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Preface

New developments in bio- and nanotechnologies and also in information
and communication technologies have shaped the research environment
in the last decade. Highly educated experts in R&D departments work
together with scientists and researchers at universities and research
institutes for creating new technologies. Transnational companies which
have acquired various firms in different countries deal with the
management of their diverse R&D strategies and cultures. Different
disciplines have to be brought together in developing new technologies.
Researchers and educators increasingly collaborate across borders
throughout the globe. The knowledge-based economy permeates across
companies, universities, research institutes, and countries. Managing
technology in this new environment presents real challenges.

Some aspects of these challenges have been reflected in varied
contributions to the 14" International Conference on Management of
Technology convened during the period of May 22-26, 2005 in Vienna,
Austria. The conference subtitled “Productivity Enhancement for Social
Advance: The Role of Management of Technology” was hosted by
United Nations Industrial Development Organization (UNIDO) and
organized by Mohamed FEl-Nawawi and Marianne Horlesberger in
Vienna together with Tarek Khalil and his team in Miami.

Remarkable contributions came from researchers working for UNIDO
in its different offices around the world. They focused more on the
industrial and technology developments in developing countries. When
we started working on this book, UNIDO requested to publish a specific
book dealing with these aspects. Hence, the emphasis of this book is on
the general contributions to the conference in other challenging
technology management issues.
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xii Preface

The book is organized in six sections, with papers in each section
revolving around specific themes: managing new technologies; business
organisation; technology and innovation management; standards and
evaluation methods; sustainability; and social and educational aspects in
MOT.

IAMOT expresses its appreciation to the many organisations,
companies and the government in Austria that supported the 2005
IAMOT conference, especially UNIDO; the Federal Ministry of
Transport, Innovation and Technology; the Federal Ministry of
Economics and Labour of the Republic of Austria; and the Federal
Ministry for Education, Science and Culture.

The editors would also like to express their appreciation for the
individual contributors to this volume.

Marianne Horlesberger and Tarek Khalil
Austria Research Centers GmbH - ARC, Vienna, Austria
and University of Miami, Florida, USA
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CHAPTER 1

AN EXPLORATORY ANALYSIS OF TSS FIRMS: INSIGHTS
FROM THE ITALIAN NANOTECH INDUSTRY

Vittorio Chiesa, Alfredo De Massis, and Federico Frattini

Politecnico di Milano, Italy

Private service firms have largely diffused in the last years as external
sources of technology that are accessed by innovative companies for
supporting their innovation process. This paper in particular focuses on
Technical and Scientific Service (TSS) firms that basically sell
technical and scientific knowledge. Examples of TSS are contract
Research and Development, laboratory testing, technology consulting
and product development. The purpose is to offer a preliminary insight
into the business models adopted by TSS firms and analyze the
resulting strategic, managerial and organizational choices. This
investigation is based upon the results of an empirical study on Italian
nanotech companies.

1. Introduction

In the last years, technological innovation has become increasingly
complex and expensive, whereas markets have turned out to be
dramatically fast-changing. For innovating successfully, firms need a
wide set of competencies and resources they can hardly develop by
themselves. As a result, they have been increasingly relying on other
companies, universities, research institutes, start ups, with the aim of
creating “networks” of relationships through which knowledge and
technological assets are exchanged (Amidon Rogers, 1996). Among the
possible actors of these “creation nets” (Brown and Hagel III, 2006),
private service firms have largely diffused. These companies develop

http://siamakhaéani.blogfa.com/



4 V. Chiesa, A. De Massis, and F. Frattini

and sell technology-intensive services to clients that use them for
improving their innovation process. Examples of these Technical and
Scientific Services (or TSS) are: (i) product design, engineering, testing,
rapid and virtual prototyping; (ii) Contract Research & Development
(CRO); (iii) software instruments supporting the R&D process;
(iv) technological consulting, brokering and training. The market for TSS
is rapidly growing and offers great opportunities for the future (Arora et
al., 2001; Howells, 1999). Literature on TSS has addressed the following
major issues: the form of the relationships between the TSS organization
and its clients, e.g. R&D contracts (Haour, 1992), partnering (Bruce et
al., 1995; Millson et al., 1996); the role of TSS firms as partners in
technological collaborations (Chatterji and Manuel, 1993; Chesbrough
and Teece, 1996); the role that TSS play in different phases of the
innovation process (Bruce et al., 1995; Millson et al., 1996; Turpin and
Garret, 1996); the impact of TSS on national or local economies
(Windrum and Tomlinson, 1999; Mansfield and Lee, 1996). What is
almost totally missing is the attempt to study the phenomenon from the
perspective of the company that develops and sells the TSS, in order to
understand the peculiar strategic, organizational and managerial
problems it is called to face. In order to make a step further in this
direction, this paper focuses on a specific cluster of TSS companies (i.e.,
those operating in the nanotechnology industry), with the purpose of
describing the business models they apply. Many authors have provided
definitions for the term ‘“business model” (e.g., Chesbrough and
Rosenbloom, 2002), although a largely accepted one has not emerged yet
(Shafer et al., 2005); here we define “business model” as the set of
answers to the following questions: What does the company offer to its
customers? How is that offer conveyed to them? Specifically, how does
the TSS firm structure its marketing approach and manage the interaction
with its clients? The choice of the nanotechnology industry as the scope
of the investigation was suggested by the growing attention paid, in the
last seven to eight years, to nanotechnology, both in academic and
industrial environments. The expectations that have surrounded
nanotechnology are witnessed by the growth of public funds devoted to
research into the field; in 2004 they raised the amount of

http://siamakhasani.blogfa.com/



An Exploratory Analysis of TSS Firms 5

4.6 billion US Dollars worldwide, with an increase of about 700% with
respect to 1997 (www.luxresearchinc.com, 2004). However, the novelty
of the nanotech market and the pervasiveness of the underlying
technology, together with a lack of common definitions, make it very
difficult to clearly distinguish between nanotech and non-nanotech firms.
This is why it was necessary to develop an empirical framework that
would serve as an instrument for identifying the players of the nanotech
market and supporting the investigation of their business models.

2. Research Objectives and Methodology

The first objective of this paper is to develop an empirical framework
that clearly defines the boundaries of the nanotech market and help
identify its players. All the Italian companies (together with the most
important European ones) that are currently labeled by scholars and
practitioners as ‘“nanotech”, were extensively surveyed. They were
interviewed in order to understand the nanotechnology domain(s) and the
applications they have developed or applied. This investigation
suggested the basic classification criteria to be used for clustering
nanotech companies; they represent the dimensions of the empirical
framework. Moreover, the empirical analysis served the purpose of
identifying those Italian nanotech companies that actually offer
technology-intensive services (TSS firms) to be studied in the second
step of the research. The second objective of the paper is to offer
preliminary insights into the business models of nanotech TSS
companies. To this aim, a multiple case study on five Italian nanotech
TSS firms was undertaken. The selected companies were homogeneously
distributed in the empirical framework, so that a certain degree of
theoretical replication is allowed.

3. A Framework for Nanotechnology Firms Classification

The objective of this section is to illustrate the classification framework
that can be used for bringing order into the “world” of nanotech
applications; it has been elaborated on the basis of the information

http://siamakhasani.blogfa.com/



6 V. Chiesa, A. De Massis, and F. Frattini

collected through the semi-structured interviews with the Italian
nanotech firms and some non-Italian ones, and the available public and
private documents and reports. It was finally tested through a panel study
that involved experts in nanotechnologies. A list of the studied
companies is reported in Table 1.

Table 1. List of studied companies.

Italian Firms Non-Italian Firms
A.P.E. Research Ntera Ltd Bayer AG
Crf Carbo Microelectronics Corp. Sony Corporation
Csm Mitsui & Co. Ltd Motorola Inc
Geal DuPont DSM
Kedrion Xerox Corporation Ltd Basf
Microcoat Intel Corporation Toshiba Corporation
Moma Elan Corporation Toyota Motor Corporation
Olivetti I-jet Aveka Group ABB Group
Organic Spintronics Lucent Technologies ExxonMobil Corporation
Prometon BAE Systems Canon Inc
Saes Getters Fujitsu Group General Motor
Siad Infineon Technologies AG Agfa-Gevaert N.V.
Sorin Biomedica Cardio NEC Corporation Schering AG

The analysis has shown the possibility to classify nanotech companies
on three levels, connected in a hierarchical structure. At the first level,
nanotech firms are classified into “nanotechnology categories”, i.e. the
macro-areas through which a company can access the market for
nanotech applications. Each category aggregates applications that are
homogeneous in terms of the type of use they are destined to. Obviously,
it is possible for a firm to access contemporarily more than a single
macro-area (e.g., IBM, NEC, General Electric, and Intel). There are four
main categories at this level:

1. Nanomaterials. The properties of a solid material depend upon its
microstructure, i.e. the atomic structure, the shape and dimension of
the material itself in one, two or three dimensions. Conventional
materials have grains with a dimension that can vary between a few

http://siamakhasani.blogfa.com/



An Exploratory Analysis of TSS Firms 7

microns and a few millimeters, while the nanostructured materials are
made of grains with dimensions of 1-100 nanometers. The simple
material has a structure that is repeated homogeneously along one,
two or three axis (characteristic that a nanomaterial may not have),
and therefore shows homogeneous features in terms of chemical,
physical and mechanical properties. This dramatically limits the
possible applications of a traditional material, with respect to a
nanostructured one.

2. Nanostructures. These complex systems are composed of different
parts (inorganic or organic) assembled together; at least one of them
has dimensions of 1-100 nanometers, and they are typically made of
nanostructured materials. They are assembled and made interacting in
order to create structures with macro-dimensions. They normally
show innovative chemical, electrical, mechanical and optical
properties and are capable of autonomously functioning.

3. Nanotools. This nanotechnology category contains: (i) instruments
capable of operating with an atomic precision in order to manipulate
and measure materials on a nanometric scale; and, (ii) interface
software that are capable of 3D modeling materials at the atomic
scale and of conducting very accurate simulations on the behavior of
nanomaterials and nanostructures.

4. Nanoprocesses. Within this category are mainly included synthesis
methods for obtaining nanomaterials and nanostructures.

At the second level, categories are divided into “nanotechnology
sub-categories”, each aggregating nanotech applications homogeneous
in terms of the scientific or technological domain they belong to. Finally,
the third level of the model includes the ‘nanotechnology
applications” that are available on the market or are actually being
developed. For instance, major nanotech applications in the sub-category
of “nanotubes” are field emission displays, optic biosensors,
nanoneedles, nanotubes antennas, probes for scanning tunneling
microscopes, electron guns.

The nanotechnology categories and the sub-categories they are
composed of are represented in Figures 1, 2, 3, 4.

http://siamakhasani.blogfa.com/
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NANO-
MATERIALS
[ | | |
NANOTUBES NANOPARTICLES NANOCAPSULES NANOCOMPOSITE
MATERIALS
NANOPOROUS NANOFIBERS THIN FILMS
MATERIALS

Figure 1. The articulation of “nanomaterials” category into sub-categories.

NANO-
TOOLS
I
I I I ]
MODELLING & NANO- SENSING VACUUM
SIMULATION MANIPULATION TECHNOLOGY
NANOMETROLOGY MEDICAL
IMAGING

Figure 2. The articulation of “nanotools” category into sub-categories.

NANO-
STRUCTURES
NANOMAGNETIC NEMS & THERMOELECTRIC NANOFLUIDIC
STRUCTURES ACTUATORS STRUCTURES STRUCTURES
MOLECULAR BIOMIMETIC NANOPHOTONIC QUANTUM
ELECTRONIC & STRUCTURES STRUCTURES DOTS
SPINRONIC
STRUCTURES

Figure 3. The articulation of “nanostructures” category into sub-categories.

NANO-
PROCESSES
[
I I I
THIN FILM NANOLITOGRAPHY ADVANCED FINE
DEPOSITION FINISHING
PROCESSES
CHEMICAL & SELF
MECHANO ASSEMBLY
SYNTHESIS

Figure 4. The articulation of “nanoprocesses” category into sub-categories.
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An Exploratory Analysis of TSS Firms 9

This framework has been tested through a panel study involving
experts in physics and, especially, nanotechnologies, and the analysis has
confirmed its completeness. Therefore it is possible to state that the
model has a general validity and can be effectively used for classifying
every type of nanotech firm. Moreover, it can be applied for supporting
macroeconomic investigations into nanotech markets that represent a
fundamental starting point for the definition of public funding projects or
other types of governmental initiatives. Similarly, it represents an
important basis for technology forecasting activities that have a great
relevance because of the novelty of the nanotech environment. The
generality of the framework makes it possible to apply it as a reference
model for discriminating between nanotech and non-nanotech
companies. We label as “nanotech” a company that develops, sells or
incorporates in its production processes one or more nanotech
applications that can be included at least in one of the sub-categories
encompassed by the model.

4. Emerging Business Models among Nanotech TSS Companies

Companies listed in Table 1 adopted two different types of business
models: (i) the “A-type” business model, i.e. the one pursued by those
nanotech companies offering a service (a process, a tool, an intermediate
finding that needs to be further developed and included into an
innovative product) through which their scientific competencies in a
particular nanotechnology category(ies) are transferred to the client firm,
and (ii) the “B-type” business model, i.e. the one adopted by those
nanotech companies internally developing, acquiring or licensing in from
other companies nanotechnological processes, tools, or intermediate
findings to be used for innovating their processes or products.

Companies belonging to the first group can be labeled as TSS firms.
The aim of this section of the paper is to study the cases of five of these
firms in order to analyze in greater detail the business model they apply.
This will give the opportunity to point out the major characteristics of the
business models of TSS firms operating in different nanotechnology
categories, and enlighten the managerial and organizational choices the
five considered firms have made. The five companies that have been

http://siamakhasani.blogfa.com/



10 V. Chiesa, A. De Massis, and F. Frattini

analyzed in this way are: Saes Getters, Pometon, A.P.E. Research,
Olivetti I-jet, Sorin Biomedica Cardio.

4.1. The empirical results

Table 2 shows the classification of the five analyzed TSS companies in
the framework presented in Section 3.

Table 2. The framework classification of studied companies.

Nanotechnology Nanotechnology L.
Category Sub-category Applications
Saes Getters | .__~anoprocesses | Thinfilmdeposition ~ } Sputtering |
Nanomaterials Thin film Absorbers
Pometon Nanomaterials Nanoparticles Nanopowders
A.P.E. Nanomanipulation Scanning probe microscope
R h Nanotools ~  Jeem e e e e ]
esearc Modelling & simulation Software for real time imaging
Olivetti I-jet | ----nanostructures | MEMS & actuators | ____Inkjettechnology |
Nanoprocesses Thin film deposition Sputtering
Sorin
Biomedica Nanostructures Biomimetic structures Implantable devices
Cardio

If the activities undertaken by the companies are carefully considered,
it clearly emerges that the business models of three companies (Saes
Getters, Pometon and A.P.E. Research) are wholly focused on the sale of
TSS (“A-type” nanotech companies). On the other hand, Olivetti I-jet
and Sorin Biomedica Cardio are mainly “B-type” nanotech firms that
expanded their business model in order to include, even if as a marginal
activity, the development and sale of TSS.

The empirical evidence on nanotech companies adopting an “A-type”
business model, i.e. developing and selling, at least as a marginal part of
their activities, TSS, suggests the possibility of classifying them into
three main categories:

Al. Nanotech TSS firms developing intermediate findings (e.g.,
nanopowders or nanotubes) to be sold, licensed out or partnered
with the client company, that carries out the remaining tasks of the
development process and includes them into its innovative products.
This type of TSS can be labeled as “Work In Progress (WIP)

http://siamakhasani.blogfa.com/



An Exploratory Analysis of TSS Firms 11

Innovation”, and is typical of firms operating in the nanotechnology
category called “nanomaterials”. An example of this type of
nanotech TSS firm is Pometon.

A2. Nanotech TSS companies carrying out, for the client firm, a
particular process (e.g., magnetic abrasive finishing or thin film
deposition) that requires excellent competencies in a specific
scientific domain. It is possible to call this kind of TSS “Process
Activity”, which is common among firms operating in the
“nanoprocesses” category. Examples of firms offering this kind of
service are Saes Getters, Olivetti I-jet and Sorin Biomedica Cardio.

A3. Nanotech TSS firms developing and selling instrumentation
operating at the nanoscale (e.g., machinery for nanolithography,
Scanning Probe Microscopes or software for real-time imaging) that
is used by the client firm for supporting its innovation processes
(typically, its basic and applied research activities). This type of
TSS can be referred to as “Technologies to develop technology”
and is offered mainly by firms operating in the nanotechnology
category called “nanotools” (e.g., A.P.E. Research).

Olivetti I-jet and Sorin Biomedica Cardio possess exclusive
competencies in nanostructures. However, these skills are not exploited
in order to offer a TSS, but to innovate their products. The TSS sales
activity of these companies leverages competencies in the
“nanoprocesses” category. The emerged empirical evidence stands
therefore for a lower diffusion of nanotech TSS firms working in
nanostructures.

The managerial and organizational decisions of the studied
companies are summarized in Table 3.

First, it is possible to point out that all companies adopt a structured
marketing approach, based upon a direct contact with clients, the
participation at professional fairs and the use of the Web site as a
window on the firm’s projects and services. The only case of non-
structured marketing approach is that of Sorin Biomedica Cardio, but it
can be explained taking into consideration that the adoption of an
“A-type” business model by this firm is still at an embryonic stage. In
fact, the interviewees have recognized the importance of developing a

http://siamakhasani.blogfa.com/



12 V. Chiesa, A. De Massis, and F. Frattini

Table 3. Schematic description of the analyzed business model’s variables.

Marketing Degree of Coml‘nerclfll Phase(s) of
Approach Standardization Relationship Interaction
Management Model
¢ Structured; ¢ ¢ Structured; ¢
Saes Direct approach; Customized Checkpoints; R&D
Getters Professional fairs; output Regular meetings;
Web site Reference person
¢ Structured; ¢ Mainl
Direct approach; y eNot structured; ¢ Service
Pometon . . standardized .
Professional fairs; Reference person delivery
. output
Web site
¢ Structured; ¢ Hichl ¢ Structured; ¢ R&D;
A.P.E. Direct approach; enty Checkpoints; Service
. . customized . .
Research Professional fairs; Regular meetings; delivery
. output
Web site Reference person
* Very structured; *
¢ Structured; ¢ Checkpoints with R&D;
Olivetti Direct approach; Customized reports; Regular Service
I-jet Professional fairs; output meetings; Reference delivery
‘Web site person; Co-
development teams
Sorin . . . .
. . ¢ Not structured; ® Standardized eNot structured; ¢ Service
Biomedica . . .
Cardio Professional fairs output Reference person delivery

structured marketing approach for the future. The contact of new
potential clients seems therefore to be a critical aspect for the analyzed
firms, and this is a typical attribute of TSS companies (Chiesa et al.,
2004).

Considering the other three perspectives from which the five
companies have been analyzed, two alternative models seem to be
applied by Italian nanotech TSS firms in the management of the service
sale. First, the offering of a standardized output through a non-
structured commercial relationship management model in which the
interaction with the client company is merely limited to the phase of
service delivery and, second, the offering of a customized output which,
on the other hand, requires an intense interaction since the early stages of
the service development and a sort of co-design with the client company.
This second case entails a greater complexity in the management of
commercial relationships that have also a longer duration. All the
companies offering a customized output, indeed, have to implement
formal and structured approaches consisting in: (i) the definition of
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checkpoints with the client where it is informed, through different types
of reports, about the project advancement; (ii) the establishment of
regular meetings with the client; and, (iii) the identification of internal
and client’s reference persons in charge of managing the commercial
relationships.

The empirical evidence has therefore allowed classifying the business
models of TSS players operating in nanotechnology into six different
typologies. They are summarized in Table 4.

Table 4. The taxonomy of nanotech TSS companies’ business models.

Degree of Standardization

Standardized output Customized output

WIP innovation (A1)

Type of
Output

Process activity (A2)

Technologies to develop technology (A3)

This matrix seems to be a viable instrument for further analyzing
nanotech TSS companies from a managerial perspective. Of course,
some of the quadrants of the matrix will be less likely populated than
others. For example, a firm adopting an “Al-type” business model is
expected to offer a standardized output while a firm adopting an “A2-
type” or an “A3-type” business model is likely to offer an output
characterized by a high degree of customization. This is reasonable
considering that in the latter cases the type of output provided has to be
strictly modified to function with the client’s needs and requirements.

5. Conclusions

In the last seven to eight years, interest in nanotechnology has steadily
grown, both in academic and industrial environments, and it has proved
to be an emerging and rapidly-growing field for the diffusion of TSS.
The paper offered a preliminary insight into the business models adopted
by TSS firms operating in nanotechnology. First, an empirical
framework that is useful for identifying the players of the nanotech
market and supporting the investigation of the business models they
apply was developed. The analysis of the companies studied in order to
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create the aforementioned framework made it possible to identify two
basic types of business model: (i) the sale of a Technical and Scientific
Service (TSS) that supports the innovation process of the client company
(“A-type” business model), and (ii) the use of nanotechnologies,
internally developed or externally acquired, for innovating the offered
products, processes or services (‘“B-type” business model). The second
part of the paper focused exclusively on Italian nanotech TSS
companies, i.e. those adopting an “A-type” business model. It reported
the results of the multiple case study conducted on five of the previously
identified nanotech TSS firms, and provided an insight into the
managerial and organizational choices related to their business models.
Finally, a taxonomy matrix of nanotech TSS companies’ business
models was developed. It can support further analyses of nanotech TSS
firms from a managerial perspective. The research described here had an
exploratory dimension as well. It has suggested some possible directions
for deepening the knowledge of the business models adopted by
nanotech TSS players. Further aspects that could be investigated are:
(i) the organizational structures, i.e. the way the nanotech TSS company
organizes its resources (mainly human) in order to develop and provide
the services; (i1) the mechanisms implemented to protect the nanotech
TSS company’s intellectual capital; (iii) the applied managerial
techniques, like the performance evaluation and reward systems, or the
management control system; and (iv) the technical and scientific
service’s pricing model, that would require to identify the methodologies
used to evaluate the intangible assets and the R&D activities of the
company.
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CHAPTER 2

KNOWLEDGE CREATION DYNAMICS AND FINANCIAL
GOVERNANCE: CRISIS OF GROWTH IN BIOTECH FIRMS

Anne-Laure Saives, Mehran Ebrahimi,
Robert H. Desmarteau, and Catherine Garnier

University of Quebec at Montreal, Canada

The business models of dedicated biotech enterprises currently focus on
the management of inventions with the aim of entering a virtuous
growth cycle based on judicious directing of R&D projects (towards
the market), the choice of intellectual property to be protected and
traded, as well as managing financial options. We here deepen our
understanding of the technological and organizational development
cycle of these firms. We base ourselves on a series of semi-structured
interviews with over 110 biotechnology firms within Quebec, one of
the largest bio-cluster in Canada. This exploratory field study leads us
to major paradoxical observations between organizational knowledge
creation within biotechnology firms and the type of financial
governance that is present. It ultimately shows three different modes of
development within those firms: that 1is, pre-entrepreneurial,
entrepreneurial and managerial, each staking out the progress of
biotechnology firms, and also equally marked by two transformational
ruptures (teleological and creativity gaps).

1. Introduction

For more than a decade, the biopharmaceutical sector has been
experiencing an expansion of new technologies, i.e. a “third wave” of
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biotechnologies', whereby the latter are succeeded by new ones at an
ever increasing rate. Combinatorial chemistry techniques and High
Throughput Screening (HTS) of molecules have facilitated the
rationalizing of the traditional pharmaceutical discovery process. More
recently, bio-technologies resulting from advances made in computer
technologies and genetics has reshuffled the cards of innovation between
new players (such as bio-technology firms for example). According to
the conditions of the knowledge based approach (KBV), the business
models of these companies focus on managing invention supported by a
judicious choice of intellectual property to be protected and traded, along
with the managing of various financial alternatives for growth. In this
paper, within the context of a speculative economy, we will try to deepen
our understanding of the technological and organisational development
cycle of these firms. Using the hypothesis that techno-scientific
knowledge creation is the driving force of value creation within the bio-
pharmaceutical industry, we query the possible conciliation between the
creation of techno-scientific knowledge and the predominating financial
governance within the contemporary bio-industrial system.

By first reviewing the concept of the development or technological
life cycle across a brief literature review on innovation management,
knowledge management and strategic analysis as applied to the
biotechnology sector, we formulate our research questions around the
issue of understanding the reasoning behind ‘“high technology”
organizational transformations; that is, techno-scientific knowledge
creating firms, during the various stages of development as encountered
in biotechnology companies. We then present our findings from our
empirical field of study, that is, the biotechnology system of Quebec
(being the largest geographically concentrated area of biotechnology
companies within Canada). As a last step, we emphasize above all, on the
paradox that is highlighted by these observations, and subsequently
propose a renewed framework of understanding of the “development
modes” that succeed one another within these specific companies.

"New biotechnologies refer to the third generation of biotechnologies (i.e.:
pharmacogenomics for the development of products for the treatment of complex genetic
diseases and personalized and predictive Medicine).
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2. Theoretical Framework and Research Questions

2.1. Biopharmaceutical knowledge and innovation creation

The abundant literature on the innovation economy within the
biotechnology sectors suggest that bio-industries, especially the
dominant biopharmaceutical industry (Hamdouch and Depret, 2003a,
2003b; Hamdouch and Perrochon, 2000), no longer functions around just
a few large integrated companies, but rather, is characterized by the
diversity, the evolving character and the entangled modes of interactions
(horizontal, vertical and transversal) linking the different types of agents
that today make-up the industrial bio-pharmaceutical system (Parolini,
1999). In particular, the reasoning of “pre-emption” (Hamdouch and
Perrochon, 2000, p. 42) adopted by the “large pharmaceutical
companies” consists of renewing their product pipelines by acceding as
soon as possible to the knowledge incarnated in both patents and
promising candidate drugs from biotechnology firms, whereby the latter
dispose of distinctive technological competencies that qualify them to the
rank of partners with pharmaceutical companies within an arrangement
of co-operation that approaches coopetition.

Within high-technology sectors based on technological innovation
(“technology-based” and “‘science-driven”, Saives et al., 2006), and in
terms of the knowledge-based approach (Grant, 1996), the strategic
resource of biotechnology firms is the capacity to create, absorb (Cohen
and Levinthal, 1990) and monitor knowledge within networks of
collaboration and innovation (Powell, 1998; Salman and Saives, 2005).
These firms have integrated the reticular and partnering dimensions of
value creation (Chesbrough, 2003), with the idea that the dynamics of
“open” innovation is bi-directional; and whereby strategy must no longer
be understood simply as a portfolio of activities, resources and
competencies but also as a portfolio of relationships (Venkatraman et al.,
2002). Within this perspective, a key resource of the firm is also its
position within a network of expertise from which it will achieve
economies of scale, scope and “economies of expertise”.

Equally numerous are the authors within the field “knowledge
management” who have adopted this reticular vision of knowledge
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creation in the new economy founded on knowledge; an economy of
relationships necessary to accede to and grow the expertise which is at
the source of value creation. Hence, the creation and circulation of
knowledge primarilly involves social processes permitting the
articulation of explicit and codified knowledge, along with tacit
knowledge (Nonaka and Takeuchi, 1995). Within organisational
strategies, it becomes primordial to create and foster contexts for
socialisation so as to reinforce the cycle of tacit, conceptual and
operational knowledge around common metaphors. To the extent where
the organisation is considered as a place of socialisation combining tacit
and explicit knowledge, it becomes necessary to re-situate the individual
within the centre of organisational preoccupations.

Thus, there is an important qualitative jump between the individual
and organisational finality with respect to the invention (techno-scientific
knowledge creation) and innovation phase (oriented towards
commercialisation of knowledge) driven by this new pharmaceutical
industrialisation system. If techno-scientific knowledge is the source of
competitiveness amongst bio-pharmaceutical firms of tomorrow, how is
such knowledge generated on the one hand, and activated on the other?
What transformations occur and operate between intangible intellectual
resources such as patents/techno-scientific/technological knowledge
creation, and specific financial assets of bio-technology firms?

2.2. Development cycle of bio-technology firms

With the advent of the new scientific paradigm founded on genomics
(Lacetera, 2001; Pisano, 2002), literature addressing the management of
innovation, especially within the bio-technology sectors, often treats the
bio-pharmaceutical system around two homogeneous groups (Lacetera,
2001), namely, large pharmaceutical corporations and companies
dedicated to bio-technology. This literature does not enter within the
black box of their respective organisations and describes even less the
transformation which occurs within their organisational practices. Hence,
the discontinuous metamorphosis of these organisations, let alone the
characteristics of development phases as defined in 1972 by Greiner
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(1998) or Churchill and Lewis (1983), or the conditions for the creation
of organisational bases as defined by Godener (2002), is rarely explored.

The “metamorphosis” models of development (Godener, 2002) in
particular, are built on various criteria® and can involve up to five stages
of development. The first stage is usually characterized by a very
informal organization: i.e. a low level of specialization managed by
its entrepreneur. At the following stage, the formal structure of
the organization starts to emerge: task specialization as well as the
centralization of decisions within a functional structure increase. The
third stage involves delegation. The formal structure of the firm is clearly
hierarchized, but the decision modalities evolve towards a more
participative model. The two following stages (coordination and
collaboration) are more concerned with big enterprises, whereby the
high degree of formalisation of the divisionary or matrix structure of the
firm require reinforced coordination means.

The majority of studies on value creation and the development modes
of companies within this sector address “visible” firms, listed on the
stock market. Such companies having achieved a relative critical size,
only constitute a minority amongst the numerous, small firms in a phase
of emergence shaping the specificity of this high-tech sector within
Quebec (Desmarteau and Saives, 2004).

The growth of these firms depends on their ability to enter into a
virtuous cycle of growth (Niosi, 2003) brought about by determining
factors of success such as: access to intellectual property (patents and
licenses), venture-capital financing and strategic alliances and
collaborations for the commercialisation of their knowledge.

Given that bio-industries are entering a “consolidation” phase (Nesta
and Mangematin, 2004; Niosi, 2003), the literature on business models
of biotechnology firms (Catherine et al., 2003; Mangematin et al., 2003;
Fisken and Rutherford, 2002) tends to highlight how the majority of
young firms, given their relative inexperience or risk associated in the

% These criteria may consist of: management style, organisational structure, managerial
focus, control systems, characterization of the direction (capital propriety, strategic
objectives, etc.) (Greiner, 1998; Churchill et Lewis, 1983).
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development of products and platforms, focus on the management of
invention in the first phases of their development cycle.

This cycle is based on a succession of stages (pre-start-up, start-up,
growth). Typically, an established researcher within the academic field
“comes out” with a university research project (pre-start-up) which
constitutes an incubator “start-up” and subsequently evolves towards a
semi-private mode of financing technology project oriented towards
satisfying a potential precursor market need. These modalities of
financings go through a succession of institutional start-up funds that
precede a series of risk capital financing rounds and subsequent stock
market PO (initial public offering). This project may be more or less
condemned to the degree of success obtained in the quest for these
financing activities as well as to the ability of the organization to build a
genuine innovation firm: i.e. an organization capable to judiciously direct
R&D projects aimed at potential markets for products or processes
(“platforms”) (Fisken and Rutherford, 2002), as well as making the
proper choice of intellectual property to be protected (typically patents).

It should be noted that the succession of phases overlap one another
within the first of five growth phases as described by Greiner (1998),
whereby the initial phase of “creativity” in which the firm is pre-
occupied with, involves creation of both the “product” and its market.

Hamdouch and Depret (2003a) recently attempted to characterize this
progressing organisation of the firm under “regimes of governance”
differentiated at each stage of evolution (start-up, growth and routine
types of governance). The description of the three phases (pre-start-up,
start-up, growth) in terms of age indicators, critical size, modes of
financing, modes of protecting intellectual property, etc. nevertheless
reflects a very financial (i.e. investor) vision of company growth having
little in common with the company founder (typically a researcher).

It is precisely within this understanding of the conciliation of these
different points of views of governance (of the researcher, the manager
and the investor) that our questions consist of.

If we return to the teachings of historians and economists on
innovation (Baumol, 2002) who worked on the characterization of the
invention/innovation/industrialisation cycle (Saives et al., 20006, etc.),
how does one characterize the type of governance practiced by a
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researcher and a researcher-entrepreneur? Does the passage from one
type to the other automatically imply a “revolution” as defined by
(Greiner, 1998)? How does the subsequent innovation phase occur
(essentially governed by risk-capital investors today and by the
routinisation within so-called innovating or “surviving” firms governed
by financial markets (Churchill and Lewis, 1983))?

It is from the managerial stakes of the re-organisation of
pharmaceutical innovation that our research questions derive from:

1) What are the different development modes of bio-techno-scientific
knowledge-creating organizations?

2) What are the transformation logics within these high-tech
organisations as they pass from one mode of development to another
in the case of bio-technology firms?

3) What are the managerial implications from these transformations?

3. Methodology

The bio-industrial firms of Quebec make up one of the three principal
bio-technology industrial clusters within Canada, along with Toronto and
Vancouver (Niosi et al., 2002). 73% of the total estimated population of
industrial companies from the bio-industries are from Quebec. 60% of
these firms’ activities are in the human health sector. To analyse the
stages of development of bio-technology companies within this system,
we utilized some of our data (Niosi et al.,, 2002) taken from a vast
investigation conducted across semi-directive interviews within the
numerous firms from the bio-industries of Quebec (that is, more than
52% of the estimated population of the province). This data is not
longitudinal as the death rate of Quebec firms at the time was relatively
high. 43% of those firms are very small firms (less than 10 employees)
while 52% are SME’s (10 to 250 employees).

During this work, over 110 semi-directed utilizable interviews were
conducted with the managers of these firms of all sizes. Specific data
were collected with regards to the stages of evolution and modes of
governance within the firms according to the known cycles articulating
the three dimensions of: 1) organization (culture (origin of spin-off),
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embeddedness (location and anchorage factors), size (age, number of
employees)), governance type (financing modalities (public research
funds, “seed-money”, venture-capital, IPO)), core competencies
(mechanisms of revenue generation (patents, licences, exportation));
2) strategy (strategic vision (5 year perspectives)); and 3) perception of
the project pilot (manager) of the difficulties encountered by these
companies vis-a-vis the process of innovation (obstacles to growth) and
financing of innovation (difficulties in the obtaining of capital). Details
of our multifactorial analysis are described in Saives et al. (2005); while
the following sections describe our constructivist observations.

4. Discussion

4.1. The different “modes of development” of high-tech companies

An in-depth dyadic examination of the qualitative data collected on our
companies allows us to propose within the same spirit as Hamdouch and
Depret (2003a) a series of three successive development modes within
the growth “cycle” of knowledge intensive bio-technology firms. These
three “modes” qualified as “pre-entrepreneurial”, “entrepreneurial” and
“managerial” are described in Table 1. Having yet to complete a
longitudinal study of these firms, we can not affirm if these stages
succeed each other in a sequential way.

These stages seem to differ depending on the nature of the pilot
project of the organisation in itself. In the first “pre-entrepreneurial”’
case, a researcher-research service provider (from industry or public
institutional research organisms) is responsible for a scientific project (to
discover universal scientific laws), destined to perpetuate the exploration
(as per March, 1991) and the creation of scientific knowledge with a
simultaneous individual (that of “credit” in the sense of Latour (1988))
and collective (the maintenance of common goods/knowledge) goal. He
acts, with a degree of relative freedom to pilot, in a scientific community
of leading edge knowledge, within a more or less academic bureaucracy
where key scientific competencies are organized and incarnated by
research teams. Here, the evaluation of knowledge creation passes by the
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Table 1. The development modes of bio-technology firms.
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measure of known knowledge diffusion instruments by peers such as
publications and patents.

In the second entrepreneurial stage, the researcher-entrepreneur is
responsible for a technology project with an individual vocation wanting
to accede to a form of independence (from the preceding bureaucracy for
example). The latter is nevertheless relative to the degree of autonomy
attributed by the interested parties of the deciding firm. The authority of
governance is in effect shared between the founder, financiers (venture-
capital) and advisory groups (board of directors, scientific board,
innovation/expertise networks) committed to the commercial exploitation
of scientific knowledge within a logic of complex, multi-
disciplinary/multi-directional innovation. The intangible creation of
value by these firms is often hard to evaluate across inherited instruments
from the industrial era (measuring human and social capital, etc.)’.

At the “managerial” stage, the organisational project, directed by
managers but essentially piloted by the shareholders, becomes a financial
project. The scientist, strongly involved in the founding of the company,
has no more than a specific role, if not kept out of strategic decisions.
The objective of the organisation consists of valorizing techno-scientific
knowledge at no matter what stage of it being rendered operational,
across a speculative exchange of parceled strategic knowledge® (patents,
licenses on therapeutic molecules having attained phases I, II or III
clinical trials, etc.). In this managerial scheme of speculative economic
“corporate governance”, the key competency of the organisation resides
in the managing of its intangible assets (pipeline of patented products,
expertise) within a merchant network of value creation. Innovation is
routinized and/or fragmented to the benefit of a short term oriented
commercial race committed to the merchandisation of knowledge and
know-how. Indeed, the evaluation of the measure of contribution of the
created knowledge towards the creation of value that is essentially
financial runs up against the limits of the available measuring tools.

3 “The investors under-value our company!” is what we often heard from the leaders of
Quebec bio-technology firms in search of venture-capital.
# “Research outputs” for Chesborough, 2003.
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The passage of a firm from one stage to the other is neither
systematic nor strictly demonstrated (without any longitudinal data).
Nevertheless, from the qualitative data collected, we have noticed that
the transformation of firms from one mode of development to another
might generate two states of “challenge” (Hite, 2001) or “rupture” in the
sense of organisational crisis as defined by Greiner (1998): 1) a
teleological rupture for the scientific researcher becoming an
entrepreneur, often evoked (Tambourin et al., 2003), and linked to the
commercial orientation of the invention process; and 2) a creativity crisis
linked to the bureaucratization of the innovation process of the company
that is becoming managerial (Pignarre, 2004).

5. What is the Possible Conciliation between the Development
Modes of High-Tech Knowledge Creating Firms?

5.1. The “teleological rupture”

A teleological rupture consists of the apparent distance between the two
distinctive missions and objectives of the researcher, committed to the
development and perpetuation of a common cognitive patrimony and
search of credit on the one hand, and the entrepreneur who is in search of
independence or perennial autonomy, as well as profit that is able to
ensure economic and material power on the other. To conciliate these
two caricaturised representations of research activity, it would seem
useful to return to the work conducted by Latour during the 1970’s,
clearly identifying the motivations of the researchers and the
transformation of the different managed capitals within a laboratory (the
schematic central circle in Figure 1).

Hence, a given capital (proto-knowledge) is susceptible to lead to the
proposal of scientific arguments, which, once published in the form of
scientific articles enrich the “recognition” capital of the researcher;
indispensable for the securing of research subsidies to finance the
technical capital of the laboratory, permitting the collection of new data
and information, thus initiating a new cycle generating recognition-credit
etc.
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The transformation of the organisation from the pre-entrepreneurial
to entrepreneurial mode resides in the appearance of another source of
“credit” outside of publications, that is the patent, and of the progressive
denaturation of the notion of “credit”. The search for “credit” on the part
of researchers was found, according to Latour (1988), in their double
quest of recognition and credibility. The notion of “credit” takes a new
turn with the progressive denaturation of the patent vocation, which as a
knowledge diffusion tool, becomes a tool of reassurance for investors
and therefore an exclusive source of financial revenues once exploited
under license(s).

Academic system : peer expertise +

Recognmon Reading

Public financing system /
for research + Innovation law
Subsidies + Patent laws
Licenses
(public) T et Publcaton

system

Articles
+
Flnancmg Strategic objectives of
(other) industry, stakeholders, etc.

Arguments

Human and Equi
know-how quipment
+ competences /
resources Experimentation laws
Data

(Source : Saives and Ebrahimi, 2004,
‘ Regulation / Governance elements ‘ inspired from Latour and Woolgar, 1988)

Figure 1. The transformation of capitals generated from academic research activities.

Commercialising the potential fruits of the patent at the disposal of
the researcher-become-entrepreneur’ therefore adds to the possibilities
of intellectual and material recognitions, which are the drivers of
entrepreneurship.

5 (in a renewed regulatory framework brought about by recent laws on innovation, a
context of a shortage of public and para-public research means and of a permeable,
societal, ideological context)

http://siamakhasani.blogfa.com/



Knowledge Creation Dynamics and Financial Governance 29

5.2. The creativity crisis

Another source of paradox appears where innovations are turned into
routines (“‘routinization”) as a result of a short term vision adopted by the
financial governance of firms at the “managerial” stage. The long bio-
pharmaceutical research and development times (approximately ten years
to complete pre-clinical and clinical phase I, II and III research) has
nothing in common with the short investment cycle times (one to three
years for venture-capital) and shareholder expectation. The race for
generating revenues from intangible assets as encountered in current
times while patents are expiring on blockbusters reinforces the system of
finance management in choices that have paradoxically little risk.

The choices of knowledge creation to create new markets are oriented
in the short term towards improved reproduction of existing products
(“successor” medications) or the short term commercialisation of
profitable products (e.g. diagnostic or laboratory products) rather than
towards the creation of truly new or “novel” medications (Pignarre,
2004). With the standardisation of pharmaceutical research methods (e.g.
HTS and combinatorial chemistry) resulting from the search for
productivity coming from traditional industrial thinking, conjugated with
the cogni-productive division of work between pharmas and biotechs
(parcelling and specializing the knowledge rather than encouraging its
circulation), and with the procedurizing of rules and regulations for the
marketing of products (clinical trials), bio-pharmaceutical innovation
suffers from a “bureaucratization” of its innovation processes (Pignarre,
2004) which blemishes its creativity.

6. Conclusion

The exploratory analysis of knowledge intensive bio-technology firms
within Quebec permitted us to identify three development “modes”
possibly involved in their growth cycle (pre-entrepreneurial,
entrepreneurial and managerial modes). The development cycle
perspective remains to be validated across a longitudinal study. Most of
the companies sampled seem to be situated in transition between the last
two modes of development. Two ruptures may mark the three
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development phases: a teleological rupture and a crisis of creativity. Both
are inscribed within a dominant current of “corporate governance”.

With information, expertise and knowledge being the engines of
“value creation”, how does one grasp and submit them to the
mechanisms of finance?

Epingard (1999) pertinently reminds us that an immaterial
investment must consider knowledge as an “economically useful detour
within an act of production, but whose result, the output, is impalpable
and non-directly observable, in the image of knowledge and aptitudes
which make up human capital. It results in an incertitude that is partially
irreducible, both on the reality of productive assets that are constituted as
such and on its value”. It is precisely this incertitude which poses a
problem on financial thinking with respect to evaluating immaterial
assets during the economic activities of a technological company.
Currently, a research agenda may be proposed on the basis of the recent
theories in the knowledge management field, on the appropriate methods
for the evaluation of the effects of the knowledge creation process,
whereby such an evaluation integrates non-measurable elements, such as
motivation of the experts, the concordance of individual objectives and
ambitions with those of the company, the articulation of individuals and
of knowledge, and the potential for a cogni-productive network of
companies.
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