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Abstract

The aim of this research was to understand the entrepreneurial networking process
and the role played by virtual interactions. In particular, the objective was to
establishing how, and if, virtual interactions enhanced collaborative incremental
product innovation in supplier-customer networks within biotechnology SMEs (Small
and Medium Sized Enterprises). Employing a phenomenological approach, two data
collection techniques were used; participant observation within a small
biotechnology firm provided a preliminary study and was followed by 16 in-depth

interviews with bioscience entrepreneurs in SMEs in Scotland.

The results indicated that entrepreneurial networking was important for the
generation of collaborative incremental innovation; innovation opportunities were
embedded in entrepreneurial networking process. In addition, the study found that
the networking process was complex and dynamic but was punctuated by several
relationship stages, whereby each stage constituted a relationship state. Each state
could be characterized as dynamic and complex but an evolving relationship stage.
The progress of collaboration was thus dependent on the evolution of the
relationship. Moreover, the research identified trust to be the key determinant of the
relationship process; the nature of trust invoked was found to be dynamic,

progressive and multi-dimensional.

The study explored and classified how the entrepreneurs used three “ideal types” of
networking strategies to engage in the trust formation process. These were, namely,
Technical, Combined and Social Approach, utilised in different relationship situations.
Furthermore, the study showed how factors, such as inter-personal characteristics
for bonding social capital, the use of virtual interaction, trust process, the level of
knowledge tacitness and relationship processes, all impacted on the collaboration for
incremental innovation. Importantly, the study indicated that an understanding of
virtual interaction needed to be contextualised in the circumstances and conditions

of the entrepreneurial networking process.

Consequently this study contributes to knowledge in the areas of entrepreneurial
networking process, virtual interaction, supplier-customer relationships, trust and

product innovation generation.
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Chapter One

Introduction

1.1 Introduction

This is a study to explore the entrepreneurial networking process and its impact
and within this the impact of virtual interactions on the generation of
collaborative incremental innovation. The aim is to wunderstand the
entrepreneurial networking process and within this the role of virtual interactions.
The focus of the study is in the field of networking of entrepreneurs. It is
concerned with the main theoretical and practical perspectives of entrepreneurial
networking®. The generation of incremental product innovation in the SMEs?
(Small-and-Medium Sized Enterprises) in the biotechnology industry® is set as
the context of the research. More specifically the study concentrates on the
networking between bioscience entrepreneurs and customer networks that have

led to successful collaboration in entrepreneurs’ innovation practices.

Innovation is defined as “a process of discovering something new from an idea

and developing it into a saleable product/or service” (Attridge, 2007, p.222).

! Entrepreneurial networking refers to networking/or network interactions of entrepreneurs in their
pursuits of innovation and entrepreneurship.

2 SMEs (Small and Medium-sized Enterprises) are defined in various ways. This study uses the
criteria of BIS, the Department of Business Innovation & Skills, UK which defines a SME as: small
enterprise as one with employment less than 50, and a medium enterprise as one with
employment of at least 50 but less than 250 (BIS, 2009, p.4). Also see (Curran and Blackburn,
2001, p.8-21).

3 The UK is the home for biotechnology. Since the discoveries of molecular and genetic biology in
scientific research at the University of Cambridge, UK in the 1970s, the increasing knowledge and
recognition of biotechnological applications have led to the emergence and development of the
biotechnology industry and various connected industrial sectors. Biotechnology is one of the most
research- and knowledge-intensive industries in the world. The industry has made significant
advances in our understanding of the way in which plants, animals and humans work, with direct

benefits in many areas (Rosiello and Orsenigo, 2008).



“Innovation” and “entrepreneurship” have become common words that often
appear in business books or journals over the last two decades. The meaning of
“entrepreneurship” is closely related to the concept of “entrepreneur”.
Entrepreneurship is a behaviour, a distinct behaviour of an entrepreneur (Drucker,
2007). Entrepreneurial innovation relates to that of an entrepreneur who always

searches for change, responds to it and exploits it as an opportunity (ibid. p.25).

Entrepreneurship constitutes a powerful source of economic development (North
and Smallbone, 2000; Schumpeter, 1934). The emphasis is relevant to the
decisions that we have to confront, that is, making changes and creating value in
order to survive on an ongoing basis, particularly in today’s environment which
has been increasingly volatile. In the revised edition of Innovation and
Entrepreneurship (Drucker, 2007), Christopher Bones pointed out that there were
four major changes around us in the last two decades, including globalization,
stakeholders’ demands, the digital economy and networked organizations. These
changes have created great challenges to entrepreneurs, especially those of
SMEs that may lack resources. Innovation provides potential sources for
entrepreneurship not only to achieve changes but also to help entrepreneurs find

the right processes and outcomes (Yue et al., 2004).

Generating innovation is a characteristic of biotechnology firms; biotechnology
firms in the UK are mostly comprised of SMEs and are entrepreneurial, they have
played an important role in creating wealth and jobs (Hine and Kapeleris, 2006).
Referring to product innovation, this has been widely studied from various
perspectives including psychology, economics, organizational management,
sociology and marketing, yet much of the research has focused on radical

innovation although a majority of product innovation is incremental.

Incremental innovation generally produces outcomes of something with minor
improvement. The process of generating innovation involves a lot of effort and
hard work such as searching for new ideas, carrying out evaluations and the
exchanges of information and knowledge. This could be derived from knowledge
gained from a conversation with various sources of people, including those both

external and internal to a firm. One of the sources could be a business customer.

2



Two firms may have a series of interactions and form business collaboration in
order to pursue the generation of incremental innovation through joint effort.
With the emergence and prevalent use of modern electronic technology,
entrepreneurs of two firms may become physically “invisible”, in other words

“virtual” to some extent during their interactions with each other.

It is recognized that customers form the most important group of external
stakeholders contributing to the generation of incremental innovation, and
therefore, supplier-customer network interactions attract the research interest.
This thesis will investigate the impact of supplier-customer virtual network
interactions on entrepreneurial networking in the collaboration for generating
incremental innovation in high-tech SMEs in the biotechnology industry and aims
to understand the role of virtual network interactions in the process of
collaborative incremental innovation. Initially, this research will explore the
nature of the process by adopting a phenomenological approach to interpretative
study, similar to that utilized by Hellstorm (2004) in elaborating the concept of
innovation. The understanding gained via this exercise will be used to clarify a
further and deep exploration of incremental innovation in context, with particular
attention to the relationship between an entrepreneur’s virtual network
interactions and the perceived networking process. More specifically, the nature
of the process of collaborative relationship in entrepreneurial SMEs will be
examined, and this is related to trust building and development. This further
exploration will lead to an investigation of the relationship between virtual

network interactions and trust which is shown as a multi-dimensional concept.

This chapter outlines the study area of this research. It will illustrate the need to
understand a field that requires in-depth research and which consists of
apparently directly related, however substantially complex and intertwined
conceptual areas within incremental innovation collaboration, therefore
presenting the justification for the research. The last section of this chapter will
provide an outline of the chapters of the thesis, as a guide to bring the reader
into the context of this study.



1.2 Justification for the Research

As highlighted above, entrepreneurial innovation is a main source of stimulating
economic development (Anderson et al., 2007; Drucker, 2007; North and
Smallbone, 2000; North and Syrett, 2008; Schumpeter, 1934). The topic of
innovation has raised scholars’ attention from multiple disciplines. Above all,
product innovation is a vital part of many industries (Danneels, 2000),
particularly in high-tech industries like biotechnology (Ahn and Meeks, 2008).
Given the acknowledgement of the complexity of product innovation, Roy et al.
(2004) pointed out that radical and incremental innovations are two types of
product innovation that distinguish the degree and impact of the changes to an
organization and the markets. Since incremental innovation is associated with
lower risks and less capital input, it is not surprising that firms are far more
capable of producing incremental innovation (Rothwell and Gardiner, 1988; Von
Hippel et al., 1999). Yet, little research has been carried out on incremental
innovation (Cooper, 1994; Olsen, 2006). This is reflected in the biotechnology
sector (Casper and Whitley, 2004).

SMEs in high-tech sectors like biotechnology are perceived as an important
source of product innovation (Anderson et al., 2007; Berry and Taggart, 1998;
Cooke, 2002; Utterback and Suarez, 1993). In particular biotechnology in the UK
has maintained the leading position in European countries throughout 1980s and
1990s (BIS, 2008) and it remains as the second in the world next to the USA at
present in terms of its productivity (BEER, 2005; Smith and Bagchi-Sen, 2006).
In 2003, the sector consisting of 466 firms employed 22,400 people and these
firms generated £3.6 billion revenue. In 2005, the medical biotechnology sector
alone generated £2.63 billion revenue. In 2006, the UK firms accounted for 40
percent of the total biotechnology products in the pipeline in Europe*. Most of
these firms are SMEs (Pitt et al.,, 2006). The products of biotechnology SMEs
provide new technological solutions for the industries such as pharmaceutical,
public and animal health, energy, agriculture, environmental protection, chemical,

food, nutrition, manufacturing and other industrial sectors (BIS, 2008). Any

4 UK Trade and Investment (2008). UK Biotechnology and pharmaceutical opportunities [Online].
Available from http://www.ukinvest.gov.uk/Biotech-&-Pharma/en-GB-list.html|?page=3. Accessed
29" September, 2008.

4



changes in the production of new products affect various sectors directly or
indirectly. Therefore, SMEs in the biotechnology sector are crucial source of

innovation contributing to the success of the overall UK economy.

Biotechnology SMEs feature biotech-based entrepreneurship (Ahn and Meeks,
2008). This is not only manifested by the birth of new business start-ups, but
also the pursuit of innovation by established firms throughout their life time
(Cooke, 2006). In recent years, along with the increasing emergence of
biotechnology SMEs which is in the context of increasing global competition, the
UK government has paid much attention to improving the diverse skills of science
entrepreneurs®. However, it has been recognized that science entrepreneurs in
the biotechnology industry globally are in the position of needing appropriate
entrepreneurial and management skills (Hine and Kapeleris, 2006, p.1). A survey
by the Scottish Executive conducted in 2006 shows that the SMEs are still in the
position of needing more support in the training for management skills, including
networking skills®. Scholars (e.g. Berry and Taggart, 1998) also emphasized, as
small high-tech business continues to grow into established business, high-tech
SMEs have a strategic weakness in confronting the competition even though
there are sources of opportunities. Therefore there is a growing need to
strengthen management (including networking) knowledge and the skills of
innovation which can be integrated into their overall business strategies. The
concept of incremental innovation in entrepreneurial SMEs and in biotechnology
will be explored in more detail in Chapter Two. Drucker (2007) pointed out the
importance of science entrepreneurs’ understanding of innovation and the
diverse range of knowledge, capabilities and skills needed in order that they are
able to seize the opportunities and lead their SMEs to pursue successful
entrepreneurship through the processes of innovation. The generation of
incremental innovation is a complex phenomenon; it includes cognitive and
affective aspects (Corti and Lo Storto, 1997, 2000; Madhavan and Grover, 1998;
Polanyi, 1967) and is affected by individual characteristics (Albrecht and Ropp,
1984; Knight, 1967) and organizational attributes (Roy et al.,, 2004). In

5,6 Department for Business Innovation and Skills (2008). Medical Biotechnology sector [Online].
Available from http://www.berr.gov.uk/whatwedo/sectors/Biotech/Biotechmedic/page10217.html.
Accessed 6™ October, 2008




particular incremental innovation is influenced by the dyadic interactions of a

SME and its network partner.

The incremental innovation of entrepreneurial SMEs is perceived as a social-
economic process (Anderson et al., 2007; Granovetter, 1985). SMEs do not
operate in a vacuum, but rather in a complex and dynamic environment with
various external stakeholders such as customers, suppliers, trade associations
(Pittaway et al., 2004) that affect the economic outcomes of the business. In
addition, bioscience entrepreneurs themselves are by-products of their social
environment (Anderson and Miller, 2003). Very few biotech firms can survive
without strengthening their relationships with various stakeholders, particularly
those external ones who may be potential network partners (Bagchi-Sen, 2007,
p.753).

The theories are echoed by the reality. Since 1980s an emerging and growing
trend is that firms including both large firms and SMEs are increasingly
dependent on external collaboration for new idea development and R&D activities
(Cravens and Piercy, 1994; Hagedoorn and Schakenraad, 1992). The average
portion of innovation originating from external sources was estimated to be
about 45% (Linder et al., 2003; Prugl and Schreier, 2006). At the moment, to
large firms innovation is understood as more and more risky whereas it occurs
more often in the supply chain networks of SMEs (Fountain, 1997). The
networking approach to product innovation generation is particularly important to
SMEs, as it helps them to overcome the weakness of lack of resources due to
their size and resource constraints (Croom and Watt, 2000; Liming and Aram,
1995). However, most existing literature has examined “what” contributes to
innovation generation by collaboration (Von Hippel, 1978). There is little research
examining the process of dyadic interactions, particularly between SMEs and

their most important external network — the customer network (Roy et al., 2004).

An exploration of the literature of the processes of dyadic network interactions in
supplier-customer network shows that they are not only related to the network
connections of an entrepreneur, but also to the collaborative relationships and

the modes of interaction used. It appears that the relationship is the main entity
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of the interaction process (Albrecht and Ropp, 1984); a further exploration
suggests that the building and development of trust is viewed as the key
determinant that leads to a successful collaborative relationship. The process of
trust, as a multi-dimensional concept is affected by the modes of interaction.
However, a majority of empirical studies of supplier-customer relationship
processes is concerned with marketing perspective; very little if any research has
examined the processes systematically in the context of incremental innovation,
especially with a focus on the inter-play of social capital, virtual interactions in
the trust process and how the manifestation of these elements and factors
impact on incremental innovation processes. Furthermore, not one of the

relevant studies has been in the biotechnology sector.

Referring to the modes of interaction, entrepreneurs use various interaction
modes to interact with each other. This may include traditional ones such as
brochures, scientific publications, and meetings in conferences. As technologies
continue to advance new modes have emerged in addition to the traditional ones.
A trend towards using new electronic modes has been found in entrepreneurs’
network interactions in the biotechnology firms in their collaboration for product
innovation (Fontes, 2005). Whilst virtual interactions allow for advantages such
as linking people globally and speedy responses which are not achievable by
traditional modes, they make the physical presence become less visible, in other
words, the individuals are virtual to each other. There is a lack of research
related to the impact of virtual interactions on the process of incremental

innovation in supplier-customer networks of SMEs in the biotechnology sector.

The suggestions highlighted above indicate that the use of a particular virtual
mode by an entrepreneur in the process of collaborative incremental innovation
should be viewed as a holistic and collective experience, a meaning making
process. One way of understanding the impact of the interactions is to listen to
people’s narratives of their life experience (Larson, 1992; Patton, 2002). People
share their experiences which echo behaviour and attitude through daily
conversation with others. It appears to be appropriate that a researcher collects
the knowledge for the research through getting close to entrepreneurs, and

listening to their life stories about the use of virtual modes in the processes of



collaborative incremental innovation. The narratives reflect the reality of
entrepreneur’s experience in dyadic interactions from the supplier’'s perspective,
enabling the researcher access to the reality of how collaboration in incremental
innovation is influenced by network interactions. Such narratives will also
disclose the way in which entrepreneurs make sense of virtual interactions in
innovation experiences. As such the descriptions will serve as a basis for seeking
patterns and trends in the meaning making process and the conceptualization of

the role of virtual interactions in the process.

Each entrepreneur’s experience of virtual interactions is different from one
another’s in terms of establishing network relationships, virtual modes used,
individual characteristics such as personal competence and capability, and
respective organizational factors. More specifically, the process of building and
developing network relationships involves emotion and feelings in the
interactions. Accordingly, scholars have called for and encouraged more attempts
at using interpretative approaches in entrepreneurship research (Cope, 2005;
Johannisson, 1995; Larson, 1992). Phenomenology is an interpretative study
approach using lived experience (Moustakas, 1994). It enables a researcher to
reach a deep understanding of a phenomenon from the descriptions and
explanations of those people who have the lived experiences and to make sense
of those experiences. The undertaking of a phenomenology approach to
entrepreneurs’ experience of collaborative incremental innovation in supplier-
customer networks and especially the impact of virtual interactions on the
experience shall provide insights into how entrepreneurs make sense of such
collaborative experience. It is found that the use of the phenomenological
approach to the inquiry in entrepreneurship research has been barely explored,

and none in incremental innovation.

Thus, this study adopts a phenomenological approach to obtain a deep
understanding of entrepreneurs’ experience of collaborative innovation, revealing
the impact of virtual interactions on the collaboration and therefore product
innovation. This study not only provides the descriptions of entrepreneurs’
experiences as such, but also explores the nature of the lived experiences and

the way in which virtual interactions are related. The data will be used to develop



a theoretical model through an inductive analysis in the context of collaborative

incremental innovation.

This study can be useful not only to science entrepreneurs in the biotechnology
sector but also to other high-tech sectors in similar situations. It provides deep
insights into the phenomenon of collaborative innovation by entrepreneurial
SMEs and such insights cannot be reached by quantitative research (Anderson et
al., 2007; Anderson and Jack, 2002; Schumpeter, 1947). In addition, to some
extent it can also be useful for SMEs in the management of network relationship
with other external stakeholders, for example suppliers, and other aspects
relating to entrepreneurship, for example market expansion. For government and
other supporting bodies, it provides insights into entrepreneurs’ virtual
interaction patterns, their behaviour and attitudes in pursuit of entrepreneurship

and thus relevant support and policies may be formed or revised.

1.3 Research Objectives

The general themes of this study are related to entrepreneurs’ experience of
networking process with customers in the context of collaborative incremental
innovation, and the ways in which virtual interactions are conducted and
therefore shape the networking processes. It also examines how the
collaboration operates, and how this may determine the outcome of those
interactions, that is, the generation of incremental innovation. This is closely
linked to network relationships, in fact, the trust building and development
process in the collaboration. The ways an entrepreneur uses virtual modes
influence how trust is built and developed in the networking process. The overall
aim of the study is to investigate and gain understanding of entrepreneurial
networking process, the impact of the process on the generation of collaborative
incremental innovation and within this the impact of virtual interactions. To

achieve the aim, the research objectives are summarized as below:

% To explore entrepreneurial networking processes between biotechnology



SMEs and customer-networks and the impact of these processes by
interviewing entrepreneurs to uncover the processes of collaboration in
generating incremental innovation, and the ways in which virtual
interactions affect the network relationships and therefore incremental

innovation generation.

% To develop a theoretical model of entrepreneurial networking process and
its impact, and the ways in which virtual interactions impact on the

network relationships and incremental innovation generation.

The detailed research questions to be explored in order to fulfil the objectives are:

> What are the key components of the networking process in the
collaboration for generating incremental innovation in supplier-

customer networks?

» How do they relate to network relationships and virtual interactions?

» How are virtual network interactions and network relationships related,
and how is this manifested through entrepreneurs’ narratives of their

experience in the collaboration for incremental innovation generation?

» How can we understand and what can we learn from the entrepreneurs’

narratives?
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1.4 Summary and Outline of the Research

This research is original in that it will investigate the entrepreneurial networking
process and its impact, and the ways in which virtual interactions are conducted
and impact on entrepreneurial SMEs’ collaborative incremental innovation by

employing a phenomenological approach to interpretative research.

Chapter Two, Chapter Three and Four are set out as a review of the literature.
Chapter Two examines the nature of incremental innovation generation as a
preface and context to suggest that firstly, there are several factors identified as
influencing incremental innovation and they are inter-related. Secondly,
incremental innovation generation by collaboration in supplier-customer networks
is viewed as a socio-economic outcome of network interactions. The processes of
network interactions and collaborative relationships shape the process of
incremental innovation generation. The network relationship is identified as a
major component of the networking process. The use of virtual modes is
identified as a factor (or/to play a role) in the networking processes, influencing

incremental innovation.

Chapter Three examines more closely the supplier-customer network relationship
processes. It explores the theories of supplier-customer network relationships,
suggesting that although various models emerged in explaining network
relationship processes, nevertheless trust emerges as the key theme of the
processes. It suggests that trust possesses multi-dimensional facets, manifested
as different types of trust and in operation either separately or together affect

network relationships and incremental innovation.

Having discussed in the previous chapters that virtual interactions can be a part
of networking conducted by entrepreneurs in the process of collaborative
incremental innovation, Chapter Four then discusses the connection between the
use of virtual interactions and the trust building process. It examines the impact
of entrepreneurs’ virtual interactions on the trust process in incremental

innovation, which may be seen as a sense making process. It goes on to suggest
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that it does not matter whether the entrepreneurs’ virtual interactions are
transactional, communication or networking, the experience of networking
behaviour should be viewed as a whole in incremental innovation generation. In
addition, it points out that there is less understanding of the impact of virtual
interactions on multi-dimensional trust building and development in the process.
The suggested conclusion is that there may be a general model which can be
identified which shows entrepreneurial networking process including virtual
interactions experienced by entrepreneur. Such a model may be unique for each

entrepreneur in his/her network relationship processes.

Chapter Five describes and explains the research methodology and design,
illustrating how a phenomenological approach to interpretative research will be
employed. This chapter explains the research design and techniques for data
collection and analysis. It justifies the research methods and techniques of the
phenomenological approach, and highlights an emerging trend in the use of
computer assisted qualitative data analysis (CAQDA) in conducting qualitative
research. The advantages and disadvantages of using computer programs are
discussed. This chapter ends with a critical review of the methodological
approach taken and the research design, and recalls and reflects on the PhD
process, likening it to an adventurous journey with mountains to climb along the

way.

Chapter Six reports and analyzes the research findings. It shows the
classification of the components in the networking process in incremental
innovation collaboration which emerged from the data, and then it explores the
connections between those classifications to profile three ideal networking
approaches: Technical, Combined and Social Approaches. The characteristics of
networking behaviour undertaken using different approaches are demonstrated.
This is conducted based on the categorization of the networking processes. The
processes of entrepreneurs’ network interactions using different approaches
appear to show a gradual process, of entrepreneurs and customers getting close
to each other and resulting in the network interactions. The components of the
networking process are identified, as they emerge from the relationship

processes experienced by entrepreneurs using different networking approaches.
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The components consist of four stages: Antecedents, Linking, Development and
Maintaining the Contacts. The connections between the entrepreneurs’
networking approach and the stages are addressed, and the nature of the
relationships assigned to each approach with customer networks is revealed. The

use of virtual interactions is shown as a factor in the networking processes.

In addition, Chapter Six highlights the importance of trust building, development
and maintenance, emerging from the data. Trust per se is shown as a
developmental process. The dynamic and complex process is discussed in the
context of incremental innovation in supplier-customer networks. The last section
of this chapter indicates different factors affecting trust process; inter-personal
trust is identified as the most influential factor. It seems that the entrepreneurs’

different networking approaches initiate inter-personal trust in different ways.

Furthermore, the significance of bonding social capital in the trust process is
uncovered; entrepreneurs’ different networking approaches to building trust are
likely to be associated with the presence of different types of bonding social
capital. These reflect the dynamic of several groups of influential factors within
the networking process, in that the impact of virtual interactions in terms of
using email is dependent on the interplay of several factors, namely the bonding
social capital, the trust process, the stage of the network relationship process
and the level of knowledge tacitness. The chapter concludes with a model
demonstrating how Antecedents, Linking, Development and Maintaining the
Contacts are comprised of a dynamic and circular process of entrepreneurial

innovation practices.

Chapter Seven focuses on the discussion of the research findings, locating them
in a broader context of existing product innovation, supplier-customer network
relationship and virtual interaction literature. It goes back to discuss the
networking process of incremental innovation collaboration model, which
demonstrates the insights into a progressive process. The discussion uncovers
the complexities and dynamics between the components. This is carried out by
linking a set of topics, networking process, trust process and virtual interactions

through the phenomenological approach and referring them to the cognitive,
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affective and conative components of product innovation generation examined in
the literature review. This chapter highlights the usefulness of obtaining
entrepreneurs’ experience through their narratives, and the usefulness of

phenomenological approach in gaining insights from the narratives.

Chapter Eight outlines the key research findings and brings about the conclusions
and the theoretical and practical implications of this study. It also draws out

future research recommendations.
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Chapter Two

Biotechnology Product Innovation

2.1 Introduction

Innovation is defined as the implementation of a new or significantly improved
product (goods or service) or process, a hew marketing method, or a new
organizational method in business practices, workplace organization or external
relations (OECD, 2005). Product innovation is lifeblood of many industries, in
particular high technology industries such as the biotechnology sector. Product
innovation is recognized as an important source for organizations as well as
industry growth (Ahn and Meeks, 2008; Danneels, 2000), it is also a strategic
instrument for firm competitiveness and survival (Bhaskaran, 2006; Damanpour
and Evan, 1984; Kristensson et al., 2004; Roy et al., 2004; Van der Panne et al.,
2003). New medical products derived from biotechnology and which have been in
the market between 1980 and 2000 contributed considerably to the increase of
patients’ lifetime and reduction of costly hospital stays (Attridge, 2007). New
biotechnological products also contribute to ways of treating contaminated land
or solving other environmental problems (Ahn and Meeks, 2008; BIO-WISE,
2003).

In today’s complex business environment, managing to survive is the first
consideration of companies (Porter, 1990). Product innovation is therefore an
organizational business focus and strategy used by many biotechnology firms to
cope with the complexity of and changes in the environment (Calabrese et al.,
2005). Product innovation is also a complex process commencing from the
awareness of problem/needs, consisting of various events, activities and
decisions to reach the outcomes of something new that is useable (Damanpour,
1991; Knight, 1967; Rogers, 2003). For a firm, product innovation generation
includes all activities relating to problem perception, information collection,

attitude formation and decision to adopt innovative ideas as a solution to the
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problems or needs (Damanpour, 1991; Knight, 1967; Rogers, 2003). The process
is critical to move an innovation forward, since once a decision of adopting an
innovative idea is made, the later stage of production, manufacturing, marketing
and distribution, can be carried on (Rogers, 2003). Differing from the
bureaucratic structure of big organizations, entrepreneurial biotechnology SMEs
possess organizational flexibility which enables them to adapt to the changes in
the environment and to grow through innovation generation (Danneels, 2000;
Parker, 2002). The traditional way of approaching to new product innovation by
relying on firms’ in-house capabilities is no longer appropriate. Instead,
networking has been used as an approach for collaboration in order to generate
product innovation by the biotechnology SMEs. The inter-organizational
collaboration is formed to obtain organizational flexibility, necessary knowledge
and skills, other resources and operational efficiencies (Cooper and Edgett, 2008;
Cravens and Piercy, 1994; Ledwith and Coughlan, 2005).

Various types of innovation can be complex and difficult for entrepreneurs to
understand and manage, thus efforts made towards innovation generation may
not fit their firms. Hence it is crucial that entrepreneurs understand the product
innovation and the effect of networking in the process (Roy et al., 2004), and
those factors in the innovation process so as to achieve the success. Although
the importance of product innovation is recognized and numerous studies have
been made into different aspects, there is no a universal theory for biotechnology
product innovation (Attridge, 2007). An understanding gained indicates that it is
not applicable to use a one-fits-all model in all innovations (Dewar and Dutton,
1986).

It is argued that product innovation can be viewed as a source for
entrepreneurship, an approach firms take to cope with the complexity and
changes in the environment (Danneels, 2000; Drucker, 2007). Product innovation
may not be the only reason for a firm to form an inter-organizational network.
Firms can be attracted by the potential benefit associated with a collaboration
(Cooper and Edgett, 2008; Howells et al., 2003). Product innovation and the
ways in which network interaction is conducted may constitute an entrepreneur’s

consideration in selecting network actors.
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However, product innovation is mostly perceived as a complex concept. It tends
to be affected by individual characteristics as well as the environment in which
an individual is embedded. An entrepreneur’s way of connecting to a wider
economic community is an important influential factor. Moreover, the networking
process also determines the generation of biotechnology innovation and it
provides more opportunities for enhanced innovation performance (Rothwell,
1991).

In fact, networking itself is a process by which innovation can be materialized
(Anderson et al.,, 2007). Generating product innovation through collaboration is
substantially a process of network interactions between two firms. A
collaboration formed allows them to take joint actions for developing new
products. This chapter will thus begin with a review of existing literature on
biotechnology product innovation. It will go through the nature of innovation,
processes and types of innovation and product innovation generation. Following
the context set for this study, this chapter will review the phenomenon of
biotechnology SMEs collaboration for product innovation and identify the gaps in
the literature. Very little if any existing research seems to have examined the
generation of biotechnology collaborative product innovation in supplier-customer
networks from the firm’s perspective. None of the studies have investigated how
the entrepreneurial networking process is operated, its impact and within this the
impact of virtual interactions on the process and the generation of biotechnology
product innovation. It will be elaborated later that this study will review and
develop a pre-understanding of the concepts. The pre-understanding will be used
to explore and to understand the networking process which emerged from the
entrepreneurs’ narratives. However, to start with, the nature of biotechnology

product innovation and the elements of innovation concept will be considered.
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2.2 Biotechnology Product Innovation: Nature and

Generation

Innovation’ is a very complex and broad concept. Its effect on firms has raised
scholars’ attention from multiple disciplines, indicated by Garcia and Calantone
(2002, p.110) in their review of innovation. Studies contributing to the field have
been from various perspectives, such as psychology, economy, organizational
management, sociology and marketing. Psychologists focus on creativity,
individual behaviour, beliefs and changes, e.g. one of the study areas is related
with the aspects of innovativeness, determinants and measurement, in that
psychologist Marcati et al. (2008) examined entrepreneurs’ innovativeness and
personality in the adoption of innovation. They studied the measurement of
general and specific innovativeness of the entrepreneurs and how the
innovativeness relates to entrepreneurs’ personalities. Economists generally
focus on the implications of innovation rather than the process of introducing
something new, e.g. Song and Thieme (2009) investigated the impact of supplier
involvement on the pre-design and commercialization of innovation, and the
impact of the involvement on radical and incremental innovation. Organizational
strategists are concerned with the maintenance and improvement of an
organization’s performance influenced by the changes made on products,
structures and processes, e.g. Damanpour and Evan (1984) studied the rate of
innovative idea adoption and its impact on organizational performance.
Sociologists emphasized the processes of and changes in the firms, and people
involved in the innovation, e.g. Larson (1991) examined social control between
partners in entrepreneurship and innovation. Through the marketing approach,
scholars generally considered the diffusion of innovation, e.g. Hassan (2008)
studied the promotion of innovation, customers’ acceptance of new products and
procedures. They emphasized the importance of marketing research to the

identification of customers’ acceptance of new products.

7According to Knight (1967), innovation has positive and negative impact on an organization,
unless it is specified, innovation in this study represents those that have positive impact on
organizations.
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2.2.1 Nature of Biotechnology Product Innovation

In the early nineteen century, Schumpeter developed a well defined innovation
definition from an economic perspective in his book Theory of Economic

Development:

(1) The introduction of new goods - new to the market or new quality
of goods

(2) The introduction of a new method of production or new way of
handling a commodity commercially

(3) The opening of a new market

(4) The new source of supply of raw material

(5) The new organization of any industry (Schumpeter, 1934, p.66).

He distinguished innovation and invention. The invention is outside the economic
domain, it does not become innovation until it is produced and used. However,
Solo (1951) and Goswami and Mathew (2005) claimed that focusing on novelty
and newness, Schumpeter’s definition fails to account for the source of
innovation. Schumpeter (1934) addressed that innovation is possible without
anything that is identified as invention. He offered various descriptions relating to
the types of changes in innovation, but none of them covered its source. The
only indication of the source is from an entrepreneur’s mental activities, creating
something new from the mind. Although Schumpeter’s definition is broad in an
economic sense, Solo (1951) argued that innovation is defined in various
circumstances and disciplines. Therefore, it has various meanings accordingly,
ranging from tangible products and ways an organization are organized to a
comprehensive interpretation, which include intangible products such as
knowledge and technologies. In their review of innovation, Garcia and Calantone
(2002) noted that although there are many definitions, a new innovation smells
just as sweet if it is labelled by any other names. Scholars (Damanpour, 1991;
Goswami and Mathew, 2005) agreed with Damanpour and Evan’s (1984) view, in
that “innovation is a widely used concept and the term is variously defined to
reflect particular requirements and characteristics of a specific study” (ibid.

p.392). This shows that the understanding of the innovation concept has been
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developed as being comprehensive. The definitions reflecting the accumulated

knowledge of innovation are summarized in Table 2.1.

Table 2.1 Definition of Biotechnology Innovation

(Knight, An innovation is the adoption of a change which is new to an
1967, organization and to the relevant environment.
p.478)

Mohr (1969) ' Innovation is the degree to which changes are intentionally implemented
that is new to the organization.

Zaltman et | Any idea, practice, or material artefact perceived to be new by the
al. (1973) relevant unit of adoption.

Damanpour  The generation, development, and adaptation of novel ideas on the part

(1991, of an organization.

p.556)

Rogers An idea, practice or object that is perceived as new by an organization.
(1995)

Garcia and  Innovation is an iterative process initiated by the perception of a new
Calantone market and/or new service opportunity for a technology-based invention
(2002, which leads to development, production, and marketing tasks striving for
p.112) the commercial success of the invention.

(OECD, Innovation is the implementation of a new or significantly improved
2005) product (goods or service) or process, a new marketing method, or a

new organizational method in business practices, workplace organization
or external relations.

Acknowledging the difference between invention and innovation, Goswami and
Mathew (2005) hold that a common ground reached by all of these definitions is
related to the “idea/practice/object”, “new” and “process”. Each researcher may
also emphasize their particular interests in and focus of the studies through
those definitions. Basically, an innovation is something new. It is derived from an
idea/practice/object. Such an idea enters into a process of diffusion and becomes
something new which is then commercialized by the unit of adoption. Innovation

discussed by this study means something new to an organization.

Innovation is a process, associated with uncertainties and difficulties, as shows in
Table 2.1. The recent definition, of Garcia and Calantone’s (2002), has further
developed Schumpeter’s view by emphasizing one of the analytical dimensions of
innovation — process. In this sense, innovation is viewed as a process with hard

work, repeat procedures, difficulties, trials and uncertainties. It involves a series
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of actions, commencing with an understanding of a new opportunity, production,
market and utilization. Accordingly, Attridge (2007) suggests that innovation is
defined as a process of discovering something new, from an idea into a saleable
product/service. This definition is useful in biotechnology, and it pertains to

product innovation which will be discussed further in the following sections.

2.2.1.1 Type of Product Innovation

Studies have used various terms to describe different innovations. Past research
shows that the classification of different analytical dimensions is important for
understanding a firm’s behaviour and how innovation is generated (Downs Jr and
Mohr, 1976; Frederickson et al.,, 1974; Knight, 1967). A review of the
classification shows, in general, innovation can be categorized as: product vs.
process (Karlsson and Olsson, 1998; Utterback and Abernathy, 1975), technical
vs. administrative (Damanpour, 1991; Knight, 1967) and radical vs. incremental
innovation (Damanpour, 1991; Roy et al., 2004). These categories are not
exclusive of each other. The changes in one category are likely to generate those

in the other categories.

Firms distinguish their focus between product or process innovations because of
different core competences generated (Knight, 1967). Product innovations are
new products or services introduced to meet an external user or market’s need,
whereas process innovations are new elements introduced into an organization’s
production or service operation, such as methods of handling materials, task
procedures and the means of information flow (Damanpour, 1991; Utterback and
Abernathy, 1975). Product innovation is the lifeblood of many firms and
industries, in particular knowledge intensive industries such as biotechnology.
New product development represents the growth of firms as well as the industry
(Ahn and Meeks, 2008; Danneels, 2000; Hine and Kapeleris, 2006; Keeble, 1997;
Rogers, 1995). In this sense, this study will focus on product innovation.

Evan (1966) pointed out that a difference between technical and administrative

innovation reflects a general distinction of changes between social structure and
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technology. The decision making processes between these two types of
innovation are different (Daft, 1978). Technical innovation refers to the changes
in products, services and production processes of technologies. It is subject to
the work issues, which can be related to either product or process innovation
(Damanpour, 1991; Damanpour and Evan, 1984; Knight, 1967). Most product
innovations involve technological innovations (Rogers, 2003). Administrative
innovation includes the changes in organizational structures and administrative
processes. It is indirectly related to the work issues, and it links to the
management of a firm (Damanpour and Evan, 1984; Knight, 1967). In the
biotechnology industry where products involve high technologies, product
innovations produce technological changes. They can be new or improved ways
of testing, diagnosis, treatment and action of using biotechnology for interfacing

diseases processes®.

Product innovation includes two types - radical vs. incremental innovation
(Damanpour, 1991; Knight, 1967; Roy et al., 2004). The difference between
radical and incremental innovation concerns the degree of changes that is as a
result of innovation. Firms may expect to adopt internally and allocate relevant
resources to make relevant changes. Hence entrepreneurs need to understand
these two types of innovation. Damanpour (1991) noted that the importance of
distinguishing the difference between radical and incremental innovation lies in
the differences of the influential factors and contribution made by these two
types of innovation. Scholars defined various types of innovation on this aspect,
attempting to explain the degree of change that an innovation brings into an
adopting organization. Yet, Roy et al. (2004) argued that the classification of
radical vs. incremental innovation has long been accepted in the innovation
literature. Referring to the focus of this study, a radical innovation produces
fundamental changes in the configuration of an existing product. Such innovation
is radical to the supply chain members (Roy et al., 2004, p.62). In contrast, if an

innovation has less radical changes, which include modification or adding new

8 Syntaxin (2009). Product Pipeline Overview [Online]. Available from

http://www.syntaxin.com/biopharmaceutical-product-pipeline.php. Accessed 6™ January 2009. Also

see (Attridge, 2007) Communicating about Innovation in Networks of Three U.S. Organizations.

The Journal of Communication, 34, p.78-91.
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features to the existing products that provide additional benefits or redesigned
products in order for reducing costs and repositioning, then such product
innovation is defined as incremental innovation. For example, a reduction on
material thickness (Damanpour, 1991; Roy et al., 2004) or alternative molecules
developed with different attributes that have value in treating certain disease
variants (Attridge, 2007). Incremental innovations offer improved products that

better satisfy the current and potential customers’ needs (Varadarajan, 2009).

Apart from the new product generation perspective, scholars also describe the
impact created by the level of product change on an organization and its market.
Cooper (1988) suggested that various levels of product change can be defined
according to the degree of newness brought to the company and to the market.
According to these two dimensions, Booz et al. (1982) identified six types of new
products, including: (1) new-to-the-world (products are new to both of the
organization and the market; (2) new product lines (new to the organization, but
not to the market); (3) extensions to existing product lines (new to the
organization, but not new to the market); (4) improvement/modifications to
existing products (with enhanced performance or better perceived value to
customers); (5) repositioning (existing products that have new applications or
new markets) or (6) cost reduction (products that have similar performance as
the existing ones but at lower costs). Generally firms pursuing product innovation
have a mix of these sorts of product innovation, including those in the

biotechnology industry (Couchman et al., 1999).

Whether radical or incremental, developing a new product is a risky job (Garcia
et al., 2008). The literature has discussed the level of product change, in that an
innovator would go through a process in innovation generation, and this brings
about a concept of risk. Radical innovation is normally associated with a high
degree of risk and uncertainty, since this type of innovation is disruptive or
discontinuous (Damanpour, 1991; Garcia and Calantone, 2002). In some cases, a
radical innovation can create a new industry such as laser and e-commerce
(Walsh and Linton, 2000). It means that the more radical an innovation is,
indicated by the amount of knowledge and new knowledge needed from a firm,

the more risks, difficulties and uncertainties it creates for a later stage of
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implementation (Rogers, 2003). Empirical studies suggested that most firms are
far more able to make incremental improvement to existing products, roughly 90%
of all product innovations are incremental innovations (Rothwell and Gardiner,
1988; Von Hippel et al., 1999). Incremental innovation involves a lower risk and
less uncertainty, and need less technical expertise for the implementation. Hence,
firms generally develop more incremental innovations where setup problems and
capital input are less (Olsen, 2006). Radical innovations and incremental
innovations are not exclusive of each other. Radical innovation can be initiated by

many small incremental step changes (Olsen, 2006; Sheridan, 2007).

So far, scholars described the type of product innovation from different
dimensions, namely new product generation per se, the impact to the
organization and market, and the innovator. On the one hand, these dimensions
show the complex and multifaceted nature of product innovation and that a
multi-disciplinary approach needs to be adopted in the process in order for
successful innovation generation. On the other hand, entrepreneurs need to think
about product innovation with a systematic view and to ensure that relevant
resources are available for pursuing business objectives. Apart from “types” that
have been used by scholars as a way to understand the concept of product

innovation, “stage” is also employed as a way to demonstrate the innovation.

2.2.1.2 Stage of Product Innovation

Capturing its dynamic nature, the literature also shows that product innovation is
a process which includes two stages, initiation and implementation. The
innovation initiation stage consists of the idea generation and persuasion which is
a launch phase. It includes all of the activities relating to problem perception,
information collection, attitude formation and evaluation and the decision to
adopt an innovative idea as a solution to the problem/or need (Madhavan and
Grover, 1998; Rogers, 1995). Implementation stage consists of all of the events,
activities and decisions in putting an innovation into use (Damanpour, 1991;
Knight, 1967; Madhavan and Grover, 1998; Rogers, 2003). The decision to adopt

an innovative idea serves as a boundary of separating two stages (Rogers, 2003,
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p.421). In this sense, the generation of product innovation in this study involves

both the initiation and implementation of a new product.

New product development is a complex phenomenon that such a classification of
radical or incremental innovation, which distinguishes the changes generated by
an innovation, may not suit all product innovations. A critical view points to
innovation research relating to the perception of whether a one-fits-all theory
can be produced and applied to all types of innovation across industries (Dewar
and Dutton, 1986). Given that the occurrence of incremental innovation is far
more frequent than radical innovation, many existing studies have focused on
radical product innovation, including those in biotechnology (Casper and Whitley,
2004). Little research has been carried out on incremental product innovation
(Cooper, 1994; Olsen, 2006), thus incremental product innovation in

biotechnology SMEs constitutes the interest of this thesis.

Studies showed that the degree of product innovation, whether radical or
incremental, is closely linked to the type of network partner of a firm’s networks
(Pittaway et al., 2004). In addition, different types of networks may contribute
more or less at different stages of innovation generation (Biemans, 1991; Bruce
and Rodgus, 1991). The types of network partner and product innovation

generation are highlighted in sections 2.2.2.2 and 2.2.2.3 of this chapter.

So far, this section attempts to understand biotechnology product innovation by
beginning with the concept of innovation. It has revealed that innovation is,
indeed, a complex construct. Our knowledge of what is innovation tends to be
more comprehensive as our understanding enhances. For example, a progressive
understanding of innovation is represented by the quantity and diversity of its
typology, and the recognition of the elements in the processes, the
characteristics of risk and uncertainty (Rogers, 2003). Scholars have attempted
to perceive its nature from different aspects. Attridge (2007) argued that there is
yet no universal conceptual framework on biotechnology product innovation.
Damanpour and Evan (1984) suggested that innovation is a broadly used
concept and that specific theoretical attention on the concept should be

dependent on the needs and nature of a particular study. Among various types of
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innovation, product innovation is crucial and is lifeblood for the survival of an
organization. Incremental product innovation has become the focus of this study.
The rest of this chapter will continue to seek to understand product innovation

generation and the relevance of the biotechnology industry.

2.2.2 Generation of Biotechnology Product Innovation

The definition of innovation has been examined from different perspectives,
similarly the process of product innovation generation has been studied from
diverse disciplines, including anthropology (Arnould, 1989), economics (Dosi,
1988), psychology (Breckler and Wiggins, 1992; Petty and Cacioppo, 1986),
sociology (Albrecht and Ropp, 1984; Knight, 1967), social psychology (Drazin
and Schoonhoven, 1996) and marketing (Hakansson, 1987). Existing studies
have identified certain variables influencing product innovation generation from
different angles, attempting to improve our understanding of a firm’s behaviour
in innovation practice, and therefore to enhance innovation performance. The
definitions indicate that a product innovation is rooted in and generated from

human nature, ambition and potential to improve life and the way of living.

A review of literature shows there seems to be different views on what should be
included in the generation of product innovation. However, in spite of the
differences scholars appear to show consensus on several aspects of product
innovation generation. Firstly, the process of product innovation is a process of
people interactions (Hellstrom, 2004; Madhavan and Grover, 1998). The
individuals involved in the innovation do not live in a vacuum; rather they
interact with each other during the innovation processes. Secondly, in general
there are two basic aspects involved in the product innovation generation process,
namely cognitive and affective perspectives. Thirdly, individual characteristics
and organizational attributes affect the processes. These aspects are not
separated, rather inter-related with each other. The remainder of this section will

go through these issues.
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2.2.2.1 People Interactions

Referring to the first argument, it is recognized that a product innovation
commences with the recognition of a problem or need, which “stimulates
research and development activities designed to create an innovation to solve
the problem or need” (Rogers, 2003, p.137). As indicated in the foregoing,
product innovation generation involves all activities related to problem perception,
information collection, persuasion towards attitude formation and the decision to
adopt innovative ideas as the solutions. Albrecht and Ropp (1984) viewed that
product innovation generation is a process of diffusing the innovative ideas, while
Rogers (2003) noted that innovation generation involves a series of choices,
actions and decisions over time through which an organization evaluates a new
idea and decides whether to carry on the innovation practice. Referring to the
focus of this study, Dosi (1988) argued that technological innovation is a process
of searching for solutions and dealing with the uncertainty in order to solve the
problems/or needs. In biotechnology, a problem/need can be, for example, the
use of traditional chemical products/methods in treating contaminated land. Such
traditional methods, however, have side-effects of polluting the environment. An
innovative idea/solution to the problem can be the utilization of biotechnological
products/methods as a replacement to the traditional technologies so that the
side-effects can be avoided®. Nevertheless, Hellstrom (2004) held that those
activities, events and actions of a product innovation are seen as a process which
cannot be separated from people interactions, and they are social actions.
Hellstrom highlighted that humans are the main entity that carry out these
activities and events. This concept of people interactions is related to two aspects,
one is dyadic interactions with the people involved and another is related to a

broader sense of network connection.

2.2.2.1.1 Dyadic Interactions

Referring to the first aspect, scholars agree that as a process of people

interactions product innovation in established firms includes both cognitive and

° Contaminated Land, http://www.abricon.com/contaminated-land-
problems.asp?gclid=CMfsw67VijpkCFQiF3godTTV9Zg, last accessed 2" February 2009

27



affective aspects (Corti and Lo Storto, 1997, 2000; Madhavan and Grover, 1998;
Nonaka, 1990; Polanyi, 1967).

2.2.2.1.1.1 Cognitive Aspect

Cognitive perspective of knowledge creation refers to skills, knowledge, and
strategies that each team member brings about, and this is influenced by the
situation (Madhavan and Grover, 1998). In examining team members’
engagement in a product innovation, Madhavan and Grover (1998) argued that
the creation of knowledge is the central theme of the product innovation process.
They highlighted that the innovation process is a process of new knowledge
creation; a new product is an outcome of knowledge creation. The cognitive
aspect of a new product relates to the role of explicit and tacit knowledge in the
new knowledge creation. Explicit knowledge resides in formulae, textbooks,
documents, tools or Internet (Uzzi and Dunlap, 2005) that are comparatively
easy to articulate and communicate (Madhavan and Grover, 1998; Polanyi, 1967).
Corti and Lo Storto (2000) pointed out that explicit knowledge can be produced
and stored by employees in terms of reports, white papers, plans, technical
documents, spreadsheets, designs, blueprints, formulas, memos and symbols,
etc. Thus, firms do not have great difficulty in accessing explicit knowledge. Tacit
knowledge, however, refers to the type of knowledge that is informal and
disorganized, with a high degree of unawareness and cannot be explained
completely even by an expert and cannot be easily transferred from one
individual to another; and it is only obtained through a long process of
apprenticeship (Madhavan and Grover, 1998; Polanyi, 1967). Corti and Lo Storto
(2000) defined tacit knowledge as consisting of “ideas, opinions, judgments,
assumptions, meanings, questions, decisions, guesswork and stories that cannot
be stored in some physical support” (ibid. p.248). Hine and Kapeleris (2006) held
that tacit knowledge is skills and experience. According to Polanyi's (1967)
“iceberg” metaphor, tacit knowledge constitutes of roughly 95 percent of a pool
of an individual’s knowledge, the rest is explicit knowledge. This means that new
knowledge creation is mainly subject to tacit knowledge creation. It implies
further that product innovation relies on tacit knowledge exchanges and creation;

and much of such knowledge has not yet been in the public domain or it is
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difficult to codify (Anderson et al.,, 2007; Howells et al.,, 2003). Scholars
(Anderson et al.,, 2007; Nonaka, 1994) claimed that the exchanges of tacit
knowledge are also difficult to articulate and transfer unless those who possess it
are able to or willing to illustrate it to others. Hence the exchanges are deeply

embedded in the human interaction processes and relationships.

It appears that the notion of distinguishing explicit and tacit knowledge has been
accepted by many scholars, those that hold similar views include, for example,
Kogut and Zander’s (1992) who differentiate knowledge and know-how; Uzzi and
Dunlap (2005) who separated public and private information; and Dosi (1988)
who distinguished information and knowledge. Although various terms are used,

the differences are rather terminological than substantial.

Whilst indicating the importance of tacit knowledge exchanges, scholars
(Albrecht and Ropp, 1984; Dosi, 1988, 1993; Knight, 1967) pointed out that
information flow is one of the important elements in tacit knowledge integration
that creates new knowledge, since information flow is critical in product
innovation process whereby an innovator searches for solutions to the problems.
The information can be, for example, the limited effects and the side-effects of,
and a range of diseases treated by a particular medicine. Dosi (1988)
demonstrated that such information that is constructed by specific technologies

is scientific inputs of new product development.

Understanding the key elements of new knowledge creation in product innovation
generation helps the entrepreneurs be aware of the determinants of the process,
and therefore effectively manage the process. Given the importance of tacit
knowledge exchange and information flow in the creation of new knowledge,
Corti and Lo Storto (2000) found, based on an empirical study, that grasping
tacit knowledge is nearly impossible if one is not familiar with the original
organizational processes/or routines. Grasping tacit knowledge is a result of the
accumulation of know-how of an organization. It is not achievable even if one
observes and talks with the experts of the firm. In a similar vein, Dosi (1988)
noted that familiarity and “grasp” of tacit knowledge comes from heuristic of

know-how, e.g. “how problems happened” and “how to improve them”, which are
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as a result of practices, repetitions and more or less gradual improvements so
that the individuals are able to explore the opportunities in new product
development. Hence, tacit knowledge cannot be acquired easily, since it is
invisible, transitory and ephemeral (Corti and Lo Storto, 1997). Referring to the
flow of information, Albrecht and Ropp (1984) and Knight (1967) emphasized the
critical role of “fast feedback” in ensuring information flow between the
individuals, and this relates to the modes of interaction used. As technology
advances, electronic interaction modes (e.g. email) may have a certain impact on
yielding “fast feedback”. In addition, Dosi (1988) pointed out that for a firm
which is innovating, the access to a broad source of information may provide
individuals the opportunities of gaining initial scientific inputs which lead to
product innovation. The notion, “a broad source of information”, is related to
network connection. Again, electronic media such as websites and emails may
assist individuals to access a broad source of information by enabling the

network connection.

To explore the ways in which tacit knowledge and information flow affect the
generation of product innovation, Corti and Lo Storto (2000) investigated
technical product innovation from a cognitive perspective. They suggested that
as a result of problem solving, new knowledge creation is affected by two
cognitive factors, ambiguity and uncertainty. These two key cognitive elements
are related to knowledge tacitness and information flow respectively in new
knowledge creation. Ambiguity refers to the state of a system when there could
be a few different possible interpretations, often contrasting, of a situation (Corti
and Lo Storto, 2000, p.249). Ambiguity emerges when knowledge is tacit.
Ambiguity increases when knowledge tacithess becomes greater and which
stimulates new knowledge creation. Hence the exchanges of tacit knowledge
require rich personal face-to-face interactions (Madhavan and Grover, 1998;
Nonaka, 1994; Nonaka and Takeuchi, 1996; Polanyi, 1967) to reduce message
ambiguity in new knowledge creation. Uncertainty is conceptualized as a state in
which “a system falls as a consequence of the lack of information” (Corti and Lo
Storto, 2000, p.249). Uncertainty hinders the process of new knowledge creation
by affecting information flow between the individuals (Corti and Lo Storto, 2000;
Johnson, 1990; Le Flanchec, 2004; Nonaka, 1991). To reduce perceived

uncertainty, entrepreneurs are recommended to enable information flow between
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the individuals in dyadic interactions. These cognitive factors influence the ways
in which an individual perceives the complexity of problems/or needs in product

innovation processes.

It appears that people interactions are crucial in facilitating tacit knowledge
exchanges and information flow, the two cognitive aspects of product innovation
generation. Primarily the potential new knowledge is embedded in the individuals
(Madhavan and Grover, 1998). Scholars (Corti and Lo Storto, 1997, 2000;
Nonaka, 1994; Nonaka and Takeuchi, 1996) argued that tacit knowledge cannot
be easily extracted because people interactions are embedded in complex social
relationships. In addition, the flow of information is closely related to inter-
personal social relationships (Athaide et al.,, 1996; Huang and Chang, 2008;
Kanter, 1982; Roy et al., 2004). The individual social relationship is classified as

the affective aspect of product innovation generation.

2.2.2.1.1.2 Affective Aspect

Another imperative perspective in the generation of product innovation is
affective aspect. The affective aspect relates to the relationships that affect the
coordination of discrete individuals who bring competences and skills into a new
knowledge creation process (Corti and Lo Storto, 1997, 2000; Madhavan and
Grover, 1998; Polanyi, 1967). Albrecht and Ropp (1984) were the earliest
scholars who identified the variables of interactions from communication
perspective of innovation generation. They investigated how innovative ideas are
discussed in individual's interactions in intra-organizational innovation, and
emphasized the importance of information flow and relationship development
between individuals. Albrecht and Ropp (1984) revealed that innovation is a
product of complex inter-personal interactions between individuals. During the
interactions information and knowledge held by different individuals are
exchanged, which allows for new knowledge creation. They found that
information flow and new ideas emerge when social/personal matters are
exchanged in the interactions. The conversation only on innovation topics is very

rare. This shows that innovation generation is a dynamic process of information
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and knowledge exchanges, and learning through people interactions (Rogers,
2003). The process is constructed by an individual’'s social/ or personal
perspective of the interaction. Without social exchanges, the exchanges of a

problem/need that lead to an innovative idea are hard to exist.

Following the notion that tacit knowledge transfer and new knowledge creation
are embedded in social relationships, Albrecht and Ropp (1984) shows that the
interactions of new ideas are embedded in strong, developed and stable
interpersonal relationships between two individuals. They found that close and
strong interpersonal relationships foster the emergence of new ideas. According
to Madhavan and Grover (1998), the flow of information involves the exchange
of tacit knowledge. A close and stable social relationship between the individuals
is an antecedent for fluent tacit knowledge transfer. The relationships between
the individuals in a network will be discussed in more detail in later sections of

this chapter.

2.2.2.1.1.3 Individual Characteristics and Organizational Attributes

Dosi (1988) highlighted that an innovator’s capabilities in terms of specific and
un-codified abilities are an important factor in new knowledge creation, since
they determine the knowledge base for new product development. Focusing on
intra-organizational interactions, Baldridge and Burnham (1975) found that
individual characteristics such as sex, age and personal attitudes do not appear
to be important factors, rather administrative positions and roles are shown to
have an impact on the individual involvement in the innovation process.
Concerning individual characteristics and how they relate to people interactions
within the organizations, Knight (1967) pointed out that an individual’s attributes
such as belief, self-image, knowledge, life experience and social status are the
factors that have an impact on innovation generation, since innovation
generation is a dynamic process which consists of persuading, forming attitudes
and making decisions on adopting innovative ideas as solutions to the
problems/needs. Those individual attributes determine an individual’s behaviour

and the formation of attitudes.
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In addition, the