.
The visited firms showed to some extent different norms which made mutual
understanding of product development activities difficult. An example was the
opposite views upon construction and production of a new product. This example
together with others go beyond pure learning problems as it is related to work
interests and understanding of work. In future research on learning such questions
of cultural founded view points on organizing with regard to coordination and
cooperation should be given more attention.

NOTE

1. Several places in this chapter reference is made to the survey part of the PIE-
data (see explanation in Vinding’s chapter). Frequencies referred to may be found on
http://www.business.aau.dk/PIE or, if calculations are made on these data, they will be
published in Christensen et al. (2005).
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HUMAN RESOURCES; ABSORPTIVE
CAPACITY AND INNOVATIVE
PERFORMANCE

Anker Lund Vinding

ABSTRACT

In relation to firms’ innovative performance this study investigates the
importance of human capital for the firm’s absorptive capacity. The
estimation of an ordered probit model including 1938 firms from the private
manufacturing and non manufacturing sectors shows that the share of highly
educated employees, development of a closer relationship with both vertically
related actors and knowledge institutions and, application of human resource
management (HRM) practices within the firm, not only promote the ability
to innovate but also reduce the degree of innovative imitation. Finally,
estimations according to size show that development of a closer relationship
with a complete network of actors is especially important for firms with less
than 50 employees.

1. INTRODUCTION

In Chapter 5 by Lundvall and Vinding we gave the analytical arguments for,
why firms engage in interactive learning and establish network relationships
with suppliers and customers. In Chapter 6 by Reinhard Lund the importance
of managing knowledge flows, both within the firm and through interaction with
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external parties, was illustrated at a very detailed level for a small number of Danish
firms. In this chapter, we use survey data and econometric methods to demonstrate
the general empirical relevance of these results. In relation to Chapter 5 we show
that wider networks including knowledge institutions need to be taken into account
as factors that promote innovation and we argue that this should be seen in the light
of “the learning economy”’ as it was developed in Chapter 2 by Lundvall. In relation
to Chapter 6 we show that there is complementarity between internal knowledge
and external networking.

Itis generally recognized that, in the current economic context, the technological
element is of crucial importance in securing competitive advantage for the
individual firm, nation and the world economy as a whole. Scholars dealing
with technological change may use different approaches, but they tend to agree
upon the fact that inter-firm relations are of crucial importance to technological
development.

Although knowledge received from external partners seems to be important
and widespread among firms, managing external relationships is a difficult task.
Besides the problem of finding the right person/partner — “know-who” — difficulties
in assimilating and exploiting the information is also a problem. One of the most
comprehensive and well-known contributions to this issue refers to the concept
“absorptive capacity,” in which internal capability and external collaboration are
viewed as complementary (Cohen & Levinthal, 1989, 1990).

In this chapter the concept is investigated through four indicators — the share
of highly educated employees, work experience among top management, the
application of human resource management practices and development of a closer
relationship to external actors. All indicators have been argued to have an influence
on absorptive capacity but have mainly been examined separately. Using data from
Danish manufacturing and service sectors the purpose is to clarify how these four
indicators contribute to absorptive capacity.

In the original work Cohen and Levinthal argued that, doing one’s own R&D
produces not only new knowledge in the sense of innovations, but also contributes
to the firm’s absorptive capacity by increasing its stock of knowledge. An increased
knowledge base will create opportunities to exploit new technical developments by
increasing the ability to assimilate and utilize external knowledge. This explains
why some firms may invest in basic research, even though the findings will spill
over to the public and competitors (Cohen & Levinthal, 1990; Rosenberg, 1990).
Absorptive capacity may be seen as cumulative in nature — previously accumulated
knowledge makes it easier to assimilate new knowledge. Moreover, the existence
of a certain level of knowledge in a particular field will provide a stronger capability
to read signals and exploit new technological opportunities, especially important
in uncertain environments.
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The complementarity between internal capability and external collaboration
has been illustrated in a number of studies, mostly by using traditional science
indicators such as R&D or patents. Arora and Gambardella (1990) found
complementarity between patents of 61 large biotechnology firms in the U.S.,
Japan and Europe and their number of agreements with other firms and universities.
Gambardella (1992) found similar evidence from 14 case studies of large U.S.
drug manufacturers and from statistical analysis using patent data as output
indicator. Firms that had strong in-house scientific capabilities (measured by
scientific publications) were able not only to make more efficient use of internal
knowledge, but also to exploit external knowledge more effectively. Tripsas (1997)
in a case study of the typesetting industry found that a combination of internal
R&D investment in the firm’s absorptive capacity and an external communication
infrastructure to facilitate the transmission of external knowledge enables firms to
successfully integrate knowledge from outside their boundaries.

Other studies have moved away from the traditional indicators and focused
instead on the human capital involved in the processes. Cohen and Levinthal were
aware of the fact that absorptive capacity is dependent on individuals working in the
organization. They argue for instance that absorptive capacity may be developed
“directly by sending employees to monitor and read the technical literature in
their areas of expertise” (Cohen & Levinthal, 1994, p. 227). This is especially the
case for people located at the interface of either the firm or its environment or at
the interface between subunits within the firm. These “gatekeepers” are essential;
Tushman and Katz (1980) also emphasize that “gatekeepers” are able to reduce
the mismatch in language and cognitive orientation between two systems, which
is especially important in development projects. Inside the firm, an important task
for the “gatekeeper” is to transmit the information to the rest of the organization,
and if the other members of the organization have high levels of expertise, the
transmission process will become easier.

This is in line with Mangematin and Nesta (1999). They argue that highly
educated employees in particular, through their daily tasks, will increase the stock
of knowledge of the organization. They will also encourage relationships with other
individuals with similar competencies outside the firm, thus facilitating access to
external networks of knowledge, especially in the case of utilizing scientific knowl-
edge (Rothwell & Dodgson, 1991). Carter (1989) argues that employees with high
levels of education are the main contributors to know-how trading due to the high
levels of knowledge embodied in these people. The high level of knowledge implies
that they will be in a better position to recognize and value new external knowledge.

Besides formalized knowledge, tacit knowledge is an important component of
innovation (Dosi, 1988; Rosenberg, 1982; Senker, 1995). Cohen and Levinthal also
point out that absorptive capacity may be developed through “the accumulation of
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manufacturing experience” (Cohen & Levinthal, 1994, p. 229). This kind of firm-
specific knowledge, that is, knowledge established through learning by doing, may
be measured by work experience of the employees. Albaladejo and Romijn (2000)
finds that work experience obtained in either multinational or large domestic firms
in the UK by founder/manager(s) has an influence on firms’ innovative capabilities.
But prior work experience in public R&D institutions and having a degree in
science and engineering were also shown to have an impact.

A third element, on which Cohen and Levinthal placed less emphasis, is the
organizational setting within which the employees operate. They point out that
cross-function interfaces such as those connecting R&D, design, manufacturing
and marketing increase the absorptive capacity. Also, practices such as rotating
R&D personnel through other units within the firm are important. In general
terms, restructuring of employment relations in the form of Human Resource
Management practices (HRM) has been shown to have positive linkages to
innovative performance (Michie & Sheehan, 1999). Laursen and Foss (2000) go
one step further and find that complementarities between HRM practices have a
positive influence on innovative performance.

Finally, Cohen and Levinthal (1994) recognize the importance of the strength of
the external relationships in the development of absorptive capacity. Development
of closer relationships may contribute to a firm’s absorptive capacity because such
relationships may create and strengthen information channels and “thicken” the
knowledge flow, hence increasing the efficiency of the transfer of tacit knowledge.
Moreover, the argument may be sector-specific in the sense that some sectors may
be more sensitive to some of the external actors; for example, development of
closer relationships with universities may be more important for high-tech sectors
than for low-tech sectors.

According to the above discussion, general knowledge in terms of formal
education, firm-specific knowledge in terms of work experience, the organizational
set-up and, finally, development of a closer relationship with external actors are
all factors that matter for absorptive capacity. This leads us to a widening of the
concept giving more emphasis to the importance of human capital.

Besides incorporating a fourfold approximation of absorptive capacity, this
study goes further. Instead of focusing on intermediary outcomes such as citations
or patents, we capture measurement on innovative activity, which, according to Acs
and Audretsch (1988), is the most direct measure of innovative activity. Finally, the
whole private economy is analyzed, thus making it possible to check for sectoral
differences.

The rest of the chapter is organized as follows: Section 2 describes the data
set; Section 3 outlines the model while Section 4 presents the results. Finally,
conclusions and implications are provided in Section 5.
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2. DATA

Two databases have been combined in order to carry out the analysis. One is
a survey on organization, employee skills and development of new products
(1998-2000). The survey was carried out in 2001 and was submitted to 6,975
firms from the manufacturing and service sectors, where firms with 20 employees
or more were selected. The sample thus covered the total population of firms
with more than 25 employees whereas firms with 20-25 employees were selected
randomly based on two-digit industry classification. The overall response rate was
28.7% (2,007 firms), and in the manufacturing and service sectors the response
rates were 29% and 28% respectively. The second database is the integrated
database on the labour market (IDA), which includes register data on each
individual in Denmark for the period 1980-1999. The two databases were merged,
and along with data for the period 1998-2000, IDA data for 1998-1999 covering
271,154 persons who have been in contact with the firms were included.

3. MODEL

On the basis of the theoretical and empirical discussion, a model is estimated in
which a firm’s ability to innovate is used as dependent variable, and absorptive
capacity and traditional control variables as independent variables. The basic
structure of the model may be specified as follows:

y=fBiz+B29)

yrepresents the innovative activity of the firm; z and g are vectors containing proxies
for absorptive capacity and other standardized variables used in the literature
explaining the innovative activity of the firms. See Appendix A for descriptive
statistics.

y expresses the innovativeness of the firm on an ordered scale from 0-3. 0 is
equal to a non-innovator firm (1163), 1 indicates that the firm has introduced a
product/service in the period of 1998-2000 that is new to the firm only (673),
2 indicates that the firm has introduced an innovation that is new in the Danish
context (117), and, finally, 3 indicates that the firm has introduced an innovation
that is new to the world (54). Thus category 1 and 2 measures the degree of imitative
innovations while category 3 measure innovation in the strict sense.

z can be decomposed into four variables representing measures needed in the
organization in order to assimilate and utilize external knowledge. First, HIEDU
measures the share of employees who have an academic degree. Second, EXPE
measures the average work experience of the employees. EXPE is measured
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according to how long the employees have been in the labour market. In order
to focus upon those employees in the organization who are the most influential in
the development process, managers and heads of departments as well as workers at
the managerial level have been taken into account. Third, an HRM index originally
developed in Lund and Gjerding (1996) is applied. This includes HRM-practices
such as: (i) interdisciplinary workgroups; (ii) quality circles; (iii) planned job
rotation; (iv) delegation of responsibility; (v) integration of functions; and (vi)
performance related pay. Firms using 0-2 practices are considered as having a
low level of development, 3—4 practices as medium, and 5-6 as a high level of
HRM practices. Finally, EXTERN takes on three values and indicates the degree
to which firms have developed closer relationships with external actors such as
customers/suppliers on the one hand and knowledge institutions on the other
hand.! The first category of firms includes those that have not established closer
links to any of the external actors. The second category represents firms that have
developed closer relationships with either customers/suppliers, as pointed out by
(Lundvall, 1988; von Hippel, 1988), or with knowledge institutions.? The final
category includes those firms that have developed closer relationships with both
types of actors and thus have developed closer relationships with a more complete
network of actors.

q represents four standard control variables in the model. The first is sectoral
affiliation (SECTOR). Although there are different taxonomies, i.e. Schumpeter’s
Mark I and Mark I1, sectoral patterns of technical change — Pavitt’s taxonomy — with
four sectors representing the manufacturing sector and five sectors representing
service firms, is applied.> One of the criteria in the classification — sources of main
knowledge inputs in the process of innovation i.e. internal versus external — is
important with respect to the discussion of absorptive capacity.

One Schumpeterian hypothesis concerns innovation and SIZE. The late
Schumpeter argued that innovative activity was positively correlated with firm size
due to the existence of R&D departments. Although there have been contradictory
results concerning this issue over the decades, the results seem to be in favour of a
positive relationship (Brouwer & Kleinknecht, 1996).* The third control variable
concerns competition (COMP). Several measures have been applied, mostly the
level of competition in terms of different ratios concerning concentration, and,
over the last decades, contradictory results have been obtained. Schumpeter
was in favour of concentrated industries being more innovative. Others have
found that competition doesn’t matter (Arvanitis & Hollenstein, 1996), while
still others have found that increased competition favours innovation (Geroski,
1990). Alternatively, competition may become non-linear, where markets with
an intermediate degree of market power, favour innovation (Kleinknecht &
Verspagen, 1989). COMP is measured in a slightly different way since the firms
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are asked about the rate of change in the level of competitive pressure within the
period; thus, this study deals with intensification in competition instead of level of
competition. Finally, the study controls for whether or not the firm is a subsidiary
of a larger firm — SUBSID. Again, contradictory results exist, although the most
recent studies tend to argue that a positive relationship exists due to the fact that
subsidiary firms have access to the parent firm’s larger resource base and thus
benefit in terms of innovative activity.

4. RESULTS
4.1. All Firms

As mentioned previously, the dependent variable takes four discrete ordered values.
Hence, an ordered probit model is applied as the means of estimation where
maximum likelihood is the method used.

In Table 1 the estimations of equation 1 with and without sectors are reported.’
Besides coefficients the table shows marginal effects as well.®

Table 1 shows that the average share of highly educated employees (HIEDU) is
significant in both types of models. A change in the share of academic employees
will decrease the probability for no innovation and increase the probability for
an innovation. Especially product innovation which is new for the firm only,
but also the likelihood for producing more radical product innovations will be
effected positively although the magnitude decreases the more radical the product
innovation becomes. The significant estimate for the second model shows that the
share of highly educated employees is important within each sector, as well.

However, the average work experience among top management (EXPE) is less
convincing, thus questioning the importance of the learning-by-doing effect. The
specific knowledge through work experience does not show any significant effect
on the degree of innovative activity. One reason may be that younger people
are educated with the most recent knowledge about technology and management
practices, whereas older people due to the increasing speed of change may have
difficulties in acquiring the latest advances in information technology. Older people
may moreover have difficulties with knowledge destruction. Some knowledge
needs to be forgotten before applying new knowledge. Last but not least, developing
new products/services may be argued to have a certain degree of craftsmanship. In
order to cope with these challenges, a combination of old and young employees may
be preferred. Older employees may have the practical experiences while younger
employees may have the ideas. However, one explanation may be found in the
set-up of the questionnaire that the study does not take into account that some



Table 1. Ordered Probit Estimation of Innovative Performance and Absorptive Capacity, Weighted.

Variables Model I Marginal Effects Model II Marginal Effects
Coef. Std. None Newto Newin New to Coef. Std. None Newto Newin New to
Err. Firm DK World Err. Firm DK World
Intercept -1.040 0.0609 0407 -0.274 -0.087 -0.046 -0.781 0.105 0.304 -0.212 -0.063 -0.029
HIEDU - share of academic 1.495™ 0226 -0.582 0391 0.125 0.066 1203 0.285 -0.468 0327 0.097 0.045
employees
EXPE - work expe. of 0.005 0.004 -0.002  0.001 0.000  0.000 -0.001 0.004  0.001 0.000 0.000  0.000
top—manag.
HRM - Human ressource management
High 0.772" 0.071 -0.301 0.203 0.065 0.034 0.766 0.070 -0.298 0208 0.062  0.029
Medium 0.432™ 0056 -0.169 0.114 0.036 0.019 0398 0058 -0.155 0.108 0.032 0015
Low Benchmark Benchmark Benchmark Benchmark

EXTERN - closer relat. with extern. actors

Both vertical/know.inst. 0.294™ 0.077 -0.115 0.077 0.025 0.013 0219 0.078 -0.08 0.060 0.018 0.008
Either vertical/know.inst. 0.268" 0.053 -0.105 0.070 0.022 0.012 0223 0.053 -0.087 0.061 0.018 0.008
None Benchmark Benchmark Benchmark Benchmark

SUBSID - belonging to a sub. firm. Binary

Yes 0.209"" 0.051 -0.082 0.055 0.018 0.009 0.183 0.050 -0.071 0.050 0.015 0.007
COMP — Experi. Increased Comp. Binary
Yes 0.147""  0.054 -0.058 0.039 0.012 0.007 0.165" 0.055 -0.064 0.045 0.013 0.006
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SIZE - size of the firm

>50 0.211""  0.069

25-50 0.006  0.057

<25 Benchmark
SECTORS

Supplier—-dominated
Scale intensive
Specialised suppliers
Science based

Crafts

‘Wholesale trade
Specialised services
Scale intensive services
ICT intensive services

N 1938
% of correct predictions 61
Log likelihood —1702
Restricted log likelihood —1880
Likelihood ratio test 355.61

-0.082  0.055 0.018 0.009
-0.002  0.002 0.001 0.000
Benchmark

0.193
0.081
0.490™
0.394"

-0.520"
0.004

-0.361""

-0.320

0.108
0.102
0.111
0.182
0.119
0.104
0.107
0.175

Benchmark

1938
61

—1658
—1880
444.15

-0.075
-0.032
-0.191
-0.154
0.202
-0.001
0.141
0.125

0.052  0.016
0.022  0.007
0.133  0.039
0.107  0.032
-0.141 -0.042
0.001 0.000
-0.098 -0.029
-0.087 -0.026
Benchmark

0.007
0.003
0.018
0.015
-0.020
0.000
-0.014
-0.012

Notes: There is no serious sign of multicollinearity between the independent variables. The multicollinearity is estimated by using the predicted

probabilities of the dependent variable.

These predicted values are then used to contruct a weight variable which are applied in a weighted least squares regression.

A tolerance is computed by regressing each variable on all the other explanatory variables.

*Significance at 5% level.
**Significance at 1% level.
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innovations are more dependent on accumulation of knowledge. Although the
sectoral classification partly takes this matter into account, another classification
or another variable that treat this issue more carefully may be needed.

For both models, the use of HRM practices is significant. Firms that apply
HRM practices to a high degree are in a better position to innovate. The result
is also in line with Michie and Sheehan (1999), who find that the application of
HRM practices is more effective in influencing the innovative performance when
these practices are applied together rather than alone. Hence, HRM practices are
complementary. In addition, the estimation within each of the nine Pavitt sectors
(see Appendix 4) gives rise to interesting results. The marginal effect for high
involvement in HRM practices is lower for more low-tech oriented sectors like
supplier-dominated (0.197), scale-intensive (0.307), craft (0.192), wholesale trade
(0.239), whereas high-tech oriented sectors like specialized suppliers (0.505),
science-based (0.439) and ICT intensive firms (0.301) experience larger effect by
applying a high degree of HRM practices compared to firms in same sectors which
have not applied these types of HRM practices. For these high-tech oriented sectors
the frequency and speed of new knowledge, besides of being sophisticated and
complex, is more widespread compared to low-tech sectors. In order to deal with
these facts, HRM practices like enhanced cross-functional interaction as well as
increasing the motivation of employees i.e. performance-related pay, may promote
the participation of employees in innovation processes. In general, HRM may be
understood in two dimensions — employee ability and employee motivation — and
these may be argued to be complementary.

Development of closer external relationships of the firm (EXTERN) and hence
increasing the potential effect of transferring information as well as tacit knowledge
is significant for both models. Firms that have developed closer relationships to
vertically related actors such as customers and suppliers, but also to knowledge
institutions such as universities, and consultants do significantly better in terms
of innovative performance compared to firms that have not developed closer
relationships to their external actors.

The result is not surprising — it is a well-known fact that external interaction
matters (De Propris, 2000; Tether, 2002) — but the evidence highlights one
interesting point. The significant relationship with knowledge institutions indicates
that “interactive learning” should be extended to include actors that are not located
in the value chain of the product/service. It is a wider set of organizations that form
the networks that matter for innovation. This is in line with Foray and Lundvall
(1996), who argue that we are moving toward a networked learning economy
where networks determine the relative success of the firms. This is in line with the
result presented by DeBresson (1999) that firms interacting with many rather than
few external actors, are the most successful innovators. Kaufmann and Todtling
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(2001) emphasize that the risk for lock-ins can be reduced when the range of
external sources of knowledge is diverse. The increasing importance of complete
networks may also be seen as reflecting the increasing specialisation and speed-up
of change in the learning economy.

The degree of increased competition (COMP) comes out with a positive sign and
is significant for all models. Firms exposed to increased competition are, ceteris
paribus, more likely to innovate.

Firms belonging to a subsidiary firm (SUBSID) show significant results
in general and subsidiary firms are hence more likely to increase innovative
performance due to access to the larger resource base of the parent firm.

The SIZE variable is significant although the estimates are not as clear-cut
as expected. Firms with fewer than 25 employees are less likely to produce
innovations in the strict sense compared to firms with more than 50 employees.
The argument is well known since larger firms can more easily devote resources
to the innovation process.

Finally, sector variables show that the service sector is more heterogeneous in
terms of innovative performance than manufacturing. One explanation may be that
innovations play a more important role in earlier stages of the value chain where
we find both ICT intensive services and manufacturing firms. Further down the
value chain, where the rest of the service firms are located, other elements such as
personal contacts with customers are more important for success than innovations.
Instead, these firms rely on receiving innovations/knowledge from manufacturing
and knowledge intensive service firms, as argued in Drejer (1998).

4.2. Size Estimations

The four proxies for absorptive capacity may behave differently depending upon
the size of the firm, e.g. that HRM is more important for large firms or that closer
relationships within a complete network of external actors is more important for
small firms.

Table 2 shows probit estimation for the ability to innovate for firms with less
than and more than 50 employees. As can be seen from Table 2, the share of
highly educated employees (HIEDU) is significant for both types of size categories
whereas work experience for top-management (EXPE) remains insignificant.

High involvement of human resource management practices (HRM) is
conducive for the innovative performance for both size categories.

Among the small firms developing a closer relationship with external actors
(EXTERN) is a significant, while the estimate is insignificant for larger firms,
hence indicating that the variation is bigger among small firms. Developing a
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Table 2. Probit Model of the Ability to Innovate Yes/No and Absorptive
Capacity by Size, Weighted.

Variables Less Than 50 Employees More Than 50 Employees
Coef. Std. Mar. Coef. Std. Mar.
Err. Eff. Err. Eff.
Intercept —0.775 0.251 —-0.307 —0.753 0.184 —0.282
HIEDU - share of academic 1.596 0.810 0.633 1.527°  0.637 0.572
employees
EXPE — work expe. of top-manag. 0.002 0.010 0.001 —0.004 0.006 —0.001
HRM - human ressource management
High 0.758" 0.134 0.301 0.814™ 0.122 0.305
Medium 0.279" 0.127 0.111 0.394™  0.090 0.148
Low Benchmark Benchmark

EXTERN - closer relat. with extern. actors

Both 0.587" 0.160 0.233 0.011 0.141 0.004
Either vertical/know. inst. 0.135 0.102 0.054 0.195"  0.089 0.073
None Benchmark Benchmark

SUBSID - belonging to a sub. firm, binary

Yes 0.234" 0.100 0.093 0.192°  0.083 0.072
COMP - experi. increased comp., binary
Yes 0.030 0.097 0.012 0.405""  0.088 0.152
Sectors
Supplier-dominated 0.426" 0.216 0.169 0.157 0.193 0.059
Scale intensive 0.147 0.205 0.058 0.007 0.196 0.003
Specialised suppliers 0.518" 0.238 0.206 0.273 0.213 0.102
Science based 0.523" 0.274 0.208 —0.002 0.348 —0.001
Crafts —0.564" 0246 —0.224 —0.565" 0.186 —0.212
Wholesale trade 0.124 0.201 0.049 —0.022 0.176  —0.008
Specialised services —0.1418653869 0.228 —0.056 —0.464" 0.181 —0.174
Scale intensive services 0.018 0.279 0.007 —0.639" 0.281 —0.239
ICT intensive services Benchmark Benchmark
N 811 1127
% of correct predictions 66 70
Log likelihood —493 —649
Restricted log likelihood —558 —747
Likelihood ratio test 130.1 194.8

Notes: There is no serious sign of multicollinearity between the independent variables.
The multicollinearity is estimated by using the predicted probabilities of the dependent variable.
These predicted values are then used to construct a weight variable which are applied in a
weighted least squares regression. A tolerance is computed by regressing each variable on all
the other explanatory variables.

*Significance at 5% level.

**Significance at 1% level.
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closer relationship with a complete network of external actors is thus more likely
to promote innovation for small firms than for large firms. One reason could be
that there is a lack of resources inside small firms that may be compensated by
developing a closer relationship with complete networks, hence increasing the
likelihood of locating and, eventually, absorbing tacit knowledge. Larger firms, on
the other hand, have more resources available and are therefore not as dependent
on external interaction. Another interpretation could be that large firms already
have established close relationships to external partners and, therefore, a marginal
increase would not have any effect on innovation activities.

Whereas belonging to a subsidiary firm (SUBSID) is of importance for both
small and large firms, increased competition (COMP) is significant only for large
firms’ probability to innovate.

5. CONCLUSIONS

Over the past decades the use of external knowledge in the innovation process has
grown in importance. Research has also shown that increasing the firm’s internal
capability is a prerequisite for effectively assimilating and utilizing this knowledge
from the outside.

The estimation of an ordered probit model shows that the share of highly
educated employees, the application of HRM practices within the firm, and
development of closer relationships with both vertically related actors and
knowledge institutions, not only improves a firm’s ability to innovate, but also
to produce more radical innovations, thus indicating an improved ability to deal
with complexity (OECD, 2000).

An implication for policy as well as management strategies, of the significance
of HRM, is that one of the most efficient ways to promote innovation is to
stimulate the development of human resources. This can be done by developing the
organizational structure and the corporate culture and by motivating employees —
for instance through decentralization of responsibility.

The positive effect of the share of highly educated employees on innovative
performance indicates that updating the skills and/or employing highly educated
candidates is important for the competitiveness for the firm.

The results referring to external actors show that learning by interacting needs
to be broadened to include knowledge institutions. A development of a closer
relationship with a network of actors can be beneficial in several ways. The
uncertainty of technological development as well as opportunism will be reduced
(DeBresson & Amesse, 1991). The learning economy will further increase the need
for more efficient and trustworthy information. According to Powell (1990) this
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may be achieved through networks since information that passes through networks
is “thicker” than information obtained in the market due to the fact that participants
know each other. Further, the information will be “freer” than that communicated
in a hierarchy, which is characterized by being more formalized.

With respect to knowledge institutions, it may be argued that firms that are
able to utilize and assimilate this kind of sophisticated knowledge will be in a
better position to adjust more rapidly to the changing environment. One problem
with knowledge institutions is that firms may have especially big difficulties with
determining the intrinsic value of the information they buy. In the case of choosing
a supplier of a tangible product, it is easier for the firm to know what it actually
gets. Thus, an important task is to increase the transparency of the market for
knowledge intensive services (Christensen et al., 2001).

Neither the work experience of managers nor that of workers at the managerial
level shows significant results.

An explanation might be that, in the learning economy, due to the rapid
speed of change, the knowledge and skills of employees might become outdated
more quickly. Although experienced employees may have an advantage in some
respects, they are not necessarily aware of the latest technologies and management
practices and not trained in the latest advances in information technology. In this
respect they are disadvantaged compared to employees who have just graduated
from universities or other educational institution. Experienced employees may
have difficulties in “forgetting” old knowledge that may hamper acquiring new
knowledge. However, more research is needed in order to get a better understanding
of the impact of work experience on innovative performance.

Finally, sectoral differences appear, where specialized suppliers, science-based
and ICT intensive services are the most conducive to innovation, while craft and
specialized services are the least conducive. One could put forward a hypothesis
that industries in the beginning of the value chain of the product are more dependent
on innovative activity. Industries at the end of the value chain, like most of the
service industry, are less dependent on innovation but more dependent on other
factors such as personal contact with customers etc. Another argument, which is
well documented, concerns the relatively low level of competition in the service
industry, which is further supported by the estimates at the sector level. Increasing
the level of competition in the service industry may have a positive impact upon
innovation. A further implication would be that the increased competitive pressure
in services could have a positive impact upon the rest of the economy through
forward and backward linkages.

Although this chapter has brought a better understanding of how different
elements associated with absorptive capacity behave, some limitations still remain.
Most of the variables in the estimation are survey specific. The lack of a time
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dimension in these variables makes it difficult to take the problem of causality into
account.

Despite this problem, the chapter indicates that human capital matters for
determination of absorptive capacity of the firm. Further research is, however,
necessary in order to get a deeper understanding of the relationships. For instance
are certain types of education more conducive to innovations than others? Are
some types of work experience more important than others? Are some types of
human resource management practices more conducive to innovation than others?

NOTES

1. Regardless of innovative activity the firms are asked: “To which extent has the firm
developed a closer relationship with the following actors during 1998-2000.”

2. Knowledge institutions express whether the firm had developed a closer relationship
with institutions such as technical support institutions or universities, or with consultants.
Information from these partners requires higher absorptive capacity due to the higher level
of sophistication.

3. The categorization of the service firms is taken from Laursen (2000). For further
details on the categorization, see Appendix 2 and 3.

4. See Cohen (1995) for an empirical review.

5. Size was included in the model with sector estimation according to Pavitt, but became
insignificant. As argued in Laursen (2000), the additional variance explained by size is
removed when sector is included. Thus, the size of firms between the sectors differs, but the
effect of the variance in size is not that important within each sector. Further, size is also
one of the criteria behind the Pavitt taxonomy and one could therefore argue that the size
variable should be omitted from the estimations.

6. One of the problems of coefficients in probit models is their immediate interpretability.
The level of significance is meaningful, but the sign and the magnitude may not be, the latter
in particular, when the variables are in different metrics. One way to deal with the problem
is calculation of the first partial derivatives of the probability function with respect to each
variable. The partial change or marginal effect is then the slope of the curve holding all other
variables constant, normally at their means. Hence, the interpretation is very close to linear
regression models. However, since dummy variables can only change in discrete amounts,
it may be argued (Long, 1997) that these effects should be calculated by calculating the
percentage predicted evaluated at the discrete change in the dummy variable. Since there
was little difference in these two sets of calculations, we have therefore reported the usual
effect calculations provided by Limdep.
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APPENDIX A

Variable Definition and Descriptive Statistics, Weighted.

ANKER LUND VINDING

Continuous Variable N Mean Stand. Dev. Min.  Max.
HIEDU - The average share of 1938  0.032 0.078 0 0.646
employees with an academic
degree from 1990 to 1995
EXPE — The average work 2007 11243.3  6616.73 0 19500
experience of managers, head
of departments and workers
at the managerial level
Discontinuous Variables N Percent
Innovative performance 2006 100
Non-innovator 1163 58
Product/service innovation new to the firm 673 34
Product/service innovation new in the Danish context 117 6
Product/service innovation new to the world 54 3
HRM - The application of Human Resource 2006 100
Management practices
Low 665 33
Medium 879 44
High 462 23
EXTERN - Development of a closer relationship with 2006 100
external actors:
None 1125 56
Either vertical/’knowledge institutions 665 33
Both types 215 11
SUBSID - Belonging to a subsidiary firm, binary 2006 100
Yes 1069 53
COMP - Experienced increased competition, binary 2006 100
Yes 690 34
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APPENDIX A (Continued)

Discontinuous Variables N Percent

SIZE — Size of the firm 2006 100
<25 568 28
25-50 762 38
>50 677 34

SECTOR 1983 100
Supplier dominated firms 248 13
Scale intensive firms 256 13
Specialised suppliers 143 7
Science-based firms 56 3
Crafts 337 16
Wholesale trade 348 17
Specialised services 330 17
Scale intensive services 87 4
ICT intensive services 197 10

APPENDIX B

SECTORAL CLASSIFICATION.

Making use of the SPRU database, Pavitt (1984) developed a taxonomy of sectoral
patterns of innovation based primarily on information about main knowledge inputs
into the innovation processes, requirements of users and means of appropriation.
These characteristics and variations are classified according to four sectors:
Supplier dominated, two kinds of production intensive (scale-intensive and
specialized suppliers) and science-based. Firms in the supplier-dominated sector
are traditionally characterized as manufacturing firms that are small in size and
have a low technology orientation. Technological progress is therefore dependent
on external actors such as suppliers of equipment and materials and, in some cases,
large customers and government-financed research and extension services. Firms
in the scale-intensive sector are low technology-oriented as well, but they do have
some in-house development capability. Besides being large in size, those firms
interact primarily with firms in the second part of the production-intensive sector
— specialized suppliers — where the level of technology is higher and the firm
size is smaller. For specialized suppliers, the pattern of interaction is more based
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on the user-producer relationship. In the science-based sector, the main sources
of technology (which is quite high) are in-house development together with the
underlying science developed in universities.

Since the empirical material covers the whole economy, Pavitt’s taxonomy
has to be extended. For this propose, the categorization in Laursen and Foss
(2000) is applied. In their categorization, five additional sectors were added to
Pavitt’s taxonomy — ICT- (Information and Communication Technology) intensive
services, wholesale trade, scale intensive services, specialized services and crafts.
See Appendix C for a detailed assignment of all industries into the nine sectors.

APPENDIX C

The Assignment of Industries Into Nine Sectoral Categories.

No. Industry Sector
1 Production etc. of meat and meat products SCAI
2 Manufacture of dairy products SCAI
3 Manufacture of other food products SCAI
4 Manufacture of beverages SCAI
5 Manufacture of tobacco products SCAI
6 Manufacture of textiles and textile products SDOM
7 Mfr. of wearing apparel; dressing etc. of fur SDOM
8 Mfr. of leather and leather products SDOM
9 Mfr. of wood and wood products SDOM

10 Mftr. of pulp, paper and paper products SDOM

11 Publishing of newspapers SDOM

12 Publishing activities, excl. newspapers SDOM

13 Printing activities etc. SDOM

14 Mfr. of refined petroleum products etc. SCAI

15 Mfr. of chemical raw materials SCIB

16 Mfr. of paints, soap, cosmetics, etc. SCAI

17 Mfr. of pharmaceuticals etc. SCIB

18 Mfr. of plastics and synthetic rubber SCAI

19 Mfr. of glass and ceramic goods etc. SDOM

20 Mfr. of cement, bricks, concrete ind. etc. SCAI

21 Mfr. of basic metals SCAI

22 Mfr. Construction materials of metal etc. SCAI

23 Mfr. of hand tools, metal packaging etc. SDOM
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No. Industry Sector
24 Mfr. of marine engines, compressors etc. SPEC
25 Mfr. of other general purpose machinery SPEC
26 Mfr. of agricultural and forestry machinery SPEC
27 Mfr. of machinery for industries etc. SPEC
28 Mfr. of domestic appliances n.e.c. SCAI
29 Mfr. of office machinery and computers SCIB
30 Mfr. of radio and communication equipment etc. SCIB
31 Mfr. of medical and optical instruments etc. SPEC
32 Building and repairing of ships and boats SCAI
33 Mfr. of transport equipment excl. ships, etc. SCAI
34 Mfr. of furniture SDOM
35 Mfr. of toys, gold and silver articles etc. SDOM
36 General contractors CRAF
37 Bricklaying CRAF
38 Install. of electrical wiring and fittings CRAF
39 Plumbing CRAF
40 Joinery installation CRAF
41 Painting and glazing CRAF
42 Other construction works CRAF
43 Sale of motor vehicles, motorcycles etc. SSER
44 Maintenance and repair of motor vehicles CRAF
45 Service stations SSER
46 Ws. of agricul. Raw materials, live animals WTRA
47 Ws. of food, beverages and tobacco WTRA
48 Ws. of household goods WTRA
49 Ws. of wood and construction materials WTRA
50 Ws. of other raw mat. and semimanufactures WTRA
51 Ws. of machinery, equipment and supplies WTRA
52 Commission trade and other wholesale trade WTRA
53 Re. Sale of food in non-specialised stores SCIS
54 Re. Sale of food in specialised stores SSER
55 Department stores SCIS
56 Retail sale of phar. goods, cosmetic art. etc. SSER
57 Re. Sale of clothing, footwear etc. SSER
58 Re. Sale of furniture, household appliances SSER
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No. Industry Sector
59 Re. Sale in other specialised stores SSER
60 Repair of personal and household goods SSER
61 Hotels etc. SSER
62 Restaurants etc. SSER
63 Transport via railways and buses SCIS
64 Taxi operation and coach services SSER
65 Freight transport by road and via pipelines SSER
66 Water transport SCIS
67 Air transport SCIS
68 Cargo handling, harbours etc.; travel agencies SCIS
69 Monetary intermediation ITIS
70 Other financial intermediation ITIS
71 Insurance and pension funding ITIS
72 Activities auxiliary to financial intermediates ITIS
73 Letting of own property SSER
74 Real estate agents etc. SSER
75 Renting of machinery and equipment etc. SSER
76 Computer and related activity ITIS
77 Research and development ITIS
78 Legal activities ITIS
79 Accounting, book-keeping and auditing activities ITIS
80 Consulting engineers, architects etc. ITIS
81 Advertising ITIS
82 Building-cleaning activities SCIS
83 Other business services ITIS

Note: SCAI = scale intensive firms; SDOM = Supplier dominated firms; SCIB = Science based

Source: Laursen and Foss (2000, p. 16).

firms; SPEC = Specialised suppliers; CRAF = Crafts; WITRA = Whole sale trade; SSER =
Specialised services; SCIS = Scale intensive services; ITIS = ICT intensive services.
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Probit Model of the Ability to Innovate Yes/No and Absorptive Capacity by Sector, Weighted.

Variables Supplier Dominated Scale Intensive Specialized Suppliers Science Based
Coef. Std. Mar. Coef. Std. Mar. Coef. Std. Mar. Coef. Std. Mar.
Err. Eff. Err. Eff. Err. Eff. Err. Eff.
Intercept 0.034 0.292 0.013 —0.881 0.288 —0.351 —0.850 0.508 —0.318 0.833 1.144 0.301
HIEDU - share of academic 2.263 3.134 0.892 6.184 3.663 2.467 8.693" 4323 3.257 —2.333 3819  —0.843
employees
EXPE — work expe. of —0.027 0.014  —0.011 0.004 0.014 0.002 0.035 0.025 0.013 —0.092 0.060  —0.033
top-manag.
HRM - human ressource management
High 0.500" 0.245 0.197 0.769"" 0.228 0.307 1.348™ 0.356 0.505 1.214" 0.512 0.439
Medium 0.043 0.201 0.017 0.606™ 0.213 0.242 0.687" 0.289 0.257 0.956 0.508 0.346
Low Benchmark Benchmark Benchmark Benchmark
EXTERN - closer relat. with extern. actors
Both 0.302 0.267 0.119 0.337 0.272 0.135 0.362 0.382 0.136  —0.041 0.461 —0.015
Either vertical/know.inst. 0.048 0.193 0.019 0.132 0.179 0.052  —0.115 0254  —0.043 0.135 0.401 0.049
None Benchmark Benchmark Benchmark Benchmark
SUBSID - belonging to a sub. firm, binary
Yes 0.126 0.172 0.050 0.105 0.182 0.042 0.302 0.241 0.113 0.514 0.408 0.186
COMP - experi. increased comp., binary
Yes 0.071 0.176 0.028 0.374 0.186 0.149 0.269 0.251 0.101 —0.094 0.385 —0.034
SIZE - size of the firm
>50 0.348 0.251 0.137 0.055 0.226 0.022 —-0.372 0.395 —0.139 —0.150 0.689  —0.054
25-50 0.007 0.238 0.003 —0.125 0236  —0.050 —0.611 0.389 —0.229 —0.795 0.726  —0.287
<25 Benchmark Benchmark Benchmark Benchmark
N 235 252 154 69
% of correct predictions 63 64 74 72
Log likelihood —151 —158 —84 37
Restricted log lokelihood —160 —174 —101 —44
Likelihodd ratio test 16.9 31.8 33.9 14.5
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Craft Wholesale Specialized Scale Intensive ICT Intensive
trade services Service Services
Coef. Std. Mar. Coef. Std. Mar. Coef. Std. Mar. Coef. Std. Mar. Coef. Mar.
Err. Eff. Err. Eff. Err. Eff. Err. Eff. Eff.
Intercept —1.320 0.198 —0.346 —0411 0252 —0.164 —1412 0.224 —0.470 —0.690 0483 —-0232 —1.450 —0.564
HIEDU - share of academic =~ —0.264 5935 —0.069 4,007 1.470 1.626 3.499 2.628 1.165 8.142  9.274 2.740 0.910 0.354
employees
EXPE - work experience of 0.003 0.012 0.001  —0.001 0.013 0.000 —0.012 0.011 —0.004 0.005  0.022 0.002 0.038 0.015
top-management
HRM - human ressource management
High 0732 0264  0.192 0599 0222 0239 1108 0249 0369 0926 0493 0312 0902  0.351
Medium 0.274 0.184 0.072 0.152 0.171 0.061 0513 0.193 0.171 0297  0.395 0.100 0.411 0.160
Low Benchmark Benchmark Benchmark Benchmark
EXTERN - closer relat. with extern. actors
Both vertical/know.inst. 0.339 0.295 0.089 0.104 0.252 0.041 0.145 0.293 0.048 0275  0.245 0.054 0.179 0.070
Either vertical/know.inst. 0.383"  0.190 0.101 0.120 0.157 0.048 0.286 0.187 0.095 —0.124 0.365 —0.042 0.365 0.142
None Benchmark Benchmark Benchmark Benchmark
SUBSID - belonging to a sub. firm, binary
Yes 0.255 0.180 0.067 —0.129 0.157 —0.051 0.153 0.167 0.051 0419 0354 0.141 0.615™ 0.239
COMP — experienced increased comp., binary
Yes 0.362 0.194 0.095 0.246 0.148 0.098 0472"  0.171 0.157 —-0.111  0.335 —0.037 0.066 0.026
SIZE - size of the firm
>50 —0.202 0.261 —0.053 0.092 0.190 0.037 0.382 0.239 0.127 —0.238  0.486 —0.080 0.038 0.015
25-50 —0.203 0.192 —-0.053 —0.030 0.179 —0.012 0.127 0.200 0.042 —0.840 0.482 —0.282 0.214 0.083
<25 Benchmark Benchmark Benchmark Benchmark
N 321 330 296 78 185
% of correct predictions 80 63 74 72 69
Log likelihood —147 —213 —156 —42 —108
Restricted log lokelihood —161 —228 —180 —49 —124
Likelihodd ratio test 29.3 30.4 48 14.1 -31.5

Notes: There is no serious sign of multicollinearity between the independent variables. The multicollinearity is estimated by using the predicted probabilities of the dependent
variable. These predicted values are then used to contruct a weight variable which are are applied in a weighted least squares regression. A tolerance is computed by regressing
each variable on all the other explanatory variables.

*Significance at 5% level.
**Significance at 1% level.
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HRM COMPLEMENTARITIES AND
INNOVATIVE PERFORMANCE IN
FRENCH AND BRITISH INDUSTRY

Edward Lorenz, Jonathan Michie and Frank Wilkinson

ABSTRACT

A dominant theme in the high performance HRM literature concerns
complementarities among individual practices and the positive performance
benefits associated with adopting simultaneously a bundle of HRM practices.
While there is little consensus over what practices should be included under
the “high performance” label, most authors see employee representation and
consultation as representing a traditional management approach. Moreover
enterprise performance is commonly measured as financial performance
and relatively little attention has been given to innovative performance. In
contrast to the mainstream view, we argue that employee representation can
be highly complementary to the training and incentive devices focused on
in the high performance HRM literature. This proposition is empirically
tested for the innovative performance of comparable populations of U.K.
and French private sector establishments. The chapter constitutes one of
the first major comparative empirical investigations of the HRM/innovative
performance link.
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1. INTRODUCTION

In Chapter 7 by Anker Lund Vinding it was shown that firms applying HRM-
practices are more innovative while Chapter 3 by Alice Lam gave analytical
arguments for why the organization of firms will reflect the broader institutional
setting around national labour markets and education systems. This chapter
combines these two perspectives. In relation to Chapter 7 it shows that the industrial
relations affect to what degree HRM-practices will have an impact on innovation. In
relation to Chapter 3 it is shown that formal rules regarding worker’s representation
and the role of trade unions will be reflected in how specific organizational patterns
affect innovation.

The starting point for the chapter is the widely held view that increasing
international competition based on such non-price factors as quality, design and
innovation is encouraging firms to adopt a variety of new work practices which
serve to involve employees more fully in production related decision-making.
Often labelled “high involvement work practices” (HIWP) or “high performance
work practices” (HPWP), these new organizational forms typically include the
use of quality circles or problem-solving groups, the use of self-managed work
teams, enhanced use of job rotation and job enlargement, and individual or group
responsibility for quality control (see for example, Clegg et al., 1996; Deutouzos
et al., 1989; Gittleman et al., 1998; Guest, 1997; Guest et al., 2003; Lawler et al.,
1992; Michie & Sheehan, 1999a, 2003; Osterman, 1994, 2000; Womack et al.,
1990).

There is little consensus in the literature over what practices should be included
under the label of “high involvement” or “high performance.”! Much of the early
literature, and notably that inspired by work on the “lean production” model
coming out of the MIT auto project, focussed on the diffusion of a limited
set of core work practices (Womack et al., 1990; MacDuffie & Krafcik, 1992).
Osterman (1994), for example, measured the move towards the “transformed”
organization in terms of the level of penetration of four practices: TQM, job
rotation, quality circles and team work. In the more recent literature the emphasis
has been increasingly on analysing the performance effects of adopting a wider
set of human resources management (HRM) practices, including policies around
pay, training and careers (Becker & Gerhart, 1996; Becker & Huselid, 1998;
Huselid et al., 1997). Applebaum et al. (2000), for example, identify three basic
components of the high performance work system: organizational practices which
provide opportunities to participate (e.g. quality circles, team work etc.); training
practices providing the necessary skills to participate; and pay and promotion
policies providing the appropriate incentives to participate (e.g. profit sharing and
performance appraisal).
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A central question raised in this more recent literature is whether there exist
complementarities among the individual HRM practices resulting in performance
benefits from adopting a set or bundle of practices simultaneously. Underlying this
notion of HRM complementarities is the idea that the core high involvement work
practices (quality circles, team organization, etc.) are more likely to be effective
if they are supported by substantial investments in training and by forms of pay
linking employees’ compensation to their effort and to company performance.
Training can be seen as a natural complement to work arrangements that provide
increased opportunities for employee participation in decision-making. Collective
incentive schemes, as profit sharing and gain sharing, and individual incentive
schemes, as pay for knowledge and compensation for suggestions, are seen as
complementary pay devices which encourage employees to commit themselves to
the goal of improving company performance. Such payment arrangements promise
employees a share of the increased returns from their enhanced effort (Applebaum
etal.,2000; Becker & Gerhart, 1996; Guest, 1997; Huselid et al., 1997; Ichiniowski
et al.,, 1997; Whitfield, 2000). It has also been argued that such practices are
more likely to be effective if they are complemented by commitment incentives
in the form of job security that serve to increase employees’ time horizons thus
encouraging them to invest in firm-specific skills (Doeringer et al., 2003; Levine
& Tyson, 1990).

Most authors see negotiation and consultation as representing a traditional
personnel management approach rather than an innovative one that is central to
achieving the performance gains associated with increased employee involvement.
In contrast to this view, and in keeping with previous work by Michie and
Sheehan (1999b) and Lorenz (1999), we argue that employee representation can
be highly complementary to the training, and incentives devices focussed on
in the mainstream HPWP literature. For example, formal systems of employee
representation can increase employees’ confidence that disputes around the design
or operation of the pay and promotion system will be resolved in a way that
respects their interests. Representation can also increase employee confidence that
implicit guarantees around employment security will be respected. One of the key
objectives of this chapter is to test for the presence of performance enhancing
complementarities between systems of employee representation and the more
conventional set of HRM practices identified in the HPWP literature.

Enterprise performance in the HRM literature has for the most part been
measured as financial performance. This chapter contributes to the literature on
HRM complementarities by investigating the relation between the firm’s capacity
to innovate new products and services and the nature of the organizational devices
it uses to manage its competencies and internal knowledge flows. Relatively little
attention has been given to the impact of HRM practices and their bundling on
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innovative performance.? Yet, there are good reasons to suppose that the firm’s
capacity for innovation can be increased by the use of such practices as job
rotation, quality circles, and shop or service meetings. For example, such devices
can positively contribute to the sort of interdepartmental information flows and
feedbacks which studies in the spirit of Kline and Rosenberg’s (1986) well-known
chain-link model of innovation have identified as critical to the firm’s capacity
for technological innovation.> Another key idea in the literature on innovation
is that there exist knowledge development cycles, in which tacit knowledge is
transformed into more explicit and codified forms that are then embodied in new
products and services (Nonaka & Takeuchi, 1995; Nooteboom, 2000, Ch. 9). HRM
practices such as team organization, quality circles, suggestion schemes and shop
meetings can be mobilised in order to provide a framework within which employees
can articulate and make more explicit tacit knowledge that subsequently may be
integrated into the process of new product design and development.

This chapter is also one of the first major internationally comparative empirical
investigations of the HRM/performance link.* By drawing on comparable data sets
of private sector establishments in the U.K. and France, this chapter provides a
more solid basis for investigating the way the wider institutional environment may
support and constrain the design of firm level organizational forms and governance
mechanisms. This part of the analysis pertains to the question of market selection
dynamics and to possible limits to the diffusion of “best-practice” organizational
forms (Becker & Huselid, 1998). Regulatory factors impacting on company polices
include the character of union policy on matters of pay and job content, the
content, coverage and degree of coordination of collective bargaining, and the
nature of national labour legislation prescribing certain forms of remuneration and
employee representation. Our view of the matter is that unconstrained competition
in the labour market does not necessarily constitute the ideal environment for the
diffusion of new work and pay practices. It can plausibly be argued that employers
left to their own devices will under-invest in potentially superior forms of work
organization. Levine and Tyson (1992), for example, have argued that externalities
transmitted through labour and product markets may impact on the effectiveness
of the various personnel policies that support high involvement work organization.
For example, companies using commitment incentives in the form of employment
guarantees may be penalised in periods of recession relative to firms that can readily
adjust their labour costs through layoffs. Moreover, while fluid labour markets may
facilitate the rapid reconfiguration of the firm’s competence base, they may also
lead to an underinvestment in skills due to the risk of labour poaching. On the other
hand, more general restraints on a numerical flexibility response to crisis could
induce more innovative employment policies to enhance performance.’

The regulatory settings in France and the U.K. differ in a number of important
respects. France ranks relatively high among OECD countries in terms of
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employment protection legislation (OECD Employment Outlook, 1999). While
the rate of unionisation is low in France, collective bargaining coverage is
amongst the highest in Europe due to legislation providing for the extension to
all firms in the relevant industrial branch of agreements (conventions collectives)
negotiated between regional employers’ associations and the unions. Legislation in
France also provides for various non-union forms of legally mandated employee
representation, including works councils (comité d’entreprise) and délégués du
personnel. The highly regulated labour market setting in France is a far cry from
that found in the U.K. The 1990s witnessed an important decline in multi-employer
bargaining and declining levels of unionisation in the U.K. Compared to their
French counterparts, U.K employers face few legal restrictions on hiring and firing.
These important differences in the French and U.K. institutional settings make a
comparison of these two countries especially suitable for an investigation of the
impact of local context conditions on the HRM/performance link.

2. DATA AND RESEARCH DESIGN

Our comparative analysis is based on two nationally representative samples of
public and private sector establishments: the WERS98 survey which covers U.K.
workplaces with 10 or more employees, and the REPONSE98 survey which
covers French establishments with 20 or more employees. The response rates
for WERS98 and REPONSE97 were 83 and 65% respectively. These rates
compare well to those achieved for most U.S. based surveys which rarely top
25%. The analysis in this chapter is restricted to the trading sector and excludes
public services (government, health, education, etc) resulting in samples of
2,086 establishments for France and 1165 establishments for the U.K.% In both
cases the samples of workplaces were arrived at through a process of stratified
random sampling using variable sampling fractions.” The survey designs involve
over-sampling of large establishments and establishments in such industrial sector
classifications as construction and financial services which contain relatively few
establishments compared to manufacturing or trade.® In order to compensate for
the over-sampling bias this generates and to create unbiased population estimates,
weights equal to the inverse of the probability of selection for an establishment
can be applied. All descriptive statistics and point estimates reported in this
chapter are based on the weighted data for each survey sample.

2.1. HRM Variables

The selection of comparable HRM variables for the analysis was constrained by the
only partial overlap of WERS98 and REPONSE98 surveys. Questions pertaining



Table 1. Use of HRM Practices in U.K. and French Establishments.

U K. Establishments

French Establishments

Practice or Policy

% Using the Practice

Practice or Policy

% Using the Practice

or Policy or Policy
Opportunity to participate
Team organization where members jointly decide 36.0 Self-Managing Teams! 15.2
how the work is to be done?®
Employees have a lot of variety in their work® 39.8 Job Rotation? 31.7
Suggestion scheme 22.9 Suggestion scheme 24.5
Quality circles used over the last 12 months® 15.9 Quality circlesd 15.5
Regular meetings with the entire workforce present 33.1 Regular shop, office or department 394
meetings®
Skills
Formal off-the-job training over the last 12 month?® 26.1 Training expenditures = 3% or more 26.9
of wage bill
Incentives/motivation
Use of performance pay® 19.9 Use of individual or group 72.6
performance pay for non-managerial
employees
Formal performance appraisal® 47.6 Periodic evaluation of 449

non-managerial employees by
superiors
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Regular diffusion of information on staffing plans

Regular diffusion of information on the financial

position of the establishment

Representation

Negotiations or consultation with union of
non-union representatives over pay or
conditions of employment

Negotiations or consultation with union of
non-union representatives over staffing or
manpower planning

Negotiations or consultation with union of
non-union representatives over training of
employees

No. of establishments

53.8

63.2

17.8

10.7

11.3

1165

Regular diffusion of information on
employment prospects

Regular diffusion of information on
the establishment’s economic
situation

Discussions or negotiations on
working conditions over the last 3
years

Discussions or negotiations on
employment (hiring/firing) over the
last 3 years

Discussions or negotiations on
training over the last 3 years

No. of establishments

42.7

55.1

48.7

335

51.8

2086

20ver 40% of largest occupational group involved.

YThe largest occupational group.

¢Over 40% of non-managerial employees involved.

d0ver 50% of employees involved.
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to 13 HRM practices were chosen as a basis for the measures presented in Table 1.°
All multiple response items were rescaled to dichotomous yes/no responses as de-
scribed in more detail in the appendix. The questions, as can be seen, are not phrased
in exactly the same manner in the two surveys. A number of the questions which in
REPONSED9S pertain to all employees or to all non-managerial employees pertain
only to the largest occupational group in WERS98. Further, while in REPONSE98
the respondent was typically asked to identify whether a particular practice was in
use, in WERS the respondent was in certain instances asked whether the practiced
had been in use during the last 12 months (e.g. quality circles). The least degree
of overlap between the two questionnaires concerns the training policies. A single
question was posed in REPONSE9S. It asked the respondent to identify the amount
spent on training as a percent of the total wage bill. French enterprises are legally
required to make training expenditures equal to 1.5% of the wage bill and we have
used the 3% level of expenditures as a measure of high employer commitment to
training. As no comparable question was posed in WERS98, we used the criterion
of 40% or more of the largest occupational group receiving off-the-job training as
a measure of high employer commitment to training.

The questions on employee representation do not merely seek to identify whether
some such system exists but also whether representatives have been actively
engaged in discussions, consultations or negotiations with management. The
measures allow for both union and non-union forms of representation. In the French
case, the range of non-union forms identified include legally mandated employee
delegates (délégués du personnel), elected members of the legally mandated
works councils (comités d’entreprise), elected members of the health and safety
committees, and employee representatives elected or nominated independently of
any legally mandated procedure.'?

As can be seen from Table 1, the utilisation rates of the practices providing
opportunities to participate are comparable across the two countries with the
exception of team organization which is more highly adopted in the U.K. Moreover,
if we focus on the five practices measuring opportunities to participate, the results
indicate that a minority of the establishments in each country are “transformed,”
in the sense that the term has been used by Osterman (1994). This is in keeping
with the results of other studies on the diffusion of HPWP in France and the U.K.
(DARES, 2000, p. 5; Guest et al., 2003, pp. 302-303).

The most striking differences between the two populations are in the areas
of performance pay and employee representation. The explanation for the high
utilisation rate of performance pay in France is legislation which offers fiscal
advantages to firms that negotiate agreements with a local union or with the comité
d’entreprise for the universal coverage of employees in profit or gain sharing
plans.!! The striking differences in the extent to which employees benefit from
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representation also reflect the different regulatory contexts in each country. French
employers are not only required to negotiate pay at the plant or enterprise-level with
alocal union or unions on an annual basis, but they also have multiple obligations in
the area of employee representation, including the requirement to establish comité
d’entreprise, to hold elections for the appointment of délégués du personnel, and
the obligation to establish employee direct expression groups via negotiations with
local union representatives. None of these requirements exist for firms operating in
Britain, where the 1990s were marked by declining union strength and a significant
decline in multi-employer bargaining (Brown et al., 1998; Claydon, 1996).

2.2. Performance Variables

The performance measures for innovation are based on a question asking
management whether the establishment had introduced a new product or service
over the previous five years in the case of the U.K. and over the previous three years
in the case of France. The filter in the French case is evidently more restrictive
and while somewhat over 37% of the French establishments are innovative on
this measure, slightly over 53% of the U.K. establishments are innovative (see
Appendix for mean values).

2.3. Control Variables

As in the case of most previous studies examining the HRM/performance
link, sector and establishment size controls are used in the logistic regression
analysis. The population of establishments is classified according to seven sectors:
manufacturing; construction, electricity, gas and water; trade; transport; financial
services; business services; and other. The key differences in the industrial structure
between the two countries are the greater importance of the manufacturing sector
in the French economy and the relative importance of the wholesale and retail trade
sector in the U.K. economy. The size distribution of establishments as measured
by the number employed is approximately the same (see Appendix for variable
means).

2.4. Research Design

As noted above, there are different views over the set of practices that make up
the HPWP system, and there are different views regarding the likely performance
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affects of bundling practices in particular ways. The approach we adopt to identify
HRM bundles or systems follows that used by Wood (1999) and by Laursen and
Foss (2002) in letting the form of bundling emerge directly from the statistical
analysis rather than constructing ideal combinations of practices on a priori
grounds and then determining to what extent these preconceived forms can be
observed in practice. To do this, we use factor analysis to identify the underlying
associations that exist among the 13 practices identified in Table 1. We then use
the factor scores or the coordinates of the observations on the first five factors
as a basis for clustering the establishments into distinct groups, using a single-
link hierarchical clustering method known as the nearest neighbour method.!?
Finally we use logit regression analysis to estimate the impact of different
HRM practices or clusters of HRM practices on innovative performance. By
comparing the size of the point estimates for the different clusters it is possible
to test for the presence of positive system or bundling effects on innovative
performance.

The factor analysis method used is multiple correspondence analysis, a
mathematical technique similar in spirit to principal components analysis in
that it similarly transforms a set of correlated response variables into a smaller
set of uncorrelated variables called principal factors or axes. It is suitable for
analysing the associations between more than two categorical variables that can be
presented in multi-way contingency tables. While in principal components analysis
the total variance is decomposed along the principal factors or components, in
correspondence analysis the total variation of the data matrix is measured by the
usual chi-squared statistic for row-column independence and it is the chi-squared
statistic which is decomposed along the principal factors.!> Some information is
usually lost in the data reduction process; the accuracy of the display is measured
by the percentage of the chi-squared statistic or “inertia” of the original data matrix
that the principal factors account for.

3. HRM AND INNOVATIVE PERFORMANCE
3.1. Identifying HRM Systems

One type of information that is commonly used in interpreting the results of a
multiple correspondence analysis is the percentage contributions of the variables
to the part of the total inertia or chi-squared statistic accounted for by each factor.
This shows which variables contribute most to the construction of the factors and
it plays a role in interpreting the results that is similar to that played by factor
loadings in principal components analysis.
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Table 2. Factor Analysis for French and U.K. Establishments.

Variable U.K. Contributions France Contributions
1 2 3 4 5 1 2 3 4 5

Self-managing teams 52 41 210 00 46 18 06 314 03 62
Job rotation/Variety 08 67 312 09 199 02 05 339 00 1.1
Suggestion scheme 60 22 135 152 75 57 01 26 06 6.6
Quality circles 52 33 35 42 00 65 49 129 49 78
Meetings 95 41 65 35 152 134 36 00 63 134
Training 89 54 26 33 47 101 21 57 101 02
Performance pay 26 07 09 725 26 22 05 39 57 623
Performance evaluation/appraisal 5.1 11.1 00 1.0 202 144 32 75 58 00
Diffusion of information on 122 09 02 26 60 149 02 0.0 369 03

hiring and firing/staffing
Diffusion of information on 139 20 69 00 11.8 177 09 06 273 0.1

economic situation/financial

position
Consultation or negotiations on 99 218 0.1 00 01 30 296 15 0.7 0.0

working conditions/pay

Consultation or negotiations on 128 171 15 00 1.0 55 254 00 08 1.8
employment/staffing

Consultation or negotiations on 130 191 05 01 00 49 283 00 05 02
training

The percentage contributions of the HRM variables to the first five factors for
the U.K. and French samples of enterprises are shown in Table 2. In the case
of the U.K., the first five factors account for approximately 56% of the total
variation of the data matrix. Factor 1 is constructed primarily by the two measures
of information sharing and by the variable measuring commitment to training.
The second factor is formed from the three variables measuring the presence
of employee representation. The third factor is constructed from the variables
measuring team organization and diversity in work. The fourth is constructed
from the measures of performance and suggestion schemes while the fifth factor
is formed from the variables measuring performance appraisals and meetings.

Despite the underlying associations that exist among certain sub-groups of
variables, the analysis suggests that the U.K. HRM system is highly fragmented.
There is no evidence for the population of establishments as a whole that the
majority of the practices are linked in a systematic way. Thus while teams
and variety in work tended to be associated, the firms that use these practices
together do not necessarily use them in conjunction with pay incentives, significant
investments in training or systems of employee representation. Moreover,
the variable measuring quality circles is not highly associated with any of
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the other measures, suggesting that it forms a separate factor in the U.K.
case.!4

In the case of France, the first five factors account for approximately 53% of
the total variation of the data matrix. The first factor, which corresponds roughly
to the fifth factor in the U.K. case, is constructed primarily from the variables
measuring the use of meetings and systems of employee evaluation. The variable
measuring commitment to training makes equal contributions to the first and fourth
factors. The second factor is constructed from the variables measuring employee
representation and corresponds to the second factor in the U.K. analysis. The
third factor is constructed mainly from three of the core high performance work
practices: teams, job rotation and quality circles. Suggestion schemes are not
strongly associated with these three variables and make only a small contribution
to any of the first five factors. The two measures of information sharing are the
main contributors to the fourth factor, while the fifth factor is constructed almost
entirely from performance pay.

The results for the French case, much as those for the U.K., point to a
fragmented HRM system, where only sub-groups of variables are systematically
associated. The results are in many respects similar to those for the U.K. In
particular there is little evidence that policies in the areas of incentives, training
and employee representation are systematically associated with the use of the
core high involvement work practices. It needs to be appreciated, however, that
these results do not demonstrate the absence of a sub-group of establishments that
cluster all, or the majority, of the 13 HRM practices identified. The results simply
show that the observed variation of all — or the majority of — practices cannot
be accounted for by a single unobserved latent variable for either of the country
samples.

The hierarchical clustering analyses allow us to demonstrate that different sub-
groups of enterprises cluster the HRM practices in different ways in each country.
Table 3 presents the results of the cluster analysis for the U.K., which resulted in
the grouping of establishments into four organizational categories. The first two
clusters (Columns 1 and 2), which group 28.3 and 13.9% of the total population
respectively, come the closest to corresponding to the HPWP model, in the sense of
Applebaum et al. (2000) or Ichiniowski et al. (1997). Relative to the population as
a whole, these clusters are characterised by an over-representation of the variables
measuring opportunities, ability and incentives to participate. This is notably the
case for the variables measuring information diffusion. The two clusters can be
distinguished primarily on the basis of performance pay, which is used by almost
all of the enterprises grouped in UKHPWP2 and by virtually none of those grouped
in UKHPWPI1. The UKHPWPI cluster is also distinguished from the UKHPW?2
cluster by the greater importance of quality circles.
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Table 3. HRM Cluster Analysis: U.K. Firms.
Practice or Policy Percentage of Establishments in the
Cluster Using the Practice
HPWP1 HPWP2  Hybrid  Traditional All
Team organization where members 479 459 33.6 25.8 36.0
jointly decide how the work is to
be done
Employees have a lot of variety in 475 50.2 26.9 355 39.8
their work
Suggestion schemes 433 27.6 24.1 7.5 229
Quality circles used over the last 12 28.8 16.3 22.0 5.2 15.9
months
Regular meeting with the entire 50.6 54.0 39.7 13.4 33.1
workforce present
Formal off-the-job training over the 394 439 29.7 10.7 26.1
last 12 month
Use of performance pay 0.8 99.9 24.8 74 19.9
Formal performance appraisal 76.4 73.2 41.1 22.5 47.6
Regular diffusion of information on 78.8 71.7 73.6 24.0 53.8
staffing plans
Regular diffusion of information on 86.2 99.2 88.2 31.5 63.2
the financial position of the
establishment
Negotiations or consultation with 52 4.7 79.1 11.7 17.8
union of non-union representatives
over pay or conditions of
employment
Negotiations or consultation with 0.5 0.1 75.8 1.2 10.7
union of non-union representatives
over staffing or manpower
planning
Negotiations or consultation with 3.5 1.0 70.6 1.6 11.3
union of non-union representatives
over training of employees
Percentage of total population 28.3 13.9 23.0 34.8 100.0

Note: Figures in bold indicate that the percentage of the enterprises in the class characterised by the
practice is significantly greater (5% level or better) than the percentage of the total population

characterised by the practice.

We refer to the third cluster, which accounts for 23% of the population,
as a Hybrid organizational form. It can be distinguished from the other three
clusters by an over-representation of the variables measuring systems of employee
representation. A large majority of the establishments which make use of systems
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of employee representation are grouped in this cluster. This feature is combined
with above average use of information diffusion practices, meetings, quality circles,
training and performance pay. Team and work variety are under-represented in this
cluster, while the use of suggestion schemes is about average. We refer to the fourth
or residual cluster as “traditional.” It corresponds to Osterman’s non-transformed
organizational category, as all of the HRM practices are under-represented. It is the
largest of the clusters, accounting for approximately 35% of the total population.

The French cluster analysis, which also resulted in a grouping of establishments
into four organizational types, displays a number of differences from those for the
U.K. analysis. Firstly, a smaller part of the population, only 17.8%, are grouped
in a cluster which corresponds to the HPWP model — in the sense of an over-
representation of the practices measuring opportunities, ability and incentives to
participate. Secondly, as might be anticipated from the distinctive features of the
French regulatory context referred to above, employee representation is much
more evenly distributed across the entire population of enterprises than is the
case in the UK., where a large fraction of the population is characterised by
an absence of any of the three forms of representation identified. FRHybridland
FRHybrid2, which are both characterised by an over-representation of systems of
employee representation, can be distinguished by differences in their incentives
systems. FRhybridlis notable for the emphasis placed on information diffusion;
while in FRHybrid2 the key incentive devices are performance pay combined
with periodic employee evaluation. As in the U.K., the largest cluster is the
traditional or non-transformed one, which accounts for about 40% of the French
population (Table 4).

3.2. Differences in HRM Systems According to Size and Sector

Tables 5 and 6 show that size plays a role in the likelihood of adopting the
different HRM systems. In both the U.K. and France, the smallest size category
of establishment is over-represented in the traditional cluster while establishments
with 200 employees and over are under-represented.

Large establishments are over-represented in UKHPWP2 while they are under-
represented in UKHPWP1, suggesting a positive link between size and the use
of performance pay. Large establishments are also over-represented in UKHybrid
and FRHybrid2, pointing to a positive relation between establishment size and the
use of systems of employee representation.

Tables 7 and 8 show differences in the sector distribution of the HRM
clusters. In both the U.K. and France establishments in the trade sector and to
a lesser extent in financial and/or business services are more likely to adopt the
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Table 4. HRM Cluster Analysis: French Firms

Practice or Policy HPWP Hybridl Hybrid2 Traditional All

Self-managing teams 314 18.9 7.6 9.5 15.2

Job rotation 438 38.6 14.1 30.9 31.7

Suggestion scheme 43.3 28.0 30.8 11.3 24.6

Quality circles 515 4.8 14.0 6.4 15.5

Regular shop, office or department meetings 87.5 15.5 62.1 20.8 39.4

Training expenditures = 3% or more of wage bill 55.0 6.9 523 13.9 27.0

Use of individual or group performance pay for 835 67.8 84.1 65.1 72.6
non-managerial employees

Periodic evaluation of non-managerial 834 24.7 779 23.7 44.9
employees by superiors

Regular diffusion of information on employment 69.4 82.7 46.5 6.2 42.7
prospects

Regular diffusion of information on the 86.6 89.8 67.4 154 55.1
enterprise’s economic situation

Discussions or negotiations over the last 3 years 35.1 552 793 36.5 48.7
on working conditions

Discussions or negotiations over the last 3 years 18.4 40.3 76.6 159 335
on employment

Discussions of negotiations over the last 3 years 349 62.8 924 33.7 51.8
on training

Percentage of total population 17.8 23.0 19.1 40.1 100.0

Table 5. Size Composition of U.K. HRM Clusters.

Size in Terms of Number of Employees HIWPI HIWP2  Hybrid  Traditional All

2049 63.05 56.74 39.59 68.41 61.47

50-99 19.53 23.83 24.56 17.62 19.92

100-199 8.29 9.84 16.18 8.55 9.65

200-499 7.71 6.90 13.36 432 6.86

500-999 1.09 2.03 4.39 0.90 1.57

>999 0.33 0.67 1.92 0.21 0.54

Table 6. Size Composition of French HRM Clusters.

Size in Terms of Number of Employees HIWP  Hybridl Hybrid2  Traditional All

2049 66.34 61.79 50.89 70.01 63.82

50-99 16.32 22.73 21.79 16.36 18.85

100-199 8.88 9.88 14.63 8.76 10.16

200-499 6.16 4.59 8.71 4.03 5.43

500-999 1.65 0.66 271 0.70 1.24

>999 0.66 0.35 1.26 0.14 0.49
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Table 7. Sector Composition of U.K. HRM Clusters.

Sector HPWP1  HIWP2  Hybrid Traditional All

Manufacturing 13.54 8.11 33.23 31.48 23.33
Construction, electricity, gas and water 2.65 1.49 6.06 8.62 5.58
Trade 40.21 50.67 12.52 25.82 31.59
Transport 4.57 4.96 19.53 7.80 8.03
Financial services 6.76 11.15 3.72 2.41 5.02
Business services 16.79 16.79 17.27 13.20 14.69
Other?® 15.47 15.47 7.67 10.67 11.76

2Includes hotels and restaurants, domestic services and personal and other community services.

Table 8. Sector Composition of French HRM Clusters.

Sector HPWP  Hybridl  Hybrid2  Traditional All

Manufacturing 25.77 44 .81 28.90 33.95 34.02
Construction, electricity, gas and water 11.82 8.70 10.70 14.32 11.89
Trade 27.15 18.20 25.22 21.29 22.37
Transport 2.57 10.92 6.35 8.84 7.73
Financial services 7.41 2.95 7.22 3.53 4.80
Business services 17.74 10.58 14.41 11.66 13.02
Other® 7.54 3.84 7.20 6.41 6.17

#Includes hotels and restaurants, domestic services and personal and other community services.

HPWP model. UKHybrid, distinguished by the relative importance of systems
of employee representation, is especially characteristic of the manufacturing
and transport sectors, while the trade sector is clearly under-represented in this
cluster. Traditionally organised firms in the U.K. tend to be concentrated in the
manufacturing sector and in construction, electricity, gas and water.

FRHybridl is similar to UKHybrid in being especially developed in the
manufacturing and transport sectors. However, there is little difference between
the sector breakdown of FRHybrid2 and the population as a whole. Traditionally
organised establishments in France, as in the U.K., tend to be concentrated in
construction, electricity, gas and water.

3.3. HRM Complementarities, Employee Representation and
Innovative Performance

Tables 9 and 10 present the estimations of the models predicting innovative
performance for the U.K. and French establishments. Some of the variables



Table 9. Logit Regressions: HRM Practices and Innovative Performance.

U.K. Establishments U.K. Establishments French Establishments French Establishments

(Without Controls) (With Controls) (Without Controls) (with Controls)
Model 1 Model 2 Model 1 Model 2 Model 1 Model 2 Modell Model 2
Team organization —0.022 0.042 0.301 0.389*
Job rotation/variety 0.352 0.358 0.253 0.351*
Suggestion schemes —0.037 —0.161 0.434** 0.431**
Quality circles 0.123 0.071 0.207 0.210
Meetings —0.544* —0.558* —0.058 —0.083
Performance pay 0.158 0.167 0.094 0.111
Performance appraisal/periodic —0.108 —0.145 0.141 0.155
evaluation
Diffusion of financial information 0.897* 0.832** 0.310* 0.275*
Diffusion of information on staffing 0.415 0.409 0.387** 0.379**
Training 0.120 0.188 0.226 0.179
Negotiation/discussion on staffing 0.558 0.582 0.275* 0.273*
Negotiations/discussions on pay/working 0.176 0.065 0.175 0.175
conditions
N 1165 1165 1165 1165 2086 2086 2086 2086
Pseudo x> 0.045 0.012 0.027 0.016
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Table 10. Logit Regressions: HRM Systems and Innovative Performance.

U.K. Establishments French Establishments
Model 3 Model 3 Model 3 Model 3
(Without Controls) (with Controls) (Without Controls) (with Controls)

UKHPWP1 0.358 0.319 FRHPWP 0.609** 0.572**
UKHPWP2 0.359 0.309 FRHybridl 0.557** 0.543**
UKHybrid 0.748* 0.711* FRHybrid2 0.407* 0.372*
Size Size

50-99 0.078 50-99 —0.163

100-199 0.233 100-199 —0.002

200-499 0.519* 200-499 0.147

500-999 0.745* 500-999 0.268
>999 0.216 >999 0.473
Sector Sector

Construction, —1.165* Construction, —0.720**

electricity, gas electricity, gas
water water

Trade —0.313 Trade —0.061

Transport —0.593 Transport —-0.120

Financial services 0.091 Financial services 0.371

Business services —0.387 Business services 0.084

Other 0.484 Other —0.262
N 1165 1165 N 2086 2086
Pseudo x2 0.012 0.039 Pseudo x 0.012 0.025
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measuring HRM practices are strongly correlated and for this reason we test two
models of the impact of individual practices on innovative performance (Models
1 and 2). In Model 3 the predictors of innovative performance are the different
HRM systems that emerged from the cluster analyses undertaken for the U.K. and
French populations. Results both with and without sector and establishment size
controls are presented.

The results for both the U.K. and France can be seen as providing support for the
thesis that HRM complementarities count for innovative performance. Moreover,
they point to striking differences in the form taken by these complementarities.
In the U.K. case we find strong support for the view that systems of employee
representation are not only complementary to the HRM practices focused on in
the mainstream HPWP literature, but also are a precondition for realising the
benefits associated with the use of these practices. The results for France, while
making it clear that employee representation does not constitute a serious obstacle
to realising the gains from using HPWPs, provide support for the view that HRM
complementarities can be realised independently of the existence of some system
of employee representation.

Turning to the U.K. case first, as shown in Table 9 only one of the 12 individual
HRM practices considered — the diffusion of financial information — is a positive
and significant predictor of innovative performance. This suggests that in the U.K.
context an incremental approach to the introduction of HRM practices is unlikely
to deliver substantial benefits in terms of innovative performance. The analysis of
system effects in Table 10 shows that of the three HRM systems only UKHybrid,
which combines employee representation with a subset of the other HRM practices,
is a positive and significant predictor of innovative performance. We take this as
strong support for the view that the benefits in terms of innovation from bundling
HRM practices will not be realised in the absence of employee representation.

In the French case, seven of the 12 HRM practices individually have a positive
effect on innovative performance. However, team organization and job rotation
are barely significant at the 5% level and only two of the practices — suggestion
schemes and the diffusion of information on staffing — are significant at the 1% level
or better. Moreover, Table 10 shows that all three of the HRM systems examined are
positive and significant predictors of innovation. The strongest effects, however,
are achieved by FRHPWP, which is distinctive for the weak presence of employee
representation and the over-representation of the other HRM practices. Only
a slightly smaller positive effect is registered for FRHybridl which combines
employee representation with an emphasis on the diffusion of information, job
rotation and suggestion schemes. Here we take the larger size of the coefficients
on FRHPWP and FRHybrid1 relative to those on the individual practices, as well as
the fact that only two of the practices individually are significant at the 1% level, as
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support for the importance of HRM complementarities for innovative performance
in the French context. Unlike the U.K. case, however, the results suggest that in
France employee representation is at best neutral as regards reaping these system
benefits.

4. CONCLUSION

What accounts for the striking differences between the U.K. and France in the
role played by employee representation in realising the positive effects of HRM
bundling on innovative performance? Here we can only offer some tentative
hypotheses, since the data will not allow us to resolve the issue. We will suggest
the following hypothesis, which might appear somewhat paradoxical. The more
decisive role played by employee representation in the U.K. is linked to the
U.K'’s relatively deregulated labour market setting, characterised by a low level
of legislative protection and a very limited capacity on the part of employers for
collective coordination around wages and skill provision. In such an institutionally
impoverished setting, the willingness of some employers to engage representatives
in discussions and negotiations around working conditions and labour force
planning issues can play a crucial role in eliciting from employees the forms
of commitment and cooperation that we have argued are central to strategies of
incremental innovation.

As a number of authors have observed (Streeck, 1992; Thelen, 2001; Wilkinson,
2002) collective coordination of the labour market provides a favourable
institutional setting for the successful pursuit of incremental innovation. There
are at least two reasons for this. First, employer coordination around wage-setting
serves to buffer the establishment from distributional conflict which can easily
spill-over into areas of labour/management cooperation that are vital for competing
through strategies of incremental innovation. Secondly, the collective provision
of skills helps reduce problems of labour poaching, thus providing a more solid
foundation upon which to make extensive investments in training. Moreover, a
high level of employment protection, be it legally mandated or otherwise, serves
as an important complement to such collective labour market coordination since it
increases employees’ time horizons and encourages them to invest in firm-specific
skills

While it is true that French employers face fewer restrictions around individual
and collective layoffs today than they did in the 1970s and early 1980s, the
differences in the degree of labour market regulation between France and the U.K.
are nonetheless striking. In terms of legislative employment protection, the U.K.
ranks near the bottom amongst OECD countries while France ranks near the top
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(OECD Employment Outlook, 1999).13 In terms of such factors bearing on
unemployment protection as the generosity of benefits and the definition of what
constitutes a suitable job, the U.K. ranks near the bottom of OECD countries while
France ranks near the mean (Estevez-Abe et al., 2001, p. 168). While references
to the relatively fluid U.K. labour market might suggest that the cost of job
loss is lessened by the relatively high probability of finding suitable alternative
employment, in fact OECD figures reported in Esping-Andersen (1999, p. 22)
indicate that net unemployment replacement rates in the U.K. are well below the
OECD average and below those pertaining in France. Thus, on average, job loss
imposes substantially higher costs on U.K. workers than it does on workers in most
other OECD nations and notably on workers in France.

In the past, in many U.K. sectors, strong union organization and broad collective
bargaining coverage may well have compensated for the relatively low level of
legislative guaranteed social protection. The other critical aspect of deregulation in
the U.K., however, has been declining union influence at all levels in the 1980s and
1990s. Moreover, this has gone hand in hand with a decline, or in some case a virtual
collapse, of multi-employer bargaining, undermining the capacity of employers
for coordinated action around issues of wages and other conditions, including
training. In the deregulated U.K. context, as Thelen (2001) has argued, success in
achieving the forms of cooperation and employee commitment will depend almost
exclusively on the individual employer’s capacity to put in place firm-specific
internal labour markets that serve to structure careers and provide appropriate
incentives for skill acquisition and employee involvement. The risk employers face
is that in the absence of supporting external coordinating mechanisms these firm-
specific governance mechanisms will prove to be unstable. Distributional conflict at
the plant or enterprise level may prove inimical to securing labour’s commitment to
progressive improvements in product quality, while the risk of loss of skilled labour
to competitors will encourage firms to under-invest in the provision of training.
Moreover, faced with a temporary decline in product market demand, employers
may be under considerable pressure to lower their costs through collective
layoffs, thus reneging on their formal or informal commitments to employment
security.

We would argue that in the deregulated U.K. setting the all too exceptional
commitment of individual employers to substantial forms of employee
representation can play a crucial role in eliciting the forms of employee
involvement and cooperation that support strategies of incremental innovation.
The willingness of employers to consult or negotiate with representatives
around workforce planning issues can increase workers’ confidence that implicit
commitments around employment security will be respected (Lorenz, 1995). In a
like manner, the willingness of employers to engage representatives around pay
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and conditions can increase employees’ confidence that disputes around issues of
promotion and access to training will be resolved in a manner that respects their
interests (Eaton & Voos, 1992; Freeman & Lazear, 1995).

To avoid possible misunderstanding, we are not suggesting that systems of
employee representation in France constitute an obstacle to achieving the forms
of cooperation and information sharing that support strategies of incremental
innovation. The coefficient estimates on the FRHybridl and FRHybrid2 clusters
are only slightly smaller than that on FRHPWP implying a near neutral effect on
performance. A possible explanation of this is simply that since representation is
a legal requirement in France all or most firms will have it, while commitment
to involving employees in decision-making will vary much more widely and in
many cases may be quite low. On the other hand, where representation is not a
legal requirement, as in the U.K., only those firms that are seriously concerned to
involve their employees in decision-making are likely to have it.

This reading of the statistical results is necessarily provisional and confirmation
for our line of interpretation would require more qualitative evidence based on
case study research. Regardless of the degree to which our interpretation for the
striking differences between the U.K. and France is correct, on one key point our
results are unambiguous. Indirect forms of employee participation constitute no
obstacle to instituting direct forms of participation and they are fully compatible
with reaping the performance gains that direct forms of participation can
deliver.

NOTES

1. For useful discussions of the literature, see Michie, 2001; Ramsay et al., 2000; Truss,
2001; Wood, 1999.

2. The key survey-based studies focusing on innovative performance are Michie and
Sheehan (1999a, 2003) and Laursen and Foss (2003).

3. For a detailed presentation of the Chain-linked model see Chapter 12 by Ina Drejer
and Birte Holst Jgrgensen.

4. Despite the large number of surveys undertaken on the diffusion and impact of HRM
practices in both France and the U.K., differences in survey design and conception preclude
making reliable cross-country comparisons. For example, the ESRC sponsored study of new
work practices in manufacturing undertaken by Clegg et al. (1996) seeks to determine the
extent of utilisation within the firm by means of a four point subjective scale ranging from
“a little” to “entirely.” The meaning of such subjective judgements is difficult to interpret
and provide a poor basis for solid international comparisons. For a general discussion of
European survey evidence, see Lhuillery (1997) and Coriat (1998).

5. Our analysis confirms the general idea put forward by Alice Lam in Chapter 3 that
the national institutional setting has an impact on the way firms organise themselves and
that this can be documented by comparing different countries.
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6. U.K. workplaces in the 10-19 employee size range were excluded from the descriptive
statistics and econometric analysis.

7. For detailed discussions of the sampling designs, see Purdon and Pickering (2001) for
WERS and Coutrot et al. (2003) for REPONSE.

8. The use of variable sampling fractions is due to the fact that in both countries the
population of workplaces is dominated by small workplaces and there are many more
workplaces in manufacturing as compared, for example, with construction or financial
services. The use of a simple random sampling procedure would not result in a sample with
sufficient large workplaces or sufficient workplaces in financial services to permit reliable
inferences to be drawn for such groups.

9. See Appendix for a more a more complete presentation of the survey questions upon
which the measures are based.

10. Of course in the vast majority of cases the délégués du personnel and members of
the comités d’entreprise are elected from official union lists.

11. The ordinance of 4 January 1959 provided financial incentives for firms to link
employee compensation to company profits while the ordinance of 17 August 1967 made
such pay system obligatory. See Reynaud (1975, p. 252).

12. For a description of this technique, see Johnson (1998, pp. 323-326).

13. It is common to refer to the percentage of the “inertia” accounted for by a factor.
Inertia is defined as the value of the chi-squared statistic of the original data matrix divided
by the grand total of the number of observations. See Greenacre (1993).

14. See Wood (1999) for a similar conclusion concerning the use of quality circles in
the U.S.

15. The OECD’s overall index of employment protection legislation places France near
the top at 2.8 and the U.K. close to the bottom at 0.8.
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APPENDIX

Variable Definitions

Variable

Mean

U.K. HRM variables
Team organization

Variety in work

Suggestion scheme

Quality circles

Performance pay

Performance
appraisal

Training

Meetings

1 if over 40 employees in the largest
occupational group work in formally
designated teams and team members
jointly decide how the is to be done; 0
otherwise

1 if the employees in the largest
occupational group have a lot of
variety in their work; 0 otherwise.

1 if management uses suggestion
schemes to communicate or consult
with employees; 0 otherwise

1 is over 40% of non-managerial
employees have involved in quality
circles in the last 12 months; no
otherwise

1 if over 40 of non-managerial
employees have received
performance-related pay in the last 12
months; 0 otherwise

1 if over 40% of non-managerial
employees have had their performance
formally appraised; O otherwise

1 if over 40% of the largest
occupational group have had formal
off-the-job training over the last 12
months; 0 otherwise

1 if management communicates or
consults employees with regular
meetings with the entire workforce
present; 0 otherwise

0.360

0.398

0.229

0.159

0.199

0.476

0.261

0.331
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Variable Mean
Information diffusion 1 if management regularly gives 0.538
on staffing plans employees, or their representatives,
information about staffing plans; 0
otherwise
Information diffusion 1 if management regularly gives 0.631
on financial employees, or their representatives,
position information about the financial
position of the establishment: 0
otherwise
Negotia- 1 if management negotiates or consults 0.178
tion/consultation with union of non-union employee
over representatives over pay or conditions
pay/conditions of work; 0 otherwise
Negotia- 1 if management negotiates or consults 0.107
tion/consultation with union of non-union employee
over staffing representatives over staffing or
manpower planning; 0 otherwise
Negotia- 1 if management negotiates or consults 0.113
tion/consultation with union of non-union employee
over training representatives over training; 0
otherwise
French HRM variables
Team organization 1 if over 50% of the employees work 0.152
in autonomous teams; 0 otherwise
Job Rotation 1 if over 50% of the employees 0.317
normally move from one job to
another while working; O otherwise
Suggestion scheme 1 if the employer use suggestion 0.246
schemes as a means of motivating
employee involvement; O otherwise
Quality circles 1 if over 50% of employees are 0.155
involved in quality circles or
problem-solving groups; O otherwise.
Performance pay 1 if non-managerial employees receive 0.726

bonus payments linked to either
individual or group performance; O
otherwise.
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Variable Mean
Performance 1 if non-managerial employees 0.449
appraisal regularly meet with their superiors for
a performance evaluation; O otherwise.

Training 1 if training expenditures constituted 0.270
over 3% of the wage bill in 1998; 0
otherwise.

Meetings 1 if over 50% of the employees 0.394
regularly participate in shop, office or
departmental meetings; 0 otherwise.

Information diffusion 1 if the employer regularly makes 0.427

on employment available to the entire workforce
information on the establishment’s
employment prospects; 0 otherwise.

Information diffusion 1 if the employer regularly makes 0.551

on economic available to the entire workforce
situation information on the establishment’s
economic situation; 0 otherwise.

Negotia- 1 if during the last 3 years there have 0.487

tion/discussions occurred negotiations or discussions
over working with employee representatives over
conditions working conditions; 0 otherwise.?

Negotia- 1 if during the last 3 years there have 0.335

tion/consultation occurred negotiations or discussions
over hiring/firing with employee representatives over
hiring/firing; 0 otherwise.?

Negotia- 1 if during the last 3 years there have 0.518

tion/consultation occurred negotiations or discussions

over training

with employee representatives over
training; O otherwise.?

2Representation may be provided by: union delegates, personnel delegates (délégués du personnel),
members of the “comité d’entreprise” or the health and safety committee, or an unofficially elected

employee.
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Variable Mean
U.K. performance variable
Innovation 1 if over the last 5 years management 0.531
has introduced a new product or
service: 0 otherwise.
French performance variable
Innovation 1 if during the last 3 years the 0.373
establishment has introduced a new
product or service, O otherwise.
Variable Mean
U.K. establishment control variables
Establishment size in number of employment
2049 0.615
50-99 0.199
100-199 0.096
200-499 0.068
500-999 0.016
Over 999 0.005
Sector
Manufacturing 0.233
Construction, electricity, gas and water 0.055
Trade 0.316
Transport 0.080
Financial service 0.050
Business services 0.147
Other? 0.118
French establishment control variables
Establishment size in number of employment
2049 0.638
50-99 0.189
100-199 0.102
200-499 0.054
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Variable Mean
500-999 0.012
Over 999 0.005

Sector
Manufacturing 0.333
Construction, electricity, gas and water 0.126
Trade 0.224
Transport 0.077
Financial service 0.048
Business services 0.130
Other? 0.062

#Includes hotels and restaurants, domestic services and personal and other community services.



LEARNING, KNOWLEDGE AND
COMPETENCE BUILDING AT
EMPLOYEE LEVEL IN THE U.K.

Mark Tomlinson

ABSTRACT

Using the Employment in Britain dataset (a representative sample of
employees in Britain in 1992) we analyse the determinants of learning within
organizations at employee level. Questions were asked about the role of
learning new skills in the respondent’s job. Various determinants of learning
are explored such as human resource management practices, career patterns
etc. These results are set within the context of a “competence building system”
and related to current debates within the national systems of innovation
literature.

1. INTRODUCTION

The National Innovation Systems (NIS) literature (e.g. Edquist, 1997; Freeman,
1995; Lundvall, 1992) has made a good deal of headway in analysing the
R&D system and the science base and its role in building competence at
national and sectoral levels. However, relatively little attention has been paid
to the wider institutional frameworks required for building competence and
generating knowledge such as education and training systems, labour markets
and organizational practices. The ways that these subsystems fit together, generate
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knowledge and interact within the NIS have been relatively little explored. For
example, within firms, different procedures and routines may foster learning and
knowledge generation at different rates and mechanisms may vary in different
national contexts. Thus argued by Alice Lam in Chap. 3, different labour market
set-ups may also have a bearing on the way people learn new skills and competences
as well as the individual’s access to education and training (whether through work
or through public access).

As was raised in Chap. 2 by Lundvall in this volume, research is only
now beginning to raise the fundamental issue of learning and relate it to
research on economic development in general. The traditional methodologies of
economics need to be broadened to encompass tools traditionally associated with
sociology, psychology, anthropology etc. in order to enhance our understanding of
competence building systems. The link between competence building and learning
at different levels (individual, organizational, national etc.) and innovation systems
will then be revealed more fully.

This chapter is set within the context of the learning economy framework
proposed by Lundvall and Johnson (1994). Lundvall separates the concept of
a knowledge economy from a learning economy — see Chap. 2. Though they
are closely linked, the learning economy is not only connected to the flow of
objects from the “stock of knowledge,” but also the generation of new knowledge,
particularly through innovation. This, argues Lundvall, allows us to expand the
range of objects of study beyond the knowledge institutions, such as universities
and laboratories, to the more general arena of routinised learning (for example,
learning-by-doing or learning-by-using — see Arrow (1962), Rosenberg (1982)
“which emphasise knowledge creation as a by-product of routine activities”
(Lundvall, 1998, p. 35). The innovative capacity of an economic system is enhanced
by the increases of skills and competence of its individual members.

In order to understand some of the mechanisms that lead to this increase in
skills and learning, there follows analysis of the Employment in Britain dataset
(a representative sample of employees in Britain in 1992). The determinants of
learning within organizations at employee level are explored using multivariate
statistical techniques. First of all, there is a wealth of information in the dataset
on the use of skills and responsibilities. Second, questions were asked about the
role of learning new skills in the respondent’s job. Before getting to the empirical
analysis, a discussion of the organization of labour is pursued. This is followed by
a brief overview of Japanese systems of labour organization that sets the context
for the statistical exploration. This chapter differs from most of the other chapters
in this volume since the focus is on individual learning among those active in the
labour market as a performance variable rather than on the innovation at the firm
level.
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2. THE ORGANIZATION OF LABOUR
WITHIN THE FIRM

Many organizations in modern economies are said to have shifted from Taylorist to
“postfordist” regimes. Gjerding (1992), for example, argues that this is a move from
closed to open systems of production. This form of organization is said to involve
flattening hierarchies within organizations, allowing more employee participation
and communication with management, coupled with more responsibility and
flexibility in the work task. This is commonly associated with the type of work
structure prevalent in Japan.

Gjerding thus calls this type of system in general the Japanese Management
System (JMS) and it is widely accepted that these “Japanese” techniques
are adopted by Western organizations with good effect. The human resource
management literature is full of praise for this type of flexible work structure
and it is said to lead to significant benefits in terms of competitive advantage over
more rigid organizational forms. With respect to National Innovation Systems and
the learning economy, the adoption of these types of practices may help to improve
the overall efficiency of employees and firms, but there has been little systematic
analysis of the real impact of such human resource management practices in
innovation systems research.

The analysis proceeds from the assumption that although the JMS is not directly
applicable to the U.K., in the sense that it has been directly imposed, certain features
of the JMS have been used in some British firms. We use the Japanese system as
a metaphor for the adoption of some of these typical work practices and assess
whether there are real benefits to organizations from their adoption. There is a
general assumption in the literature that these techniques promote learning and
co-operation among employees and that this will enhance innovative capacity,
coordination and productivity. Using employee level data allows us to test whether
this is likely to be true. There is also a tradition in the literature on national systems
that makes reference to the Japanese innovation system (see for example, Freeman,
1987). It is thus interesting to observe the effects of “Japanese” style practices
within a somewhat different setting.

3. WHAT IS THE JAPANESE
MANAGEMENT SYSTEM?

The JMS is generally assumed to consist of an integrated model of employee
organization rather than a confrontational one. Although a hierarchy still exists,
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there is more communication between layers in the organization and recognition
that team working produces better performance than the individuated and
invariable human activity associated with Fordist production systems (Gjerding,
1992; Itami, 1988). Itami (1988) has coined the term “peoplism” to describe the
increased levels of equality and discretion allowed within these systems.

Urabe (1988) and Aoki (1990) have also emphasized the advantages of the
kanban system, a form of the JMS where there are only tentative planning
guidelines for production, but local control allows flexibility in how the work group
meets its targets. This form of just-in-time technique fosters information flows
horizontally and allows for “productive search” (Gjerding, 1992, p. 104) where
units are allowed to solve local problems as and when required. Shimada (1991)
emphasizes that this is very much a demand-pull system rather than a centrally
dominated (Fordist) demand push system. One of the consequences of this is that
process innovations and learning by employees can take place in a spontaneous
way at the point of production without having a centrally dominated planning
mechanism. This fosters a learning and innovative culture among employees which
benefits the organization as a whole. Learning by doing and learning by interacting
become central features of this kind of system, as new problems have to be solved
repeatedly. The nature of the job and the employees’ responsibilities are said
to become more fluid. There may also be downsides to this type of approach.
A situation may arise where there are too many managers and a small-scale
bureaucracy may arise which is not terribly efficient.

There are also significant benefits associated with the JMS at the more general
level of the firm. For example, the organizational culture of the firm fosters flattened
hierarchies. Blue- and white-collar workers are seen as essential components of
an efficient system rather than separate and different parts of a hierarchy (Urabe,
1988). Thus the broad aims of the organization and those of the individual are fused.
Systems such as nemawashi (an informal consultation process at all levels), ringi
(the circulation of information and proposals to employees) and “quality circles”
all combine to create a cultural atmosphere of mutual trust and responsibility.
Communication is therefore a vital part of the JMS.

It must be considered now that the Japanese system may not necessarily be as
bright as many commentators thought. Especially since the bubble burst, Japanese
firms have to come to terms with several problems and there is a transitional period
underway in Japan itself where many of these work practices are changing (see
for example, the collection in Sako & Sato, 1997). However, despite downsizing,
many Japanese firms are still keen to invest in the development of their employees
(although at a reduced level), and are even keener to de-layer their organizations
and generate multi-skilled employees (see for instance, Kawakita, 1997). In some
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senses the JMS style is becoming intensified in Japan, although firm welfare
benefits and promotion prospects are being reduced from their bubble period high-
points. This chapter proceeds on the assumption that it is still a useful metaphor
for exploring the British situation.

4. THE JMS, LEARNING ECONOMIES
AND INNOVATION

Knowledge, which is essential to improving the economic performance of modern
organizations, is the outcome of learning. In terms of the “learning economy” there
are several ways in which different organizational forms could foster an enhanced
learning environment. As much of the knowledge in the economy is of a tacit
nature and as such resides for the most part in the minds of people, for HRM to
be of real benefit to organizations it follows that it should enhance learning by
interacting. Employees of firms using “Japanese” methods of work organization
should be enhancing their personal capabilities at many levels by being able to
put their tacit knowledge into practice more often and to pass on such knowledge
to others. These learning processes will be felt throughout the organization as
a whole. They will not be restricted to small sections of the workforce. The
flattened hierarchies and enhanced communication channels between workers
and departments are essential to foster an increase in the overall level of
performance.

If the routines operating in an organization implementing a JMS really are of
benefit then a substantial impact should be felt on both the innovative performance
of the firm and the capabilities of the firm’s employees. This impact should be felt
irrespective of considerations of the size or sector of the firm or the occupational
composition of the firm. Even firms in fairly low-technology or lesser-skilled
industries should be able to benefit from enhancing their employees involvement
in the process of work. Commitment to the organization should also be enhanced
by these methods.

If a significant number of organizations within a national system adopt such
beneficial procedures then the competitiveness of the economy at a national level
could be enhanced. As stated above, there are more pressing reasons to incorporate
the type of analysis proposed here within a national systems perspective. Recent
pronouncements by innovations systems researchers are suggesting that the
“human resource development” aspects of innovation systems have been somewhat
neglected in the literature (see Lundvall & Christensen, 1999). Following the work
of Boyer et al. (1997), an important strong human resource element was identified
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within national systems. This includes labour market flexibility, skill levels and
educational achievements.

4.1. A Simple Model of a Competence Building
System Within a National Innovation System

From what has been said so far we can separate some of the different elements of
a competence building system and suggest some additional components. This is
illustrated in Fig. 1.

Bearing this overall scheme in mind we now attempt, at employee level, to
statistically model learning behaviour based upon independent effects from this
system. The data used for this are now described.

Labour market
structures and

institutions, Human resource

-Career paths development
-training

-Welfare systems -education

Competence building

Increased Learning and
innovative Knowledge Technological effects

; <
capacity - generation \ d(:\//ee:?)grfev:tl o

-access to new

technology

Organizational Societal effects
structures
-Fordist vs IMS -Age/gender/race
style organisations
-HRM practices -Discrimination
etc. -Availability of public

services etc.

Fig. 1. A Simple Model of a Competence Building System.
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5. THE DATASET

The Employment in Britain survey (EIB) was a survey of the British labour
market in 1992. Data were generated from a random sample of employed and self-
employed people aged between 20 and 60. Information was collected from 3,855
respondents including complete career histories. The dataset has several sections
of information about the nature of work and employment that are particularly
appropriate for the study of skills and obsolescence of skills. Questions were
asked about the nature of the work task, whether skills were increasing of
decreasing, whether flexibility was declining or increasing, communication within
the organization, hierarchies etc. Some questions were also asked relating to how
the respondent felt about the innovativeness of the organization and also how the
employees’ tasks and abilities had been changing over time. A detailed sociological
analysis of this dataset can be found in Gallie, White, Cheng and Tomlinson (1998).

In what follows the dependent variable is based on whether the respondent
answered that he or she felt strongly that he/she had to keep on learning new
things in their current main job. The independent variables are a set of dummies
representing the occupation of the respondent (these are based on the 1 digit level of
the Standard Occupational Classification (see Appendix). As well as occupation,
independent variables are entered in blocks relating to the above discussion. They
are discussed in the following order.

(1) Demographic and human capital.
(2) Organizational factors.
(3) Career and labour market factors.

In all cases the models are logistic regressions predicting the learning outcome.

6. DEMOGRAPHIC EFFECTS AND
EXTANT HUMAN CAPITAL

Tables 1 and 2 show the determinants of learning based on demographic factors
and human capital variables. That is certain extant characteristics of employees
as they were at the time of interview. Turning to Table 1 first we see that after
controlling for occupation (which in all models here demonstrate the advantages
of middle class occupations such as professionals and managers over others) that
gender and age are significant factors influencing learning in the workplace. It
appears that people in their 20’s learn at a significantly greater rate than all other
age categories. This may not be surprising as someone embarking on a career will
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Table 1. Logistic Regression Predicting Learning Based on Demographic

Factors.
Independent Variables Model
Occupational groups
Managers 2.07" (0.28)
Professionals 2.66™ (0.28)
Technical associate professionals 2.777 (0.29)
Administrative and clerical 1.56™ (0.28)
Skilled trades 130" (0.30)
Personal service workers 1.62" (0.29)
Sales workers 1.117(0.32)
Process/plant and machine operatives 1.08™ (0.30)
Ethicity = Non-white 0.12 (0.19)
Gender = Female —0.28" (0.09)
Age 20-29 0.43™ (0.14)
Age 30-39 0.15(0.14)
Age 4049 0.09 (0.14)
Constant —2.89™ (0.29)
Chi square 328.7

Note: Base categories are unskilled workers, white, male, aged 50-60.
Table shows regression coefficients with standard errors in brackets.
**Significant at 1%.

have to learn lots of new skills in the beginning. What is more surprising is that
apart from this age group there were no significant effects, so according to this
model people in their 30’s learn just as fast as people in their 50’s after taking
occupation into account. This may have a bearing on organizations reluctant to
recruit older people on the grounds that they are no longer useful.

The other significant effect was gender. Women are significantly less likely
to learn than men. The most likely explanation for this result is discrimination.
It is well known that women are paid significantly less than men for the same
occupations. It may also be the case that women are more often placed in
less demanding roles than their male colleagues which in turn requires less
learning and competence building to perform the required tasks. Whether this
is just an effect pertinent to the U.K. is difficult to tell, although an analysis of
similar data in three east European countries found no such effect (Tomlinson,
2003). It is interesting to note that there was no significant racial effect. Non-
white workers are no different from their white counterparts with respect to
learning.

Turning to human capital (Table 2) we find, that after taking occupation
into account, there are significant benefits to both educational qualifications and
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Table 2. Logistic Regressions Predicting Learning Based on Human Capital.

Independent Variables Model 1
Occupational groups
Managers 1.22" (0.32)
Professionals 1.59™ (0.33)
Technical associate professionals 1.82" (0.32)
Administrative and clerical 1.08" (0.31)
Skilled trades 0.81" (0.32)
Personal service workers 1.18™ (0.31)
Sales workers 0.96™ (0.34)
Process/plant and machine operatives 1.09™" (0.33)
Ordinary level (usually aged 16) 0.25 (0.13)
Advanced level (usually aged 18) 0.61™ (0.17)
Further education (post aged 18) 0.42™ (0.16)
Degree (university) 0.69™" (0.17)
Training < 1mth 0.69™ (0.15)
Training 1-3mth 0.61™" (0.18)
Training 4-6mth 0.62" (0.22)
Training 7—12mth 0.69™" (0.19)
Training 1-2yr 1.22 (0.18)
Training > 2yr 1.42°" (0.13)
Constant —3.24" (0.29)
Chi square 491.2™

Note: Base categories are unskilled, less than ordinary level education, no training.
Table shows regression coefficients with standard errors in brackets.

*Significant at 5%.

**Significant at 1%.

vocational training. Anyone educated to Advanced level (usually at 18 years of age)
or above is more likely to learn than those with lesser qualifications. Thus a manager
with a degree is more likely to learn than a manager with fewer qualifications. The
other interesting finding here is that even a small degree of training has an effect
on learning. Even those respondents who claimed to have received less than four
weeks training were significantly more likely to be learners than those who received
no training at all. There were very substantial effects for those who had received
extensive training of over one year’s duration.

7. ORGANIZATIONAL/HRM EFFECTS ON LEARNING

The EIB data allows us to identify which workers are involved in the types of
employment practices typical of the JMS or post-Fordist regimes discussed above.



220 MARK TOMLINSON

Table 3. Variables in the EIB Dataset Used as Proxies for JMS Practices.

1. Whether the respondent works in a group or individually.

2. Whether the respondent has any say regarding changes in the job.
Whether management gives out information, posts notices etc. about work.
Whether management gives out information via meetings.

Whether management holds meetings where employees can express views.
3. Whether the employee has had any training/education in the past 3 years.
Whether there is a career ladder associated with the current job.

We have several variables to choose from (Table 3). These are divided into three
groups. The first is simply whether teamwork or individual work is the norm. The
second is a set of variables relating to communication mechanisms within the firm.
That is whether there is information flow, whether the worker has any say at work
etc. The third group relates to the employer’s investment in the worker (whether
there is a career structure within the job or whether the worker has been invested in
via education or training for the job). In a lifelong learning environment we would
expect the employee to answer yes to both of these questions.

Just how prevalent these practices are can be seen in Table 4. Clearly around
half or more of the sample have some form of practice at work that falls within the
ambit of a JMS. Around two thirds of the respondents had some formal meetings
where they could express their views and information flows seem quite high with
three quarters reporting information posted via notices etc. and 70% reporting
information via meetings. Furthermore at least half the sample said they had some
say at work, had training and had some form of career structure.

Does the prevalence of these practices in the workplace lead to any gains for the
organization in terms of learning, and hence innovation? In all the models below
we control for occupational class as usual. It is desirable to control for occupation
here, as there will not be equal access to the outcomes of the system suggested
by the variables in Table 4 across the occupational spectrum. We wish to know
whether these JMS type activities make a difference over and above that expected
by the general occupational structure of the British economy. The JMS variables

Table 4. Percent of Employees Responding “Yes” to the JMS Variables.

Whether the respondent works in a group or individually 48%

Whether the respondent has say regarding changes in the job 51%

Whether management gives out information, posts notices etc. about work 75%
Whether management gives out information via meetings 70%

Whether management holds meetings where employees can express views 63%
Whether the employee has had any training/education in the past 3 years 54%
Whether there is a career ladder associated with the current job 58%
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Table 5. Logistic Regressions Predicting Learning Based on Organizational

Factors.
Independent Variables Model 1 Model 2 Model 3
Occupational group
Managers 2.68" (0.20) 229" (0.21) 215" (0.21)
Professionals 3.23" (0.24) 2.80"" (0.25) 2.32" (0.25)
Technical associate professionals 3.09" (0.25) 2.81°" (0.25) 2317 (0.26)
Administrative and clerical 1.52"" (0.15) 1.31"" (0.16) 1.02"" (0.16)
Skilled trades 1.59"" (0.17) 1.61°7 (0.17) 1.44™ (0.18)
Personal service workers 1.33™ (0.16) 1.18™ (0.17) 0.98"™ (0.17)
Sales workers 1.26" (0.18) 1.13* (0.19) 1.00"" (0.19)
Process/plant and machine operatives 0.79™ (0.16) 0.68™ (0.17) 0.72" (0.17)
Work in a group 0.317" (0.09) - -
Has say in job - 0.32" (0.09) -
Notices posted - 0.26" (0.11) -
Information meetings - 0.52"" (0.14) -
Views expressed at meetings - 0.31" (0.13) -
Had training - - 0.97™ (0.10)
Career ladder - - 0.98™" (0.10)
Constant —0.58"(0.13)  —1.10" (0.15)  —0.96™ (0.13)
Chi square 471.5™ 570.4™ 732.2"

Note: Base category unskilled, work individually, no say, no notices, no meetings, no training, no
career ladder.
Table shows regression coefficients with standard errors in brackets.

*Significant at 5%.

**Significant at 1%.

are entered in blocks along with occupation (these are all simply recoded as dummy
variables). The results are shown in Table 5.

First of all we see from Model 1 that working in groups rather than individually
has a significant impact on learning. This reflects the social aspects of the learning
economy. Groups of workers interacting are more likely to progress than those
isolated workers involved in, say, production line work where there is little scope
for interaction of any meaningful kind. Model 2 shows the importance of the
diffusion of information within the organization. It appears that those firms that
allow employees to have a say, where notices giving information are posted,
and where meetings are organised to give information and receive feedback, all
contribute to a better learning environment than those firms that do not. There
is also evidence here of a cumulative effect (all four variables were positive and
significant). Finally Model 3 shows the importance for employee learning of human
capital development and internal career structures of the firm. Those employees
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who receive training and have a recognised career structure are more likely to learn
than those that do not.

The implications of these three models for the current analysis are that first
of all human resource management is very important from a learning economy
perspective, and also that the types of organizational structures normally associated
with post-Fordism have significant benefits to both the employees and the firm at
all levels within the occupational hierarchy, assuming that employees who learn
have a more fulfilling role at work than those who do not. We finally turn to career
structure and its effects on learning.

8. CAREER DATA AND LEARNING

Table 6 shows the effects of different career patterns on employee learning. In all
these models we have controlled for job tenure (that is the amount of time spent

Table 6. Logistic Regressions Predicting Learning Based on Career Data.

Independent Variables Model 1 Model 2 Model 3 Model 4
Occupational group
Managers 2,107 (0.28)  2.03" (0.28)  2.107 (0.28)  1.94™ (0.28)
Professionals 2.74(0.28) 2717 (0.28) 2747 (0.28)  2.67° (0.28)
Technical associate 2.837(0.29) 279 (0.28)  2.84™ (0.28)  2.74™ (0.29)
professionals
Administrative and clerical 1.53™(0.28)  1.48" (0.28)  1.52"(0.28)  1.46™ (0.28)
Skilled trades 1.49" (0.29) 145 (029) 149" (0.29)  1.46™ (0.29)
Personal service workers 1.687 (0.29)  1.64™ (0.29)  1.677(0.29)  1.63" (0.29)
Sales workers 1.127(0.32)  1.107(0.32)  1.127°(0.32)  1.12"(0.32)
Process/plant and machine 1.217(0.30)  1.16™ (0.30)  1.207 (0.30)  1.18" (0.30)
operatives
Log tenure —0.03 (0.03) 0.06 (0.04)  —0.03 (0.03) 0.01 (0.04)
No. of Jobs between - 0.14™ (0.04) -
1987-1992
No. jobs (not for same - - 0.01 (0.03) -
employer)
No. jobs (same employer) - - - 0.16"" (0.04)
Constant —2.76™ (0.29) —3.38"(0.33) —2.78" (0.31) —2.95" (0.29)
Chi square 310.2™ 326.4™ 311.4™ 325.8"

Note: Base category unskilled.

Table shows regression coefficients with standard errors in brackets.
*Significant at 5%.
**Significant at 1%.
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by the respondent in his or her current job within the current firm). It might be
expected that the longer a person spends in the same job, all other things being
equal, that there would be gradually less learning taking place, but Model 1 shows
this not to be the case.

Models 2—4 show the effects of moving jobs in the last five years (these models
necessarily only include people who have been in the labour market for at least
five years). It might be expected that people who are highly mobile with respect
to their jobs might learn faster. They are often in a new environment, often in a
different organization etc. and Model 2 shows that there is a significant positive
effect on learning from the number of jobs the respondent has had in the past five
years. However, if we delve a little deeper into this we find that the effect is based
on intra- rather than inter-firm job shifts. Model 3, which uses the variable of
inter-firm job shifts, has no effect while Model 4 shows the significant impact
of intra-firm job shifts. It would appear then that there might be substantial
benefits to internal labour markets where workers have several jobs within one
organization rather than moving between organizations (recalling Doeringer &
Piore, 1971).

If one assumes that people moving to different jobs diffuse knowledge around
the economy then these results suggest that there may be significant trade-offs
between personal human development and competence building and occupational
mobility of the external labour market type. Thus the recent pronouncements of the
EC and the OECD advocating flexible labour markets as the solution to flagging
competitiveness need to be carefully thought through. This has been dealt with in
more detail by Tomlinson and Miles (1999).

9. CONCLUSIONS

Set within the National Innovation Systems paradigm a model based around
exploring competence building is proposed as a useful way to look at the
learning economy. This chapter has concentrated on competence building at the
individual level, but work needs to seriously address all aspects of the competence
building system, such as labour institutions, technological development, access to
technology, cultural influences and, training systems etc. The chapter has dealt
mainly with variables inspired by the “Japanese” style of management.

From a learning economy perspective this chapter has sought to identify the
characteristics of employees and their organizations that have a bearing on learning
and competence building at three levels: personal attributes such as gender and
education; organizational factors based on a post-Fordist rationale; and career
patterns and labour market trajectories.
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Taking personal characteristics first, there appear to be problems for women in
terms of competence building and learning. Women appear to be discriminated
against in this regard. With respect to learning women in the workplace are shown
to have serious disadvantages when compared to their male colleagues. There is
relatively little to say about age other than the fact that very young people learn
fastest. Apart from this there were no effects. Thus there is evidence that employers
should examine their policies with respect to women and older workers within their
organizations. If employers want to be competitive in the learning economy then
perhaps they should re-examine their attitudes towards the role of women and the
recruitment of older workers.

In terms of human capital it is clear that those workers with advanced
qualifications are at an advantage, but it is also notable that even a low level of
training can go a long way. This has policy implications for both governments and
employers. Those employers providing no training are going to be at a serious
disadvantage. Governments should encourage employers to at least provide a
minimal level of training for all their employees as this may well have greater
pay-offs in the future. It must also be restated that those workers who received a
substantial amount of training (over one year’s duration) had the greatest levels of
learning and personal competence building.

The types of organizational structures and HRM practices most conducive to the
learning economy are those typified by post-Fordist “Japanese” systems. Workers
who operate in teams, who experience flatter hierarchies where communication
between different levels in the organization can take place, and where training is
provided and career structures are in place, learn more than those who do not have
these benefits.

Finally the career data revealed the advantages of internal labour markets as
opposed to external labour markets in terms of learning. Clearly organizations
that foster the movement and careers of their employees within their organizations
will benefit from increased learning and competence building of those individuals.
There was no effect on learning from movement between organizations. This has
serious implications for those advocating flexible labour markets as a way of
diffusing knowledge around the economy as a whole through employee mobility.
Basically there may be a price to pay for too much flexibility: not enough learning.
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APPENDIX

The Standard Occupational Coding Scheme

This occupational scheme has a 3-digit code at its most detailed level. For the
purposes of this chapter the first digit is used to define the broad occupational
groups as follows (see Goldthorpe & Heath, 1992).

Group  Subgroup

Description

1 10

11

12
13

14
15
16
17
19
2 20
21
22
23
24
25
26
27
29
3 30
31
32

General managers and administrators in national and local
government, large companies and organizations
Production managers in manufacturing, construction,
mining and energy industries

Specialist managers

Financial institution and office managers, civil service
executive officers

Managers in transport and storage

Protective service officers

Managers in farming, horticulture, forestry and fishing
Managers and proprietors in service industries
Managers and administrators nec

Natural scientists

Engineers and technologists

Health professionals

Teaching professionals

Legal professionals

Business and financial professionals

Architects, town planners, surveyors

Librarians and related professionals

Professionals nec

Scientific technicians

Draughtspersons, quantity and other surveyors
Computer analysts and programmers
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Group  Subgroup  Description
33 Ship and aircraft officers, air traffic planners and
controllers
34 Health associate professionals
35 Legal associate professionals
36 Business and financial associate professionals
37 Social welfare associate professionals
38 Literary, artistic and sports professionals
39 Associate professionals and technical occupations
nec
4 40 Administrative, clerical officers, and assistants in civil
service and local government
41 Numerical clerks and cashiers
42 Filing and records clerks
43 Clerks not otherwise specified
44 Stores and despatch clerks, storekeepers
45 Secretaries, personal assistants, typists, wp operators
46 Receptionists, telephonists and related occupations
49 Clerical and secretarial occupations nec
5 50 Construction trades
51 Metal, machine fitting and instrument making trades
52 Electrical and electronic trades
53 Metal forming, welding and related trades
54 Vehicle trades
55 Textiles, garments and related trades
56 Printing and related trades
57 Woodworking trades
58 Food preparation trades
59 Other craft and related occupations nec
6 60 NCOs and other ranks, armed forces
61 Security and protective service occupations
62 Catering occupations
63 Travel attendants and related occupations
64 Health and related occupations
65 Childcare and related occupations
66 Hairdressers, beauticians and related occupations
67 Domestic staff and related occupations
69 Personal and protective service occupations nec
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Group  Subgroup  Description
7 70 Buyers, brokers and related agents
71 Sales representatives
72 Sales assistants and check-out operators
73 Mobile, market, and door-to-door salespersons and agents
79 Sales occupations nec
8 80 Food, drink and tobacco process operatives
81 Textile and tannery process operatives
82 Chemical, paper, plastics and related operatives
83 Metal making and treating process operatives
84 Metal working process operatives
85 Assemblers/line workers
86 Other routine process operatives
87 Road transport operatives
88 Other transport and machinery operatives
89 Plant and machine operatives nec
9 90 Other occupations in agriculture, forestry and fishing
91 Other occupations in mining and manufacture
92 Other occupations in construction
93 Other occupations in transport
94 Other occupations in communication
95 Other occupations in sales and services
99 Other occupations nec




SOME DANISH EXPERIENCES
RELATED TO THE ORGANIZATION OF
NEW PRODUCT DEVELOPMENT

Reinhard Lund

ABSTRACT

This chapter treats new product development in relation to management and
organization. The data comprise new product development within four Danish
manufacturing firms studied by interviewing the management, product leaders
and other employees. The results show how integrated product development
procedures have furthered a stronger market orientation. The stage-gate
version of integration has fertilized knowledge across functions. The new
procedures have made the understanding of cooperation across functions
topical and have been followed up by more involvement of the employees.
The changes have run into barriers which to a certain extent have been met
by organizational changes.

1. INTRODUCTION

This chapter treats the actual course of a number of new product developments in
four firms. Some of these developments were studied during the period when they
took place, others were studied a very short time after the products were launched.
The aim is to present a realistic picture of such product developments, how
they are organized, and crystallize promoting and hampering traits concerning a
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satisfactory course of action. The economic success or failure of the products is not
investigated. Whereas the previous chapters by the present author (Chapters 4 and
6) was focused upon product innovation in respectively a knowledge management
and a human resource management/organizational perspective then this chapter
is to a greater extent to the management of technology literature. A part of the
literature on product innovation offers recommendations as regards successful
behaviour and organization as was evident from the chapters by Tomlinson and by
Lorenz et al. in this volume. On the other hand empirical investigations show
that often such recommendations are not followed. Cooper and Kleinschmidt
(1986) (quoted by Dougherty, 1996, p. 424) go as far as writing: “What the
literature prescribes and what most firms do are miles apart.” In this chapter we
shall give a more varied picture as it will be shown that some recommendations
are followed, but only as the results of improvements after the first
experiences.

The starting point is a few central contributions concerning product innovation
from both a normative and empirical point of view. In a Danish setting it
is natural to mention the book by Hein and Andreasen (1985) in which
they give recommendations concerning “integrated product development” from
the standpoint of an idealized model. The central features comprised market
orientation and coordinated development across marketing/sales, construction
and production. Their recommendations were founded upon their research in
cooperation with firms within the iron and metal industry. In an international
context Cooper’s (1993) Stage-Gate model developed during the period 1972—-1985
expresses the same intentions. His model implies an introductory period of
market assessment and research and a division of the total development process
into multifunctional stages each of which is evaluated at check points called
gates. If the evaluation is negative the necessary changes of the product related
activities have to be completed before the responsible team is allowed to proceed.
Alternatively the product development might be stopped. One of the visited
firms had been in contact with representatives for both models, others had
heard about Cooper’s model. Cooper (1993) refers to a number of positive
experiences with the Stage-Gate model, but he mentions also the difficulties
with the implementation of the model. Training of the users of the model and
selection of persons to take on responsibility of the stage-gate processes were
important for success. As said earlier, in this chapter focus is on the product
development process, and not the economic success of the product which would
demand an analysis of the overarching strategy of the visited firms. In a similar
way Cooper (1993) emphasizes that the Stage-Gate model does not tell the whole
story but has to fit into the firm’s product strategy when it comes to economic
success.
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Apart from presentations of a totally or partly normative character, a
number of authors analyses concrete developments or specific processes during
such developments. Brown and Eisenhardt (1995) found in an overview of
articles on product developments from an organizational viewpoint, they found
viewpoint investigations directed on group processes with special weight given
to the importance of communication across groups and in relation to external
partners. Such results and others with reference to this chapter’s treatment of
Danish experiences with the organization of product development processes are
commented upon in the conclusion.

With regard to contributions which present results from studies of the total
process of new product development, the Van de Ven et al. (1999) major
longitudinal study of innovation —not only of products, but also process innovations
and new administrative rules —is an outstanding one. Their studies disclose a dozen
elements, which were commonly observed among their 14 innovations. On this
basis they built a non-linear cyclical process model. It contains divergent and
convergent activities, which are promoted by resource investments and structural
changes and constrained by external rules and mandates, internal focus and self-
organizing. Some of the relationships from this model will be commented upon in
the conclusion.

In this chapter product innovation is discussed from an organizational point of
view.

2. THE SCOPE OF PRODUCT DEVELOPMENT AND
ITS ORGANIZATION

New product development is of course a technical problem, but for some time
it has been recognized that product innovation implies important organizational
problems. They concern the links to the markets and a smooth internal coordination
of the different specialties involved. During the period 1998-2000 half of the
Danish private firms carried through important organizational changes (The PIE-
project, (www.business.auc.dk/pie) and IDA-DISKO database, cf. Reichstein &
Vinding, 2002; and the chapters by Vinding & Reichstein in this volume). Among
those firms which made these changes, two thirds of the firms had as their
objective to strengthen inter alia the ability to develop new products/services.
As mentioned above Hein and Andreasen (1985) and Cooper (1993) suggest
that product innovation can be strengthened by integrating the functions of
development, production and sales and organizing gate meetings. The PIE survey
shows that one third of the Danish firms practices such an integration of functions.
Three quarters of the firms which develop new products (45.2% of the sample)
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report that they organize regular meetings during the process of the development
of products and services. About three fifths have a meeting at the end of the
development process and two thirds answer that documentation will be prepared.
Just like its forerunner, the DISKO project (Laursen & Foss, 2000; Lundvall, 1999;
Vinding, 2002), analyses of the PIE data show that a broad range of human resource
management methods which activate and develop management and employees
were conducive to new product innovation (Laursen & Foss, 2000; Vinding, 2002).
This chapter is based on the qualitative part of the PIE survey and the aim is
to contribute with details regarding the organization of integrative new product
development. The presentation is centered around promoting and hampering traits
and concerns the following questions.

* aim and organization of the integration of business functions.
* experiences with the stage-gate procedure and the use of documentation.
* the role of employees without management responsibilities.

International research on new product development has provided answers to similar
questions. To some extent these results will be commented upon in the conclusion.

3. DATA

The PIE data comprise a quantitative study of 2,007 Danish private firms
who answered a questionnaire in 2001. This sample includes 637 firms who
also answered the DISKO questionnaire in 1996. This chapter draws upon the
qualitative part of the PIE project, which included 11 firms who were asked about
new product development. Among these firms I analyse the experiences of four
firms investigated by longitudinal studies carried out during the period 2001-2002.
The examined firms were medium sized (100-400 employees) and comprised
one electronic firm, one metal firm and two machine firms who produced machines
for respectively food industry, and iron, metal and transport industries. The new
product developments which were followed by the researchers comprised.

(1) Dimmer. A product for controlling electric light.

(2) Heat Regulation. A product for regulation of room temperature.
(3) Oxygen Control. A product for regulation of heat production.
(4) Automatic Filling. A product for convenient filling of boilers.
(5) Coater. A product for processing food.

(6) Drier. A product for drying food.

(7) Welding machine W1. A product with flexible adjustments.

(8) Welding machine W2. A product with new process control.
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The information was gathered by interviewing directors of development, product
developers, sales and marketing managers, managers of production, other
managers, a few technicians, and in two firms a shop floor worker was also
interviewed, resulting in a total of 23 persons. Three of the firms were visited
four times, and one firm was visited three times during the period January
2000-December 2001. The total number of interviews amounted to 41 during
the two years.

It is clear that the qualitative investigation has some limitations concerning
its general use for understanding product development. It has to be recognized
that the medium size of the visited firms meant that communications generally
were good. In the investigated firms there was a good relationship between the
management and the employees. It is moreover to be noticed that the management
was very much aware of the importance of organizational conditions concerning
product innovation. This will be shown in the following sections regarding new
organizational procedures and ongoing work to improve structures and processes.
This implies a difference to Dougherty’s (1996) summary article on innovation,
which is concentrated on large, complex firms. We believe that treating projects
or simple organizations result in overlooking “the most problematic relationship
between innovation and the organization” (ibid., p. 425). The presentation
is centred around tensions such as outside/market versus inside/technology
orientation, preferences for new versus old routines during problem solving and
balancing freedom versus responsibility to develop commitment to innovation
(ibid., p. 431). The discussion to be found in this chapter is just directed towards
such organizational problems and so it weakens Dougherty’s statement.

The questions considered by the PIE investigation relate to Pavitt’s typology of
the innovation base in different economic sectors. This will be seen in the chapters
which discuss the quantitative results. The qualitative part of the PIE investigation
gives no possibility concerning results of interest to the Pavitt typology as the
visited firms generally were oriented towards the market and customers and do not
include mass production or independent R&D activities.

4. FUNCTIONAL INTEGRATION AND THE
DEVELOPMENT OF NEW PRODUCTS

In this section we treat the management’s objectives with regard to integration of
the various business functions related to new product development. Furthermore,
the organization of these activities by teams and project leaders is considered. It
will be shown that obtaining integration is not an easy task. So, the actors presented
examples of a number of different types of difficulties.
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4.1. The Top Managements Objectives and the Organization of
Product Development

The top management wanted previous technological orientations to give way to a
market orientation among developers. Along this line, the four firms had employed
new managers/directors of development within a recent period previous to the
PIE investigation. Also the management’s preference for an integrated procedure
concerning new product development mirrored a wish for a stronger coordination
between the viewpoints expressed by respectively sales and development. To this
should be added a wish for an improved understanding between the different
departments. Previously a more linear process in a segmented organizational
structure had meant that each function only focussed upon its own tasks
which reduced important input from other departments during the development
process.

In three of the firms, the wish for integration took the form of a cross-department
top committee to discuss new product proposals, whereas the administrative
director of the fourth firm would make his own probing. Nevertheless, it was in this
firm that the most radical example of the organization of a product development
group took place. To the benefit of both market orientation and integration, the
development activities had to follow certain rules. The rules were not identical
among the firms but comprised some common elements: (1) The establishment
of market, technical, and economic specifications when starting a new product so
that the saleability was put in focus, and the market orientation taken seriously;
(2) the acknowledgement of stages divided by points of review called e.g. gates
or milestones where a decision had to be taken whether or not the process could
continue to the next stage; (3) cross-functional participation at the gates and more
or less also during stages; (4) the delegation of responsibility to a project leader and
possibly the formation of a project group; and (5) a demand for documentation
of the process. These common elements can be seen as a good approximation
to Cooper’s (1993) Stage-Gate model and Hein and Andreasens (1985) ideal
model for product development. One firm had not established these rules, but
the director of development stressed the importance of building upon information
from the sales department, and one of the new products named Drier above was
handled by a team organization following a concept similar to the above mentioned
rules.

By getting information during the actual processes of the eight new products, it
has been possible to observe whether the management’s intentions of a stronger
market orientation and cross-functional integration were carried through and
which events were seen by the actors as positive or negative relative to these
objectives.
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4.2. Team Management

The daily management of the development activities of the eight projects showed
two distinct models. One was team oriented while the other was built around a
single project leader.

This section treats the teams which had a major responsibility for the Drier
project and the two Welding machines. In these cases it is seen that the market
orientation has a strong hold in the development activities and cross-functional
integration is a leading idea. But the cases also show some difficulties concerning
full support to cross-functional team work.

The concept which should direct the development of the Drier machine was
developed by a team, which also followed the project during its later stages. This
way of organizing the project was not planned from the start since the new Drier
was only thought to be a follow-up based upon an older drier machine; but the
designated project leader was given a more urgent task, and when this was finished,
and he should start working upon the idea of a new drier, the mother company
became interested in the Drier project. Accordingly the mother company took the
initiative and chose a German consultant to act as process consultant for a Danish
team, which should study the possibilities of a new Drier. The food company
did not have specific rules for an integrated product development process, but
the consultant stressed the importance of cross functional cooperation and saw
to it that all relevant departments were represented in the team and that expertise
from the mother company was included. He stressed the necessity of an open
dialogue concerning the various production possibilities and saw to it that the
team members met with key customers. After some months the team agreed upon
a concept specification, and the previously appointed project leader who had been
a member of the team was given the task to carry through the construction work
together with a colleague, whereas the team would follow the work and act as
gatekeeper. The team evaluated the prototype, and a zero series was prepared to be
followed by trial production at a customer. The full production and the launching
of the product was not followed by the researchers, because the firm withdrew
from cooperation during the final stages of the new product.

The experiences of the team members were seen by themselves as both positive
and negative. An example.

Interviewer: The good thing (about the team’s work), what was that?

Team member: The good thing was the good meetings we had. That was the first meetings . . . It
was just fine that people found out that it was a good idea just to coordinate the viewpoints
before you start.

Interviewer: Why didn’t the last meetings not work as well as the first ones?
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Team member: Well, we have had meetings where you can say according to my opinion that
we met too often . . . then you end up in a situation where people are feeling that you have said
the same thing too many times.

Interviewer: Who had the responsibility for preparing introductions for the meetings?

Team member: They had not to be made...he (the consultant) would not accept an
agenda. . . you had to meet open minded. So that things could be developed (during the meeting).

Interviewer: Did they do that?

Team member: Yes, he was competent . . . one thing is one hundred percent realized by this way
of doing it. . . know-how is coordinated much better now than before . . . you know what things
cost (and) how we use such a Drier. So that the sales people have a much better understanding
of why things look the way they do. And production people, when they start. .. (interview
transcript F2:2).

A positive outcome of the team work as a result of the cross functional composition
of the team had been that people from production, purchase etc. had raised problems
of importance for their part of the development, so solutions had been found, which
facilitated their work. The quotation also shows that the sales people had a better
idea of the product. The interest of the consultant in involving potential customers
in the new product was seen as an advantage from the point of view of the product
development people. They welcomed the talks with the customers.

On the negative side was mentioned that the meetings were too unstructured (cf.
the quotation). So, it was said that in the future a smaller group would be chosen to
carry out the work. In general the researchers had the impression that the members
had not had enough experience of team work and the process had implied some
conflicts among the members.

The Welding machine W1 was a spin-off from previous more technology oriented
projects, and was only carried through because of a major redefinition, which
considered market demands and meant a limitation of the necessary resources. The
project was developed by team work. The project leader was head of a broader
project group and a smaller core group. This organization was in accordance with
the firm’s new rules for integrated development and practised for the first time.
From the beginning, the broader group consisted of the production manager, devel-
opment people and persons from engineering, logistics, assembly, and electronics.
The project leader had frequent meetings with this group. However, the work was
hit by labour shortage because of the economic situation of the firm and changes
within the staff due to training needs. This meant that the project leader had to solve
some construction tasks which reduced his interaction with other departments, and
so he was criticised by these departments. Nevertheless, the team organization
meant that the development work was focussed more upon the business as a whole
than giving priority to ones own function, cf. the following quotation:



Some Danish Experiences Related to the Organization of New Product Development 237

Project leader: . . . now when both development and sales take part already from the start, and as
you focus more on whether the business is OK than which types (of the product in a technical
sense) ... We have to show a more dynamic behaviour on the part of the development division
because we shall be ready to change the product (B4:6).

Welding machine W2 was developed according to the same organizational ground
rules as W1.

4.3. The Role of Project Leader

The management objectives of market orientation and cross functional integration
had a strong impact upon the selection of project leaders. The directors of
development chose deliberately people who they knew could communicate both
internally and externally and who could get things done. An example.

Interviewer: Are there specific qualifications (to become project leader)?

Manager of Development: Well, you will always see some people who are able to run their
projects and do it well and take care of good communication. And then you see others who
are too much of a technician who dig themselves into the task and forget all other things. I
believe you must have the capacity to do it. Whether it depends on the ability or the inclination,
I haven’t found out (D1:13).

In all the eight projects the product developer had to see that the project moved
on through the different stages and gate meetings were held. According to one
development manager he had to remind the developers of the necessity of holding
such meetings as the practice was still new to the firm. The product developers
were clearly aware of the importance of market considerations. For themselves they
were in favour of such autonomy for the benefit of creative work and choice of
internal and external contacts. The development managers recognized the dilemma
of the new more detailed development procedures and the developers’ wish for
autonomy, and tried to combine the two viewpoints by letting the developers have
some possibilities to work on their own.

The project developers had many experiences, which could document the
difficulties of their task. An example.

Interviewer: What is your experience (in this firm) concerning what to look for carefully?

Project leader: Actually, it is the same as from where I come from. It means that it is some of
the same problems you meet in the projects. It is an iceberg effect because even if you try to
uncover as much as possible, you have to be aware of the things below the surface which you
cannot see and which you have to guard against and book for in your project. .. (D1:14).

Among the difficulties that developers met were failing supplies, problems with
the terms of deliveries, employees following traditional working methods instead
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of keeping to the directives of the developer, and labour shortages. The developers’
experience disclosed their lack of sufficient negotiation skills. Lack of resources
was a general phenomenon, therefore, the project leader had as an important task
to secure resources for his project. A common way of solving this problem was to
raise the issue at department meetings, whereas individual attempts to force one’s
task resulted in mutual conflicts, which were generally turned down by everybody.
Nevertheless, conflicts might occur if the top managers signalled that a project
should get ready, but without caring about how the workload should be handled.
In connection with this discussion of the use of resources, one of the developers
told the researchers that with regard to getting the tasks done, he would make
contact with the people he knew could help him with a given task. His knowledge
of the organization and its members was thus seen to be an important factor in his
management of the product development process.

5. GATE MEETINGS, OTHER REVIEWS AND
DOCUMENTATION

To some extent you could talk about stages and gates before the introduction of
the integrated procedure for new product development, cf. the following quotation,
which shows that the firm was aware of Cooper’s (1993) viewpoints.

Project leader: In our old model we also had such reviews, but they were not described in the
same way. In fact, it depended more upon the single project leader how much you involved the
other sections. In fact, you could enclose your work in the project group and finish the work
there. You could also have success. If you were more open, you would have many reviews, but
the reason might be to secure that the basis for decisions was acceptable before you entered the
meetings of the project committee. They might be intense . . . Large changes have happened. It
is not us who have invented this model.

Interviewer: It isn’t?
Project leader: Yes, you also know it?
Interviewer: Yes. You are thinking at?

Project leader: The model which tell us to run it businesslike . . . it is a model which is called
the stage-gate model, which has been made by Cooper (B4:14).

The new procedure was that the number of stages was extended and the content of
the stages was explained in detail. Also, the different functions were activated more
or less as a parallel and coordinated course of actions. The gate meetings prescribed
what to look for, and involved a number of specialists. The information gathered by
the PIE researchers on the practice of the integrated stage-gate procedure showed a
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number of problems which inter alia meant that the prescriptions were not followed
one hundred percent.

The product development process resulted in many reviews and many choices
had to be made. The interviewees distinguished between official reviews and
unofficial ones. The unofficial reviews comprised the developers’ ongoing contacts
to development colleagues and other relevant employees. The official reviews were
part of the stage-gate procedures. Among the investigated product developments
most of them were subject to several reviews carried out by people from different
departments. The exceptions were the Coater which was a smaller project and only
scrutinized by a sales manager and a couple of developers, and the Oxygen control
project which was finished as soon as the official tests showed that the product
could live up to the specifications laid down by law.

Regarding the official reviews, the interviewees could tell about a number
of positive and negative experiences. Among important factors which can be
crystallized are: (1) the occupational background of the participants; (2) their
feeling of responsibility with regard to the product; (3) their direct involvement;
(4) the way the gate meeting was organized; and (5) documentation of the meeting.

The participants comprised the project leader as chairman, managers from sales
and development as well as employees who had been involved in the previous
stage, and those who would be involved in the next stage. The gate meetings were
felt to be an important way to acquire new knowledge of importance for product
development, cf. the following excerpt from the interviews.

Interviewer: How do you actually work in such a (review group)?

Review participant: Well, in reality you look at the product, that is the product you have, and
get it commented upon by he who is responsible for the product. You are looking upon it from
an aesthetic point of view and so on and a functional point of view. You look to find out whether
it looks nice, whether something has to be changed and so on. In reality you are more like a
user when you are looking because it is a product which you have not seen before. We come
and look at it from a different point of view (than the developers). And then they get our input.
It might also be an input from our division in France . .. you might also call upon an external
architect concerning the design . . . The production people take part. They will tell and say OK
if you do it this way it is easier from a production point of view. And others may come with
their input. . . ask questions which they might not have asked themselves (E2:2).

Concerning another gate meeting the researchers were told that it was a new
supervisor who could tell about an alternative component for a new product because
he had experience with this component from his previous firm. In an interview
with a sales manager one of the difficulties which hampered the gate meetings
was highlighted. He could tell that he had pointed to poor design as seen from the
customers’ point of view, but it was not until he had the physical product that he
found out. At an earlier date when he had seen the blueprints he had not recognized
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the poor design. According to the developers it was often those employees who
had worked on a prototype who discovered new possibilities. Therefore it was an
advantage to have the participation of these employees and not only their supervisor
who would not know everything about the operations which his employees had to
carry out. The shopfloor workers themselves also saw a possibility of promoting
work environment improvements.

The reviews meant that the different departments could be held responsible for
the flow of the development process. The reason was that the project through
the gate meetings became visible outside the development department, and
other departments could find out when they had to join the process and tell
about their specific wants. In this way the gate meetings were important means
for communication which favoured a smooth process, although this process is
dependent upon the participants’ input and use of the information.

The participants’ involvement differed to some extent. According to the
developers it could be a problem to get the necessary input. Some participants lost
interest in the gate meeting when people with another occupational background
discussed the new product. Sales people and production people directed their
comments toward different things. Therefore one of the developers had chosen
to carry out two gate meetings after a given stage — one with production and
one with sales — in spite of the extra time that such a procedure required.
According to this developer, one of the reasons for an unsatisfactory involvement
by production people had been their low expectations regarding the future sales
of the product in Denmark, but such a view he found mistaken because you could
not beforehand exclude the possibility of high export sales at a later date. The
same developer had received a positive reaction from the sales people because he
had found a product solution that fitted with their understanding of the customers’
wants. Together with sales, service people, participated in the meeting in question
and they had contributed with comments which resulted in changes to the
product.

The organization of the meeting also had an effect upon the outcome. Instead
of following a formalized procedure with a list of questions to be asked from the
beginning of the meeting, a product developer explained that it was his experience
that the participants took a greater interest in the meeting if they had the chance to
talk more broadly about the project, feel it and express their spontaneous reactions.
Afterwards he would return to the specific questions, but take care to exclude
questions which were not of relevant for the product in question. The positive
aspect of the list of questions was that it was a reminder for everybody about
what to look for. They pointed both to production issues, sales documentation and
customers’ manuals. The negative aspect was that they might seem boring as soon
as they moved outside the individual participants’ occupational interest.
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As a documentation of the activities during a stage, the project leaders wrote
a status report explaining the activities e.g. the test problems and their solutions.
This report was presented at the gate meeting. The discussions at the gate meeting
were similarly recorded and were compared with the results of the next stage to
see whether those changes which were wanted at the previous gate had been taken
into consideration.

In this regard some interviewees made the point that such reports could be used
for shirking the responsibility in the sense that demanded corrections might be
made without taking new information in consideration, which might go against
such corrections. Those developers who raised this problem and similar questions
stressed that it was very important to have an open climate of trust among
participants where criticism was seen as positive and not result in loss of face
for the individual employees or their departments. In one of the firms it was new
for the engineers that the climate was changing towards openness and mutual
trust and less bureaucracy. Relating to this issue, an interviewee from production
explained that for some people it was difficult to accept that their solution was a
poor one. He had production technicians in mind. Some had not been accustomed
to other peoples’ interference in their work, so in their case it would take some
time before they would be cooperative in the process of mutual criticism, but from
his experience he judged the process would turn out well.

The official gate meetings were under scrutiny in two of the investigated firms.
In one firm the management was starting with shorter official gate meetings carried
out in a more business-like manner with more economic information. This meant
that the meeting focused upon the status reports, which now also included results
from meetings of special review groups.

The management of another firm thought of changing the gate meetings because
they were carried out in a mechanical and streamlined way. To compensate for this,
it was of importance to establish sub-stages and meetings between these sub-stages
with fewer participants so they could discuss the problems in more depth than
at meetings with many participants. The sales people had thought of combining
such meetings with visits to customers to get a better impression of the expected
success of the final product. The researchers got the impression that the sales
people might feel at loss in relation to the development department’s presentations
of new products, and the sales department people explicitly explained that the
meetings did not give enough room for investigating market considerations. A
negative aspect of changing the procedure was that it would demand time and
slow-down development processes.

According to the integrated stage-gate procedures an evaluation should take
place when the product had been launched. This evaluation should compare results
with the original specifications which had stated the reason for starting the project.
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But this feature was adjusted to the circumstances, which meant that it could be
postponed for a long time, or just passed by without much discussion, or changed
towards a discussion of current problems without looking backwards because so
many things had changed since the definition of the business case at the start of
the project.

6. THE ROLE OF EMPLOYEES WITHOUT
MANAGEMENT RESPONSIBILITIES

According to the PIE survey about two fifths of the firms reported that employees
with vocational training had increased independence and responsibility, and a sim-
ilar number responded that these employees had experienced increased technical-
professional demands (Reichstein & Vinding, 2002). Both of these tendencies
were found in relation to new product development within the four firms, and the
managers gave also their reasons for moving in this direction. The visits to these
firms gave several examples of how technicians and workers became more involved
in tasks, which previously were handled by the developers themselves or had taken
the form of difficult adjustments between the developers design proposals and pro-
duction peoples’ way of manufacturing the products. These difficulties were based
on lack of efficient communication between the parties of the development process.

6.1. The Role of Technicians and the Integration of Design and Production

In the metal firm and the electronic firm interviews were carried out not only
with development engineers and sales people, but also with a draughtsman, and
people from production layout, production and assembly. The technicians’ role
was traditionally to serve the engineers in their design and construction work by
helping with drawing and testing, but in the investigated firms a change was going
on in the direction of more autonomy for technicians and workers in production
and assembly. This autonomy also meant a responsibility for having cleared the
task with people from production layout and from production.

At the metal firm a machine technician in the development department explained
that she had a certain autonomy regarding her work with the product developers
after having been employed by the firm for some years.

Machine technician: No, I have not been here for long that is I have been here for three years.
Well, the tasks I get change concurrently with that they find out how much you can and what
sort of person you are.. ..
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Interviewer: It is more independent?

Machine technician: Yes, it goes that way, it is quite clear. For example regarding (this product),
well I got permission to start it up. Changes have occurred, but so it is always. . .. Then you
have reviews, and you find out, that there are things which can be made more suitable and so
on, and then you talk about it with those involved, the supervisors in Xsection and so on, and
find out what is most suitable and that is done. Well, there are many things you have to keep an
eye on. The product has to become adjusted so it can be produced in a practical way (E4:2).

This autonomy did not mean — as it is also clear from the quotation — that she
would abstain from taking help from other employees. On the contrary, she used
informal relations to get information from colleagues instead of looking into the
quality handbook because she found it easier that way. She talked with supervisors
as well as workers concerning the transfer of blue prints into guidelines for
production work processes. By such transfer she paid attention to the interests of
both construction and production. She mentioned that welders could for instance
tell her that a certain process might be difficult to carry out. In such a case they
would talk about how to change the drawing to take care both of the production
process and the idea of the new product. She found her conversations with
the other people valuable, because you could not always see from a computer
picture what would be a proper way of arranging the production of the new
product.

Her understanding of the firm as an organization with influential actors and their
various ways of handling the processes gave an important contribution to smooth
the product development.

Her way of filling out her role as technician was seen by the managers as
ideal, but directors of development as well as project leaders had experiences
with employees who were more passive in their behaviour. One problem seemed
to be for technicians to clear their task with people from other departments whereas
they had less problems behaving independently as long as they could confine their
work to their own department.

At the three firms with integrated product development procedures, those
persons who should have the responsibility for a given stage would take part in
the gate meeting held before their own stage. For instance, at the gate between
the business case specification and construction, a technician would be oriented
about work on approaching tests, and at the gate between the prototype and zero
series a technician responsible for layout should start thinking about production
drawings.

Regarding the Dimmer project the technician who was responsible for tests
explained that he had taken part in the gate meeting which was held before the
construction phase. At this meeting he had heard about the project and its specific
importance for his work, cf. the following excerpt from the tape recording.
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Technician: . . . In phase three (the project leader) arranges a M2 meeting. He presents his
specifications of demands for the product (the Dimmer), and he presents diagrams, and
tells a little about how it works. We do not go directly into the tests. Not much because
afterwards we (the technician and the product leader) have a meeting because at the M2
meeting production people and purchase take part also. He presents and goes through the
project, and we hear a little about it. Afterwards we get some diagrams. I go through the
diagrams, and contact the project leader and then we go through the diagram together. He
explains how it works, what it must stand up to, limits, tolerances and such things. And then
I work for myself and try to develop a circuit which can test those things which have to be
tested. And when I have worked upon it for some time, that is to make some diagrams, then
I begin to make some test equipment, some print. And then I get a prototype from the project
leader, so I can run some tests on the test equipment. .. Then the project leader approves it.
And then we go to M3 meeting where it has to be delivered and presented for production
(D2:1).

The technician had primarily used methods he knew from other tasks, but some
new ways of testing had been included. By this work he had drawn upon colleagues
instead of getting stuck in written material. Then a number of tests were carried
through where the developer and the technician in an informal way exchanged
ideas and talked about different solutions. Afterwards he worked on an instruction
for the production people who should control their own work. He made contact
with the production people and discussed their reactions, and the results were
then adjusted to the users and not to those technically oriented. This result was
accepted by the developer who made a report on the meeting regarding tests in the
production of the Dimmer explaining methods and results of the tests. This report
was delivered to the gate meeting held between the construction of prototype and
the stage of zero series.

At one of the interviews with a production technician at the metal firm, the
researchers were given an example of the disagreements which could come to
the fore at the transmission of the new product from design and construction to
production. The people responsible for production layout valued early contact with
the development department. But it happened when the developers were pressed by
their customers, sometimes the developers finished their work without considering
what production might require. The consequence was that the people responsible
for production layout most likely would have to ask for changes in the design. Both
parties experienced such changes as a nuisance. Could they be avoided, it would
save time and interpersonal conflicts. According to a production technician, he and
his colleagues did not always experience a positive dialogue with the developers,
but it depended upon the individual members of the development department. The
production technicians wanted to join the development process at a reasonably
early point of time so they could influence the construction of the new product and
make it tailored to production.
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Interviewer: Is it something you would want (i.e. to be asked in connection with the product
specification).

Production technician: Yes we would want to join as early as possible, because we do not ask
for production experience among our developers, but this is what we have or ought to have,
so we can become active in the process and take care of a smooth process, also when we start
production.

Interviewer: What is your part of the job in more details, in such an engineering section?

Production technician: We get some blueprints on which we specify which operations have to
be done concerning the various components, where to carry them out in the workshop, and we
take care of drawing up the production papers so the flow is in order, so the goods can be moved
on to the next work place (E2:07).

As seen from this quotation the technicians’ viewpoint concerning influence was
also motivated by the fact that it was not a demand when hiring development
people whether they had experiences with production. The recent changes at the
firm meant that the development department in the case of the Automatic Filling
unit had cooperated well with the production technicians.

6.2. The Role of Shop Floor Workers and the Position of Production During
Development Activities

The shop floor workers were in certain respects assisting the developers and
technicians. This was seen by the examples of direct contact between people from
production and assembly and the project leaders and as mentioned above in cases
where the interviewed machine technician was active. Furthermore, the workers
participation in gate meetings had resulted in important contributions regarding
information about production problems in relation to the new products.

At the electronics firm the assembly worker explained that she had taken part in
the gate meeting which finished the construction stage and prepared for the zero
series. She worked with print material, which was at the core of the electronic part
of the Dimmer. The project leader had given her the necessary information and
training with no supervisor between them because she worked in an autonomous
assembly group, which had existed during the past year. When working with the
new print she had discovered space problems and informed the project leader who
had changed the print. She evaluated the relationship with the project leader as
an example of good cooperation because she had received all the information she
wanted, but she was aware of colleagues who had less positive experiences with
other project leaders. She also thought that she had influenced the exchange of
information by showing an interest in her work which furthermore might motivate
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the developer in his work. In the following excerpt from the interview she tells
about her work with the Dimmer.

Worker: Yes, it is the first time I work on a zero series. ... And I can only speak positively,
relatively to what I have heard previously from others. They did not get proper information and
such sorts of things.

Interviewer: So you got all the knowledge you needed?
Worker: Simply, all the knowledge I needed.

Interviewer: Have you yourself taken part in influencing the knowledge, have you yourself
asked which sort of knowledge you needed?

Worker: Yes, I think so. Also because I have taken a strong interest. I like new things. It may
also influence (the project leader). She really takes interest in her work. I think this means a lot
(D2).

Regarding the tests, she kept in touch with the technician responsible for this part
of the development. During the production stage she taught her colleagues to carry
out the work on the new product.

Generally the electronics firm was introducing organizational changes, which
meant that the skilled workers would become involved in the development process
at an earlier time than previously. Instead of production workers taking part only
in the gate meeting held before the zero series, the management had realised that
the workers ought to join the gate meeting held before or during the construction
stage. In this way they could influence the tests for the control of the product and
take part in updating test equipment. This would also increase their competence in
relation to production and make it easier for them to give feedback to the engineers.

As already mentioned dissonance between development, production layout, and
production sometimes stems from time pressure and traditional working methods,
and now developers’ failure to inform properly has also been mentioned. Another
fact is the differencies in the ways that the construction staff and production
staff have of defining what the necessary tasks are for making a new product.
One was the logical relationships when drawing and designing a new product,
another was the convenient steps to be followed to produce it. As mentioned
above, this was touched upon in the interview with the machine technician who
talked about the difference between her display and the welders point of view. The
problem was spelt out much more clearly in another interview at the metal firm as
seen from the following observation.

The same day as the researchers visited the metal firm for the second time the
production technicians had been shown the documentation of the new Automatic
Filling unit and had talked with the project leader about its production. One of
the technicians explained that this conversation meant that he and the project
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leader had agreed upon how the work had to be carried out so production could
produce the designed product without going back to the project leader to ask
for changes. The task of the production technicians was to locate the work at
the different work stations and prepare production drawings so the production
flow became optimal. Due to this procedure production technicians looking at
the requirements of the production workers, might arrange a work flow which
differed from the flow expected by the product developers. The technicians and
the production workers were interested in creating work tasks of some magnitude
and representing an overall solution. Therefore, the technicians would combine
a number of the developers’ drawings and make one task out of them instead of
several smaller ones. This gave the workers a more meaningful task and increased
their understanding of quality as they would themselves control the task. Such
a layout also decreased the movement of the product between work stations and
thus reduced production costs according to what the technician explained. When
the task was divided in smaller sub-tasks without control of these sub-tasks the
result could be that problems were sent from one work station to the next. It was
his opinion that time had run out for this sort of division of work. On the other
hand, the technician was aware of the fact that combining the developers’ drawings
meant that some sub-products were missing which the development department
reckoned existed. The technicians talked about phantom products’ in such cases
because they were found in the drawings but did not exist in production; they had
to be produced if someone asked for them.

Another matter which could cause disagreement between the metal firm’s
production technicians and the developers was the use of components. The
technicians wanted the developers to chose standard components that were quick
and easy to get, so production was not delayed, whereas the developers thought
more freely about the use of alternative materials and did not look into whether they
were easy to get or not. Yet, an interview with the purchasing manager gave the
impression that good communication between him and the developers in general
solved the problem as people often were in mutual contact due to the relatively
small size of this company.

7. CONCLUSIONS

This chapter has focused upon the firms’ efforts to achieve a more satisfactory
product innovation by integrated product development activities. We have
explained their experiences concerning eight concrete product development
projects and the new structures and processes related to the implementation of
integrative product development. The aim has been to reach an understanding
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of the actors’ attitudes and behaviour in connection with this integration and
related changes of activities and structures. The presentation has been concentrated
around

* aim and organization of the integration of business functions.
* experiences with the stage-gate procedure and the use of documentation.
* the role of employees without management responsibilities.

As a conclusion the results will be summarized in an organizational paradigm the
elements of which comprise: (1) Actors, their qualifications and commitment; (2)
Attitudes; (3) Processes; (4) Structure; (5) External relations; and (6) Renewal.
Each of these elements is characterized by promoting and hampering traits of
importance for the change towards an integrated product development. The
comments to this paradigm will include some results known from the organiza-
tional literature on product development. Table 1 gives an overview of relevant
traits.

The results have to be understood within the limitations which have
characterized the selected cases, cf. section on the data. Important conditions
comprised the size of the firms and their flat hierarchical organization which
made it relatively easy to communicate across hierarchical levels and between
employees in general. Yet, this general situation did not prohibit some barriers
regarding communication.

7.1. Actors, Qualifications and Attitudes

The management of the visited firms had the experience that a more satisfactory
product development process had to build upon priority to the market and its
customers rather than technological fixation. In this matter, the management was in
accordance with Cooper’s (1993) recommendation that a strong market orientation
was critical to success. In this connection, it was positive to product development
along these lines that the top management saw to it that they acquired qualified
managers of development, and those managers selected project leaders who had an
understanding for the market orientation and an integrated product development.
The central role of the project leaders during project development and their
characteristics of power and vision are underlined by Brown and Eisenhardt (1995).
It was also such characteristics which the interviewed managers of development
expressed.

It was negative for the orientation towards the market and the customers,
that some engineers lacked such an understanding and were more interested in
technological questions. The management valued their ability for solving technical
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Table 1. Overview of Promoting and Hampering Traits when Changing
Towards an Integrated Product Development Process Oriented Towards the
Market and a Focussed Development Organization.

Element

Promoting Traits

Hampering Traits

Actors, their qualifications
and commitment

Attitudes

Processes

Structure

External relations

Renewal

Qualified management (board,
directors, managers of functions)
Committee for product development
Manager of development

Product development leader

Active technicians and production
people

Selected customers

Other relevant external

partners

Market orientation

Exploitation of knowledge

Promoting and using human resources
Balance between autonomy and
control

Climate of trust and openness

Communcation, cross-functional
Knowledge diffusion
Cooperation

Procedures for integrated product
development (stage-gate model)

Fieldtest by customers
Cooperation with suppliers and
knowledge organizations

Strengthening of the actors’
qualifications and other promoting
traits

Lack of qualifications
regarding crossing
understanding and group
work

Keeping to a technological
orientation

Keeping to traditional work
roles and methods
Orientation towards one’s
own section

Slow learning processes
Planning failure

Segmented organization

Delivery failures

Reduction of hampering
traits

Note: This overview presents a summary of the presentation in the previous sections of this chapter.
Not all of the traits are discussed in this concluding section.

problems, but regretted their poor understanding regarding the learning about the
market and their customers. As mentioned in the section on the role of the project
leader, the management recognized the dilemma between the developers’ wish for
autonomy and the leaderships’ wish for control with the product development
activities. It will be remembered that this dilemma was one of the tensions
Dougherty (1996) also found in research on large, complex organizations. The
results from the four visited firms show that the management expressed an
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attitude similar to “subtle control” and acted according to this recommendation by
balancing control and autonomy.

Another central group whose qualifications did not always meet to the standard
of the integrative model were the sales people. It seems natural that the sales
people could have difficulties understanding technical problems unless they had
an education as engineer or technician. Similarly development people might lack
an understanding for the sales and marketing function. The education of these
occupations will not usually promote an understanding of the different functions
and their interrelationships. Among the examples of lacking qualifications, were
also seen poor behaviour in relation to effective group work and proactive
participation in cross-functional meetings.

7.2. Structures and Processes

The development model of the stage-gate type meant that the firms in a far
better way could utilize the knowledge which was distributed among the various
business functions. This was made possible by the cross-functional communication
processes. The project leaders have consciously promoted cooperation across jobs,
divisions, and functions. This happened inter alia by the composition of work
groups and by consulting technicians and workers instead of managing by directing
people. These structures and processes have been to the advantage of a smooth
product development process and a better working environment. A comparison
with Jassawalla and Sashittal (2000) is relevant here. They declared that it was
not enough to introduce cross-functional groups because the development of new
products demanded a social climate of trust and openness and acceptance of risks.
Therefore project leaders responsible for new product development should create
commitment, rich information exchange and qualified interaction and learning.
The conclusion with respect to the project leaders of the visited Danish firms is
that these leaders worked along the lines suggested by Jassawalla and Sashittal.

The wish from the management concerning more cross-functional communica-
tion and a broader definition of the work role was met by resistance among some
employees because they wanted to keep to their traditional role. With regard to
the jobs of technicians and workers, the management’s wish was based on the
new possibilities of combining work tasks provided by new technology. But it
was also connected to a change in the work role of the engineers giving them
more creative tasks which implied that technicians and workers had to take over
more responsibility. The resistance was partly motivated by the unknown risks
connected to more responsibility and partly to lack of qualifications not only in a
narrow occupational sense but also regarding broader social interaction.
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Among the hampering traits concerning a more satisfactory product develop-
ment process were found slow learning processes as seen for example in connection
with gate meetings. The managers of product development worked hard on this
problem but nevertheless the manager at the electronics firm reported that even after
three years with integrated product development procedures they were not fully
implemented. The direction of the development was correct with more integration,
and deviations were followed up by reminders regarding the arrangement of
gate meetings and the writing of satisfactory documentation about the product
development activities. In this connection, be referred to O’Connor (1994) who
estimated the time frame for full implementation of a stage-gate model to five years.

The integrative product development processes concerning the single product
were dependent upon other new product development initiatives and the planning
of the running production, marketing and sales. Here the PIE investigation showed a
set of barriers related to planning problems. They comprised fast and unpredictable
changes of resources attached to a given project. It meant that cross-functional
communication was reduced due to lack of manpower and some tasks had to be
changed in respect of less resources. The effectiveness of the new pattern depended
upon the fulfilment of broader task responsibility among the actors staying with the
task. In case of pressure from the next work stations or emergency situations, the
product development process would be speeded up by omitting a gate meeting.
The result could be poor coordination between construction and production. In this
connection it is relevant to refer to Van de Ven and associates (1999). From their
large investigation of innovation they pointed out that the people working on new
products were “fluidly engaging and disengaging over time in a variety of roles.”
The planning problems of the four Danish firms gave similar examples although to
a lesser degree. Another observation by Van de Ven and associates (1999) referred
to the product development process where they had found processes which moved
“from simple to many divergents, parallel and convergent paths; some related,
others not.” The PIE researchers did not get such an impression from their visits. But
the managers and developers could tell about conditions similar to the American
experiences prior to the change towards integrated product development. Those
responsible for product development would keep the product development away
from going off on a tangent by the help of the integrated procedure and a product
development based on a relatively detailed business specification.

7.3. External Relations

The product development process was promoted by a number of external contacts.
This issue is more thoroughly treated in Chapter 6 on “The organization of actors’
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learning in connection with new product development.” Field tests were carried
out by customers. In this way information was gathered which could be used
for improvements of the new product before it was finally launched. Through
suppliers, the firms received ideas for alternative ways of designing and producing
the product. Consultants contributed to the organization of team work and design.
Technological institutes and universities gave access to relevant test equipment.
The various contacts showed some stability, but the four visited firms did not dis-
close a differentiation of roles concerning the external contacts, for example as gate
keeper, as was found in other research (Brown & Eisenhardt, 1995). The reason is,
atleast partly, the smaller size of the investigated firms and less weight put on teams.

The product development was in some instances hampered by the behavior of
suppliers due to unsatisfactory quality, or breaking of time limits. A part of these
hampering traits can be explained by lack of knowledge among the developers
concerning how to make agreements with suppliers.

7.4. Renewal

These documented hindrances for a successful change towards an integrated new
product development process have to a certain extent been met by organizational
renewal measures which were going on, or subject for, considerations during
the PIE investigations. So, the firms did not stick to one model of integrated
new product development. This observation underlines the finding by Davidson
et al. (1999) which showed that success was dependent upon how the process was
adapted to their companies. Their results demonstrated the importance of processes
which provided clarity with regard to action, ownership across functions, top level
responsibility, integration with other business processes and flexible adjustment
to the firms needs. The work with renewal of the integrated product development
procedures in the PIE firms showed top level responsibility for the procedures and
pointed to similar processes as those favoured by Davidson and colleagues (1999).

Concerning some employees’ preference for traditional roles and norms, they
were counteracted by fraining and organizational changes. Regarding such
training both developers and sales people were gathered for seminars. In the
electronics firm the project leaders problem with traditional work habits in relation
to the Dimmer project was met by more detailed production prescriptions and
introducing a coordinator in a middle management position to observe the process.
Concerning the gate meetings it has been mentioned how the project leaders made
their own changes to the official procedures to achieve more interest and activity
from the participants. The preparation for a more active work role among workers
took the form of training in group work.
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The changes mentioned above of renewal were not being seen by the
management as the end of the renewal processes directed towards more efficient
new product development. They had ideas for further improvements. For example
when the PIE projects’ interview phase stopped at the end of 2001 one of the
machine factories’ manager of development was just starting a new project for
training of the developers in cooperation with some other firms. In the electronics
firm some of the workers were expected to fill a more active role regarding
new product development so far as testing was concerned. Regarding planning
problems, the managers of development still worked on a reduction in ongoing
projects. Also, new information and communication technology was getting a
larger role even though one of the managers of development would not go so far as
controlling the resource distribution between the projects by ICT as such a system
would demand too much manpower to become of any help.

The experiences of the management and non-managing employees of the four
firms have clearly shown how the competitive task of the firms has been met by
a double set of changes to secure competitiveness. Both the development of new
products and the creation of new structures, processes, and relationships in an
interplay with new attitudes and norms have taken place.
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INTERACTION BETWEEN FIRMS AND
KNOWLEDGE INSTITUTIONS

Anker Lund Vinding

ABSTRACT

In this chapter it is argued that firms that interact with knowledge institutions
increase their potential for exploiting knowledge. This is especially the
case if the firms have employees with an academic degree employed.
These employees will contribute to absorptive capacity in the traditional
sense but also to the formation of social capital. Due to prior basic
knowledge and understanding to researchers and scientist, the process of
recognizing, assimilating and applying new knowledge from these institutions
will become easier and hence increase the likelihood of producing more
radical innovations. The estimation of an ordered probit model including
1983 firms from the Danish manufacturing and service industry supports the
hypothesis.

1. INTRODUCTION

The work by Nelson and Winter (1982) was a breakthrough in many ways, e.g. in
terms of understanding the importance of non-codified knowledge in the process
of technological change. Since then, this argument has been further developed as
concepts such as “the knowledge based economy” and “the learning economy” has
gained influence in the economic literature. Shorter product cycles, more uncertain
and fluctuating markets, more intense use of information technology and more
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intense competition characterize such economies. These circumstances enhance
the demand for firms’ ability to change rapidly.

As argued by Lundvall in Chapter 2, we are facing a change towards a more
crucial role for the creation, distribution and use of knowledge and information (see
also Lundvall & Johnson, 1994). Besides growth in the quantity and complexity of
knowledge, processes such as learning, forgetting and diffusion of knowledge are
of growing importance. Thus, the ability continuously to participate in learning
processes and to develop and absorb new knowledge is a crucial element for
firms’ competitiveness. According to Foray and Lundvall (1996), society is moving
towards a networked learning economy where the opportunity and capability to
access and join knowledge — and learning-intensive networks determine the relative
success of individuals and firms.

Interorganizational interaction in innovation processes are also considered
a first-best option, instead of last resort because of firms potential access to
information, resources, markets and technologies. Dodgson (1993) and Schill
(1994) point out that external interaction is well established in innovation strategies
of the firm. This is due to benefits such as increased scale and scope of activities
(Gulati et al., 2000), shared costs and risks (Dickson et al., forthcoming; Teece,
1986), improved ability to deal with complexity, enhanced learning and welfare
effects, flexibility and efficiency and increased speed in the innovation process
(OECD, 2000).

Despite the large amount of literature on the benefits and the extent of
interorganizational interaction, success cannot be taken for granted. The costs
associated with realizing product development collaboration are less frequently
examined. The costs may be quite considerable and not always matched by the
benefits of the collaboration for the overall outcome of the product development
process. One reason why interaction is required is that non-codified knowledge is
an important component in the process of innovation (Dosi, 1988; Pavitt, 1987;
Rosenberg, 1982; Senker, 1995).

In Chapter 7 by Vinding, it was shown that human resources and network
postioning in complete networks are crucial factors for product innovation. In this
chapter the focus is narrowed down to academic labor and to network relationships
to knowledge institutions. We will argue that in order to acquire, transfer and utilize
knowledge, especially non-codified knowledge, from knowledge institutions a
combination of a high level of absorptive capacity (Cohen & Levinthal, 1990) and
strong ties (Granovetter, 1973) are complementary and both factors are important
in the innovation process in terms of innovative outcome since they improve the
learning curve of the firm (Steenhuis & De Bruijn, 2002).

Empirically, this calls for new indicators. A suggestion for an indicator which
incorporates both aspects, concerns a proxy which combines, first, if the firm
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has employed university graduates and secondly, if the firm has developed a
closer relationship with knowledge institutions. In this context the employment
of university graduates may be seen as affecting innovation through three different
mechanisms. First, it may be taken as a measure of absorptive capacity since it is a
proxy for the stock of the knowledge base of the firm. Second, university graduates
have similar relational and cognitive dimensions as employees in knowledge
institutions due reflecting prior basic knowledge and understanding. Finally, a
university-graduated person may be used as a “gatekeeper” who translates and
transmits the information to other individuals inside the organization.

The second variable, i.e. closer relationship to knowledge institutions, may be
assumed to strengthen the relational and cognitive dimensions and hence increase
the probability of successful absorption of non-codified knowledge.

The innovative performance of the firm is tested on the basis of survey data
on organization, employee skills and development of new products, covering
2,007 private firms from the manufacturing, construction and service sector. The
chapter is organized as follows. Section 2 presents the theoretical framework and
hypothesis. Sections 3 and 4 explain the data material and model respectively
where the results are shown in Section 5. Finally, conclusions and implications are
put forward in Section 6.

2. NON-CODIFIED AND DEPENDENT KNOWLEDGE,
TIE STRENGTH AND ABSORPTIVE CAPACITY

The theoretical model takes its departure in the framework by Hansen (1999) who
uses respectively the search and the transfer mechanisms as the two focal points.!
He argues that within organizations weak ties are most effective in research while
strong ties are more effective when it comes to sharing codified and independent
knowledge. Weak ties are assumed to be inefficient when it comes to the transfer
of non-codified and dependent knowledge.

But Hansen does not take into account that innovation is a cumulative activity
(Dosi, 1988; OECD, 1992). He does not include in his model how prior knowledge
of the firm affects the absorption of new knowledge. This is especially important
when the unit of analysis is changed from intra- to interorganizational relations
since prior knowledge has an impact on the ability to assimilate and utilize external
knowledge. Thus, the concept of absorptive capacity has to be taken into account.
Incorporating absorptive capacity in the framework of knowledge complexity and
tie strength affects both the search and the transfer benefits.

As can be seen from Fig. 1, we assume that the search benefits are basically
affected by the strength of ties. As in Hansen, weak ties are assumed to favor search
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High level of absorptive capacity

A
High search benefits, Low search benefits,
Few transfer problems Very few transfer problems
Weak ties > Strong ties
Some search benefits, Very low search benefits,
Many transfer problems Some transfer problems

Low level of absorptive capacity

Fig. 1. Search and Transfer Effects Associated with Four Combinations of Absorptive
Capacity and Tie Strength in the Case of Noncodified and Dependent Knowledge.

compared to strong ties because they open up a wider span of opportunities. When
the other dimension is taken into account, a high level of absorptive capacity favors
search as compared to a low level of absorptive capacity. Organizations with a high
level of prior knowledge know where to search.

In the transfer of noncodified and dependent knowledge absorptive capacity
plays a central role since absorptive capacity facilitates the transfer of knowledge.
A high level of absorptive capacity will make the transferring process easier to
conduct. First, the organization is to a higher degree familiar with the type of
knowledge exchanged, for instance in terms of a higher degree of prior basic
knowledge. Second, the increasing familiarity makes it easier to choose the
right means of exchanging the piece of knowledge and hence to select the most
efficient way.

Organizations with a high level of absorptive capacity will later on be in a better
position to absorb non-codified and dependent knowledge due to advances on the
learning curve of the firm (Steenhuis & De Bruijn, 2002). This is especially the
case if strong ties have been established where reciprocity, larger engagement from
the source and establishment of specific heuristic have taken place. The second
best solution is weak ties combined with a high level of absorptive capacity. The
argument is that even though weak ties are characterized as being infrequent,
distant, without reciprocity and specific heuristic a high level of absorptive capacity
may compensate for the disadvantages. Organizations which for instance have
invested in a high degree of research and development or high degree of highly
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educated employees, do not need the same degree of assistance in assimilating
and interpreting and utilizing the knowledge being transferred compared to
organizations, which have spent less money on R&D and hence having a low
degree of absorptive capacity. This is in line with Carter (1989), Senker (1995)
and Guellec (1996) who argue that educated people are aware of the tacit ability to
acquire and use knowledge. Finally, a low degree of absorptive capacity presents
the most severe transfer problems.? This is especially the case when dealing with
weak ties where the disadvantages mentioned earlier cannot be compensated for,
by the absorptive capacity. The disadvantages become less significant with a low
degree of absorptive capacity and strong ties because strong ties are characterized
by reciprocity, larger engagement from the source and establishment of specific
heuristic, which will be helpful for an organization with a low level of absorptive
capacity.

However, it has to be emphasized that it may be difficult to order the four
combinations with respect to finding best practice of search and transfer effects in
the case of non-codified and dependent knowledge. The purpose is only to illustrate
that when dealing with noncodified and dependent knowledge a complementarity
exists between absorptive capacity and strength of ties with respect to search and
transfer mechanisms. Nevertheless, it may be argued that the two extremes will
result in different innovative capabilities — strong ties and a high level of absorptive
capacity should be to preferable to weak ties and low level of absorptive capacity.
The impact on performance of the other two combinations: weak ties and high level
of absorptive capacity and, respectively, strong ties and low level of absorptive
capacity may be more difficult to predict.

In recent years, knowledge institutions have achieved much attention due to the
large knowledge bases in these institutions. However, knowledge institutions cover
a number of actors who play different roles in the innovation system. One way
is to distinguish between basic, applied and strategic research where universities
mainly carry out basic research. One of their purposes is to codify knowledge in
terms of general theories and models that explain and predict reality. The aim of
applied research is to develop knowledge for a specific purpose.

Sector research institutes, consultancy firms and technological institutes carry
out mainly applied research. However, academic research may also be used as
background knowledge in the sense that published papers are used to screen and
identify new developments or identify researchers with specific expertise. The
limitations of the codified knowledge may then be overcome by personal contact to
the author(s) in order to acquaint oneself with the techniques used or interpretation
of the material contained in the literature — hence access to knowledge of tacit
and non-codified nature is opened up (Pavitt, 1998; Senker, 1995).3 Schibany
and Schartinger (2001) support this argument by emphasising firms’ motives for
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establishing contacts with universities. In 73% of the cases universities capability
to solve problems was rated as important or as very important. In 70% of the cases,
they rated an expected learning process a crucial.

In addition, as argued in Granstrand et al. (1997), product innovations are
increasingly based upon a number a scientific disciplines e.g. computing, materials
and biotechnology. According to Granstrand the motives for the firms to interact
with other firms and institutions are three-fold; “opportunities to introduce new
technologies into products and systems for improved performance and new
functionalities, the continuing relevance of old technologies, and the co-ordination
of innovation and change in core products with complementary changes in the
production system and supply chain” (Granstrand et al., 1997, p. 9). All three
increase the inter-relatedness and the dependency of knowledge.

Following these arguments, knowledge institutions are important contributors of
non-codified and dependent knowledge and non-codified knowledge is moreover
an important component of innovation (Dosi, 1988; Pavitt, 1987; Rosenberg, 1982;
Senker, 1995) and thus, for the performance of the firm (Barney, 1995; Barney &
Link, 1991; Spender, 1996). On this basis I put forward a hypothesis arguing that.

Hypothesis 1. A high level of absorptive capacity and strong ties favor
acquirement and transformation of noncodified and dependent knowledge from
knowledge institutions, thus promoting the product innovative performance of
firms.

The dependency on non codified and dependent knowledge is primarily related
to high-tech industries (Cockburn & Henderson, 1997; Mansfield, 1995; Pavitt,
1984), and for that reason the use of knowledge from these institutions is more or
less a precondition for survival. Low- and medium-tech industries have on the other
hand less frequent interaction with knowledge institutions. However, the level of
sophistication of innovations is increasing, due to a number of scientific disciplines
e.g. computing, materials that are used across industries. This may also be the case
for industries that are characterized as low- or medium-tech. Firms with the aim of
combining existing technologies into new innovation may need information from
external partners. In this respect knowledge institutions may be helpful by proving
knowledge about how to combine existing technologies directly, or they may be
used as marriage brokers to other partners. This leads to the second hypothesis.

Hypothesis 2. The importance of a high level of absorptive capacity and moving
toward strong ties differs among industries with respect to how they influence
innovative performance.

Moreover, it is also a well-known fact that small firms are more dependent
on external resources e.g. lack of technological and related resources that limit
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the potential for finding synergies across technologies. This leads to the third
hypothesis.

Hypothesis 3. The importance of a high level of absorptive capacity and
moving toward strong ties are more important among small firms with respect
to innovative performance.

3. DATA

The data for the analyses is described in Chapter 7, Section 2.

4. MODEL

On the basis of the theoretical and empirical discussion, a model is estimated
in which a firm’s innovation activities is used as a dependent variable, and the
combination of tie strength and nature of knowledge as shown in Fig. 1 and
traditional control variables as independent variables. The basic structure of the
model may be specified as follows:

a :f(Blz+BZq) (D

arepresents the innovative activity of the firm, where z and g are vectors concerning
tie strength/nature of knowledge and other standardized variables used in the
literature explaining the innovative activity of the firms. See Appendix A for
descriptive statistics.

a expresses the innovativeness of the firm on an ordered scale from O to 3. 0
is equal to a non-innovator firm (1163), 1 indicates that the firm has introduced a
product/service in the period of 1998-2000 that is new to the firm (673), 2 indicates
that the firm has introduced an innovation that is new in the Danish context (117),
and, finally, 3 indicates that the firm has introduced an innovation that is new to
the world (54). Thus the dependent variable measures both innovativeness and the
degree of non-imitative innovation.

z can be decomposed into two variables, where the first represents an indicator
combining tie strength and absorptive capacity as shown in Fig. 1.

As argued earlier, one can assume that knowledge institutions (ACAKNOW),
defined as consultants, technical support institutions, or universities, are important
contributors of non-codified and dependent knowledge. At a first consideration it
might be thought that universities are misplaced in this respect since the aim of
universities is to codify knowledge. But the knowledge produced by the universities
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is complex and context dependent and firms need to get access to more than
the codified part of this knowledge. This is why firms need to develop closer
interaction, including personal contacts, in order to acquire the tacit skills and
experiences that underlie published articles.*

In order to test the first hypothesis absorptive capacity is measured as having at
least one employee with an academic degree while having no such employees is
equal to a low level. As mentioned above, the presence of a university graduate
employee plays three roles. First, it reflects the absorptive capacity since it is
a proxy for the stock of the knowledge base of the firm. Second, university
graduates operate and communicate on the basis of similar relational and cognitive
dimensions as employees in knowledge institutions due to their academic training.
Finally, university graduates may be used as a “gatekeeper” who translates the
information to others inside the organization.

In order to measure the strength of ties, the question concerning to what
degree firms have developed a closer relationship with knowledge institutions
is applied. Moving toward strong ties is approximated as having developed a
closer relationship, while firms that have not established a closer relationship with
knowledge institutions are categorized as having weak ties. Thus, the two variables
make it possible to locate each firm in one of the four quadrants in Fig. 1.

Table 1 shows the distribution for the four types of absorptive capacity and
strength of ties presented in Fig. 1 for knowledge institutions and universities and

Table 1. Distribution of the Four Types of Absorptive Capacity and Strength of
Ties with Knowledge Institutions, Weighted.

Low/ Low/ High/ High/ N
Weak (%) Strong (%) Weak (%) Strong (%)
Size
less than 50 49 23 18 11 1330
50 and more 25 10 33 33 677
Sectors
Supplier dominated 40 19 25 16 248
Scale intensive 30 24 22 23 256
Specialised suppliers 25 13 29 33 143
Science based 17 14 26 43 56
Crafts 63 22 11 5 317
Wholesale trade 39 17 27 16 349
Specialised services 58 21 12 8 330
Scale intensive services 54 22 20 4 87
ICT intensive services 6 5 44 45 197

Note: Absorptive capacity and strength of ties — Knowledge institutions.
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technological institutes with respect to size and industry. For both firm size and
industry large differences exist. It is not surprising that large firms and firms in
the manufacturing industry and ICT intensive services have the highest percentage
regarding high level of absorptive capacity and strong ties.

The second variable in z represents development of closer relationships to
partners in the value chain LINK. Edquist (1997), Meeus et al. (2001) and (Tether,
2002) point out that knowledge institutions can be recognized as interfacing
units that link innovating firms to external actors and facilitate information and
technology transfer as well as technological collaboration. In addition, Kaufmann
and Todtling (2001) emphasize the importance of complete networks in developing
radical innovations whereas customers in particular are involved in developing
incremental improvements. LINK can take three forms: having established a closer
relationship with none of the actors in the value chain (0); either one of the actors in
the value chain (1); and finally established a closer relationship with both suppliers
and customers (2).

q represents four control variables in the model. First, sectoral affiliation
(SECTOR) where we apply Pavitt’s taxonomy, with four sectors representing the
manufacturing sector while five sectors represent the service firms.> Second, firm
size is taken into account which according to the Schumpeterian hypothesis may
be argued to be positively correlated with innovative activity due to the existence
of R&D departments (Brouwer & Kleinknecht, 1996).6

The third control variable expresses competitive pressure of the firm. In the
literature contradictory results exist concerning the level of competition e.g.
Arvanitis and Hollenstein (1996) versus Geroski (1990). However, the variable
is measured in a slightly different way. Instead of the level of competition, the
firms are asked to rate the change in the level of competitive pressure within the
period. Finally, the study controls for whether or not the firm is a subsidiary of a
larger firm — SUBSID. Again, contradictory results exist. However the most recent
studies tend to show a positive relationship due to arguments that subsidiary firms
have access to the parent firm’s larger resource base and thus benefits in terms of
innovative activity.

S. RESULTS
5.1. All Firms
As mentioned previously, the dependent variable takes on four discrete ordered

values. Hence, an ordered probit model is applied and maximum likelihood is the
method used as the means of estimation.



Table 2. Ordered Probit Estimation of Innovative Performance, Absorptive Capacity and Strength of Ties with

Knowledge Institutions, Weighted.

Variables Model 1 Model IT
Marginal Effects Marginal Effects
Coef. Std. None New New New Coef. Std.  None New New New
Err. to Firm in DK to World Err. to Firm  in DK to World
Intercept —0.845 0.054 0.329 —-0.218 —0.073 —0.039 —0.560 0.084 0.218 —0.149 —-0.046 —0.023
ACAKNOW - relative absorptive capacity
High absorptive capacity 0.730"" 0.072 —0.284 0.188  0.063  0.034 0.602" 0.077 —0.234 0.160 0.050 0.024
and strong ties
High absorptive capacity 0.453™ 0.062 —0.177 0.117  0.039  0.021 0.344™ 0.070 —0.134  0.091 0.029 0.014
and weak ties
Low absorptive capacity 0.209™ 0.063 —0.082 0.054 0.018 0.010 0.166™ 0.063 —0.065 0.044 0.014 0.007
and strong ties
Low absorptive capacity Benchmark Benchmark Benchmark Benchmark
and weak ties
LINK - closer relat. With vertical actors
Both suppliers/customers 0.278" 0.064 —0.109 0.072  0.024 0.013 0.234™ 0.065 —0.091 0.062 0.020 0.010
Either 0.320”" 0.056 —0.125 0.083  0.028 0.015 0.293™ 0.056 —0.114 0.078  0.024  0.012
suppliers/customers
None Benchmark Benchmark Benchmark Benchmark
SUBSID - belonging to a sub. firm, binary
Yes 0.192" 0.049 —0.075 0.050  0.017  0.009 0.174™ 0.049 —0.068 0.046 0.015 0.007
COMP - experi. Increased comp., binary
Yes 0.109° 0.052 —0.0433  0.028 0.009 0.005 0.135  0.054 —0.053 0.036 0.011 0.005
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Table 2. (Continued)

Variables Model I Model II
Marginal Effects Marginal Effects
Coef. Std.  None New New New Coef. Std.  None New New New
Err. to Firm in DK to World Err. to Firm in DK to World

SIZE - size of the firm
>50 0.189™ 0.067 —0.074 0.049 0.016  0.009
25-50 0.020 0.055 —0.008 0.005 0.002 0.001
<25 Benchmark Benchmark

SECTORS
Supplier—dominated 0.086 0.094 —-0.034 0.023 0.007 0.004
Scale intensive 0.030 0.088 —0.012 0.008 0.003 0.001
Specialised suppliers 0.335" 0.097 —0.130 0.089 0.028 0.014
Science based 0.185 0.171 —-0.072 0.049 0.015 0.008
Crafts —0.591"" 0.109  0.230 —0.157 —0.049 —0.024
Wholesale trade —0.083 0.092 0.032 —-0.022 —-0.007 —0.003
Specialised services —0.421" 0.093 0.164 —0.112 —0.035 —0.017
Scale intensive services —0.448™ 0.155 0.174 —0.119 —0.037 —0.018
ICT intensive services Benchmark Benchmark

N 1983 1983

% of correct predictions 59 60

Log likelihood —1782 —1741

Restricted log likelihood —1943 —1943

Likelihood ratio test 3222 403.6

Notes: Thereisno serious sign of multicollinearity between the independent variables. The multicollinearity is estimated by using the predicted probabilities
of the dependent variable. These predicted values are then used to contruct a weight variable which are applied in a weighted least squares regression.
A tolerance is computed by regressing each variable on all the other explanatory variables.

*significance at 5% level.

**significance at 1% level.
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In Table 2 the estimations of Eq. (1) are reported for knowledge institutions. For
both models the first hypothesis is supported. High level of absorptive capacity
and moving toward strong ties seem to benefit acquirement and transformation of
noncodified and dependent knowledge from knowledge institutions in the sense
that these firms besides promoting the ability to innovate also reduces the degree
of imitation, as illustrated by the marginal effects. However, the magnitude of the
effect becomes smaller the less imitative the innovation is.

The LINK variable shows a significant relationship for both models and tells us
that firms that have developed a closer relationship with suppliers and/or customers
are better suited to deal with more complex and hence less imitative innovations.

Most of the four control variables in the two models are significant. The degree
of increased competition (COMP) shows the right sign and is significant for both
models in Table 2. Firms, who claims to be, exposed to increased competition are,
ceteris paribus, more likely to innovate, which is in line with Geroski (1990).

Subsidiary firm (SUBSID) show significant results for both models. Subsidiary
firms are hence more likely to increase innovative performance presumably due to
access to the larger resource base of the parent firm.

The size variable is significant showing that firms with more than 50 employees
are more likely to produce less imitative innovations compared to firms with less
than 25 employees. A probable reason is that larger firms can more easily devote
resources to the innovation process.

Finally, the sector variable shows that crafts, specialized services and scale
intensive services innovate significantly less than the benchmark category ICT
intensive services. On the other hand, firms characterized as specialized suppliers
are more likely to develop “true” innovations.

5.2. Sectoral Estimations

Table 3 shows the estimations of Eq. (1) for each of the nine sectors in relation to
knowledge institutions. In the sector estimations, the dependent variable takes on
a binary value yes/no to the innovation question since some of the sectors have a
limited number of observations.

As can be seen from the estimations in Table 3, the second hypothesis is
supported in the sense that high levels of absorptive capacity and moving toward
strong ties (ACAKNOW) differ among industries. The results for high-tech firms
show insignificant estimates where-as for significant estimates are found for low-
and medium-tech firms. Absorptive capacity and tie strength does to a varying
degree have an influence on the more low-tech oriented sectors whereas science-
based and ICT intensive sectors show insignificant results. A hypothesis might be



Table 3. Probit Model of the Ability to Innovate Yes/No, Absorptive Capacity and Strength of Ties with Knowledge
Institutions, Weighted.
Variables Supplier Dominated Scale Intensive Specialized Suppliers Science Based
Coef. Std. Mar. Coef. Std. Mar. Coef. Std. Mar. Coef. Std. Mar.
Err. Eff. Err. Eff. Err. Eff. Err. Eff.
Intercept —0.343  0.231 —-0.135 —-0.560 0.234 —-0.223 —-0.412 0.378 —0.155 —-0.498 1.101 —-0.221

ACAKNOW - relative absorptive capacity

High absorptive capaciy 0.514" 0268 0203 0.553" 0238 0221 0.824™ 0305 0311 —1386 0.764 —0.564
and strong ties

High absorptive capaciy 0.452° 0226 0.178 0266 0236  0.106 1.079" 0308  0.407 —1.309 0911 —0.580
and weak ties

Low absorptive capaciy 0.182 0232 0072 0219 0228 0.087 0.122 0369 0046 —1.348 0.785 —0.597
and strong ties

Low absorptive capaciy Benchmark Benchmark Benchmark Benchmark

and weak ties

LINK - closer relat. With vertical actors
Both suppliers/customers 0.310 0.225 0.122 0.356  0.222 0.142 0.555 0.303 0.209 0.970"  0.499 0.430

Either 0.128 0.196 0.051 0.398" 0.189 0.159 0.008 0.255 0.003 1.462"  0.589 0.648
suppliers/customers
None Benchmark Benchmark Benchmark Benchmark

SUBSID - belonging to a sub. Firm, binary

Yes

0.143  0.167 0.056 0207 0.174  0.083 0.172 0235 0.065 0.825 0.475 0.366

COMP - experi. Increased comp., binary

Yes

-0.012  0.173 —-0.005 0.280 0.180  0.112  0.243 0253  0.091 -0.357 0.390 -0.158
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(Continued )

Variables Supplier Dominated Scale Intensive Specialized Suppliers Science Based
Coef. Std. Std. Mar. Coef. Std. Mar. Coef. Std. Mar.
Err. Err. Eff. Err. Eff. Err. Eff.
SIZE - size of the firm
>50 0.263 0.245 0.227 —-0.001 -0.189 0.370 —-0.071 0972 1.141 0.431
25-50 —-0.079 0.236 —-0.159 0224 -0.064 —-0.206 0.351 —0.078 0.015 1.087 0.007
<25 Benchmark Benchmark Benchmark Benchmark
N 241 255 157 73
% of correct predictions 58 62 69 71
Log likelihood —157 —165 -90 =35
Restricted log likelihood —164 —177 —102 —48
Likelihood ratio test 13.2 21.3 243 252

Notes: There is no serious sign of multicollinearity between the independent variables. The multicollinearity is estimated by using the predicted
probabilities of the dependent variable. These predicted values are then used to contruct a weight variable which are applied in a weighted
least squares regression. A tolerance is computed by regressing each variable on all the other explanatory variables.

*significance at 5% level.
**significance at 1% level.
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that a high capacity of receiving knowledge was already reached for knowledge
intensive firms. For these firms an improvement will only have marginal effect.
They have learnt to become similar to knowledge institutions in cognitive and
relational dimensions, since they have to work closely together with these partners
just in order to survive.

Instead, these firms may experience other problems in terms of finding the right
and qualified person for fulfilling the task of the firm. On the other hand, the results
suggest that low- and medium-tech firms may achieve major innovative benefits if
they have graduates employed while at the same time establish closer relationships
with knowledge institutions. Hence, developing their social capital to knowledge
institutions may become a competitive strength. Moreover, since the frequency of
firms fulfilling these conditions is small, a large potential exists.

For developments of a closer relationship with actors in the value chain (LINK)
significant estimates are found in the scale intensive, craft and specialized services
for either suppliers/customers, whereas science-based sector experience significant
estimates for both categories.

5.3. Size Estimations

Table 4 shows the estimations for two size categories, less than and more than 50
employees.’” It is well-known that small firms are less likely to have employed
graduates from universities and it is also less likely that they have developed
close relationship with knowledge institutions. But for those who do move in
these directions, the impact on performance is strong and clear. For knowledge
institutions, large and small firms represented with a high level of absorptive
capacity and strong ties have the same marginal effect for the ability of no
innovation compared to the benchmark category. However, small firms with a
high level of absorptive capacity and strong ties, show more than three times the
likelihood to develop products, which are new in a Danish context and new to the
world compared to large firms in the same situation.

This indicates that those small firms which are capable of fulfilling these
requirements are in a better position not just to innovate, but also to produce less
imitative product innovations. These results support the argument that academic
research is a semi-public good, it is easy to transmit, but far from a free good. Firms
have to invest in-house, both in human resources and in closer relationships, in
order to search for and transfer research of this kind. However, since only 11% of
these firms are categorized as having a high level of absorptive capacity and strong
ties with knowledge institutions (see Table 1), there may be a large unexploited
potential.



Table 4. Ordered Probit Estimation of Innovative Performance, Absorptive Capacity and Strength of Ties with
Knowledge Institutions, Weighted.

Variabless Less Than 50 Employees More Than 50 Employees
Marginal Effects Marginal Effects
Coef. Std.  None New New New Coef. Std.  None New New New
Err. toFirm inDK to World Err. toFirm inDK to World
Intercept —0.409 0.157 0.163 —0.091 —-0.046 —0.026 —0.571 0.112 0.210 —0.155 —0.038 —0.018
ACAKNOW - relative absorptive capacity
High absorptive capaciy 0.529™ 0.107 —0.211  0.117 0.060  0.033 0.579 0.118 —0214 0.158 0.038 0.018
and strong ties
High absorptive capaciy 0.252" 0.103 —0.100 0.056 0.029 0.016 0.358™ 0.101 —0.132  0.098 0.024 0.011
and weak ties
Low absorptive capaciy 0.164  0.129 —0.065 0.036  0.019 0.010 0.177° 0.082 —0.065 0.048 0.012  0.005
and strong ties
Low absorptive capaciy Benchmark Benchmark Benchmark Benchmark

and weak ties

LINK - closer relat. With vertical actors
Both suppliers/customers 0.377" 0.103 —0.150 0.084 0.043 0.024 0.117  0.090 —0.043 0.032 0.008 0.004

Either 0.118  0.087 —-0.047 0.026 0.013  0.007 0.388™ 0.077 —0.143  0.106 0.026 0.012
suppliers/customers
None Benchmark Benchmark Benchmark Benchmark

SUBSID - belonging to a sub. firm, binary
Yes 0.162° 0.080 —0.065 0.036 0.018 0.010 0.166" 0.067 —0.062 0.045 0.011  0.005

COMP - experi. Increased comp., binary
Yes -0.026  0.079 0.010 —-0.006 —0.003 —0.002 0.246™ 0.077 —0.091 0.067 0.016 0.008
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SECTORS
Supplier—-dominated 0.318"  0.149 —0.127  0.071 0.036  0.020 —0.107 0.132  0.040 —-0.029 -0.007 —0.003
Scale intensive 0.021 0.145 —0.008  0.005 0.002  0.001 0.003 0.122 —0.001 0.001 0.000  0.000
Specialised suppliers 0.397° 0.184 —0.158  0.088 0.045 0.025 0.283" 0.127 —-0.104  0.077 0.019 0.009
Science based 0.346 0.194 —-0.138  0.077 0.039  0.022 —-0.075 0340 0.028 —0.020 —0.005 —0.002
Crafts —0.563 0.196 0224 —0.125 —0.064 —0.035 —0.624" 0.145 0.230 —0.170 —0.041 —0.019
Wholesale trade —0.019 0.145 0.008 —0.004 —0.002 -0.001 —0.145 0.129 0.053 —-0.039 -0.010 —0.004
Specialised services —0.258 0.164  0.103 —0.057 —0.029 —0.016 —0.539" 0.126  0.199 —0.147 —0.035 —0.017
Scale intensive services —0.175 0204 0.069 —0.039 —0.020 —0.011 —0.682" 0.248 0.251 —-0.186 —0.045 —0.021
ICT intensive services Benchmark Benchmark Benchmark Benchmark

N 836 1171

% of correct predictions 53 66

Log likelihood —823 —-927

Restricted log lokelihood —887 —1024

Likelihodd ratio test 127.4 195.2

Notes: There is no serious sign of multicollinearity between the independent variables. The multicollinearity is estimated by using the predicted
probabilities of the dependent variable. These predicted values are then used to contruct a weight variable which are applied in a weighted
least squares regression. A tolerance is computed by regressing each variable on all the other explanatory variables.

*significance at 5% level.

**significance at 1% level.
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The same kind of argument goes for firms that have developed a closer
relationship to actors in the value chain. Small firms that have developed a closer
relationship with actors in the value chain are more likely to develop products new
in the Danish context and new to the world as compared to large firms in the same
situation. The hypothesis that more radical innovations require interaction with
suppliers, customers and knowledge institutions is especially supported for small
firms. Moreover, the hypothesis that small firms to a higher degree are dependent
on external interaction in development of product innovation is supported as
well. On the other hand, large firms have significant estimates concerning closer
relationships with either customers or suppliers and not both of them.

For both types of sizes belonging to a subsidiary firm is conducive for innovation
whereas experienced competition only promotes the innovative performance for
large firm.

6. CONCLUSIONS

In the knowledge-based economy knowledge is recognized as being the
most important resource for the competitiveness of the firm. Some of the most
important carriers of knowledge are consultants, universities and technical support
institutions. Much of the knowledge in these institutions is noncodified and
dependent — a type of knowledge that is of crucial importance for the development
of product innovations. In order to capture this kind of knowledge the search and
transfer mechanisms are essential for the firm. In this chapter, I have argued that
the proposed definition of absorptive capacity, measured as having at least one
graduated person employed as well as development of a closer relationship, has
an influence on the search and transfer mechanisms. A theoretical model was
developed where a high level of absorptive capacity and moving toward strong
ties to knowledge institutions promote the search and transfer mechanisms which
then will benefit the innovative performance of the firm, while a low level of
absorptive capacity and moving toward weak ties were expected to be the least
beneficial.

The estimation of an ordered probit model including 1983 firms from the Danish
manufacturing and service industry support the hypothesis. Thus, moving towards
strong ties to knowledge institutions and having a high level of absorptive capacity
seems to benefit acquirement and transformation of noncodified and dependent
knowledge from knowledge institutions. Firms that fulfil the two requirements
increase not just the ability to innovate but reduce also the degree of innovative
imitation.
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Moreover, sectoral estimations do not support the hypothesis that high-tech
firms are more dependent on noncodified and dependent knowledge than low- and
medium-tech firms. On the contrary, absorptive capacity and the strength of ties
seem more or less to have its major influence among the low-tech oriented sectors
whereas science-based and ICT intensive sectors show insignificant results. Given
the fact that the frequency of interaction with knowledge institutions and the degree
of absorptive capacity is relatively low for the low- and medium- tech sectors, one
could put forward the hypothesis that there is a large potential to be gained for
firms that invest in absorptive capacity and develop stronger ties to knowledge
institutions, in the sense that they will be capable of producing less imitative
product innovations. This argument may be strengthened due to the recognition
that some technologies seem to be used across industries e.g. computing, bio-
technologies and materials which increases the level of sophistication in new
products/services. In this respect, knowledge institutions may be helpful in guiding
firms that want to combine existing technologies into new ones.

The same argument is valid for small firms.® It is a well-known fact that small
firms rarely have employees with university degree nor have developed closer
relationships with knowledge institutions in particular. But, those who are capable
of fulfilling these requirements are in a better position not just to innovate, but also
to produce less imitative product innovations.

The complementarity indicates that the argument that academic research is a
public good in being a free good, easy to transmit is incorrect. Firms have to invest
in-house, in human resources and in building closer relationships, in order to search
and transfer research of this kind.

However, the measurement of absorptive capacity may to some extent be
misplaced. The distinction between high and low is based on having at least one
employee with an academic degree versus having none. Indicators which to a larger
extent take into account the stock or change of knowledge base in the firm would be
more appropriate. For instance the stock of employees having a university degree
or R&D expenditure.

Despite problems of measuring absorptive capacity, the results bear evidence to
support policies in promoting interaction between firms and knowledge institutions
in general. To be more specific, policies supporting interaction like center contracts,
innovation incubators and science parks, and at the individual level mobility
programs, where the latter seem to be particular interesting.

Given the results in this chapter for small and low- and medium-tech sectors,
public subsidies to those firms, which for the first time hire graduates, should
be taken up for further discussion (isbryderordningen). Employing university
graduates will besides upgrading the skills of the firm, and thus increase the
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absorptive capacity, also increase the likelihood that the firm will establish a closer
relationship with knowledge institutions towards strong ties which might benefit
the firm in the long run. In this case universities contribute to the process of product
innovations in two ways. First, by conducting research which might lead to new
techniques, instruments or knowledge which might be applied in the industry.
Secondly, and probably even more important, to educate graduates and promote
social interaction by establishing personal networks between the graduates which
might increase the interaction between the industry and research institutions as
shown in this chapter.”

NOTES

1. Schibany and Schartinger (2001) emphasise in a survey on interaction between the
university and the business sector that 58% of Austrian firms perceive the lack of information
on the content of university research as a serious barrier to interaction.

2. The argument can actually be traced back to Harary et al. (1965). They point out that
it is only within a certain distance (length of path) that communication will be feasible. If
the distance is too long the cost of transmission will be too high.

3. Based on three technological fields, Senker (1995) found that in biotechnology,
literature was more important than personal contacts while the opposite was the case for
ceramics and computing.

4. Moreover, as can be seen from Appendix A Danish firms are reluctant to interact
with universities and technical support institutions. Only 19% have developed a closer
relationship and we know from another survey carried out in the same period which
distinguish between interaction with technical support institutions and universities that
only 28% of the firms have collaborated with universities. Hence, universities play a minor
role in the estimations. However, a possible explanation for this feature might be found
in differences in institutional set-ups. One of the reasons why firms in Denmark might
not use universities and public research institutions as frequently as collaborating partners
compared to product innovating companies in other countries could be the broad range of
technological services offered by intermediate technological service organizations which
are part of the Danish GTS-system (Approved Technological Service System).

5. The categorization of the service firms is taken from Laursen (2000). For further
details on the categorization, see Appendix B and C.

6. See Cohen (1995) for an empirical review.

7. Due to a larger share of observations in the two categories the dependent variable is
divided in four categories as original, hence an ordered probit model is applied.

8. As mentioned earlier, the sectoral classification applied in this paper, are among other
elements, based on size, so a coincidence will be natural.

9. The results are in line with Schibany and Schartinger (2001) who point out that 64%
of Austrian firms indicate that highly skilled personnel is the most important output from
universities. In addition, more than 50% of the contacts between the university and the
firm were established by graduated students. The same study showed that establishment of
joint research projects may trigger other joint activities between universities and firms, i.e.
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training activities for business people, mobility of university researchers to industry and
business financing of research assistants at university.
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APPENDIX A: VARIABLE DEFINITION AND
DESCRIPTIVE STATISTICS, WEIGHTED
Variable N Percent
Innovative performance 2006 100

Non-innovator 1163 58
Product/service innovation new to the firm 673 34
Product/service innovation new in the Danish context 117 6
Product/service innovation new to the world 54 3
ACAKNOW - Absolute absorptive capacity and strength of 2006 100
ties with knowledge institutions:
High absolute absorptive capacity and moving toward 366 18
strong ties
High absolute absorptive capacity and moving toward 453 23
weak ties
Low absolute absorptive capacity and moving toward 371 18
strong ties
Low absolute absorptive capacity and weak ties 816 41
ACAUNI - Absolute absorptive capacity and strength of ties 2006 100
with universities and technical support institutions only:
High absolute absorptive capacity and moving toward 206 10
strong ties
High absolute absorptive capacity and moving toward 614 31
weak ties
Low absolute absorptive capacity and moving toward 185 9
strong ties
Low absolute absorptive capacity and moving toward 1002 50
weak ties
LINK - Closer relationship with vertical actors 2006 100
Both suppliers/customers 359 18
Either suppliers/customers 578 29
None 1069 53
SUBSID — Belonging to a subsidiary firm, binary 2006 100
Yes 1069 53
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APPENDIX A (Continued)

Variable N Percent
COMP - Experienced increased competition, binary 2006 100
Yes 690 34
SIZE - Size of the firm 2006 100
<25 568 28
25-50 762 38
>50 677 34
SECTOR - See Appendix B for classification 1983 100
Supplier dominated firms 248 13
Scale intensive firms 256 13
Specialised suppliers 143 7
Science-based firms 56 3
Crafts 337 16
Wholesale trade 348 17
Specialised services 330 17
Scale intensive services 87 4
ICT intensive services 197 10

APPENDIX B: SECTORAL CLASSIFICATION

Making use of the SPRU database, Pavitt (1984) developed a taxonomy of sectoral
patterns of innovation based primarily on information about main knowledge inputs
into the innovation processes, requirements of users and means of appropriation.
These characteristics and variations are classified according to four sectors:
Supplier dominated, two kinds of production intensive (scale-intensive and
specialized suppliers) and science-based. Firms in the supplier dominated sector
are traditionally characterized as manufacturing firms that are small in size and
have a low technology orientation. Technological progress is therefore dependent
on external actors such as suppliers of equipment and materials and, in some cases,
large customers and government-financed research and extension services. Firms
in the scale-intensive sector are low-technology oriented as well, but they do have
some in-house development capability. Besides being large in size, those firms
interact primarily with firms in the second part of the production-intensive sector
— specialized suppliers — where the level of technology is higher and the firm
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size is smaller. For specialized suppliers, the pattern of interaction is more based
on the user-producer relationship. In the science-based sector, the main sources
of technology (which is quite high) are in-house development together with the
underlying science developed in universities.

Since the empirical material covers the whole economy, Pavitt’s taxonomy has
to be extended. For this purpose, the categorization in Laursen and Foss (Ahuja,
2000) is applied. In their categorization, five additional sectors were added to
Pavitt’s taxonomy — ICT- (Information and Communication Technology) intensive
services, wholesale trade, scale intensive services, specialized services and crafts.
See Appendix C for a detailed assignment of all industries into the nine sectors.

APPENDIX C

The assignment of industries into nine sectoral categories

No. Industry Sector
1 Production etc. of meat and meat products SCAI
2 Manufacture of dairy products SCAI
3 Manufacture of other food products SCAI
4 Manufacture of beverages SCAI
5 Manufacture of tobacco products SCAI
6 Manufacture of textiles and textile products SDOM
7 Mfr. of wearing apparel; dressing etc. of fur SDOM
8 Mfr. of leather and leather products SDOM
9 Mfr. of wood and wood products SDOM

10 Mfr. of pulp, paper and paper products SDOM

11 Publishing of newspapers SDOM

12 Publishing activities, excl. newspapers SDOM

13 Printing activities etc. SDOM

14 Mft. of refined petroleum products etc. SCAI

15 Mfr. of chemical raw materials SCIB

16 Mfr. of paints, soap, cosmetics, etc. SCAI

17 Mfr. of pharmaceuticals etc. SCIB

18 Mfr. of plastics and synthetic rubber SCAI

19 Mfr. of glass and ceramic goods etc. SDOM

20 Mfr. of cement, bricks, concrete ind. etc. SCAI

21 Mfr. of basic metals SCAI

22 Mfr. Construction materials of metal etc. SCAI
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APPENDIX C (Continued)

No. Industry Sector
23 Mfr. of hand tools, metal packaging etc. SDOM
24 Mfr. of marine engines, compressors etc. SPEC
25 Mfr. of other general purpose machinery SPEC
26 Mfr. of agricultural and forestry machinery SPEC
27 Mfr. of machinery for industries etc. SPEC
28 Mfr. of domestic appliances n.e.c. SCAI
29 Mfr. of office machinery and computers SCIB
30 Mfr. of radio and communication equipment etc. SCIB
31 Mfr. of medical and optical instruments etc. SPEC
32 Building and repairing of ships and boats SCAI
33 Mfr. of transport equipment excl. ships, etc. SCAI
34 Mfr. of furniture SDOM
35 Mfr. of toys, gold and silver articles etc. SDOM
36 General contractors CRAF
37 Bricklaying CRAF
38 Install. of electrical wiring and fittings CRAF
39 Plumbing CRAF
40 Joinery installation CRAF
41 Painting and glazing CRAF
42 Other construction works CRAF
43 Sale of motor vehicles, motorcycles etc. SSER
44 Maintenance and repair of motor vehicles CRAF
45 Service stations SSER
46 Ws. of agricul. Raw materials, live animals WTRA
47 Ws. of food, beverages and tobacco WTRA
48 Ws. of household goods WTRA
49 Ws. of wood and construction materials WTRA
50 Ws. of other raw mat. and semimanufactures WTRA
51 Ws. of machinery, equipment and supplies WTRA
52 Commission trade and other wholesale trade WTRA
53 Re. Sale of food in non-specialised stores SCIS
54 Re. Sale of food in specialised stores SSER
55 Department stores SCIS
56 Retail sale of phar. goods, cosmetic art. etc. SSER
57 Re. Sale of clothing, footwear etc. SSER
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No. Industry Sector
58 Re. Sale of furniture, household appliances SSER
59 Re. Sale in other specialised stores SSER
60 Repair of personal and household goods SSER
61 Hotels etc. SSER
62 Restaurants etc. SSER
63 Transport via railways and buses SCIS
64 Taxi operation and coach services SSER
65 Freight transport by road and via pipelines SSER
66 Water transport SCIS
67 Air transport SCIS
68 Cargo handling, harbours etc.; travel agencies SCIS
69 Monetary intermediation ITIS
70 Other financial intermediation ITIS
71 Insurance and pension funding ITIS
72 Activities auxiliary to financial intermediates ITIS
73 Letting of own property SSER
74 Real estate agents etc. SSER
75 Renting of machinery and equipment etc. SSER
76 Computer and related activity ITIS
77 Research and development ITIS
78 Legal activities ITIS
79 Accounting, book-keeping and auditing activities ITIS
80 Consulting engineers, architects etc. ITIS
81 Advertising ITIS
82 Building-cleaning activities SCIS
83 Other business services ITIS

Note: SCAI = Scale intensive firms; SDOM = Supplier dominated firms; SCIB = Science based

firms; SPEC = Specialised suppliers; CRAF = Crafts; WTRA = Whole sale trade; SSER =
Specialised services; SCIS = Scale intensive services; ITIS = ICT intensive services.
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ABSTRACT

This chapter focuses on public research as one possible external source
of knowledge available for private companies seeking scientific support in
relation to product development projects, and analyses inter-organizational
relations between public research institutions and innovative firms including
enabling conditions for effective knowledge creation in such public-private
interactions. Two case studies of product development projects based on
sensor technology are used to illuminate how innovation is carried out in
such interactions. The chapter concludes with extracting crucial features
for successful public-private collaboration on knowledge creation and
innovation.

1. INTRODUCTION

Economic growth is increasingly connected with the generation and application
of knowledge. This is illustrated by the emergence of a tightly knit relationship
between science, technology and economic performance (OECD, 2000). Efforts
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to promote innovation and knowledge creation have thus gained a central position
at the national as well as the international policy level (OECD, EU) for the last
10-15 years.

The public R&D system is an important part of the framework conditions
for carrying out innovation and creating commercially applicable knowledge.
Mansfield (1998) estimates' that 15% of the new products developed in the period
1986-1994 could not have been developed (at least, without a substantial delay)
in the absence of recent academic research. Moreover, 8% of the new products
were developed with substantial aid from recent academic research. Howells
(2000) argues that a major reason for firms being increasingly reliant on external
knowledge is an increase in the complexity of production. Product-related scientific
problems are becoming more intractable, as is illustrated by the fact that the number
of technologies applied is increasing in many consumer and business products.
Many companies find that they do not possess the necessary scientific resources
to cope with additional burdens and seek external support to overcome their own
technical limitations.

This chapter focuses on public research as one possible external source of
knowledge available for private companies seeking scientific support in product
development projects. But a company cannot simply purchase research results as
an input to a commercial innovation in a linear process of innovation (Mowery &
Ziedonis, 1998). As illustrated by Kline and Rosenberg (1986) through their chain-
linked model of innovation, the involvement of science and research is necessary
throughout the entire process of research-based innovation. This requirement
points towards the importance of inter-organizational relations between public
research institutions and innovative firms in general, and enabling conditions for
effective knowledge creation in public-private collaborations in particular.

Below, the process of knowledge creation in public-private collaborations is
analysed applying two case studies of innovative product applications of sensor
technology. Applying Kline and Rosenberg’s chain linked model of innovation as
the analytical framework the paper focuses particularly on the interplay between
public research institutions and private firms in the process of transforming science
to practical innovation. The paper concludes with identifying a range of crucial
factors for a successful outcome of public-private knowledge collaborations.

This chapter offers a more specific analysis of the interaction between firms and
knowledge institutions as it was analysed in Chapter 11 by Anker Lund Vinding
— here we try to find out what kind of interaction that is characterising different
stages of the innovation process. Compared to most of the other chapters in this
volume, including Chapter 11, the cases refer to collaboration established from
scratch while most of the cases in this book are about interactive learning within
relationships that have been there for some time.
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2. PUBLIC RESEARCH AND PRIVATE
FIRM INNOVATION

Nelson and Winter (1982) discuss why public research exists as opposed to all
R&D activities being carried out on market conditions by private firms. The heart
of the R&D innovation problem is framed by the fact that “reasonable people
will disagree about what technologies will be best when” (Nelson & Winter,
1982, p. 186). Therefore they argue for R&D primarily being conducted by
competitive business firms who make “their own bets” rather than placing R&D
under centralised, public control. But basic research is often taken out of the market
system and conducted at universities, largely funded by government rather than
profit-seeking firms. A major reason for this is that the information needed to guide
basic research decision-making is not located in the operating parts of organizations
that produce goods and services, but rather in the minds and experience of scientists
doing basic research. Opposed to this is the large bulk of R&D directed at advancing
industrial technology, which is dependent on information located in the production
enterprises, and where good R&D decision making involves attending directly to
economic benefits and costs (Nelson & Winter, 1982, pp. 391-392).

The boundaries between basic and applied research are not clear-cut though.
Activities carried out at universities and public research institutes can be highly
relevant for commercially oriented activities in private firms and vice versa. But
knowledge production in universities and public research institutions does not
automatically benefit industry. There will always be a knowledge “spill-over”
from universities to industry through the research-based teaching of students who,
after acquiring their degree, find employment in industry. But disregarding this
and other indirect links between public research and industry, certain constraints
may hamper private access to public research.

Cohen and Levinthal (1990) point to the importance of absorptive capacity for
acquiring external knowledge, i.e. the ability of private firms to utilise public
research results is dependent on the level of prior related knowledge in the
firm. Prior related knowledge builds up the ability to recognise the value of new
information, assimilate it, and apply it for commercial ends (Cohen & Levinthal,
1990, p. 128). This implies that if there is a large gap between the knowledge level in
industry and the public research community, then the possibilities of a knowledge
transfer from the public research community to private firms are limited.

But even if the necessary absorptive capacity exists in industry, other barriers
may hamper the transfer of knowledge between public research and industry.
Among such barriers are considerable differences in organizational set-up in public
research institutions and private firms. In the traditional, linear description of the
innovation process science and research appear only at the beginning of the process.
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In reality matters are more complex, since it is often necessary to draw on research
and the science base, and thus learn and create new knowledge, throughout all
phases of the innovation process. Therefore formal collaboration between public
research units and private firms may turn out to be a precondition for applying
effectively public knowledge in industry-based innovation projects.

As argued by Lundvall (1992a), most forms of learning may be regarded as
interactive processes. The economic structure and the institutional set-up form
the framework for processes of interactive learning, which sometimes result in
innovation. Cultural distance plays an important role, especially for learning
and communication processes involving complex and ever-changing messages.
Whereas Lundvall (1992b) discusses cultural space in relation to nations (as an
argument for the importance of national systems of innovation), we argue here that
cultural distances are also important in relation to different types of organizations.
Public research institutions and private companies function under very different
conditions and with different aims, which result in quite different cultures in the
two types of organizations. Public researchers are primarily driven by an urge to
expand knowledge, as well as an urge to make this knowledge expansion publicly
known through scientific publications. Private companies on the other hand are
driven by the urge to make a profit, which means that any new, commercially
applicable knowledge that the firm develops or acquires should be kept within
the company and far away from competitors. This can result in a clash between
two cultures, which are guided by openness and closeness respectively. As an
illustration of this Hendry et al. (2000) point to problems with confidentiality as
well as a perceived lack of “business-like” approach from academics in firms’
collaboration with universities.?

The nature and extent of a clash between public research and industry cultures
may vary, as the institutional character of universities and the national research cul-
ture varies considerably between nations. Hendry et al. find that the “purist” view
of the academic role is more outspoken in the U.K. than in the U.S. In a comparison
with the U.K. and U.S. systems respectively, the Danish public research system,
which is in focus here, may be characterised as being closest to the U.K. purist view
on the role of academics. In Denmark, however, there are a number of intermediate
institutions that facilitate the knowledge transfer from public research to industry,
as for example the Authorised Technological Service Institutes. Recently, a strong
policy focus on supporting an increased knowledge exchange between public
research and industry has emerged. Universities with specific research aims are
co-funded and co-chaired by industry. Industry engages in research training by
employing industrial Ph.D. students, and public research institutes and industry
engage in joint research projects. In a system of this type, knowledge institutions
considering engaging in research projects with private companies are likely to be
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guided by the possibilities of achieving an academically relevant outcome from
such an engagement. i.e. rather than settling with a pure knowledge transfer from
the research institution to the firm, learning is sought on both sides.

The dynamics of public-private collaborations on knowledge creation and
innovation are analysed within a Kline-Rosenberg setting below, as Kline and
Rosenberg’s chain-linked model of the innovation process stresses that links to
knowledge and research are necessary throughout the entire innovation process.
Furthermore, the model provides a framework for analysing the character of the
links to knowledge and research in different stages of the innovation process.

3. PUBLIC-PRIVATE COLLABORATION IN A
KLINE-ROSENBERG SETTING

Kline and Rosenberg (1986) presented their chain-linked model of the innovation
process as a reaction to the linear model’s description of the innovation process
as smooth and well-behaved. The chain-linked model builds on a perception of
the innovation process as complex, variegated and hard to measure. Whereas
the linear model short-changes the importance of the process of learning
through cumulated experience, the chain-linked model allows for learning through
feedback processes as well as through links between the central innovation process
and knowledge/research.

The chain-linked model describes the innovation process as a series of paths.
The first path is the so-called central chain of innovation, which goes from design
through development and production to marketing, but science is not part of this
path. The second path consists of a series of feedback links, which iterate steps
and send signals back from perceived market needs and users. The third path is the
reason for the name “chain-linked model,” as it links the central chain of innovation
to science. The link to science lies alongside the development process rather than
as an input in the beginning of the process. Further, the use of science occurs in
several stages: when a problem is confronted in technical innovation, attention is
first turned towards known science® and stored knowledge in serial stages. Only
when all stages fail to supply the needed information is attention turned towards
research. The fourth path consists of the rare direct link from research to innovation,
which makes possible radical innovation (e.g. semiconductors, lasers etc.). The
fifth path consists of a feedback from innovation to science (Kline & Rosenberg,
1986, pp. 289-293). Kline and Rosenberg limit these feedbacks to products of
innovation, but in the present context we also include feedbacks related to testing
of technologies, training of junior researchers and, not least, interactive learning
that benefits not only the participating firm but also the research institution.
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Kline and Rosenberg’s model does not explicitly include the importance of
the financial aspect of innovation. Kline and Rosenberg do however point to the
rising development costs of new products, which involve an escalation of the
financial risks associated with innovation and thus pose a threat to an organization’s
capacity to undertake innovation. The aspect of financing innovation cannot be
ignored in an analysis of the process of innovation. We therefore add a sixth and
final path, the financial one, which is crucial to the survival of the innovation
process from the early stages right to the commercialisation of the product. Prior
to the financial input to the project, a process of justification determines the extent
to which the knowledge created is worthwhile for the organization and society
(Nonaka, 1994, p. 26). The justification generally includes cost, profit, and the
degree to which the knowledge/product can contribute to the development of the
firm. Two perspectives may be highlighted: a short-term economic survival or a
long-term, strategic relevance to the firm.

Figure 1 illustrates the flow paths of information and cooperation in the chain-
linked model.

Kline and Rosenberg’s model does not make any assumptions regarding whether
knowledge and research inputs to the innovation process come from within or from
outside the innovating organization. But the model illustrates that a close relation
between the knowledge dimension and the central chain of innovation is necessary.
Thus if the innovation project is carried out in a collaboration between a firm and
an external knowledge institution, then the model underlines that the higher the
degree of learning required for carrying out an innovation project, the higher is the
need for a committed collaboration between the involved partners.

According to Kline and Rosenberg, the need to learn is by definition necessary
in major innovation projects (ibid., p. 297). This learning is associated with the
unknown number of problems associated with product innovation projects, where
each problem is only a step towards the final workable design. Kline and Rosenberg
suggest that preplanning must be focused on goals, rough overall time schedules
and budgets in more radical innovation projects. Further, care must be taken to
reduce uncertainty throughout the innovation process, in particular in the early
stages where the key problem is to stabilise product design and to organise a
stable production and marketing around it. We argue, based on the two cases
analysed below, that this does not only apply to radical innovation projects, but
also to projects aimed at creating product innovations at a less radical scale, at least
when these projects involve collaboration between public and private entities in
a process of adjusting scientific research results to practical product applications.
The challenge is thus to manage the uncertainty of the innovation process across
institutional boundaries without losing the focus on the commercial and economic
interests of the firm.
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4. INTERACTIVE GENERATION AND APPLICATION
OF KNOWLEDGE

Knowledge generation and application in a public-private interplay is a relatively
unexplored phenomenon at the micro level. We have therefore selected two case
studies (Yin, 1984, 1988) to investigate how product innovation is carried out in
such interactions.

The selection of cases is guided by a technology foresight project focusing on
sensor technologies conducted by Risg National Laboratory in collaboration with
the Sensor Technology Centre A/S (Andersen et al., 2004). The cases represent
two opposing perspectives on the knowledge creation process: a market-pull
perspective and a technology-push perspective. The cases illustrate the creation and
application of knowledge through direct public-private interaction. The discussion
of whether the development of knowledge is technology driven or market driven
can be dated back to such works as Schmookler (1962, 1966) and Schumpeter
(1934), but was also taken up by Kline and Rosenberg who focused on the
interaction between the market forces and the forces of progress at the technological
and scientific frontiers. In the following we present two extreme cases where the
market forces respectively the technology forces initiated the product development
projects. These cases are as follows.

(1) A market-pull case: the development of a computer input device.
(2) A technology-push case: the development of a silicon microphone.

The first case concerns a product for the personal computer (PC) consumer market.
The second concerns a device designed for the industrial market of hearing
instruments and telecommunication. The cases thus represent different stages of
the value chain.

S. THE MARKET-PULL CASE: THE DEVELOPMENT
OF A COMPUTER DEVICE

5.1. Visions of a Potential Market

The idea behind the so-called “Free Pen” — a replacement of the traditional
computer mouse — was contrived by an economist and marketing employee in
the IT sector. The idea-owner envisaged a potential market for a device, which
would reduce the physical problems experienced by many computer operators,
such as shoulder, elbow, wrist and finger pains related to the design and the usage
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of the computer mouse. In 1997 the idea-owner concretised his idea in a research
and development project and became a full-time entrepreneur. The ability of the
idea-owner not only to realise the market need but also to give direction to the
technological solution based on common sense or tacit knowledge was an important
carrier of the process.

5.2. Invention and Design

The cordless pen was the guiding idea in the search for an appropriate technology
for the new computer input device. The cordless feature was inspired by optics
and laser elements in CD players. The search for relevant knowledge and the right
technology was indeed a process of muddling through. A Danish firm producing
CDs was contacted, as was a professor in Paris with expertise within the field.
References from the University of Copenhagen finally led to the establishment of
contacts with a national research laboratory and, in particular, a scientist working
on optical lasers and speckles for measuring the rotation of ship propeller shafts.
The technology had previously been patented, but had not been applied in a
commercial product. Now the opportunity arose to apply the technology on a
miniaturised scale in the computer input device.

5.3. Production and Marketing

The pen was released onto the marketin 1999. The previous year was devoted to the
development of the optical part, the laser detector and the processor (the ASIC).*
Financial constraints, and pressure from public and private venture capitalists to
present commercial results within the agreed project timeframe and budget, made
market introduction urgent. It was the first time that miniaturised optical sensors
were commercialised in a product, and minor technical problems continued to
hamper market introduction. With 40,000 pens sold, repetitive complaints and
lack of resources, the firm suspended its payments in the summer of 1999. Later
the firm was reorganised with additional venture capital. The original firm fulfilled
its royalty obligations, whereas the development of the second generation of the
pen was carried out in a new firm. The justification used by the firm vis-a-vis
external venture capitalists was based on two changes. First, with the development
of the second-generation cordless, programmable and web-optimised computer
pen the market potential was no longer restricted to the narrow, ergonomic-
demanding welfare markets, but included new lifestyle customer segments on
the global PC market comprising more than 300 million potential customers.
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Secondly, the production was totally re-organised in order to reduce costs. An
ambitious outsourcing strategy was made in which part of the R&D and the whole
production was outsourced so that the core competencies of the firm was confined
to the overall management process of the innovation and production, leaving room
for marketing.

5.4. The Paths of the Chain-Linked Process

The first path of the process, the central chain of innovation from realisation of
idea to market introduction, initially took two years. This was not the end of the
process though, as feedbacks (second path) from the users after the first market
introduction illustrated that the product was still suffering from serious problems.
After the re-organization of the firm, feed-backs from each step of the innovation
process were assured by a thorough monitoring of activities and products provided
by subsidiaries and collaborating partners.

Long before the first market introduction was possible, the importance of the
third path to knowledge and research had shown its importance though. As
mentioned above, the link to knowledge and research was established through
several channels, including relations with a national research laboratory. This
collaboration was formalised through a research and development contract between
the firm and the research laboratory. This contract was based on commercial
conditions and reflected the necessary adjustment of the technology. It also covered
such matters as assistance with additional patent applications related to the product,
the identification of production companies with expertise within VCSEL lasers,
and the specification of the requirements of a production contract with a large
international firm. The effective public-private cooperation between the research
laboratory and the firm was founded on trust, enthusiasm, and openness, and
this persisted also during difficult stages of suspended payment. Three things
contributed to this: first, patent regulation meant that the ownership of knowledge
was never an area of dispute. On the contrary, the patent owner assisted the firm in
applying for product-specific patents. Secondly, the formal contract of research was
fulfilled, and royalty obligations were included in the reorganization of the firm.
Thirdly, the outsourcing strategy and the ability of the firm to manage divergent
economic institutions across cultural and national boundaries were imperative in
gaining economies of scope in the project.

The result of the firm’s interaction with the public research laboratory was
first and foremost the development of a second-generation computer input device
in which technological problems were solved. Three firm-owned patents within
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optics, magnetic and analog-2-digital conversion protected the knowledge created.
Moreover, preparation of two patents relating to the second-generation pen is
underway. Furthermore, on the basis of the previous results of the public/private
collaboration, the firm succeeded in convincing a private venture capitalist co-
funding the project that it was worthwhile to remain involved right through to the
manufacture of a commercial and reliable product — that is, not to withdraw during
the demanding final stage of this complex R&D project.

The fourth path in Kline and Rosenberg’s model, i.e. the direct links from
research to (radical) innovation was not activated, while the fifth path consisting
of the support of scientific research by the outcome of the innovation process was
represented by the further applications of the technological developments. From
the perspective of the national research laboratory, the interaction with the firm
was an opportunity both to test new technology and develop it into a commercial
product. The challenge to adjust the technology to a much smaller scale than
first imagined created new knowledge and competence within miniaturised optical
sensors, an area that is expected to have further applications in, for example, energy
flow meters and medical devices. This made the laboratory an attractive partner in
other research and development projects.

We have added an additional link or path to the original model, namely the
financial sixth path. In the case of the computer device the necessary financial
backing for implementing the project was provided by private funds together
with public venture capital (Vekstfonden), and at a later stage by private venture
capital as well. In the Danish system it is fairly easy to get access to venture
capital in the initial, developmental stage of a project, but much more difficult
to raise additional capital to meet delays and problems. This illustrates the
importance of an effective venture capital market — a market, that is to say, within
which both the technological and commercial opportunities and risks of research-
based projects can be appraised, despite the considerable uncertainty of such
projects.

To summarise, the paths of the chain-linked innovation process of the cordless
computer device illustrate the management challenge to bring a new product to the
market within tight financial and time constraints. This task did not succeed in the
first round due to a premature market introduction and the lack of a stable and cost-
competitive production. However, justification of the re-organization of the firm,
or in other words the quality of the product, was based on another and much larger
market perspective together with an ambitious outsourcing strategy of production
and part of the R&D activities based on commercial contracts. This justification
was presented to and accepted by private venture capitalists, who financed the
market introduction of the second-generation computer pen.
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6. THE TECHNOLOGY-PUSH CASE: THE
DEVELOPMENT OF A SILICON MICROPHONE

6.1. Visions of a Potential Market

The development of a silicon microphone for hearing instruments is the story of a
technology searching for real-life problems/applications and a private firm looking
to gear up its R&D activities. Silicon microphone technology has been known in
academic circles for more than 20 years, but the development of a miniature silicon
microphone for use in hearing instruments was an academic as well as a practical
challenge. The innovation process was not initiated by a firm-based entrepreneur,
as it is implicitly assumed in Kline and Rosenberg’s model, rather the idea was
conceived in the science community. The firm, which would house the innovation,
thus became involved in the project through the request of the national research
centre where the idea was founded.

The research centre was established in 1990 as an affiliation to the national
technical university. It is a national research and development centre for advanced
micro-technology in semiconductor materials. Within this field it is committed
to educating scientists and engineers, conducting research on an internationally
competitive level, and transferring new technologies to Danish industry through
joint programmes.

The private firm engaged in the project is a medium-sized Danish-based
international manufacturing firm. Based on the strength of highly specialised
production of transducers and electromechanical components for hearing
instruments, the firm has established a leading global position as a component
supplier to the hearing aids industry.

A state Authorised Technological Service Institute with core competencies in
the fields of electronics, software technology, optics, light acoustics, vibration and
noise control was involved as an institutional bridge between science and industry.
The Authorised Technological Service Institute viewed the joint project as a useful
kick-starter of its competence-building within silicon technology.

6.2. Invention and Design

The preparation of a demonstration model of a silicon microphone began with
an industrial Ph.D. project involving the private firm and the national research
centre mentioned above. The Danish industrial Ph.D. scheme aims at supporting
technological and economic development with public means by creating networks
between industry and public research institutions. The industrial Ph.D. student is



Public-Private Collaboration on Knowledge 297

enrolled at a public research institution, while at the same time being employed in
a firm, attached to a specific research project.

The development process was much more complicated and time consuming than
had been foreseen. It was a challenge to identify a foundry to produce the wafers.
Therefore, an additional research project on “High-Performance Interconnect
and Stacking” (HISTACK) was initiated together with (among others) a Swiss
firm/foundry.

During the project period necessary adjustments were made and ambitions were
calibrated to the reality of the problem-solving process. The firm realised that it
was involved in a long-term strategic development process driven by competitive
pressures for innovation, but also by the innovation itself.

In 1999 a demonstration model of the world’s smallest silicon microphone had
been developed. Apart from preparing the demonstration model, the firm had
improved its image as an innovative and strategic firm. Two product-specific
patents were approved (involving the membrane and stacking), and together
with the Authorised Technological Service Institute a patent was granted within
packaging. The primary goal of the firm was now to make a detailed design and
test and subsequently produce a silicon microphone in collaboration with wafer
foundries. The justification, or the quality of the demonstration model, was based
on its strategic relevance to the firm in terms of a new, promising technology for
its conventional microphones. In addition, potential market volumes within the
telecommunication sector and related economies of scale justified the costly and
time-consuming research process. This was presented and accepted by the top
management and board.

6.3. The Paths of the Chain-Linked Process

The first path, the central chain of innovation, consisted of a range of intertwined
sub-paths, as the involved partners focused on different areas of the project. This
implied that almost from the very beginning of the project a certain division of
labour developed between the collaborating partners. The primary concern of the
firm was to apply the technology in a commercial product. Packaging and testing
was the focus of the Authorised Technological Service Institute, whereas the ASIC
component was developed jointly by the firm and the Authorised Technological
Service Institute. Wafer (chip) production and application was concentrated
in the clean lab facilities at the research centre in joint collaboration with
the firm.

During the period 1995-1999 a demonstration model of the world’s smallest
silicon microphone was developed. There was still a long way to go to finalise a
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prototype, not to mention to starting up the production of a silicon microphone
though. Feedbacks from the market (second path) illustrated that the cost price
in small quantities was still not competitive compared with that of the traditional
microphone. This induced the firm to look for applications other than hearing
instruments within telecommunications. But also earlier in the project it was
evident that adjustments of expectations were inevitable. During the process it
became clear that more attention should be directed towards the appraisal of
technological and commercial opportunities and risks relating to the firm-specific
part of the project.

The third path, the link from the central chain of innovation to knowledge and
research was a formalised part of the project from the very beginning, as the
research centre presented the project to the firm as a favourable way to explore
the potential of alternative technologies in conventional miniature microphones.
A major driving motive of the research centre was the opportunity to gain
new knowledge through the process of putting the technology into a new use.
These complementary interests contributed to laying the first bricks of a stable
and strategic exchange of knowledge between the research centre and the firm.
A governmental support scheme for strategic R&D collaborations, the Centre
Contract Scheme,® was applied as the set-up for the collaboration. The Centre
Contract Scheme co-funds strategic, commercially oriented R&D collaborations
between (one or more) firms, (one or more) university departments and at least
one Authorised Technological Service Institute with public means. The Authorised
Technological Service Institute would act as an institutional bridge between science
and industry.

In 1995 the Centre Contract was signed between the national research centre, the
firm and the Authorised Technological Service Institute. As the contract in question
was one of the first Centre Contracts to be drawn up, there was little guidance
on the right form of cooperation and on how to manage intellectual property
rights, on the publication and secrecy of knowledge, and on how to solve disputes.
Smooth interaction among the three partners — the firm, the research laboratory
and the Authorised Technological Service Institute — required clarification of
divergent interests and goals from the very beginning. The negotiation process
and the drawing up of a legal document in collaboration with lawyers were thus
cumbersome but necessary processes. These initial efforts resulted in a model
contract for subsequent Centre Contracts. The national research centre had an
interest in engaging in applied research together with the front-runners of Danish
industry. It was also focused on scientific publication of research results and
educating people at the level of M.Sc. and Ph.D. The firm was interested in focusing
its R&D activities and developing a new, cheap and reliable component using
new technology for hearing instruments. The Authorised Technological Service
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Institute wished to adopt the technological knowledge. More specifically, it wanted
to develop test and packaging services to industry.

The Centre Contract Scheme, which was introduced at precisely the right time
for the project, played an important role in facilitating the collaboration. The
financial eligibility rules, which excluded direct support to firms, induced the
partners to constantly focus on the firm’s interests in the project. On the other
hand it remains a constant dilemma how to balance the striving for long-term
competence building against short-term commercial output.

Despite the importance of the Centre Contract Scheme as a formal coordination
device, partners also felt that they needed informal coordination. In the initial phase
individual “fireballs” and personal relations were central drivers of cooperation.
In the subsequent phases, with new participants, the cooperation was sustained by
team-building. In the clean room laboratory cooperation-related resources were
allocated to project management and team-building. It was acknowledged that the
challenge in joint collaboration projects is to create a common platform and shared
values, and that this is particularly so in projects where people answer to various
environments, the joint project and their hinterland.

Regarding the fourth path, the direct link from research to innovation, one could
argue that this exists in the present case, as a research laboratory initiated the
process. The link from research to innovation observed in the present case is not of
the type envisaged by Kline and Rosenberg though, as this link involves a radical
innovation. As was the case with the development of the computer devise, the
fourth path is thus not active.

The fifth path, the support of scientific research by the outcome of the innovation
process, resulted in physical as well as academic outcomes. The physical
outcome consisted of an establishment of joint clean-lab facilities at the research
centre, which had the opportunity of providing, with other industrial partners, a
critical mass of research activity related to this technology. Silicon technology
is a mass production technology with high start-up investment costs. New
organizational forms, such as joint private-public project groups or firm consortia,
are feasible ways to share the investment costs of laboratory facilities and to
create the necessary critical mass of people engaged in pre-competitive R&D
activities.

One academic outcome was the research centre’s presentation of results at
academic conferences as well as publications in international scientific journals.
The collaboration with the firm and the problem-orientated research contributed
to position the research centre at the forefront of international research in silicon
technology and the centre filed a patent application based on the technology. More
important, the research centre trained a number of M.Sc.s and Ph.D.s working with
the development and application of the technology. Front-runners of domestic
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and international industry subsequently employed some of these graduates and
researchers.

The final path consists of the financing of the project. Public financial
support to the cooperative endeavour amounted to 20 million DKr for four
years. This was distributed as co-financing for activities undertaken by the
Authorised Technological Service Institute and the research centre. In addition
the firm was guaranteed 35% risk coverage of its project investment through
a loan of approximately four million DKr from the public venture capital
fund (Vakstfonden). The additional research project on “High-Performance
Interconnect and Stacking” (HISTACK) was co-funded by the EU programme
ESPRIT. The 50% co-financing of costs in the EU-project were highly welcome to
the firm because the project turned out to be more strategic than initially envisaged.

To summarise, the paths of the silicon microphone innovation demonstrate
the uncertainty and complexity of the innovation process. The conceptual stage
is organised in a committed collaboration between three different actors with
each their interests and stakes in the project. This assures maximum openness
to new sources of information and creates a critical mass of knowledge around
a new technology. On the other hand, the organizational arrangement constantly
faces the dilemma to balance the short-term economic interests and the long-term
competence building, in particular in a situation where the financing guidelines of
the Centre Contract prevent firms to get direct access to public research funds.

7. COMPARING THE TWO CASES

Table 1 extracts the characteristics of the individual phases of the innovation
process in the two cases.

As mentioned earlier, the two cases represent extremes with regards to the
dominance of market-pull and technology-push respectively especially in the
initiation phase. The inherently close contact with the perceived market need in
the market-pull case is illustrated by the fact that the process from initial idea and
vision of a market, through the design and production phases to the marketing
phase, was covered in a two-year period. The project did not end here though, as
feedbacks from the market revealed crucial problems with the functionality of the
product.

The technology-push case, which was driven by a technological curiosity first
and the vision of a potential market second, had a longer duration, and the four-
year period analyzed only resulted in a demonstration model of a possible final
product. Both projects serve to illustrate some important features of the innovation
process though, in particular in relation to the third path of the innovation process,
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Table 1. Main Features of the Innovation Path.

Market-Pull Case

Technology-Push Case

1st path: Central chain of
innovation comprising 5
steps: potential market,
analytic design, detailed
design and test, redesign
and produce, and
distribute and market

2nd path: Feedback links
between steps, in
particular from market

3rd path: Linkage between
innovation process and
science

4th path: Radical
innovation from science

5th path: Feedback from
innovation to science

6th path: Financial input
and justification

Output

The case covers all steps of the
innovation process. 2 years of
duration.

After re-organisation, an ambitious
outsourcing strategy aiming at
economies of scope.

Premature market introduction and
critical feedback from consumers.

Commercial R&D contract between
laboratory and firm, but collaboration
also based on trust.

Analytical design founded on the
combination of existing technology
and the accumulated knowledge of a
national laboratory.

Extended in a joint research process
adjusting knowledge to application
whereby new knowledge of both
partners was created.

Not activated.

Test of technology in a commercial
product, totally different in size from
the original one.

Public and private venture funds in
the first phase.

Justification of project based on
immediate potential market volume
and outsourcing strategy reducing
production cost attracted further
private venture funds.

Commercial product to the consumer
market

The case only covers the early
stages of the innovation process
until detailed design and testing.
4 years of duration.

Indirect feedback from market —
new technology not yet cost
competitive.

Centre Contract between firm,
university and Approved
Technological Service Institute.
Analytical design founded on the
accumulated knowledge of the
university and extended in a joint
research process adding to the
knowledge of all partners.

Not activated.

Joint research laboratory facilities
with industrial and university
partners.

Problem-oriented research at the
forefront of international research.
Training of M.Sc. and Ph.D.s in
silicon technology.

Public venture funds and private
co-financing to match the public
research funds channelled through
the Centre Contract.

EU research funds for both private
and public partners.

Justification of project based on its
strategic relevance to the firm
assured continued financial support
from top management.

Demonstrator of a microphone for
the hearing aids and
telecommunication market.
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the linkage between practical innovative activities and science, which is here
exemplified by linkages between two types of organizations representing each
of the two spheres: innovative firms and public research institutions respectively.
In the following section we will discuss the important features of this path
further.

8. IMPORTANT FEATURES OF PUBLIC-PRIVATE
COLLABORATION ON KNOWLEDGE CREATION

Public-private research collaboration on product development builds on
accumulated knowledge and adds to that knowledge in joint research processes.
A successful project relies on more than a one-way transfer of knowledge from
the research institution to the firm. It is a dynamic creation and application of
knowledge in interplay between research and practical design. The two cases
analysed serve to illustrate the point, raised by Kline and Rosenberg, that a close
connection to science throughout the entire innovation process is a precondition
for research-based innovation: research cannot be “delivered” as a simple input in
the initial phase.

The following lessons can be drawn about the governance of public-private
collaborations.

* Room for flexibility and adaptation in research projects. Kline and Rosenberg
characterise the process of innovation as an exercise in the management and
reduction of uncertainty. Owing to the associated uncertainty, a research-based
innovation process is characterised throughout by a considerable degree of
muddling through where the solving of technological problems is concerned.
Thus there is a need for patience and flexibility in the collaboration as well
as access to other knowledge sources where necessary. This is illustrated by
the case of the silicon microphone. There, technical problems called for the
formulation of an additional project capable of contributing — technologically
as well as financially — to the original project; and thus expectations had to be
adjusted along the way. In the case of the cordless pen, better opportunities for
prolongation and additional funds would probably have prevented premature
market release.

* Dynamic creation and application of knowledge. Public-private research
collaboration builds on accumulated knowledge and adds to that knowledge in
joint research processes, also in less radical innovation processes. A successful
project relies on more than a one-way transfer of knowledge from the research
institution to the firm. Such a project will also include competence-enhancing
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elements for the research institution. These elements provide an intellectual
incentive for the researcher’s engagement and justify the involvement of publicly
funded bodies in commercially orientated collaborative projects. In both case
studies the public research institutions benefited from a scientifically relevant
outcome of the project — for example, from the adjustment of technology to real-
life problems, from competence building in testing and technological services,
or from the training of graduate students and junior researchers. For the Kline
and Rosenberg chain linked model this implies that paths three to five tend to
merge in public-private research collaborations.

The management of divergent interests and perspectives. The firm and the
research institution will in most cases have opposing priorities regarding the
outcomes of the project. The research institutions will often have the building
of long-term competencies and the testing of theoretical findings as their first
priority, while the firms’ primary interest is the creation of a marketable, and
economically viable, product (long-term competence building being a second
priority). These differences should be made clear from the beginning, and the
contract between the firm and the research institution should take the range
of desired outcomes into account in order to minimise the risk of unmet
expectations. This calls for both formal agreements and committed project
management to make sure that potential conflicts over outcome are dealt with
throughout the project.

Drawing up formal agreements and contracts. In view of the economic interests
of the firm and public research institution, a clear contract covering the
obligations of each project partner, intellectual property rights, royalties and so
on has to be drawn up. Also the project leadership must be clear, and the firm as
well as the research institution must have the proper institutional set-up, i.e. one
allowing a certain degree of autonomy for the project group. In both cases studied,
the initial efforts to draw up formal agreements regarding the collaboration
turned out to be a worthwhile investment. The contracts set out in clear terms
the aims of the projects, property rights, royalties etc. However, since there is
fundamental uncertainty regarding technology and future markets contracts will
always be incomplete. This is why informal institutions and activities, such as
team-building, project management, trust and openness in the collaboration are
fundamental for the success of the collaboration.

Justification of the project/product vis-a-vis the economic stakeholders is an
absolutely necessary task throughout the innovation process as a successful
innovation requires the coupling of the technical and economic challenges. The
two cases illustrate different products, one ready brought to the market and
another still in the design and test stage. The second generation of the cordless
computer device is justified vis-a-vis private venture capitalists that there is
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market volume and that the outsourcing strategy will reduce production costs.
For the silicon microphone the justification vis-a-vis the top management and
the board is based on the strategic interests of the firm to move to a radically
improved product design combined with new markets.

e [nstitutional transformations. Public-private collaborations are embedded in
the dynamics and complexities of the innovation system, and in this system
the participating institutions constitute new roles and thereby transcend their
traditional boundaries as knowledge user or knowledge producer. Apart from
introducing graduates to the industry, the university research centre in the case
of the silicon microphone was actively building a technological interface between
research and industry. The research centre’s constant search for technical
solutions to real-life problems also benefited its own research. The Authorised
Technological Service Institute built competencies in technological services and
conducted leading-edge research within important areas of the technology. It
also took out patents. The national research laboratory provided its research
knowledge, but it also went a step further in the technological service. As
happened in the case of the university research centre, the application of
technology to real-life problems contributed to the excellence of the research.
Likewise the Authorised Technological Service Institute sold its knowledge and
acted as a technological service intermediary between research and industry.
The involvement of firms in public-private collaboration also gives direction to
the problem-solving process. The project management of the silicon microphone
project was shared between the firm and the Authorised Technological Service
Institute, while in the case of the cordless pen project it was the firm that remained
in charge of the coordination. Both cases gave rise to new organizational forms
and processes. In the microphone case joint clean room facilities were shared
with other firms, all of which had an interest in building a critical mass in the
pre-competitive stages of the silicon technology. An outsourcing strategy was
employed in the cordless pen case, and as a result all processes except the core
competencies of the firm were externalised.

* Public support schemes and interventions. The mechanisms created by the
government to facilitate public-private collaborations on knowledge creation
are important both in terms of the funding possibilities they offer, and in
terms of the organizational framework they provide. Public venture capital
played an important role in the realisation of both projects. It was not strictly
dependent on the firms’ collaboration with public research institutions, although
the participation of the research institutions might have made it easier for the
firms to document the high-tech innovative potential in the projects to the
satisfaction of the relevant venture capitalists. In the case of the cordless pen,
governmental facilitation of the public-private collaboration played a minor
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role. The silicon microphone, on the other hand, relied heavily on government
programmes.

Through his own efforts, the individual who had the original idea for the cordless
pen eventually found a suitable research group. Several factors were then required
to make the project a success. It was necessary to build on the enthusiasm of the
entrepreneur. Also necessary were: clear agreements on such matters as property
rights; the openness of the research institution, including a willingness to engage
in a de facto integrated R&D department with the firm; and the availability of the
proper funding mechanisms.®

With the silicon microphone, the market opportunity was not as clearly
envisaged at the outset of the project as it was in the case of the cordless pen. In this
case the initiative came from the public research institution, and a longer trial-and-
error period, during which the possibility of applying a known technology in a new
context was scrutinised, was inevitable. Therefore a supporting institutional set-up
for carrying out the development project was necessary. Here the governmental
Centre Contract Scheme, combined with the activities of an industrial Ph.D. acting
as the initiator of the project, provided the necessary framework. Apart from
making sure that the necessary formal agreements were drawn up, the Centre
Contract guaranteed the inclusion of a privately orientated, but publicly research-
based Authorised Technological Service Institute. The Centre Contract also co-
funded the engagement of the Authorised Technological Service Institute and
the research institution with public money. The technological complexity and the
search for a proper market for the technology meant that much more support for
the ongoing project was required than was the case with the cordless pen.

The two cases highlight the fact that the need for governmental facilitation
of public-private research collaborations depends on the type of project at issue.
We have presented two extreme cases, one driven by market-pull and the other
driven by technology-push. Our conclusions therefore pertain to extremes. It goes
without saying that in-between these extremes suitably modified conclusions can
and should be drawn.

9. CONCLUSIONS

The present paper has analysed public-private research collaborations in product
development projects. It has examined, in particular, certain mechanisms, within
these collaborations, that facilitate the exchange and application of knowledge.
Innovation was conceived of here as a complex process of the kind presented by
Kline and Rosenberg in their chain-linked model. Kline and Rosenberg’s model of
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the innovation process illustrates the importance of a linkage between the central
chain of innovation and the science and research dimension. In the present context
we have studied this linkage in two cases of formal collaboration between the
public science community and private firms hosting the innovation. This thus adds
a further dimension to the model, in which not only radical innovations but also
incremental ones are characterised by dynamic knowledge creation among the
participating organizations. Formal collaboration on innovation between public
research institutions and private firms also implies that the path from science to
innovation and the path where the outcome of innovation supports science tend to
merge as the interaction between science and innovation is two-way throughout the
process — it is a process of interactive learning between the collaborating partners.

However, the cultural differences between public research institutions and
private firms have to be taken into account. The confrontation of two very
different types of organizations calls for mechanisms that help the parties overcome
barriers posed by their different backgrounds. Such mechanisms are diverse but
interrelated. They include: simple information channels that ensure firms know
what they can gain from involvement with public research institutions and how
these institutions can be approached; guidelines for organising collaborative
projects; formal programmes containing supporting structures and public co-
funding as a means to drive joint projects forward; programmes that aim to reduce
barriers relating to the funding of projects with an uncertain outcome; and methods
of overcoming barriers arising from the clash between public and private entities,
with special regard for such matters as organization, motivation and so on.

The importance of guidelines for the organization of projects involving private
firms and public research institutions cannot be ignored. A successful project
requires differences in intended outcome to be dealt with from the outset and
throughout the project. Conditions regarding issues such as project management,
the division of labour and responsibilities and intellectual property rights must
also be clarified in the collaboration agreement. The Danish Governmental Centre
Contract Scheme, where a “model contract” was developed in relation to the silicon
microphone project, is an example of a project giving high priority to formal
agreements. To cope with the problem that such contracts never can cover all
possible future events and outcomes, there is an important role to play for informal
aspects of project management including trust and team-building.

Formal programmes supporting public-private research collaboration projects
are primarily called for in cases in which there is a high degree of market
uncertainty, where the technology is driving the projects. These projects will often
be larger and more exploratory than those in which a perceived market need is
the driving force and the technological search can, accordingly, be much more
focused.”
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The creation of knowledge across institutional boundaries changes the ways in
which the involved parties interact. Traditional boundaries are transcended and
new roles are constituted — to the point where it does not matter for the knowledge
creation process whether the partner is a university, a national research laboratory,
an Approved Technological Service Institute or a private firm. New institutional
boundaries are drawn up, and in the long run these may challenge the way public
funds are distributed among the collaborating institutions.

Both market-pull and technology-push projects depend on an effective venture-
capital market, which might include both public and private inputs. In market-
pull projects there is a need to develop the capital provider’s competence to
assess the technological and economic potential and risk. The same can be said
for the technology-push projects, but in these cases it might also be appropriate
to consider the interplay between the venture capital system and the public funds
provided through the different collaboration support programmes.

To conclude, the analysis we have offered points towards a need for a range
of mechanisms for promoting public-private collaboration on commercialising
knowledge through new product development. Such mechanisms must take the
differing needs of different types of development project into consideration. They
must include basic guidelines and information channels as well as more formalised
programme structures. The watchwords, where successful public-private research
collaboration is concerned, are flexibility, openness and clarity about obligations
and rights. Formal contracts may be crucial when it comes to starting up new
relationships between parties with different backgrounds but a key to success
is that they gradually find support in informal relationships of trust and mutual
understanding.

NOTES

1. Based on a sample of 77 major firms.

2. Based on interviews with 59 manufacturing SMEs in the U.K. and USA concerned
with bringing new products to the market. The observations mentioned here were more
specifically related to firms’ funding connections with universities.

3. According to Kline and Rosenberg science consists of two main components that
affect innovation: (i) the current totality of stored human knowledge about nature; and (ii)
the process by which that knowledge is corrected and added to. Research is described as
the process that adds to and corrects science.

4. Applied Scientific Integrated Circuit.

5. The Centre Contract Scheme has later been replaced with the Innovation Consortium
Scheme which shares the same basic aim of promoting collaboration between firms, the
research community and technological service providers.
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6. Eventually the success turned out to be short-lived: in early 2004 the firm behind the
computer pen filed for bankruptcy because the pen never caught on with consumers.

7. The case of the computer pen illustrates that market driven product development
projects are not guaranteed to become a market success — market as well as technological
uncertainty is always prevalent to some degree.
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INTER- AND
INTRAORGANIZATIONAL LEARNING
PROCESSES IN THE INTERACTION
BETWEEN FIRMS AND PATENT
OFFICES

Jesper L. Christensen

ABSTRACT

This chapter focuses upon two types of interaction. One is the interaction
between departments within the Danish Trademark and Patent Office
(DKPTO). Additionally, the interaction between the DKPTO and firms is
analysed. The chapter discusses in what ways an institution like a national
patent office is important for product innovation, not just by providing an
appropriability system for product innovations in firms, but additionally by
improving the long-run capabilities of both firms and the DKPTO itself. The
research builds upon interviews in the DKPTO, case stories from firms and
of patent granting procedures.

With respect to internal competencies, it is found that no efforts were carried
out to create environments for learning between the departments in line with
the “learning organizations” described in earlier chapters. However, taking
the tasks of the departments into account, the need for such efforts was not
obvious. Links to external organizations are not only confined to industrial
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firms. Many firms, especially the large firms, would not mind if the tasks of
the national patent system were moved to the EPO-level. On the other hand,
in particular, small, new firms may feel more confident with a national patent

office.

1. INTRODUCTION

From previous chapters, in particular Chapter 5, it is clear that innovation studies
have increasingly focused on the role of knowledge generation in the economy.
Generally, the emphasis has been on the knowledge generated in the interaction
between firms and various partners such as suppliers, customers, consultants,
knowledge institutions, and universities typically both producing and diffusing
knowledge. Other business services like institutes for test, control, certification
etc. are mainly seen as producing standardised services without much interaction
and learning taking place. Several of the chapters in this volume, in particular
those in this section of the book, deal with interaction between firms and
knowledge institutions. Likewise, this chapter discusses this type of interaction,
but in addition the intra-organizational interaction between departments is in
focus.

This chapter highlights an aspect of this interaction, which is often overlooked
and scarcely researched. It sets out to investigate whether the presumption of little
learning and competence build-up in what appears to be standardised services is
actually true. It takes as point of departure the case of granting a patent, or providing
services in relation to the patenting. It focuses upon two types of interaction.
One is the interaction between departments within the Danish Trademark and
Patent Office (DKPTO). Additionally, the interaction between the DKPTO and
firms is analysed. The chapter discusses if the role of an institution such as the
national patent office is important for product innovation, not just by providing
an appropriability system for product innovations in firms, but also by improving
the long-run capabilities of both firms and the DKPTO. The research builds upon
interviews in the DKPTO, case stories from firms patent granting procedures. Thus,
itis not examining the content of the patent, the knowledge dissemination stemming
from disclosure of information from the patent descriptions, or the characteristics
of the applicant firm (three issues often treated in studies on innovation and patents).
Rather this study investigates the competence building and knowledge diffusion
resulting from both the processing of the patent application and the provided
services related to patenting.'

In line with several of the chapters in this volume, the chapter specifies the
learning processes involved. The internal competencies resulting from processing
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applications are likely to affect other activities within the DKPTO such as business
services, thus enhancing other departments’ abilities to provide services. Thus, it
may be assumed that even if the process of handling patent application does not
directly influence innovation the competencies built may still benefit the overall
innovation level in the economy.

Implications of the results are relevant for two different issues. It is assessed if
the internal organization of the patenting processing is conducive for knowledge
exchange and innovation. On a systemic level the results may have implications
for the organization of the patent system, specifically whether a national patent
office is necessary for national competence-building.

Section 2 discusses the theoretical basis for the research question. The section
addresses the issue of the learning effects from the intra- and inter-organizational
interaction much in line with the considerations in Chapter 2 by Lundvall.
Subsequently, in Section 3, it is showed more specifically what may be learned in
the interaction. This is done by way of explaining the procedures and interactions
in connection with a patent application. The purpose of this section is to show at
what stages learning and competence building may take place, while also exploring
the intra-organizational learning processes that may produce learning effects from
patent examiners to other departments of the DKPTO. Then, Section 4 continues
on this track, showing not only where learning between the DKPTO and other
organizations may take place, but also what is learnt in the interaction. This is
done by way of seven illustrative case studies. The concluding section summarises
the findings, and points to perspectives based on the research findings.?

2. LEARNING OUTCOMES FROM THE INTERACTION

2.1. How is Knowledge Transmitted?

With the case of the DKPTO in mind, this section highlights elements in the
theory of innovation and knowledge diffusion, which may support the research
in this chapter. The transmission and transformation of knowledge was already
discussed thoroughly in previous chapters, especially Chapter 2. Here the intra-
organizational aspects of knowledge are emphasized. As pointed out in Lundvall
and Vinding’s Chapter (5) on user-producer interaction in this volume, exchange
of information and knowledge is an important feature of product innovation.
Efficient information exchange often requires common channels and codes of
information. Once established through interactive learning processes there is an
incentive to keep relationships because of the costs involved in getting to know
how to communicate. The establishment and maintenance of relationships between
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users of business services, like the process of producing the final patent application,
and producers of these services is facilitated by common social and cultural
background.

The media and the way knowledge is transferred may also differ according to
the absorptive capacity of the recipient (Cohen & Levinthal, 1989). In the case of
patents, there can be two kinds of the recipients. First, the patent examiner may
need a broad and in some areas also a deep technological knowledge in order to
undertake efficient screening of potential infringements of other patents. In this
screening the examiner also needs knowledge on what are the most efficient search
methods. Second, the other type can be other firms/entrepreneurs who are interested
in the patent description. In order to use the knowledge from such descriptions the
entrepreneur needs an absorptive capacity enabling him/her not only to understand
the principles of the technology embodied in the patent and to find the relevant
patent description in the first place. The entrepreneur also needs an element of
creativity, as he must be able to apply this technology to other fields of use not
covered by the patent or to see perspectives in the technology in terms of combining
the technology with other existing technologies.

2.2. Storing and Transforming Knowledge — Organizational Learning and
Cross-Departmental Knowledge Flows

When knowledge from the innovation process is transformed into codified
knowledge, e.g. by way of a patent description, it becomes easier for the market to
estimate the value of such intangible assets. The transformation of tacit knowledge
to codified knowledge is, however, by no means a simple process, and is often not
only difficult and costly but also possible only up to a limit.

The process involves for the transmitter to be conscious about the implicit habits,
norms, routines rooted in the problem solving practises of the individual or team.
The next step also involves describing that knowledge in a language, which is
understandable to the recipient. The external recipient thus puts a constraint on
the way the transmitter is to explain the tacit knowledge in a codified form. This
constraint may be common terms of expression and ways of standardising certain
explanations.

In recent years it has become common practise to organize work in a manner
conducive for learning effects. This has been explicitly referred to in many books,
articles and the business press as “the learning organization” (Argyris, 1992;
Argyris & Schon, 1978). By gearing the organization to improve the accumulation
of knowledge from daily activities, the learning effects are likely to increase. This
is basically what Stiglitz (1987) defines as “learning-to-learn.” Pedler et al. (1989)
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define learning organizations as “an organization that facilitates the learning of
all its members and continually transforms itself.” Moreover, Pedler proposes that
such an entity.

* Has a climate in which individual members are encouraged to learn and to
develop their full potential.

¢ Extends this learning culture to include customers, suppliers and other significant
stakeholders.

¢ Makes human resource development strategy central to business policy.

* Continually undergoes a process of organizational transformation.

Indeed, by way of evaluations, the members of the organization in question are
also encouraged to reflect on the learning processes themselves. Within learning
theories and in earlier chapters in this volume, this has been called “double-
loop learning.” This is a difficult task that requires agents to accurately identify
what has been learnt and how. In case the knowledge accumulated could be
characterised as tacit knowledge it becomes even more difficult to assess such
learning processes effectively. This argument relates strongly to practically all
evaluations as well as the issue for this current study: in virtually all evaluations
the by-product, unintended learning effects are rarely valued often because there
are no good measurements of them. The hypothesis developed in Section 1
on the possible knowledge generating/diffusion effects of daily activities of the
DKPTO is similarly difficult to test as the effects are likely to be more or less
hidden and implicit, even to the recipients. For example, the patent examiners
may unintentionally transfer knowledge to other parts of the organization, not on
the content of specific patents, but perhaps knowledge on general technological
development. Likewise, they may be able to identify accurately what are the
problems in the applications received. Where are the deficiencies in the ability
of customers to put together an application? This knowledge may be transferred
deliberately, but also informally through daily interaction, with the sales and
marketing department, which may then try to educate customers on these points.

Intra-organizational learning may be spurred by procedural skills enabling
members of the department/group to apply and use knowledge in different settings
than where it was generated. Among several contributors to learning theories, it has
been argued strongly that productive learning should basically be seen as situated
learning, that is learning should be viewed as contextual and only useful if used
in action and in a setting where the learning has been produced (Lave, 1991). We
would argue that it is indeed a challenge for organizations to transform and diffuse
knowledge produced within one unit to other units in a productive manner, but
also that this is often an important part of organizational learning, and in this case,
indirectly important for the product innovations of firms.
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The other prerequisite for intra-organizational learning we would emphasize
is co-ordination. The co-ordination issue is linked to the distinction between
individual and collective learning. Even if organizational learning may go through
individuals, the knowledge of an organization is more than the sum of the
knowledge of its individuals. The organization may have shared norms and values,
which preserve certain behaviours and routines. The routines, involving rules,
procedures, conventions, cultures and strategies, make up the memory of the
organization (Cohendet & Llerena, 2001).

The build up of routines is largely the outcome of a gradual learning process.
This learning is based upon which solutions the organization successfully used
for problem solving in the past. Identification of a problem and a strategy for
its solution consequently involves remembering and retrieving solutions that
previously were adequate for a problem resembling the one in question. A
complementary aspect of this process is to remember solutions, which in the past
failed to solve the problem. In other words, it is an important part of learning
to forget unproductive routines and be able to rule out solutions likely to fail.
In this way routines are important in the economising of information processing.
Naturally it varies widely with the situation what should be left out and what
deserves focussing. Therefore, routines are indeed context-dependent. Likewise,
the relevant sum of capabilities is dependent upon the sum of knowledge of the
members of the organization, but it varies what s relevant according to the situation,
which points to the necessity of interaction between members of the organization.
Only in this way is the individual knowledge of the members activated, as well as
the shared meanings and languages developed in the organization.

The above discussion implies that firms may have unique ways of learning,
which results in what is called “firm-specific capabilities” (Teece et al., 1990),
“core competencies” (Prahalad & Hamel, 1990), and “firm specific competencies”
(Pavitt, 1991).

Basically co-ordination and stimulation of intra-organizational knowledge flows
may also be pursued differently according to what kind of knowledge is diffused. It
follows from the discussion of routines and organizational learning being context
dependent that the nexus of the learning processes is important, as also emphasized
by Lund in this volume.

In many discussions, the creation of routines and learning has to do with the
relation between the individual and the organization as such. However, we would
argue that to a large extent the routines, capabilities as well as the shared languages
and norms are created at an intermediate level of the organization. This may, of
course, differ according to the size and structure of the organization. However, we
would contend that in many organizations it is possible to identify the different
types of groups.’
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Difficulties arise when an organization is dependent upon the coordination of
activities across different groups, be it e.g. two different functional groups or two
different types of groups. In that case the codes of communication and intra-group
objectives are not necessarily compatible. In the case of the DKPTO the patent
examiners is one group and Sales & Marketing another. The activities of patent
examiners are clearly guided by its’ own (externally given) objectives. Likewise,
the activities of the Sales & Marketing are determined by their main objective
of selling various types of services and encouraging firms to apply for IPR. If
the efficiency of knowledge diffusion activities of Sales & Marketing (S&M) is
dependent upon diffusion of knowledge from patent examiners (as hypothesized
in Section 1), it requires that extensive interdepartmental interaction be established
with the objective of ensuring knowledge transfer. Two functionally separate
departments (as is largely the case in the DKPTO) could, however, also handle
respectively the sale and production of services. As mentioned, this is likely to
require mechanisms of knowledge transfer, and with limited interaction between
departments, this transfer is unlikely to take place. Alternatively, the Sales &
Marketing department would need competencies from elsewhere.

2.3. Implications

In this final section we shall briefly state some of the most important implications,
derived from the above theoretical development, for the further steps of the present
study.

Even if the patent application process to a large extent is about handling codified
knowledge, there is — as emphasised earlier — also tacit knowledge involved in
relation to how to organize and undertake this application process. Some of the
potential learning between the parties is no doubt possible to mediate by way of
simple transfer of codified knowledge. However, we need to investigate whether the
tacit element in the knowledge transfer is substantial. The transfer of this element,
it was pointed to above, may be stimulated by proximity in various dimensions,
geographical, cultural, languages.

Another implication of the theoretical discussion is that preparing the patent
application involves transformation of tacit knowledge to codified knowledge in
a language, understandable for the recipient. This is a difficult process, and for
patent offices playing a role in building up the general innovative competencies of
firms it may be essential that they are skilful in guiding firms on how to transform
their tacit knowledge into codes that may be managed in a patent.

Moreover, the theory discussed the importance of the intensity and frequency of
interaction between the parties in facilitating this mutual learning. The argument
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is that this interaction stimulates the build up of mutual trust and understanding,
which in turn are very important to learning. This points to the need of further
investigation of this aspect of the patent granting process. As was pointed out
in Section 1, this involves several sub-issues. We may point to the interaction
between patent examiners and other staff of the patent office, in particular the
Sales & Marketing department. As was discussed here, the intra-organizational
knowledge flows are important to take into account. In order to be efficient,
it is most often required that such knowledge flows are deliberately stimulated
by internal organization (tacit knowledge) or management/information systems
(codified knowledge).

3. THE DKPTO IN THE INNOVATION PROCESS

After having established the theoretical background we proceed in this section
with a description of how the DKPTO may have a role in innovation besides its’
primary function as an important element in providing protection of intellectual
property rights.

In many cases, it is important for the innovator to protect an invention and
the protection of intangible assets is partly considered a motivating factor for
their continuous involvement in innovation activities. It is also important that the
society has rules for standardisation in order to protect the consumer and help
companies prove that their products have a certain level of quality. So it becomes
necessary to have certain regulation on such things as patents and standardisation to
promote innovation. The Danish Patent and Trademark Office’s primary task is to
offer protection for inventions, which includes trademarks, design, and copyrights
(Patent og Varemarkestyrelsen, 2000).

As a secondary function, the office offers consultancy services such as
information services, guidance and training within the IPR-area. The patent office
also offers courses on how to apply for patents for example at several of the regional
Technological Information Centres and at universities. In addition, the office sells
different services such as competitor analysis and market analysis. The most
important services include novelty searches, infringement inquiries, state of the
art inquiries, and analyses of competitors/profile analyses. See Appendix A for
further specification. Educational activities, library and information services, info
meetings, and courses are also part of activities (Patent og Varemarkestyrelsen,
2001a, b, c). The DKPTO also can help investigate whether a patent has been
violated.

A wide array of different actors in the innovation system use these services. In
addition to the direct use by firms, a number of intermediaries are using or buying
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the services from the DKPTO, thus enhancing their capabilities to assist firms in
their innovation activities. An important group of intermediaries are the patent
agents. The relationship to the patent agents is explained in more detail below as
one example of external relations.

The patent agents compete with the patent office when it comes to selling patent-
based services. While they do not have the right to issue patents and trademarks
they operate within the same business service areas as the patent office. Thus, the
patent agents often sell their services such as courses, market analysis, searches
on prior art etc. in competition with the patent office. Even if the patent agents are
competitors they are customers and collaborators. The patent agents’ main job is
to help companies write applications for a patent and establish a patent strategy.

The patent agents and the DKPTO have a common interest in increasing
the knowledge on IPRs in general and of the products offered by the agents.
The difference lies particularly with the fact that the DKPTO is not allowed to
engage in the same type of close consultancy as the agent, first and foremost
because the DKPTO only has a very limited right of guiding applicants on how to
formulate the specific claims of the application. However, in the field of patent
strategies and novelty searches the DKPTO does to a certain extent act as a
competitor to the agents. Because of these built-in overlaps in the activities of
both parties, a “common understanding on competition” has been made between
these two parties. This leaves distinct areas of counselling to the patent agents.
The common understanding on competition has made it possible to focus more
on common interests in developing the IPR system and diffusing knowledge on
the economic importance of protecting new products. Besides this, the agents
constitute a major group of customers to the DKPTO. Around two-thirds of the
applications filed at the DKPTO are filed via a patent agent. This normally means
that most communication goes through the agents, who accordingly are the main
customers to a range of the services offered by the DKPTO.

Courses and educational activities are also an important part of the external
partnerships. The DKPTO often co-operates directly with patent agents when
establishing different courses on technical and legal issues concerning patenting.
Initiatives have also been taken to reinforce co-operation with universities
in order to incorporate IPR education into existing curricula of especially
technical and natural sciences education (Erhvervsfremme Styrelsen and Patent
og Varemarkestyrelsen, 2001).

The activities of the DKPTO also influence the innovation system more
indirectly as the DKPTO acts as a supplier to the industry of trained patent
engineers. Because of a high mobility of people from the DKPTO this is an
important channel of knowledge diffusion, which enable the industry and patent
agents to enhance their capabilities within the field of IPR.
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Other channels of knowledge diffusion includes that the DKPTO contributes
to the technical/professional literature on IPR, prepare legislation and develop
policies within the field of IPR.

In conclusion, patent institutions generally, are most often classified as
regulatory institutions. They are of direct importance for firms who need to
protect their product innovations through patenting, trademarks etc. However,
the additional activities and the interactions with other institutions including the
indirect function as educating staff indicates that important inter-organizational
learning processes are taking place in addition to the intra-organizational learning
described briefly above, and discussed in more detail below. Thus, it is an important
question of this study whether some of these external linkages are related to
business services, and whether these in turn depends on the competencies attained
by the DKPTO staff through search and examination activities. This question
is explored in the following section below concerning the internal relations and
competencies of the DKPTO.

4. INTRA-ORGANIZATIONAL LEARNING AND
WORK PROCESSES*

4.1. Introduction

Following the discussion of various external relationships we will now provide a
general description of the main organizational routines and individual knowledge
applied to the DKPTO’s activities. The next step will be to link the knowledge and
resources obtained by handling patent applications to some of the main business
services, which have already been mentioned in the preceding sections. This
is a question of what kinds of competencies are obtained through search and
examination. In particular, the issue is how these competencies come into play
through internal processes of knowledge diffusion. Thus, the competencies of the
patent department may be said to benefit other activities of the DKPTO such as
business services, if knowledge indeed is diffused across departments.

4.2. Knowledge and Resources of the DKPTO

In the “Knowledge Account 2000” (Patent og Varemarkestyrelsen, 2001a) (which
is a supplement to the conventional account, but focused upon the knowledge
base of the DKPTO), the internal resources of the DKPTO have been divided
into “human” and “structural” capital. Generally speaking, human capital consists
of the skills, knowledge, and competencies of individual employees. Structural
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capital on the other hand consists of the knowledge and experience embedded in
the organizational structures, formalised processes, information technology, and
formalised communication systems of the DKPTO. In other words, structural cap-
ital is the knowledge that stays with the DKPTO when individual employees leave.

The structural capital of the DKPTO consists of two main elements — structurally
embedded knowledge and working processes. Working processes may be seen as a
catalyst for knowledge diffusion as they may serve to diffuse both tacit and explicit
knowledge. Furthermore, working processes themselves may be both codified
and non-codified. Structurally embedded knowledge, on the other hand, is quite
codified and directly accessible.’

The Intranet facilitates knowledge flows. It is the DKPTO’s internal network
for electronic communication. It is a very important medium for internal
communication and it supports the internal knowledge flows between individual
caseworkers and between different sections of the DKPTO.

Knowledge sharing by developing working culture and daily routines is a key to
preserve and develop competencies, which support the diffusion of especially tacit
(non-codified) knowledge. Regular section meetings and workshops support this
type of knowledge sharing besides ordinary educational programmes. Statistics on
the personnel may provide a general impression of the DKPTO’s human capital
(Table 1).

As mentioned, there is a high turnover of staff, rendering very high expenses for
education and development of central competencies necessary for maintaining the
core competencies of the organization. The educational activities of the DKPTO
are also very important for the internal diffusion of knowledge, as teaching of
new employees by experienced colleagues is an important part of the educational
programme of patent examiners and engineers. Table 2 shows the resources
(measured by working days) allocated to different types of educational activities.

The activities that are relevant to the primary functions of the DKPTO (patent
casework) take up a large part of total educational and competence building
activities. The activities basic training, training by colleagues, and advanced
training of specialists, totalled a number of 1593 working days. These activities
occur almost exclusively internally within the DKPTO. Generally, the education

Table 1. Number of Man-Years by Staff Category in 2000.

Executives and Consultants Engineers Other Academic Office Workers
Heads of Section Staff and Other Staff
22.5 23.8 56.4 355 139.3

8.1% 8.5% 20.2% 12.7% 50.5%

Source: DKPTO Knowledge Account 2000.
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Table 2. Competence Development and Educational Activities in 2000.

Activity Number of Days External/Internal
Basic training/patent course. 445 Internal
Training by experienced colleagues. 864 Internal
Advanced training of specialist incl. On-line search. 284 Internal/External
Basic juridical training and competencies. 210 Internal

Sales and marketing competencies. 35 Internal
Management training. 193 Internal/External
Networking competencies. 30 External
Professional and personal development. 495 Internal/External
Behavioural and attitudinal development. 396 Internal
Language proficiency. 230 Internal/External
Presentation and supervision techniques. 77 Internal
Presentation in writing. 28 Internal
Introductory meeting. 57 Internal

Total 3345 -

Source: DKPTO Knowledge Account 2000.

of individual staff members and the internal training processes by which human
capital is developed and maintained are important prerequisites for maintaining
and enhancing the ability of employees to carry out their tasks.

When the DKPTO takes on new employees (engineers and natural sciences
candidates) a comprehensive educational programme is implemented in order to
train new employees to become competent patent engineers. The training consists
of a “two-step-training” programme. The first step is the basic training course,
by which the employee obtains the so-called “announcement right.” The second
step by which the employee is appointed “patent engineer” requires additional
training and experience (in particular training by experienced colleagues). The
basic training programme consists of both theoretical and practical modules,
which are necessary in order to obtain the basic competencies for handling patent
applications. The duration of the course varies depending on the specific needs
of the employees and developments in the field of patent technique. The training
by experienced colleagues goes on for about 1 — 1 1/2 years. It has character of
apprentice learning, and is combined with specialised competence building and
training on specific technical issues. This additional training could, e.g. include
international courses in patent technique under the Centre d’Etudes Internationales
de la Propriété Industrielle (CEIPI). In addition to the specific technical skills, the
apprentice learning also involves substantial transfer of tacit knowledge. In total it
takes about three years of training before new employees can be appointed “patent
engineers.”
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With this in mind, we proceed to discuss how the technical competencies might
come into play in the production of business services.

4.3. Knowledge Transfer Involved in Business Services

Most of the business services require technical as well as knowledge on law on the
part of the DKPTO’s employees (and on the part of the customers in order to be
able to utilise the information). The question is how, exactly, do the competencies
within the DKPTO come into play in the “production processes” of the business
services? What are the links to the competencies associated with (and acquired
through) the handling of patent applications?

4.3.1. Organization and Production Processes

The production of technical business services is dependent on expertise on
searching and assessing the international patent literature. In the DKPTO the
business services are sold through the sales and marketing section, but they
are produced in the patent section. Interviews with employees of the S&M
and the Patent sections indicate a relatively clear division of labour between
the two sections concerning the production of business services. Thus, the
internal diffusion of knowledge that is required for the production of business
services does not differ much from the codified processes as described in
the internal handbooks and production guides. It should though be mentioned
that there has been some people who shifted job from the patent sections to
the S&M department, which implies a certain diffusion of knowledge across
divisions.

The S&M section is the customer’s gateway to business services and the S&M
section is responsible for the initial communication to the Patent section of the
customer’s request. Thus the S&M prepares the case, which is thereafter taken
over by the relevant employees in the Patent section. This is initially an employee
who is assigned as responsible for the specific case. The case is then handed over
to a technical expert/patent engineer. The responsible caseworker and the problem
solver/patent engineer is often one and the same person. Alternatively, the job is
handed over to the head of section who then hands over the job to a patent engineer
of his/her choice.

Whether the service in question is a novelty search, infringement inquiry,
or state-of-the-art-inquiry it requires more or less the same competencies and
knowledge as required for search and examination of patent applications. The
patent engineer also takes care of further communication with the customer, which
is often of a technical nature.
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4.4. Conclusions

The general conclusion concerning internal processes is that the interdependence
between the competencies acquired through patent casework and those required
for technical business services is not based on the formal (codified) or informal
(non-codified) organization of production processes. It follows from the above that
the S&M section could service industry with enhancing general awareness of IPR
and sales of business services without having the technical expertise, as represented
by the patent section, in-house. In principle, the technical search and examination
processes could be bought from outside the organization (or even outside the
nation) and re-sold through the S&M organization/department. However, a number
of practical difficulties are associated with this idea. In particular, the possibility of
communicating directly (in Danish) with the responsible patent examiner would
most likely be limited or non-existent. This would reduce the potential value of
the services in question. Moreover, the S&M section would need some security
for supply of the search and examination that they sell. It is likely that flexibility
in the production is greater if the production is done in-house.

Interviews in the S&M and Patent sections have indicated that the functionally
separated working processes are characterised by codified, internal structures of
knowledge diffusion while potential non-codified (informal) ones seem rather
limited. Actual case-by-case co-operation between the sections is rather limited.
Although most business services (in particular technical services) are produced
with a quite clear division of labour, there is probably more room for non-codified
co-operation internally within each section than between sections. One could
therefore argue that the specific internal relations and the diffusion of knowledge
between the S&M section and the Patent section is in fact not very developed, but
perhaps that is not necessary. It may be argued that this streamlined organization
of the work processes with limited cross-departmental knowledge flows is a
rational way of organising activities. The community of practise-like organization
discussed in the theoretical section only have its’ merits in certain situations, it is
not an universal best practise. In fact, the interviews within the DKPTO revealed
that such an organization has been tried out in the DKPTO, but with poor results.

5. MUTUAL COMPETENCE BUILDING - CASES FROM
DANISH ENTERPRISES®

5.1. Introduction

Section 2 pointed to some of the possible ways of competence building and
knowledge transmission of relevance for innovation. Section 4 highlighted more
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precisely where in the patent granting process such learning processes are likely to
take place. This section sets out to illustrate, via descriptions of real world cases,
if some of the theoretical considerations are indeed also to be found in practise.
Thus, the cases illustrate how patent offices may contribute to product innovation
in firms by virtue of other activities than just filing a patent. As the primary purpose
with the section is to explore in more detail the nature of the learning processes
and learning effects of the interaction between the DKPTO and the firms, the cases
are not chosen randomly. On the contrary they are picked under the presumption
that they illustrate learning processes related to product innovation.

The section starts out with a short discussion on research strategy and methodol-
ogy. The description of the cases are structured as a first presentation of the appli-
cant firm, its industry and its technological competencies and patents. Secondly, we
analyse the interaction between the firm and the DKPTO. Thirdly, learning effects
are identified and possible implications for product innovation in the firm are
discussed. Related, it is discussed if the cases give any evidence to the discussion
on whether the firms benefit from the national location of the patent office.”

5.2. Case Studies as Research Strategy

The study includes case studies based first and foremost on interviews with
an employee or manager engaged in the company’s patent policy. The cases
includes Rockwool, @stjysk Innovation, the Technological Institute, Pure Snack,
Plougman & Vingtoft, Patentgruppen, and Kristoffer Larsen Innovation A/S.
@stjysk Innovation, the Technological Institute and Pure Snack is reported one
group and Plougman & Vingtoft and Patentgruppen as another group. The
companies were selected in such a way that we can show different ways of using
and interacting with the DKPTO.

To get a better understanding of the procedures of patent applications, the
business services offered, and the patent examiners relations to customers, we
used earlier reports (consumer analyses, descriptions of procedures for patent
application and others), the DKPTO homepage and the DKPTO Intranet. Besides
the material found we also held several informal meetings with employees of the
marketing department of the DKPTO and patent examiners in order to get an
understanding of the patent system and how it works. The informal talks with
employees of the DKPTO were crucial for formulating the right questions for the
case study.®

The interviews lasted between 1%—2 hours and each interview was introduced
with the respondent talking about his or her company. The questions were open-
ended and a large part of questions requested the respondent to come up with
example.’
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5.3. Case: Kristoffer Larsen Innovation A/S

Kristoffer Larsen Innovation A/S is a one-man business. The company sells
imported spare parts for trucks and has been the owners’ main source of income
the past 15 years. During the past 10 years the owner has also been busy inventing
equipment for the production of pork. Today Kristoffer Larsen Innovation A/S has
invented a house for free-range pigs and an advanced feeding robot that ensures that
each pig automatically receives precise individual feeding. The robot thus identifies
the pig, its weight and individual feeding need. By doing so it becomes possible
to trace back in time what fodder each individual consumed. This allows you
to investigate what are possible inexpedient effects of different types of fodder,
medicines, environmental factors etc. Kristoffer Larsen Innovation A/S applied
for patent on the ability of the robot to link each individual pig to the record of
consumed fodder. Kristoffer Larsen Innovation A/S is constantly involved in new
invention activities. Currently, the owner is for instance working on an outdoor pig
toilet.

Generally most of the work with new inventions in equipment for outdoor pigs
is informal and rarely patents are applied for. Today, Kristoffer Larsen Innovation
A/S actually seems to be the only firm in Denmark who is applying for patents
for equipment for outdoor pigs. Moreover, at the moment it makes no difference
if you take out patents on your equipment for outdoor pigs or not. The chances of
your idea being imitated seem to be small and the possibilities of exploiting the
patents are limited as well. However, it is likely that the situation will change. First
of all because outdoor pigs is a fairly new phenomenon but also due to changes
in regulation and consumer preferences. Therefore, the respondent thought that
taking out a patent would be the safe strategy.

5.3.1. Kristoffer Larsen Innovation A/S’s contact to PVS

Kristoffer Larsen Innovation A/S has been busy inventing equipment for pigs
since the mid-1990s and as the first inventions began to take form, he decided
to apply for patents. Kristoffer Larsen Innovation A/S contacted the DKPTO in
1998 and set up a meeting. Among the participants at the meeting was the patent
examiner Michael,'” who at that time dealt with patents within the agriculture
area. Later Michael became Kristoffer Larsen Innovation A/S’s permanent case
officer. Kristoffer Larsen Innovation A/S presented the feeding robot at the meeting
and the participants from the DKPTO first impression was that the idea was
promising. After the presentation, the meeting participants went to the library
where a novelty search (a patent technical search) was conducted. No existing
patents were found on the automatic feeding robot and the DKPTO requested
Kristoffer Larsen Innovation A/S to go on with the patent, and to find a patent
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agent to help to formulate a patent application. Kristoffer Larsen Innovation A/S
chose one of the larger patent agents in Denmark, who helped to select patent
strategy, including the formulation of the patent claims. To ensure that the patent
application was optimised Kristoffer Larsen Innovation A/S requested the DKPTO
to make a patent family search. No infringements were found under the search and
Kristoffer Larsen Innovation A/S became aware that the patent was too narrow. It
was then decided to broaden the patent and so maximise the possibilities to exclude
others. The patent application was reformulated, a new test was conducted and the
application was finally accepted.

Kristoffer Larsen Innovation A/S has as part of the patent application bought
the services novelty search and patent family search in order to set up the right
claims. The patent on automatically linking individual pigs to its past consumption
of fodder is technically advanced, and according to the respondent, it is highly
uncertain if the patenting process could have been carried through without the
assistance of the DKPTO. Kristoffer Larsen Innovation A/S has during the last
years learned much about the patent system and how it works. The interaction
with the DKPTO has especially increased knowledge on how to apply for patents
and Kristoffer Larsen Innovation A/S is today much better at making descriptions
of the patent. Also, Kristoffer Larsen Innovation A/S has learned how to judge a
patent and the patent claims.

... T have increased my knowledge of the patent application and gained a better insight in the
patent system. Consequently, it has become easier for me to participate actively in the patent
application process. My increased knowledge of patents in general has also increased my interest
in applying for new patents.

Kristoffer Larsen Innovation A/S believes that the interaction he has had with
the DKPTO and the knowledge he has gained from his experience from dealing
with the patent system, has had an impact on his innovation activities and will
continue to have so. In conclusion, Kristoffer Larsen Innovation A/S’s interaction
with the DKPTO has first and foremost been vital in connection with his specific
applications, but has also increased his knowledge of the patent system as such
and increased his skills in applying for patents and judging relevant claims for the
patent. In turn, this is likely to positively influence innovation activities also in the
future.

5.3.2. DKPTO’s Benefits from the Interaction With Kristoffer Larsen

Innovation A/S

Kristoffer Larsen Innovation A/S describes the relations to the case officer Michael
as informal and personal. The level of interaction between the two parties has
been fairly extensive. It is also Kristoffer Larsen Innovation A/S’s belief that the
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DKPTO and especially Michael have benefited from the collaboration. Michael
became aware of which types of problems one faces, when applying for patents for
the first time. The intense involvement enables case officers as Michael to answer
questions in the future, which goes beyond questions on how the patent system
works and formalities in the formulation of the patent application. The case officer
gains insight in the types of questions you might ask as a first time applicant and
the surprises customers get when the cost of an international patent is first revealed,
the procedures and complications of sale of the inventions, license deals etc. The
case officer also becomes aware of which supporting possibilities there might be
such as network possibilities, where to get technical advices, or which funds you
can apply for if needed. This type of information can then be passed on to new
applicants and thus help them get through the system in the most efficient way.

5.3.3. The Benefits from Having a National Patent Office

Kristoffer Larsen Innovation A/S believes that the contact with the Danish patent
office has been fruitful due to the way the communication has proceeded. The
respondent doesn’t think he could have communicated in the same manner if
the patent system was centralised and all patent examination were e.g. placed with
the EPO in Munich. He mentioned the foreign language as a major communication
barrier. Also he mentioned that the personal relations to the DKPTO has meant
much to him in his work with patents, and he doubts that this type of relationship
could be maintained if the patent system was fully centralised and his case officer
was in Munich.

5.4. @stjysk Innovation (Pre Seed Capital Provider), Pure Snack (A Company
Financed Partly by @stjysk Innovation) and the Technological Institute (A
Government Approved Technological Institute)

In this case the two innovation supporting institutes @Dstjysk Innovation (a pre-
seed capital provider) and the Technological Institute (an Approved Technology
Institute — GTS) are used to illustrate how these types of organizations work with
patents and interact with the DKPTO. In order to illustrate the interaction between
the institutions and their portfolio companies, a one-man company Pure Snack is
included. Pure Snack is supported financially by @stjysk Innovation and seeks to
commercialise low fat snacks. The case study is based on interviews with Gyda Bay
from @stjysk Innovation, Peter Lauridsen (the Technological Institute, Invention
department) and Ole Knudsen (Pure Snack).

The most important function of @stjysk Innovation and the Technological
Institute is to support entrepreneurs and researchers commercialising inventions.



Inter- and Intraorganizational Learning Processes 327

The institutes help inventors with guidance in such questions as licensing,
marketing and sales related questions. Both institutes also support the companies
financially and in creating networks, the two types of support that they provide in
the area of technical guidance. The GTS institutes have in-house engineers and
consultants with expertise within several technical areas.

These institutes see patents as very important elements in the innovation process.
They spend many of their resources supporting companies in their work with
patents. Even though it is costly, both institutes encourage the inventors to apply
for patents. Both Institutes use in-house expertise to screen for novelty and then buy
novelty searches (patent technical searches) from the DKPTO or from the patent
bureaus. The in-house novelty screenings are carried out in free databases available
on the Internet and in databases that the institutes have paid access to. In addition to
using the DKPTO to carry out novelty searches, Technological Institute also uses
the DKPTO to acquire new information in the patent area, and send participants
to many of the seminars provided by the DKPTO.

Like the Technological Institute, @stjysk Innovation only buys novelty searches.
Gyda Bay mentions that they buy a limited number of novelty searches from the
DKPTO since patent bureaus can provide more information in the novelty search
in certain subjects. @Dstjysk Innovation uses the novelty searches as one of many
factors to make final decisions on whether to support a project or not. Ole Knudsen
of Pure Snack recognises this situation. Luckily, the novelty search for his invention
had a positive outcome leading stjysk Innovation to support his business financially
and to help him get a licensing deal. The novelty search was also useful in the
process of attracting investors, Ole Knudsen suggests.

Dstjysk Innovation lets the patent agents carry out their search because they
have experienced that some of the patent agents are doing a better job within
some technical areas. Also Gyda Bay finds it convenient that the patent agents
can pass remarks on the searches and make comments on the chances of getting
the patents and chances of infringement of other patents. Due to legal concerns,
DKPTO services are limited in this respect.

Even though the three respondents leave much of the patent work to patent
agents, they still believe they have learned much from dealing with patent
questions. In general it is difficult for the respondents to point out the origin of their
knowledge. Some knowledge might have come directly from interaction with the
DKPTO, seminars in Denmark, abroad, and some from the patent agents, according
to the respondents.

Peter Lauridsen mentions that there are a large number of employees from
the Technological Institute, who have learned much from joining DKPTO’s
introductory courses and seminars in intellectual property right issues. The courses
have increased the qualifications among employees in the work with patents and
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contributed to a better awareness of intellectual property rights in the Technological
Institute in general. This, in turn, benefits the innovation activities in the customer
firms buying consultancy services from the Technological institutes because of
more qualified guidance of these firms.

5.4.1. The Benefits of a National Patent Office

None of the questioned institutes believe their portfolio companies would have
applied for fewer patents, if the DKPTO had not existed. However, all three
respondents find it convenient to have a national patent office due to shared
language and culture, and the close localisation. Peter Lauridsen says,

... It is always nice to have the help on one’s doorstep and not externally placed in Stockholm
or Munich. Unfortunately, I think there is a tendency towards further centralisation of the
patent system and it might very well lead to the EPO running the whole thing (Peter
Lauridsen).

Besides the advantages of close geographic localisation, the shared language and
the shared culture, the respondents also mention good personal relationships with
the staff in the DKPTO as an essential reason to preserve a structure with a national
patent office.

5.5. The Patent Agents: Plougman & Vingtoft and Patentgruppen

Patent agents complete around 80% of the patent applications the DKPTO receives.
This makes the patent agents a very important customer group and makes it
necessary to evaluate the patent agents’ relationships with the DKPTO, their
attitudes and their view of the DKPTO, as well as their expectations in future
collaborations with the DKPTO. In order to answer these and other questions we
have interviewed Peter Jensen'! from Plougman & Vingtoft and J@rgen M@ller
from the Patentgruppen. The two bureaus differ in size and also to some extend in
the provided services. Plougman & Vingtoft is the largest patent agent bureau in
Denmark and they support their customers technically in further development
of inventions if necessary. Patentgruppen consists of five patent agents and a
number of other staff. The bureau is the fifth in size in Denmark measured by
international patent applications in 2000. The Patentgruppen also differs from
Plougman & Vingtoft in its service offerings. In comparison to most bureaus the
Patentgruppen is highly involved in their customers’ innovation process. While
most bureaus evaluate the final innovation output, the Patentgruppen evaluate the
patent possibilities of inventions early in the innovation process and continuously
throughout the whole innovation process.
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Both Plougman & Vingtoft and the Patentgruppen consider the DKPTO to be
more of an authority and a sub-supplier than an actual collaborator. The bureaus
consider also their role in the system to be rather different from that of the DKPTO.
The patent agents can be considered as an intermediary between the companies
and the DKPTO and it is the patent agents who help the companies with the patent
applications. The patent agents’ most important job is to work out the patent
strategy, which involves drawing up the patent claims. Due to regulations, the
DKPTO is not allowed to handle this function. The DKPTO is also limited in the
guidance that they can provide when selling business services. When the patent
agents sell a business service to their customers, they are allowed to comment
on the company’s chances of getting the patent. Peter Jensen sees this division
of labour as a necessity because it gives room for both actors. Peter Jensen also
mentions that their customers never address the DKPTO directly. According to
the two bureaus, the division of labour is clear, the DKPTO is a sub-supplier of
business services and the issuer of intellectual property rights.

5.5.1. The Bureaus’ Use of the DKPTO

Plougman & Vingtoft often buy business services from the DKPTO. They
buy various services like novelty search, patent family searches, and various
surveillance searches (patent family surveillance, competitor surveillance, or
technical surveillance). Before they buy the searches, they usually make their own
introductory searches. Unlike Plougman & Vingtoft, the Patentgruppen sometimes
make their own final novelty searches before they determine whether to apply for
the patent or not. Jgrgen Mgller says, that it is possible to make good online
searches within some technical areas if the technical area is new, such as for the
mobile phone industry. For such a case, all the relevant material is available on
line, which makes it unnecessary to scan the DKPTO’s patent literature.

The Patentgruppen submits around 15% of all patent applications for trial in the
DKPTO. This is because some of the Patentgruppen’s customers want to apply
for patent in Denmark first in order to save time. Some companies are not sure
of the market possibilities of the patent and some companies’ want to reduce
the costs involved with gaining the patent. Unlike the Patentgruppen, Plougman
& Vingtoft has never filed a patent application at the DKPTO, but they hand in
patent applications in Denmark for registration. According to Peter Jensen, their
customers are not interested in a patent that is only effective in Denmark. “. .. Our
customers are thinking internationally and there is a good reason to think that this
tendency will continue in line with the increase in internationalisation.”

In the Patentgruppen they also believe that fewer of their customers will want a
patent, which only is valid in Denmark, and thus fewer are likely to have their patent
application tried at the DKPTO. Jgrgen Mgller also mentions that the DKPTO
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probably will receive even fewer applications when the cheaper Community patent
is introduced.

According to Peter Jensen there is no knowledge diffusion from the DKPTO to
Plougman & Vingtoft when they interact. Actually the work with patent application
does not give rise to much interaction with the DKPTO or any other patent
offices. The only thing that is likely to give rise to exchange of knowledge is their
employees’ attendance at DKPTO’s held courses in intellectual property rights.
Plougman & Vingtoft’s new employees often attend the introductory courses.

Both Plougman & Vingtoft and the Patentgruppen are aware that many of the
employees that the DKPTO train end up in private patent bureaus and four out of
five of the consultants in the Patentgruppen are from the DKPTO. Jgrgen Mgller
mentions that it is an advantage to hire someone who has worked for the DKPTO
because they know how the system works. The patent agents job is of course very
different from the work in the DKPTO. The patent agents’ job is to formulate
a description of an invention in a legal-technical way and to make the patent
application as broad as possible by formulating the right claims. The staffs in the
DKPTO dealing with the applications on the other hand read and make a judgement
of the application. Plougman & Vingtoft have only recruited few employees from
the DKPTO. Instead they often recruit PhDs from the universities. They believe
these are able to help customers with inventions, as well as to recognise the
opportunities in inventions,'? Peter Jensen says.

5.5.2. DKPTO’s New Role

The DKPTO can, because of it status as an authority, stimulate and contribute to
networking among the actors in the industry. This fact both respondents agree upon.
The DKPTO’s status as an authority allows the organization to fulfil a number of
coordinating functions and to implement initiatives useful to society. Some of the
initiatives that the DKPTO has implemented are listed below.

* Education/courses: the DKPTO is together with Patentagentforeningen and
DIP (Dansk Industris Patentagenter) coordinator of the Intellectual Property
Right education in Denmark. Courses are held in intellectual property rights,
consequences of changes in the international patent system, etc.

* Conference organiser: the DKPTO continuously arranges conferences. The
purpose of a conference could e.g. be to increase managers’ awareness and
knowledge of intellectual property rights at a strategic level.

* The spring meeting: the DKPTO hosts a spring meeting once a year. The
participants at the meeting are usually 200 employees from the DKPTO, patent
agents and industry associations. The purpose of the meeting is to have the
players in the industry inform each another of their activities and to network.
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¢ Innovation forum: Once a year the DKPTO and the patent agents hosts an event,
where the invention of the year is elected.

e Sparring partner: the DKPTO to a large extent uses people from the industry as
sparring partners in product development. The DKPTO has for example invented
the program Ipscore and several publications at the request of the industry.

* Information campaigns: the DKPTO works with private patent bureaus on joint
information campaigns, which seek to increase awareness of intellectual property
rights.

e Joint mouthpiece of the industry: In many ways the DKPTO works as a
mouthpiece of the industry and especially in international questions. The DKPTO
discusses political and international questions with the industry at meetings.

Peter Jensen says, that the DKPTO has done a good job gathering the industry
during the last four to five years and it has been fruitful in terms of networking.
Plougman & Vingtoft also participates in several of DKPTO’s activities listed
above.

... We always participate in the popular spring meetings. It is an event, which offers possibilities
of creating networks. I think it is of high value that a public institute is able to gather the industry
and create events where networks are established. In Denmark, the DKPTO is the catalyst for
organising industry events and meetings because they are neutral.

Both Plougman & Vingtoft and the Patentgruppen are aware that the DKPTO’s role
has changed, and they expect further changes during the next couple of years. The
DKPTO thus is more than just an authority, granting intellectual property rights
and a sub-supplier of business services. The DKPTO is also an organization, which
brings the industry together, while stimulating the networking within the industry.

5.6. Case: Rockwool International A/S

The Rockwool Group is the world’s leading manufacturer of stone wool. With
more than 20 factories in Europe, North America, and East Asia, and a global
network of sales companies and trade offices, the Rockwool Group covers all parts
of the globe. The Group has more than 7,000 employees. The sale of traditional
thermal insulation makes up 5/6 of Rockwool’s revenue.

In Rockwool we interviewed Arne Kraglund, who is responsible for the patent
department, Technology Search. The department is responsible for patenting and
technology, as well as competition surveillance based on review of patent literature.
The patent department consists of five employees.

The large players in the industry are all very conscious about using patenting.
Rockwool’s products have a long lifetime and the products can be easily imitated,
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SO gaining a patent is an important way of protecting their inventions and market
share. Rockwool would never run the risk of not applying for patents on new
important inventions, because they realize that their competitors are just behind
them with their own inventive activities. Additionally, there have been incidents
where the large mineral wool producers have handed in almost identical patent
applications, according to the company. Arne Kraglund believes that if Rockwool
in such environment had chosen a secrecy strategy, waiting until the market for the
products has been investigated and sale prognoses had been made, it would have
failed.

5.7. Rockwool’s Way of Using the DKPTO

Each year Rockwool hands in a large number of patent applications to both the
DKPTO and to PCT authorities and today Rockwool’s portfolio consists of more
than 1000 patents or patent applications. Rockwool’s patents are first and foremost
product patents, but they also have patents on processes. Almost one-fourth of all
Rockwool’s patents are examined in the DKPTO and three-fourths are examined
at a PCT authority. Arne Kraglund says that if they are convinced an invention will
become a success in a number of countries the patent application will normally be
handed in directly to the EPO.

Rockwool buys two types of business service from the DKPTO, novelty searches
and state of art searches. Rockwool does not buy novelty searches from patent
agents. This is due in part to their confidence in the patent authorities and also
because they know the authorities have substantial and current holdings of patent
literature, Arne Kraglund claims. The state of art searches are not used directly in
the patenting process, but more as information material used for R&D. The state of
art searches has for example been used to give a better insight in a certain technical
area and as a tool for generating ideas. The state of art-searches are mostly useful
if they address R&D outside Rockwool’s key competencies. There is not much
knowledge to gain from the patent literature of Rockwool’s key product, stone
wool.

5.7.1. Rockwool’s Relationship to the DKPTO

Rockwool has a contact person in the DKPTO and it works out well. It is nice to
always know which person to contact, Arne Kraglund says. The person who ends
up getting the task will often call Rockwool and make sure that the description is

properly understood. Arne Kraglund finds it convenient to have such good relations
to the DKPTO:
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... Idon’tjust call the EPO and they do not call me to ensure they have understood a description
correctly. I can definitely feel that the geographic distance to the EPO is long. Besides I like
the idea of knowing the person I am calling and that is the case when I am calling the DKPTO.
It gives one some sort of security that you know the people who are dealing with your patent
applications and searches and also much can be unsaid if it is always the same person who is
dealing with your company (Arne Kraglund).

According to Arne Kraglund, it is important that there is a good understanding
between the DKPTO and Rockwool and he likes that the two parties are close
geographically. Because the geographic distance is short, we can easily meet if it is
necessary, noting that they actually meet once a year to discuss their collaborations,
Arne Kraglund says. At these meetings, Arne Kraglund is asked to come up with
ideas to improve the effectiveness of the DKPTO and assess their customer-client
relationship. This implies that it is likely that the DKPTO has learned from its
collaboration with Rockwool.

5.7.2. The Advantages of Having a National Patent Office

Rockwool supports the national patent office. However, Arne Kraglund thinks that
Rockwool would do just as well without a national patent office amongst other
because Rockwool has many years of experience with the patent work. But for the
sake of small companies and newly established companies that might be low on
cash, Rockwool supports the national patent office. From a society point of view
Arne Kraglund believes that there is a necessity for a national patent office, adding
that it is also convenient.

5.8. Conclusions from Case Stories

5.8.1. The Contribution of Patent Literature and Information to Technology
Spillover in the Innovation System
None of the respondents believe that they have increased their specific
technological knowledge through their interaction with the DKPTO. The patent
literature and information (on which business services are based) likewise have
only to a limited extent contributed as inspiration to new inventions. Two of
the respondents (Arne Kraglund, Rockwool and Peter Lauridsen, Technological
Institute) mention that they have used the state of art-searches as inspiration for
new inventions, but, not very often. At the Technological Institute, these types of
searches have also been used for adjustment of the direction of future inventions.
In general, it is believed that the technological knowledge that might be gained
from patent literature is indirect. This result is no surprise and it is widely supported
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by research concerning the general importance of patent literature to the innovation
process.

5.8.2. The DKPTO’s Contribution to Increasing Knowledge and Awareness of IPR
and to Facilitating Access to IPR Protection

The case stories show that the patent applicants learn a lot from working with
patent questions on their own. Also, all the respondents clearly have gained a
higher ability to see the IPR-angle of their innovations from dealing with patent
questions; they are all able to read and understand the patent literature and the
inventors are today better at giving full descriptions of their inventions or to codify
the knowledge behind an invention.

With respect to learning effects of interacting with the DKPTO, the size of
the firms may have a bearing on learning effects, as one should expect learning
to be most intense during the first occasions of interaction. Thus, a large firm
with it’s own patent engineers, or even patent department, like Rockwool, may
have learned much in connection with their first patent application. However, after
having developed internal competences at a high level, it is likely that learning
effects diminish. Vice versa, small firms may experience disproportionally higher
learning effects.

5.8.3. The Importance of a National Patent Office

None of the respondents believe it would affect their patent activities negatively if
the patent system were fully centralised in Munich and several of the respondents
mention that they are indifferent to from where they buy their business services.
The business services can be bought from the DKPTO, other patent authorities or
patent agents. Several of the respondents also claim that it is just as easy to hand
in a patent application to the EPO as to the DKPTO.

Even though the respondents do not think that they would apply for fewer
patents if the DKPTO had not existed, they all mention advantages with having
a national patent office. The respondents all agree that it is convenient to have
a patent office in Denmark because of the shared language and culture, it is
easy to meet and communicate, also because the respondents have good personal
contacts in the DKPTO. Some of the respondents also mention that the DKPTO
organise courses in IPR thus stimulating general awareness of IPR. Furthermore,
the patent agents interviewed believe it is useful to have a national patent office
to bring together the patent industry and to promote networking in the industry.
So all the respondents could point out advantages of the national patent office.
Some of the respondents point to additional benefits of a national patent office for
small firms.
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6. CONCLUSIONS - THE ROLE OF THE DKPTO IN
KNOWLEDGE TRANSFER AND COMPETENCE
BUILDING RELEVANT TO PRODUCT INNOVATIONS

Two types of learning processes have been investigated in this chapter. First, it
was contended in Section 1 that the interaction between on the one hand firms,
intermediaries or individuals applying for patents and on the other hand the patent
office would add to the competencies with both parties. In the end, this may have
positive effects on the innovative abilities of the firms and their awareness on and
actual use of the IPR-system. Moreover, the competencies in the patent office may
increase as a result of this interplay. Second, internal competencies resulting from
processing applications may then be transmitted to other parts of the organization
thus enhancing these other parts’ ability to provide services, not only to firms
directly, but also indirectly through various types of intermediaries.

In the theoretical framework, and in other chapters, notably Chapter 2 by
Lundvall, we pointed to different ways of transmitting different kinds of knowledge
such as codified and tacit knowledge. We thus pointed to the need to study the
nature of knowledge to be exchanged between Sales & Marketing department and
patent examiners as well as to which extent such knowledge transfer is actually
taking place. If the efficiency of activities of Sales & Marketing is dependent
upon diffusion of knowledge from patent examiners it requires that mechanisms
of knowledge transfer be established with the objective of ensuring knowledge
transfer. With limited interaction between departments, this transfer is unlikely
to take place. In a dynamic setting, the establishment of such an appropriate
level of learning processes may be part of an overall strategy for organizational
development. '

With respect to the infernal competencies, we found that it is crucial for
the production (and supply) of technical business services that the technical
expertise is readily available. In the DKPTO these services are supplied without
any intensive cross-departmental knowledge flows or close cooperation between
patent examiners and the Sales & Marketing section. The knowledge involved
furthermore primarily is of a codified nature. The division of labour and procedures
are strictly defined and the need for increasing knowledge flows was felt greater
within departments than between departments. Consequently, there were no efforts
to create environments for learning between the departments. However, taking
the tasks of the departments into account, the need for such efforts was not
obvious.'* The accessibility of patent expertise was important, but we did not
find arguments for having access to this expertise in-house. The separation of the
two functional groups, and the codified nature of the knowledge needed, means
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that, in principle, it would be possible to buy the examination expertise elsewhere,
if it were readily available. In practical terms, there are a number of objections to
a separation of functions. For example, it is the responsibility of the government
authorities to manage the application processing according to strict rules. This
is due to considerations on equal process, secrecy, and the risk of disqualified
processing.

We have shown in a discussion of the functions of the DKPTO what are
its relationships to other organizations in the innovation system, including
demonstrating that its associations with external organizations are not only
confined to industrial firms. A wide array of other relations is important in the
overall picture of the position of the DKPTO in the innovation system. This reveals
that although the DKPTO has direct contact with many firms, its indirect role as
a provider of information and knowledge to other organizations should not be
underestimated.

The general impact of the DKPTO on transfer of knowledge conducive for
product innovation in firms is, according to the case studies primarily in increasing
the awareness of IPR. In addition, there is a flow of qualified patent caseworkers
from the DKPTO to the patent agents (and to large industrial firms), which in itself
means a transfer of knowledge relevant for the innovation process.

One may question if these functions could effectively be taken care of by the
EPO, patent agents, or some other institution. Certainly many firms, especially the
large firms, would not mind if the functions mentioned in Section 3 and Appendix A
were fulfilled by the EPO. On the other hand, we saw in the case studies, that in
particular, small, new firms may feel more confident with a national patent office
in the proximity, with its familiar and national language.

NOTES

1. Appendix A explains in more detail what these services are.

2. The researcher was assisted by Research Assistant Mia B. Rasmussen, Department of
Business Studies of Aalborg University. They undertook the field research in collaboration
with the Danish Patent and Trademark Office. The author wish to thank colleagues in the
Department of Business Studies, Aalborg University for comments. Also thanks to ESST-
student Joseph Stewart, Texas for language editing. A special thanks to Ole Kirkelund and
Steffen Rebien of the DKPTO for comments on preliminary findings and earlier drafts, as
well as written notes on the content. Finally, I am grateful to all the people who helped with
information and data during case studies, and internally in the DKPTO.

3. Typologies of such groups have been discussed in the literature on organizational
learning. One of the best known such groups is a functional group. Another type of group
is a community of practice, which is usually associated with Lave and Wenger (1991) and
Wenger (1998). A third type of group is an epistemic community.
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4. Substantial parts of this section have been written with the help of written inputs from
Ph.D. Ole Kirkelund of the DKPTO. The author is grateful for these inputs as well as several
discussions on the issue.

5. The most important resources include the following: Collections of handbooks
containing technical and juridical literature as well as other relevant subjects. A collection
of more than 30 mill patent documents. Internal handbooks on patents (and utility models,
trademarks, design, and personnel). Internal checklists, guidelines, reports, and databases.
Library resources including electronic journals and works of reference Intranet.

6. The work on the cases have been conducted jointly by the present author and research
assistant Mia B. Rasmussen, who did the major part of the interviews.

7. This is a discussion that have been going on all through the 1990s, and is closely
linked to what functions should be kept nationally and what could be centralised. This is
discussed thoroughly in Christensen (2005) and is only a sub-issue here.

8. One of the researchers involved in the present casework had the daily work place
physically at the DKPTO in about half of the research time (for 1/2 year). This greatly
benefited the researchers assessments of the internal organization of the DKPTO and of the
way the DKPTO operates in relation to external parties.

9. To avoid misunderstanding of the transcription of the interviews, the respondents
afterwards passed remarks on the case stories. The stories are supported by quoted
statements. Each case story is presented individually and subsequently the stories are linked
together and the common denominators are emphasized.

10. The name of the patent examiner is fictitious but the author is aware of the real name.

11. The real name of the respondent has been changed.

12. Plougman & Vingtoft do not cover all technical areas. They have specialised within
the areas bio technology, chemistry and software technology.

13. Note that learning is usually considered a positive thing. However, as learning
processes may be costly there is a limit to how far it is rational to go in investing in
the build-up of organizational structures conducive for learning processes. In fact, it may
in some cases be rational to have less close interaction, as was discussed in Section 2, and
as has been referred to in the litterature as “the strength of weak ties” (Granovetter, 1973;
Hansen, 1998).

14. In fact, the studies within the DKPTO revealed that the DKPTO earlier worked a lot
with organizational change and developed the organization into a community of practice-
like set up. However, this showed to be inefficient and consequently it was changed to the
functionally oriented structure.
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APPENDIX A

Business Services

The descriptions provided here do not cover all kinds of business services. Only
those that are seen as the most important to innovation activities of companies
and inventors are included in the analysis. The review is based on the descriptions
of individual services in the DKPTO’s “Handbook of Products.” The production
processes connected to the services are also briefly described in the handbook and
further information has been gathered through interviews with employees in S&M
and in the patent section.

APPENDIX B: CENTRAL BUSINESS SERVICES

Novelty Searches

This service is intended to establish whether an invention is “new,” which is
important in terms of patentability. Novelty searches are, therefore, an important
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element of the casework involved in handling patent applications. However,
novelty searches can also be delivered as a “stand-alone service” on different
scales.

This service may quickly offer customers a preliminary indication concerning
the possible patentability of an invention.

Infringement Inquiries

This service investigates whether a customer’s product violates the IPRs of another
company or person if marketed. The inquiry may be limited to material provided
by the customer, but apart from this, infringement inquiries involves more or less
the same search operations in patent literature and databases as is the case with
novelty searches.

Besides offering a more thorough assessment of the technical properties of
the customers’ product, which is relevant for deciding to apply for a patent,
infringement inquiries offer more or less the same advantages as novelty searches.
Thus, it may guide decisions on further investments and development. In particular,
it may guide decisions on whether or not to market a product.

State of the Art Technology Inquiries

Inquiries into state of the art within a specific technology area are equally based
on searches in international patent literature both manually and in electronic
databases. Searches into other relevant material are provided on the customer’s
request.

The purpose of this type of inquiry is to give inspiration to customers for further
development of a product. It is somewhat broader in scope than a novelty search
as the focus is on technology assessment of a technical area in general rather
than on the customer’s own product as in novelty searches and infringement
inquiries.

Profile Analyses

The services mentioned above are quite technical in nature as they aimed at
assessing technology, e.g. according to novelty or potential infringement of IPRs.
Profile analyses can be both technical and non-technical depending on the type of
profile in question. The DKPTO offers basically four different types of profiles,
industry profiles, company profiles, product profiles, and technique profiles.
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Monitoring

Monitoring consist of searches that are repeated periodically. This type of searches
can be aimed at different types of information depending on the needs of the
customer. The main types of monitoring include:

* Monitoring of a specific technical subject through patent literature or relevant
technical literature.

* Monitoring of the activities of certain companies or inventors concerning
patenting (or utility models, design, and trademarks).

* Monitoring of activities concerning a certain IPR identification number
(“rettighedsnummer”).

* Monitoring of changes in intellectual property law within a certain (e.g.
technical) area specified by the customer.
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DOES PRODUCT INNOVATION AND
FIRM GROWTH GO HAND IN HAND?

Toke Reichstein

ABSTRACT

This chapter investigates the relationship between product innovation and
firm performance. We apply a logistic regression to predict product innovation
using a number of explanatory variables of which firm growth is of principal
interest. We study the relationship at two different time periods using two
comparable questionnaire surveys. These are combined with accounting
statistics and labor market data. We find that firms which are experiencing
high growth rates also are more likely to have been product innovating.
We also find support for the user-producer theorem and that Schumpeter
may have been right in his hypotheses concerning firm size and innovative
activities.

1. INTRODUCTION

Long wave theory suggests that innovative behaviour plays a significant role
in determining economic development and long term economic fluctuations
(Freeman et al., 1982). Theoretically it has been suggested that a positive
correlation between product innovation and macro economic growth depends on
the substitutability between new and existing products (Katsoulacos, 1984). It
has also been pointed out that product innovations are fundamental for escaping
satiation (Andersen, 2001; Pasinetti, 1993). Contrary to the stochastic approach to
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firm growth these statements suggest that product innovation may have a significant
effect on growth rates at the micro and meso level.

With this background, the paper asks if product innovation and firm growth
go hand in hand. Traditional micro economic theory of perfect competition
neglects product innovation and hence indirectly suggests they do not. Goods are
homogeneous and firms do not have control on prices. Technical change refers only
to shifts in the production function and is mostly referred to as process innovation.
Changes in factor productivity enable the firm either to produce the same quantity
at a lower usage of production factors or to produce a higher quantity using the
same amount of factors. In the traditional micro economic scheme technological
change is limited to shifts in cost curves.

This chapter tries to link product innovation and firm growth empirically. We
ask if firms that do well in a growth perspective are the same firms that engage
successfully in product innovation activities. We apply a logistic regression in
which product development is the binomial dependent variable. We search for
a relationship using two separate growth rates. The first growth rate refers to
employment and the other refers to sales. We include a number of control variables.
This should increase the validity of the analysis by lowering the possibility that
the correlation is due to omitted variables. Among the control variables are
firm competence, organizational change, competition, customer relations, firm
structure, firm size and sectoral association.

The outline of the chapter is as follows. Section 2 defines both firm performance
and product innovation. The theoretical relationship between the two variables is
discussed. Section 3 describes the datasets used and summarizes the descriptive
statistics of the variables used. Section 4 develops the regression model and
presents the results. Section 5 summarizes.

2. THEORETICAL AND EMPIRICAL BACKGROUND

To properly analyze the relationship between product innovation and firm growth it
is necessary first to define what we mean by performance. Later we will also make
clear how product innovation is defined in the data we use. This section discusses
the theoretical arguments for a relationship between performance and product
innovation. We will argue that many other variables may have a strong relationship
with product innovation and that these should be controlled for in the analysis.

2.1. Measures of Performance

It is ambiguous to which measures of performance product innovation should be
related. Different measures may be appropriate depending on the market structure,
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the strategy of the firm, which industry etc. It seems impossible to force all firms
and industries into one template. We will nevertheless try to do just that.

Performance measures can be divided into three different categories (Hayes
etal., 1988).!

* Process management measures.
* Business management measures.
¢ External reporting measures.

Process management measures mostly relate to issues internal to the firm. Among
the measures are how long it takes to produce and deliver a specific good or service,
the amount and types of materials used in the production process and the amount of
factors used in the production process. These measures are fine-tuned continuously
within the firm.

Business management measures may be argued to be directly linked to product
innovation. In fact product innovation could be argued to be a business management
measure of performance. Which products should the firm develop, what prices
should the firm claim for its product(s) and when a specific product should be
dropped from the product line are all questions that relates to business management.

The final type of performance measure is the external reporting measure. It
holds variables like profits, capital values, revenues and values of partly finished
goods. These are often seen as the traditional measures of performance as they also
relates to market shares and growth in general. The aim is to test whether or not
product innovation and firm growth are related. We therefore apply two external
reporting measures to calculate the growth rates. This will give us a more detailed
and complete story on the relationship in focus. More specifically we use firm
employment and firm sales to calculate two types of growth measures.

2.2. Product Innovation and Firm Growth

Lundvall (2002) suggested that process and product innovation activities have an
impact on the employment level over time. He argues that the development of
new products and services tends to create more jobs in the innovating firm. This
would suggest a significant positive correlation between the two main variables.
Lundvall highlights that Danish firms that are involved in product innovation tend
to create more jobs on aggregate than firms that do not engage in such activities.
This pattern seems to be significant even at the sectoral level.

The rate of firms engaging in product innovation is fairly high. Gjerding (1997)
showed that about 50% of Danish firms successfully engage in such activities
over a three year period. But it was also noted that a considerable dispersion
exists between sectors. The Construction sector seems to be less oriented towards
innovation than other industries (Reichstein et al., 2004).
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Despite innovation being highly risky and uncertain (Klein & Rosenberg, 1986),
these findings suggest that Danish firms often submit to an innovation oriented
strategy. It is also clear that it is economic motivations that drive firms to pursue
innovation. Not only may it be costly to innovate but the outcome of the innovation
may be very uncertain. Accordingly there must be some incentives in the form of
economic gains from pursuing innovation.

The complexity of the innovation process, is described by the Chain-Linked
model (Drejer & Jgrgensen, Chap. 12, this volume; Klein & Rosenberg, 1986).
Feedback loops, linkages and flow paths suggest product innovation to be a costly
affair. Given product innovation is such a “problematic” and energy absorbing
activity it is evident that only the firms with a certain level of surplus to release
resources are able to participate in such activities. We would therefore expect that
firms that do economically well are in a better position to follow an innovation
strategy.

Kerinetal. (1978) argued that extra revenues attributed to product improvements
or new products come from three sources: (i) New consumers who were not
previously buyers of the product type; (ii) Consumers of competitive brands; or
(iii) Consumers of a brand from the innovating company who switch to the new or
reformulated brand or product (cannibalism). It is of course more efficient for firms
to capture customers from the first and second sources. The third may not have a
significant effect on the firm’s general performance. It stands as a redistribution
of income from one product to another. Even so, the third source may very well
be coupled with a high performance. This argument points to a two way-causality
between product innovation and firm performance.

But it is also possible to argue that we would not expect to find any positive
correlation what so ever. Dosi (1984) argued that the effect of product innovation
rests on the strategy of the firm regarding changes in prices and margins.
Introducing a new product on a market may result in a temporary monopoly-like
position. The demand function for the “new” product is defined by its technological
features. How long the firm enjoys this monopoly-like position depends on the
dynamics and characteristics of the specific industry to which the firm is associated
as well as the appropriability of the product. When the firm introduces a “new”
product on the market it faces three alternative strategies (Dosi, 1984).

* At the beginning charge a monopolistic price and later lower the price to a
“limit-pricing.”?

* Charge a “penetration price” below the entry deterring level in order to pre-empt
the market, “go down the learning curve,” and increase the margins only later
when this strategy has built up additional entry barriers.

* Charge the “limit price” from the very start.
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The strategy chosen shape how the firm performance changes after the introduction
of a new product. The first strategy may increase revenues through a higher price
while the second may increase the revenues as well as the level of employment
through a higher demand and hence a higher production. Assuming that the last
option will raise the demand it will have the same effects as the second but not to
the same degree. By any standard there are several ways product innovation might
influence firm growth rates in terms of employment and revenue. To what degree
is more uncertain and may vary from case to case.

It may also be argued that product innovation does not influence growth rates
significantly. The time when firms were small businesses with a single product on
the market has past. Today many firms may be termed multi-product firms. These
firms are large corporations that have a whole portfolio of products competing on
the market. Consequently the product in which they have been innovating may
be of small importance compared to the many activities of the firm. The effect of
the product innovation may drown in the performance of one of the many other
activities the firm has. Having noted this it should also be pointed out that the
larger firm with a handful of products has spread its risk to a degree that enables it
to find external funding for risky projects. Small single-product firms may have a
disadvantage in this respect (Sutton, 1998). Hence larger firms with more than one
product have a higher product innovation rate and hence do exhibit less volatile
growth rate pattern.

There are also many other firm internal and firm external circumstances that
may have a significant effect on its performance. As stated by Sutton:

Two firms with rival products of equal clinical performance may achieve widely different results
in terms of sales and profitability if they differ greatly in the size of their sales networks.
John Sutton (1998)

Even though most scholars would argue that the correlation between firm growth
and product innovation is evident, it seems that the relationship is quite complex.
The last paragraphs question if we should expect to find an empirically based
correlation. But we have also presented theoretical arguments for why we should
expect to find a positive correlation.

2.3. Control Variables

It is evident that there is a long list of circumstances that influence the success
of firm product innovation. This section discusses some of the many factors that
influence the product innovation process. These will be included in the model to be
tested in order to avoid the problem with multiple omitted variables. We discuss the
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competences embedded in the firm, the firm’s general attitude toward change, firm
structure, competition, customer relations, firm structure, firm size and sectoral
issues.

The product innovation process is highly complex and product design calls for a
certain level of competence in the development team. It therefore seems necessary
to control for the composite of the firm in terms of worker skills. Also it has been
argued that the employees with a high level of education learn more easily from
past experience and hence adapt these for future innovation activities. The presence
of a highly skilled work-force may ease and increase the pace of the development
process (Carter, 1996). Statistics Canada (2001) also showed that innovating firms
are more likely to have the employees engage in further training. This indicates
that firms are very much aware of the importance of employing workers with a
certain degree of skills. The Tomlinson Chapter in this volume addresses this issue
further.

It is obvious that not all firms are oriented toward technological change
in general. Dispersion in firm technological activity may be due to strategy
considerations. Alternatively the firm may be part of a greater organization in which
product innovation is performed by a specialized branch. The firm may hence look
rather static with reference to product innovation activities. Both of these may
prove important in explaining product innovation. Gjerding (1997) showed that
firms that engage in product innovation are more likely to commit themselves to
process innovations and organizational changes.

A firm facing a highly concentrated market would not have the same incentive
as a firm operating in a market with a high degree of competition. The early
Schumpeter (1934) argued that firms must innovate if they wish to survive in a
competitive market. The later Schumpeter (1942) stated that the monopoly has
accumulated resources which make it able to engage in innovative activities. It has
been argued that monopolists innovate to raise entry barriers. As technological
progress is cumulative the technological barrier becomes a weapon for market
consolidation. Acs and Audretsch (1988) showed that innovative activity was
promoted by large firms, but at the same time it was established that monopoly
power undermines innovative activities of the entrepreneur. From this it is evident
that it is necessary to control for both competition and firm size. Acs and Audretsch
concluded that instead of a S-shaped relationship between firm size and innovative
activity a U-shaped is more likely. Both small and large firms engage equally in
innovative activity. This lends support to both the Schumpeterian hypotheses.

Customer needs are one of the key issues when discussing successful product
innovations. Several contributions have emphasized and shown that it is important
that firms have a feeling as to what the customers want (see e.g. Lundvall, 1988;
Lundvall & Vinding, this volume; Teubal et al., 1976; Von Hippel, 1976). Lund
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reports in this volume that managers of product innovation activities strive to make
actors in the product innovation process more market and customer oriented. The
user-producer inter-action is by now considered a central issue in the product
innovation literature. The SAPPHO project highlighted that technologies may
be adjusted after they are introduced on the market (Rothwell, 1977).% Later
Bacon et al. (1994) showed that a close contact between development engineers
and customers tends to produce superior results in terms of product innovation.
By carrying out several interviews Lund is also able to show in this volume
that customer relations are important when engaging in product innovation. It
is important to follow the development of the market in terms of customer wants
and needs. At the same time it is evident that firms are aware of the need to create
a close relationship to customers if they want successfully to engage in product
innovation activities.

Finally, it seems important to control for sector differences. Technological
opportunities are different across sectors as discussed briefly with reference to
the construction sector. The Pavitt taxonomy is here used to distinguish between
sectors. It groups firms in sectors according to how likely they are to engage in
product innovation (Pavitt, 1984).

3. THE DATA

In the analysis we will use two survey datasets. To be consistent throughout
the chapter we use the definitions of product innovation as they are presented
in the surveys. The surveys built upon the Oslo manual (OECD, 1997) when
defining different types of innovation. Product innovation is hence defined as “the
introduction of a new product/service when excluding minor improvements of
existing products/services.” Four datasets have been combined to conduct the
analysis. Accounting Statistics provided by the Danish Statistical Bureau, two
datasets based on two questionnaires sent out to a number of firms as part of
the DISKO and PIE projects, and the IDA labour market database. The two
questionnaires are comparable and overlapping.

3.1. Accounting Statistics Data

Accounting statistics was used to acquire information on firm size, industry
codes and the firm performance variables. Full time employees are used as the
measure of firm size. Size measure of the DISKO data refers to 1994 while 1998
is the year of reference of the PIE data. Industry codes was used to control
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for differences across the sectors of the Pavitt-taxonomy. We have expanded
it to include services sector. The same classification may be found in Laursen
and Foss, 2003; Laursen and Mahnke, 2001, and Reichstein and Dahl, 2004.

In dealing with the performance measure we look at two different growth rates.
These are.

* Annual average growth in firm sales.
* Annual average growth in number of employees (full time equivalents).

Each of them contains different aspects of the growth path of the firm. The years
1994-1995 are used with reference to the DISKO survey while 1998 and 1999 are
used with reference to the PIE data.

3.2. The DISKO and PIE Databases

The DISKO survey was carried out in 1995 and got 1900 responses. The PIE
survey holds 2,007 responses and was carried out in 2001. Weights based on size
and industrial structures have been applied. In that way the results should depict
characteristics of the total Danish private economy. Five hundred and thirty nine
of the firms appear in both the datasets.* Given that the reader may find it difficult
to remember that DISKO refers to mid-1990s and PIE refers to late 1990s, we will
use the terms Period I and Period II throughout the rest of the chapter.

Product innovation is the dependent variable in the analysis. Respondents
were asked whether or not the firm has introduced new products or services
while disregarding small improvements of the existing products. By leaving such
improvements out of the equation insignificant changes are avoided. But such small
changes may be a booster for future major improvements or innovations and may
hence distort the results.

The survey questionnaires are also used to measure general attitude toward
change, change in competition, customer relations and the firm structure. A
question whether or not the firm has introduced organizational change is used
as an indicator of attitude to change. The firms were also asked if they had
experienced a change in the competition from other firms. The firms were grouped
into three categories (competition has become milder or is unchanged; competition
has increased somewhat; competition is much stronger). Customer relations or user
producer interactions have been controlled for by using survey questions that ask
to what extent the firm has developed a closer relationship with customers. Finally
the surveys provide questions on firm structure by asking if the firm is part of a
greater organization or may be categorized as a subcontractor.
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3.3. The IDA Database

The IDA database located at Statistics Denmark is an Integrated Labour market
database. It covers a range of detailed data on all workers in Denmark. It holds
information on educational level, age, wages etc. By sorting out the workers that
are working in the firms analyzed in this paper it has been possible to control for
relative competences in the firms. This has been done by counting the number
of high-skilled workers in the firms and then dividing by the total number of
employees. High skilled workers are defined as employees with at least a medium
long education.

3.4. Structure of Categorical Variables

Table 1 summarize the distributions of the weighted observations between the
categories of the categorical variables for both Period I and Period II. Period  holds
943.0 observations while Period II holds 1694.5. The share of product innovators
has dropped from the mid-1990s to the late 1990s survey from 56% to 46%. The
logistic regressions will show that a large part of this change in product innovation
activities to some extent may be attributed to a change in the ICT intensive
sector.

In terms of organizational change and customer relations the patterns are more
or less the same. Around 50% of the firms acknowledge that they have carried
out organizational changes during both periods. About 88% of the firms say
that they have either to some or to a high extent developed a closer relationship
with customers. The most significant change relates to firm structure. Period I
data suggest 23% of the firms were either a part of a greater organisation or
could be labelled a subcontractor. Period II data shows that about 54% of the
Danish firms may be categorized in either of these groups. This is an increase of
about 30 percentage points and may suggest that the weighting only redistributes
according to the variables used in the weighting procedure. Finally the distribution
of observations across firm size shows a rather right skewed pattern while the
distribution of firms between the Pavitt sectors seems to be more stationary.

3.5. Structure of Continuous Variables
Three continuous variables are considered for each of the two datasets. Besides

employment growth and sales growth a competence variable is calculated. It
measures the relative share of employees with a medium education level or higher.
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Table 1. Frequency Tables on Categorical Variables Across the Two Periods

(Weighted).
Variable Period I Period IT
Frequency Percentage Frequency Percentage

Product development

Not innovative 416.1 44.13 917.1 54.12

Innovative 526.9 5.87 777.4 45.88
Organizational change

Not carried out 472.1 50.06 834.8 49.27

Carried out 470.9 49.94 859.7 50.73
Competition

Milder/unchanged 34.6 3.67 244.0 14.14

A bit sharper 4283 45.42 860.1 50.76

Much sharper 480.1 50.91 590.4 34.84
Customer relations

Not/Small extent 114.0 12.09 205.6 12.13

Some extent 448.7 47.58 823.1 48.57

High extent 380.3 40.33 665.8 39.29
Concern

Not part of 724.5 76.83 782.9 46.20

Part of 218.5 23.17 911.6 53.80
Firm size

Employees = 25 439.7 46.63 436.1 25.74

25 < Employees = 50 260.9 27.67 649.2 38.31

50 < Employees = 100 130.0 13.79 3353 19.79

100 = Employees 112.4 11.92 273.9 16.16
Pavitt sectors

Supplier dominated 124.8 13.23 225.0 13.28

Scale intensive 105.1 11.15 234.9 13.86

Specialised suppliers 53.9 5.72 124.6 7.35

Science based 25.7 2.73 50.1 2.96

Construction 145.3 15.41 261.1 15.41

Whole sale trade 179.9 19.08 299.0 17.65

Specialised services 195.0 20.68 274.5 16.20

Scale intensive services 41.7 4.42 70.9 4.18

ICT intensive services 71.6 7.59 154.4 9.11

Source: The DISKO and PIE Questionnaire survey database.
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Table 2. Moments of Continuous Variables (Weighted).

Variable/Moment Period I Period IT

Employment growth

Mean 0.0531 0.0389
Median 0.0500 0.0204
Variance 0.0294 0.0270
Skewness 0.4843 0.7627
Kurtosis 5.6105 5.3090
Revenue growth
Mean 0.0768 0.0510
Median 0.0614 0.0346
Variance 0.0424 0.0471
Skewness 0.2177 0.2440
Kurtosis 3.5518 44916
Competence variable
Mean 0.0491 0.0908
Median 0.0283 0.0577
Variance 0.0043 0.0126
Skewness 3.0662 2.5066
Kurtosis 13.8420 8.1136

Source: The DISKO and PIE databases.

Table 2 summarises the descriptive statistics of the continuous variables. On
average, Danish firms experienced an employment growth of 5.3% and a sales
growth of 7.7% from 1994 to 1995. The corresponding numbers for 1998—1999
are 3.9% and 5.1%. The higher mean growth rates in the mid-1990s is also reflected
in aggregate growth rates for Denmark, which show that the growth of the economy
slowed down during the late 1990s. Another feature of the growth rate distributions
is that the level of variance is noticeably lower in the case of employment than in
sales. This may be seen as suggesting that firms are aware of the value of the skills
embedded in employees. Such competitive factors are often tacit or routinised
capabilities that cause the firms to be reluctant to let employees leave the firm.
This is also expressed by the fact that the mean employment growth rate decreases
by 1.5 percentage points while sales decreases with 2.5 percentage points from
Period I to Period II.

The descriptive statistics of the competence variable suggest that the firms on
average had a bigger share of employees with a medium or higher level of education
in the second period compared to the first period. In the mid-1990s the share of
medium and highly educated employees in the Danish firms was 4.9% while the
corresponding number in the late 1990s was 9%. This may indicate that low skilled
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workers are more likely to be fired during recessions compared to high-skilled
workers.

4. THE MODEL AND RESULTS

This section builds up a model in which product innovation is the dependent
variable. We hence model the probability of whether firms are product innovative.
We use two different growth rates expressed by sales and employment. And we
carry out the regression on two different periods. That amounts to four different
regressions. The results of the model are reviewed and discussed.

4.1. The Model

We argue that if we want to understand the correlation between product innovation
and firm growth, we need to control for different things with reference to product
innovation. Innovation literature suggests various circumstances that shape and
influence the probability of becoming a successful innovator. A vast amount of
contributions on firm growth have argued that growth follows a stochastic pattern.
It is hence important to control for different factors with reference to product
innovation while itis less important to control for firm specific issues when studying
firm growth. Taking into account that our dependent variable is binomial, we
consequently use a logistic regression model explaining product innovation. Firm
growth together with a number of firm specific variables is used to explain product
innovation. The model may be described as;

PD; _
log 1——PDZ ZB()+BX1'+81'
Or written in a different way;

1

PD; = —
1 + e~ (Bot+BXi+e)

B and X signifies vectors of estimated parameters and the explanatory variables.
Besides the two continuous variables six categorical variables are included.
We have set the logistic regression to benchmark each of the outcomes of the
categorical variables against one base level. Seventeen parameter estimates are
calculated for the categorical variables while two are calculated for the continuous
variables. Finally an intercept denoted B is included.
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We reduce the chance of finding implicit correlations by including the control
variables. We have a lower risk for multiple omitted variables. Hence we increase
the probability that the regression statistics of the main variables are valid.

The regressions are set to test against the event of the observation being a product
innovator. This means that we would expect the signs of the parameter estimates
with respect to the continuous variables to be positive. The binary variables are also
expected to have positive parameter estimates. Only the binary variable indicating
whether the firm is independent or a sub-contractor/part of a greater organization
could be expected to send mixed signals. It is difficult to say if this increases the
probability of the firm being an innovator. It depends on the position the firm is
in with reference to its “mother” firm. The remaining categorical variables are
expected to be negative. The logistic regressions have been set to test against the
highest value of the variables. That implies that the benchmarks are “much sharper
competition,” “using customer relations to a high extent,” “firms with more than
100 employees” and “the ICT sector.”

4.2. Results

The results of the logistic regressions are reported in Tables 3 and 4 using the
Period I and Period II data respectively. The left sides of the tables refer to the
regressions in which employment is used as the growth variable. It is sales growth
that is used in the regression results summarised on the right hand side of the
tables. Parameter estimates, standard errors, odds ratios and global statistics are
reported.

The global statistics of the regressions express support for the model
specification. The likelihood ratios express a small chance of all estimated
parameters being zero. The higher Hosmer-Lemeshow goodness-of-fit values in
the Period II regressions suggest a better fit in the Period I regressions. This may be
due to the disturbances in terms of the business cycle in Period II. The concordant
estimates are between 74% and 75% signifying a high predictive power of the
model. It is able correctly to predict if a firm is product innovative three out of four
times.

The parameters of the growth rates depict a positive correlation. Both
employment and sales growth has a positive parameter estimate which is significant
at the 5% level. The odds ratio of the two is at about 2.2 indicating firms with a one
percentage point higher growth has a 1.022 time higher chance of being a successful
product innovator. The two Period I regressions show similar estimates. The reason
is that the two growth rates are correlated. The Pearson correlation estimate for
the two mid-1990s growth variables is at 0.46 and has a p-value under 0.01.



356

TOKE REICHSTEIN

Table 3. Logistic Regression Against Product Innovation Using Period I Data

(Weighted).
Variable/Categories Estimates Std. Odds Estimate Std. Odds
Err. Ratio Err. Ratio
Continuous variables
Employment growth 0.8509" 0.421 2.342
Revenue growth 0.7875™ 0.3508 2.198
Comptetence 2.5025" 1.5202 12.213 2.5480" 1.5407 12.782
Binary variables
Organizational change 0.7849"* 0.1512 2.192 0.7765™* 0.1514 2.174
Concern —0.2426 0.177 0.785 —0.2715 0.1769 0.762
Competition
Milder/unchanged 0.0670 0.3936 1.069 0.0661 0.3900 1.068
A bit sharper —0.2542" 0.1517 0.776 —0.2572 0.1518 0.773
Much sharper Benchmark Benchmark
Customer relation
Not/small extent —1.0745™" 0.2482 0.341 —1.1173"" 0.2483 0.327
Some extent —0.6325"" 0.16 0.531 —0.6858"" 0.1611 0.504
High extent Benchmark Benchmark
Size
Employees = 25 —0.1200 0.2949 0.887 —0.112 0.2949 0.894
25 < Employees = 50 —0.4499 0.2739 0.638 —0.4537" 0.2743 0.635
50 < Employees = 100 —0.0445 0.3107 0.956 —0.0425 0.3109 0.958
100 = Employees Benchmark Benchmark
Pavitt sectors
Supplier dominated —0.6011 0.4374 0.548 —0.5525 0.4384 0.575
Scale intensive —0.524 0.4483 0.592 —0.5022 0.4502 0.605
Specialised suppliers —0.3625 0.4844 0.696 —0.3521 0.4852 0.703
Science based —0.2621 0.6199 0.769 —0.3175 0.6153 0.728
Construction —1.5355"" 0.4143 0.215 —1.5711"" 0.4162 0.208
Whole sale trade —0.5228 0.3888 0.593 —0.5321 0.3912 0.587
Specialised services —1.2444"" 0.4182 0.288 —1.2213"" 0.4208 0.295
Scale intensive services —1.2252" 0.503 0.294 —1.1630™ 0.5048 0.131
ICT intensive services Benchmark Benchmark
Intercept 0.7870 0.5952 0.8376 0.5984
Global statistics
Number of observations 943.0 943.0
Likelihood ratio 1753161 176.2722"
Goodness of fit 6.0153 2.875
Somers’ D 0.4890 0.4930
Concordant 74.30% 74.50%

Note: Stars indicate level of significance.
Source: The DISKO Questionnaire survey database.

*p-Value < 0.1.
**p-Value < 0.05.
***p-Value < 0.001.
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Table 4. Logistic Regression Against Product Innovation Using Period II Data

(Weighted).
Variable/Categories Estimates Std. Odds Estimate Std. Odds
Err. Ratio Err. Ratio
Continuous variables
Employment growth 1.0613"" 0.3491 2.89
Revenue growth 0.2345 0.2520 1.264
Comptetence 1.9038"" 0.6531 6.711 1.6794™ 0.6441 5.363
Binary variables
Organizational change 0.8319"" 0.1126 2.298 0.8515™* 0.1121 2.343
Concern 0.1375 0.1140 1.147 0.1532 0.1136 1.166
Competition
Milder/unchanged —0.5996"" 0.1795 0.549 —0.5875™" 0.1792 0.556
A bit sharper —0.3943""" 0.1198 0.674 —0.3923"" 0.1161 0.676
Much sharper Benchmark Benchmark
Customer relation
Not/small extent —0.6716"" 0.1917 0.511 —0.6690"" 0.1911 0.512
Some extent —0.4016"" 0.1163 0.669 —0.3987"" 0.1161 0.671
High extent Benchmark Benchmark
Size
Employees = 25 —0.6109"" 0.1893 0.543 —0.5261"" 0.1864 0.591
25 < Employees = 50 —0.6881°"" 0.1699 0.503 —0.6587"" 0.1695 0.518
50 < Employees = 100 —0.5247"" 0.1834 0.592 —0.5059"" 0.1834 0.603
100 = Employees Benchmark Benchmark
Pavitt sectors
Supplier dominated 0.3484 0.2803 1.417 0.2161 0.2748 1.241
Scale intensive 0.3053 0.2764 1.357 0.1814 0.2715 1.199
Specialised suppliers 0.4696 0.2997 1.599 0.3403 0.2946 1.405
Science based 0.4177 0.3891 1.518 0.3014 0.3858 1.352
Construction —0.8764"" 0.2872 0.416 —0.9825™" 0.2831 0.374
Whole sale trade 0.1118 0.2586 1.118 0.0010 0.2541 1.001
Specialised services —0.4087 0.2838 0.665 —0.5238" 0.2793 0.592
Scale intensive services —0.7061" 0.3663 0.494 —0.8000™" 0.3623 0.449
ICT intensive services Benchmark Benchmark
Intercept —0.7277" 0.4133 —0.6653 04113
Global statistics
Number of observations 1694.5 1694.5
Likelihood ratio 331.7015""" 323.1493""
Goodness of fit 9.8655 8.9062
Somers’ D 0.4970 0.4920
Concordant 74.80% 74.50%

Note: Stars indicate level of significance.
Source: The PIE Questionnaire survey database.

*p-Value < 0.1.
**p-Value < 0.05.
***p-Value < 0.001.
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Growth rate parameter estimates have changed from Period I to Period II. While
the employment growth regression appears to be more significant the opposite
is the case for the sales growth rates now appearing to be non-significant. The
employment growth parameter estimate has increased while the sales growth
parameter estimate has decreased. The standard errors of the parameter estimates
are more or less unchanged.

Considering the control variables a number of interesting patterns emerges.
The customer relations variable exhibits a significant correlation with product
innovation giving support to the user-producer hypothesis. The probability of
being a successful product innovator increases with the level of customer contact.
The organizational change variable suggests that the attitude of the firm towards
change is relevant to consider if wanting to predict whether or not a firm engage
in product innovation activities, which was also suggested in Chapter 6. Even
though the statistical significance is somewhat lower, the competence variable
exhibits a positive correlation as well. This suggests that the the relative number
of employees with a medium or higher level of education has a significant effect
on the probability of the firm being a successful innovator.

The firm size estimates supports the hypothesis of the U-shaped relationship
proposed by Acs and Audretsch (1988). Odds ratios indicate that firms with
more than 100 employees are approximately 1.6 times the odds of being product
innovative compared to firms with between 25 and 50 employees. The other
size groupings are insignificant and with a higher odds ratio indicating that the
likelihood of being product innovative more or less corresponds with that of
the firms with more than 100 employees. The competition variable suggests a
similar correlation. Firms that have responded by saying they have experienced
that competition has become “a bit sharper” seem to be less likely to be product
innovative compared to firms that respond by saying that they have experienced
“a much sharper” competition.

The Pavitt taxonomy sectors indicate that the ICT sector is the most product
innovation oriented sector in Period I. In Period II the ICT sector has dropped
from being the sector with the highest density of product innovative firms. The
construction sector exhibits the lowest density of product innovative firms giving
support to the findings of Reichstein et al. (2004) and Dahl and Dalum (2001).

5. SUMMARY AND CONCLUSION

We conducted a logistic regression analysis using two separate but comparable
questionnaire survey datasets. Product innovation was put in focus and specifically
we studied its relationship to firm growth. We raised the statistical bar by carrying



Does Product Innovation and Firm Growth Go Hand in Hand? 359

out the study on two separate data sets with a number of years in between. We find
the analysis to be robust with a high level of validity.

The statistical evidence using the two questionnaire survey datasets suggests
that product innovative firms are those with high growth rates. The two variables
tend to go hand in hand. The theoretical considerations in the paper suggested that
the correlation may reflect complex mechanisms. We did not test for causality. We
can only say that it may be the case that product innovation leads to growth or that
growth leads to product innovation. To test the direction of the causality we would
need data covering a longer time period.

Other interesting results came from the analysis. We found support for the user-
producer hypothesis as well as for the hypothesis that it matters whether the firm has
a positive attitude towards change in general. Less statistically robust results are the
positive correlation with the competence embedded in the firm and the support for
a U-shaped relationship between innovation firm size and the competitive element.

NOTES

1. For a detailed discussion on the different types of performance measures see Chapter
10 by Lund in this volume.

2. The limit price is the price just below the cost plus a minimum profit for the potential
entrant.

3. We refer to literature that deals with users while the survey asks about customers.
Also the word consumer has been referred to in the cited literature. While users is a more
widely used term than consumers we will in the present context nevertheless use all three
of them interchangeably.

4. Reichstein and Vinding (2003), describes the data extensively.
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APPENDIX
See Table 5.
Table 5. Tolerance Values and Variance Inflation Factors of Explanatory
Variables.
Variable Employment Growth Revenue Growth
TOL VIF TOL VIF
Period I
Growth 0.97655 1.02401 0.98435 1.01590
Competence 0.90179 1.10891 0.90174 1.10897
Organizational change 0.89053 1.12293 0.88878 1.12514
Firm structure 0.95441 1.04776 0.96007 1.04159
Customer relations 0.91902 1.08812 0.92063 1.05825
Competition 0.94642 1.05661 0.94495 1.05825
Firm size 0.70849 1.41145 0.70863 1.41117
Pavitt sectors 0.69354 1.44187 0.69786 1.43296
Period IT
Growth 0.93978 1.06408 0.98418 1.01608
Competence 0.86953 1.15001 0.86950 1.15009
Organizational change 0.87768 1.13937 0.88316 1.13230
Firm structure 0.90494 1.10505 0.90656 1.10308
Customer relations 0.92195 1.08465 0.92186 1.08476
Competition 0.94790 1.05496 0.94773 1.05515
Firm size 0.82624 1.21031 0.48778 1.17955
Pavitt sectors 0.86654 1.15401 0.87712 1.14010

Source: The DISKO & PIE Questionnaire survey database.






