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Abstract

This thesis investigates relationships between external linkages and new product
innovativeness focusing particularly on the perspective of a knowledge-enabled view
of new product development. Building on organisational learning theory and

knowledge-based theories of inter-firm collaboration, this thesis argues that the effects

of external linkages on new product innovativeness vary and these are largely
contingent upon a firm’s absorptive capacity. The firm's level of absorptive capacity
determines how effectively knowledge from external collaborators relevant to the new
product project is absorbed, resulting in the creation of new knowledge that the firm
can apply for its own commercial use. It considers why some firms are more effective

than others at absorbing new product related knowledge from external collaborators to

facilitate more innovative product development.

Based on an empirical study of 116 new product development projects in
Taiwanese Information Technology (IT) firms, the thesis assesses the relative
importance of external linkages in increasing new product innovativeness. The results
show that the impact of horizontal links (that is, collaboration with other companies,
research institutes, and universities) on gains in new prodtict related knowledge 1s

greater than that of vertical linkages (that is, supplier and customer involvement).

Compared to links with customers, universities, and research institutes, corporate

linkages play the most prominent and consistent role in enhancing the accumulation
of new product related knowledge. This knowledge namely pertains to
predevelopment assessment, R&D, manufécturing and marketing. The thesis confirms
that the firm's absorptive capacity positively affects its gains in new product related

knowledge. In addition, absorptive capacity's interactions with corporate linkages

have significant, positive effects on gains in new product related knowledge. However,
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such interaction effects were not observed for the other external linkages, with

exception of industry-based research institute linkage. Moreover, the results confirm

that the positive impacts of absorptive capacity, corporation linkages, and supplier

linkages on new product innovativeness are mediated by the extent of new product

related knowledge gained.

This thesis bridges the gap between theories of organisational absorptive

capacity and the effective generation of new products. It contributes to our
understanding of the role of a firm’s absorptive capacity in NPD research. It examines
this 1ssue from a knowledge-enabled view of new product development. The findings
will assist managers to more effectively formulate NPD strategy by incorporating

firms’ internal learning capacity with the complementary knowledge and technology

that external collaborators can provide.

Rey words: New product development; external linkages; absorptive capacity; new

product innovativeness; NPD collaboration; Taiwanese IT industry
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Chapter 1 Introduction

Chapter 1

Introduction

1.1 Background

Continuously developing and launching more state-of-the-art products than one’s
competitors 1s one of the most challenging activities facing firms today. Their ability

to generate product innovations increasingly relies on the effective acquisition of new
product knowledge through external linkages (Bierly and Chakrabarti, 1996;
Leonard-Barton, 1995; Rothwell, 1992). However, new knowledge is often tacit,
un-codified, and contains ‘sticky’ information (Nonaka, 1994; Nonaka and Takeuchi,
1995; von Hippel, 1994; von Hippel, 1998). This thesis explores ways in which firms
gain new sets of knowledge or learn from potential partners in order to improve
existing technology bases and develop more innovative products.

Organisational learning literature highlights the importance of external integration
and boundary learning expansion efforts in enabling firms to explore new
theory-in-use (Argyris and Schon, 1978) as well as knowledge, which can then lead to
radical innovation (Leonard-Barton, 1995; McKee, 1992). Along with this need for
external integration, scholars of the knowledge-based view of the firm (Grant, 1996;
Conner and Prahalad, 1996) advocate that the organisation's ability to innovate

depends on its capacity to integrate knowledge residing both inside and outside its

boundaries. However, for a given new product development (NPD) project, it is

unlikely that potential links with external parties, including customers, suppliers,

competitors, research institutes, and universities, will affect such

knowledge-integration and learning to an equal degree. Hence, external linkages may

vary 1n their relevance to, as well as their impacts upon, product innovativeness.

Moreover, the latter may depend not only on a new set of complementary product
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knowledge that external links or alliances can provide, but also on the firm's learning

ability or absorptive capacity (Cohen and Levinthal, 1990). This ability refers to the
extent to which the firm is equipped to absorb the new knowledge that it is available.
Arguably, both external linkages and internal absorptive capacity to access and gain

new product knowledge are necessary to facilitate innovative NPD.,

Drawing on organisational learning theory and the theory of knowledge-based

views of the firm, the thesis argues that the effects of external linkages on new
product innovativeness vary and are largely contingent upon a firm’s absorptive

capacity. The firm's level of absorptive capacity determines how effectively

knowledge relevant to the new product project is absorbed from its external
collaborators, resulting in the creation of new knowledge that the firm can apply for
its commercial use. New product innovativeness is conceptualised as the extent of
newness of the technology embraced by the new product and of the market served
(Cooper, 1979). Past studies of product innovativeness have largely focused on
organisational learning factors, with much interest centering on the types of linkages
or internal team learning skiils (Bierly and Chakrabarti, 1996; Madhavan and Grover,
1998). Although previous organisational learning literature has examined inter-unit
knowledge transfer within an organisation and the role of absorptive capacity in
enhancing a business unit's innovation performance (e.g., Tsai, 2001), less attention

has been focused on the interaction effects between absorptive capacity and

alternative external knowledge sources and impacts on new product innovativeness.
Previous research on technology transfer has also highlighted the need for strong
absorptive capacity when firms seek to leverage and benefit from the technical
know-how acquired from external suppliers of technology (Lane et al., 2001; Mowery
et al., 1996). However, inadequate attention has focused on distinguishing between

the types of external sources of new knowledge and impacts on new product

2
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innovativeness. Moreover, few studies have delineated the mediating effects of new

knowledge or knowledge gain in explaining the impacts of external linkages on new
product innovativeness. There continues to be a need for product level research that
distinguishes between alternative external sources of knowledge, absorptive capacity,

and their influence on the effectiveness of learning activities 1n NPD.

1.2 Research Objectives and Contributions
The primary objective of this research is to explore the complex relationships

among external linkages, absorptive capacity, gain in new product knowledge, and

new product innovativeness. A secondary objective is to examine which types of
external linkages are most important in supporting the development of more
innovative products. More specifically, this thesis tests the important relationships
including: (1) the direct impact of a firm’s absorptive capacity on the effectiveness of
gain in new product knowledge; (2) the direct impacts of firms’ external linkages on
the effectiveness of gain in new product knowledge; (3) the moderating impact of
absorptive capacity between external linkages and gain in new product realted
knowledge; and, (4) the mediating impact of gain in new product related knowledge
in the relationship between external linkages and new product innovativeness.

A major contribution of this thesis to NPD literature is its integration of two

research streams: the theories of organisational absorptive capacity and the effective

generation of new products. It does this in order to bridge a gap in current
understanding of the role of a firm’s absorptive capacity in new product development.
The thesis has implications for managers because it addresses a key issue for dynamic,
technology-based industries: that is, how firms can absorb new knowledge effectively
from external collaborators to achieve more innovative product development. The

research findings will assist managers in identifying the factors that most aftect a

3
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firm’s effectiveness in accumulating new product knowledge and technology,

enabling more effective use of existing NPD collaborators, and achieving greater new

product performance.

1.3 Thesis Overview

This thesis explores two related research questions: (1) what types of external

linkages most influence a NPD project’s product innovativeness? and, (2) what is the
role that absorptive capacity plays in the relationship between a NPD project’s
external linkages and new product innovativeness? A conceptual framework is
proposed depicting links between external linkages, absorptivé capacity, gains in new
product knowledge and new product innovativeness. Effective new product
development requires a spectrum of know-how covering pre-development planning,
concept development and evaluation, marketing research, technical development,
pre-test, market launch (Cooper and Kleinschmidt, 1987; Song and Parry, 1996 &
1997). New product knowledge gained in a NPD project mediates the relationship
between external linkages and new product innovativeness. This rationale is based on
the fact that the primary objectives of external linkages in NPD are to gain access to
complementary technologies (Hamel, 1991; Link and Tassey, 1987; Rothwell and

Dodgson, 1991; Powell et al., 1996), to assess and acquire a new set of
complementary product-specific know-how, and to fill the gap between the product

domain and technology domain (Grant and Baden-Fuller, 1995). These linkages lead
to an increase in product knowledge stock. A novel product development requires new
product know-how (both marketing and technological). If the technology gap between

the new product know-how and the firm’s existing product know-how can be

narrowed, the firm increases the probability of developing a more innovative product.

The conceptual framework regards absorptive capacity as a moderator (a quasi

4




Chapter 1 Introduction

moderator) residing between the relationship of external linkages and gains in new

product knowledge. Absorptive capacity is defined as a firm’s ability to recognise the
value of new knowledge, assimilate it and apply it to commercial ends (Cohen and
Levinthal, 1990). Firms with a strong absorptive capacity are more able to assimilate

new product knowledge from external collaborators, resulting in more innovative

product development.

The researcher adapted the newness-to-the-firm approach to measure the level of
new product innovativeness. The constructs representing external linkages include

vertical linkages (i.e., customer linkage and supplier linkage) and horizontal linkages
(1.e., corporation linkage, research institute linkage, and university linkage). The

constructs of gains in new product related knowledge consist of gain in research and
development (R&D) knowledge, gain in manufacturing knowledge, gain in
predevelopment assessment knowledge and gain in marketing knowledge. Absorptive
capacity is a multi-faceted construct comprising existing knowledge base, knowledge
scanning ability, communications network, and communications climate. The
conceptual framework informs the development of hypotheses concerning the
relationships among the study’s key constructs. Accordingly, this research is designed
to collect and analyse data for testing the proposed hypotheses.

The unit of research is a NPD project. The key informant method is used to
collect data through questionnaires. Because of the reflective nature of questionnaire
answering, the key informants must have been closely involved in the NPD project
that i1s being referred to in their responses. Informants include R&D managers, new
product managers and vice presidents of R&D. In the questionnaire, they were asked
to select a NPD project that was launched in the past two years and with which they

were closely involved.

The initial questionnaire was developed from an extensive literature search and
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pre-pilot tested with both NPD academics and practitioners. The measurement

instrument was then piloted with a sample of 72 managers who were R&D managers,
product managers and NPD project manag‘ers. The piloted results were used to
provide preliminary assessments on the reliability and validity of the instrument.
Taiwanese information technology (IT) industry was chosen as the primary context
for this research on the grounds that it is the third largest IT product producer in the

world, and that it represents the major ODM (original design and manufacturing)
source for international IT competitors'. Most NPD projects in this industry involve a

certain amount of networking for new technology acquisition (Wong et al., 1998). The

two most frequently used IT company index sources - the 2000 directory of Hsinchu

Science-based Industrial Park and the 2000 Top 1000 Taiwanese Manufacturing Firms

of the Commonweath - were selected to form a sampling frame. The sampling frame
consists of firms, including four sub-industries — semiconductors, computer and
peripherals, telecommunications and software. With the help of high-tech venture
capital companies and investment banks, a list of 230 NPD related managers’ names
was compiled. Administration of the survey followed a variation of Dillman’s Total
Design Method (Dillman, 1978). Of the returned questionnaires, one hundred and
sixteen were usable, resulting in 50.43% response rate.

Both factor analysis and the corrected item-to-total correlation analysis were
used to purify the multi-item measurement scales in order to ensure these scales’

validity and reliability. For research hypothesis testing, the summated scores from the

purified scales were submitted for hierarchical regression analysis.

On the whole, the results of empirical investigation support the framework

presented in the research model. The findings reflect the fact that the range and types

' According to Asia IT report (2000), Taiwan is the third largest IT hardware producers worldwide next
to the US and Japan. However, OEM/ODM orders represented more than 65% of IT exports in 1999.
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of external linkages deployed in a NPD project characterise its external knowledge

acquisition potential. Horizontal linkages offer more opportunities for firms to gain
access to complementary knowledge that tends to lead to more innovative product
development. Absorptive capacity moderates the effects of external linkages, in
particular the corporation linkage and research institute linkage, on gains in new
product knowledge. Moreover, the findings also confirm that the development of

more innovative products is mediated by the project unit’s ability to learn from
external collaborators and to gain additional R&D, manufacturing, predevelopment

assessment, and marketing knowledge that facilitates more innovative product

development. In conclusion, this research explores the relationship between external

linkages and absorptive capacity in a sample of Taiwanese IT-industry based new
product development projects. It offers insights into the relative importance of

external linkages and the moderating influences of absorptive capacity in the

relationships between external linkages and new product innovativeness.

1.4 Organisation of the Thesis

The thesis is organised into eight chapters. Following this introduction, Chapter
Two presents a review of the extant literature in new product innovation from the

perspectives of organisational learning and knowledge management. The literature

review informs the construction of a conceptual framework that integrates key

constructs of external linkages, gain in new product knowledge, absorptive capacity

and new product innovativeness.

Chapter Three proposes the research hypotheses of this study based on the

conceptual framework. The rationale underlying each hypothesis is discussed.

Chapter Four addresses the research methodology relating to research design,

operationalisation of the constructs, and analytical techniques.
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Chapter Five discusses the development of the questionnaire, its refinement,
pre-testing, and piloting. A preliminary examination of reliability and validity of the
measurement instrument 1s reported. In addition, it details the administration of the

large-scale survey and the purification of the construct items, as well as the validation

of the purified measures.

Chapter Six covers the main body of empirical analysis. It examines the direct

effects of external linkages on new product knowledge accumulation, and the

moderating role of absorptive capacity as well as the mediating role of gain in new

product knowledge between external linkages and new product innovativeness.
Empirical findings of the current study are summarised in Chapter Seven, where

the results are discussed in the light of relevant literature. Lastly, Chapter Eight

presents the implications, contributions, and limitations of the study, as well as future

research directions. Research instruments, the residual and normality plots of

regression analyses, and the outline of Taiwanese IT industry are provided in the

appendices.



Chapter 2 Literature Review

Chapter 2

Literature Review

2.1 Introduction |

Knowledge management- the way companies generate, communicate, and

leverage their intelligent assets — has only recently emerged as an essential source of
competitive advantage. New product development, from this viewpoint, has

something to do with the continual process of creating, enlarging and retrieving the
repository of NPD knowledge that eventually leads to a competitive edge for firms in

the marketplace (Nonaka, 1991; Takeuchi and Nonaka, 1986). Learning theorists
(McKee, 1992; Malerba, 1992; Lynn et al., 1996; Leonard-Barton, 1995) with
technological innovation perspectives see NPD as a corporate-wide learning process,
where multi-discipline knowledge is created, accumulated, and shared between
functional departments. Moreover, as suggested by organizational learning theory that
a double-loop mechanism challenges the validity of an established knowledge base
(Argyris, 1977), the development of truly innovative NPD knowledge requires that
firms allocate vast resources to boundary expansion and external integration (Kogut
and Zander, 1992; Leonard-Barton, 1995). As such, network studies emphasize the

importance of a firm’s history of technological networking and cumulative stream of

technological projects in innovation implementation (Pennings and Harianto, 1992a &
1992b). Networking is deemed critical for facilitating access to strands of technology
that are unknown to a firm. Therefore, external partners can provide complementary
technologies and may participate in NPD alliances to implement innovations covering
multiple technologies (Grant and Banden-Fuller, 1995). This chapter reviews the

literature relevant to this research in order to establish a theoretical foundation for the
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development of a conceptual model that delineates the relationships between a firm’s
external learning activities, NPD knowledge acquisitions and 1its product
innovativeness. This review particularly focuses on the theory of technological
learning and the knowledge-based theory of inter-firm collaboration, which are

applied to explain how and why technological learning and the acquisition and

assimilation of NPD knowledge affects a firm’s product innovation efforts.

Section 2.2 starts with a discussion of organisational learning and its relationship
to new product innovation. This section aims to investigate the concept that different
learning orientations (i.e. external and internal) lead to a distinct degree of product
innovativeness. More specifically, that external learning contributes more
significantly to product innovativeness than internal learning. These learning activities

lead the generation of organisational knowledge. Section 2.3 considers how
organisational knowledge is created through learning, how external knowledge is

assimilated and internalized, and what impact knowledge has on a firm’s product

Innovativeness.

Section 2.4 discusses factors affecting product innovation from an external
linkage perspective. Specifically, this section explores the reason why external
linkages differ in their effects on the degree of product knowledge accumulation that
accounts for a firm’s product innovativeness. Section 2.5 discusses the concept of
absorptive capacity and its influence on the effectiveness of external knowledge
acquisition as well as product innovation. On the basis of the literature, Section 2.6
presents a conceptual framework, which delineates the relationship between external

linkages, absorptive capacity, gains in new product related knowledge and new

product innovativeness.
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2.2 Organisational Learning and Product Innovation

Organisational learning has generated great interest among organisational
theorists, management scientists, sociologists, and psychologists. Various definitions
have been proposed including the organisational learning as a process for detecting
and correcting errors (Argyris and Schon, 1978: 2), and as a process for improving
actions through better knowledge and understanding (Fiol and Lyles, 1985: 803). Still

other theories have argued that it is a process of learning by encoding inferences from
historical experiences into routines that guide behaviour (Levitt and March, 1988:
319), learning through shared insights, knowledge, and mental model building on past

knowledge and experience (1.e. on memory) (Stata, 1989). Yet others refers to it as the

approach that organisations take in order to adapt and develop organisational
etficiency by improving utilization of their workforce’s skills (Dodgson, 1993a: 319).
Huber (1991) argues “organisational learning occurs in an organisation if, through its
processing of information, the range of the organisation’s potential behaviour
changes” (p.89). The extent of these potential changes provides management
researchers with two fundamental conceptions, cognition and behaviour, to realise
theoretical avenues into an organisational learning study.
2.2.1 Content of Organisational Learning - Cognition vs. Behaviour

Management theorists, with a cognitive view of learning, posit that learning has

occurred when there has been an adjustment or change in the way organisations or

individuals process information, develop shared meaning, and interpret events, with a
focus on changes in knowledge and beliefs (Argyris and Schon, 1978; Crossan et al.,
1999, Fiol and Lyles, 1985;& Kim, 1993). In other words, learning has occurred if
there is a change in thought processes — an unobservable phenomenon. In contrast,
behavioural theorists postulate that leaming‘ has occurred if there is a noticeable

change in behaviour or action - observable factors, with a focus on the adaptation of
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systems and strategies (Daft and Weick, 1984: Daft and Huber, 1987;& Huber, 1991).

An organisation’s cognitive systems are quite different from those of an
individual. Hedberg (1981:19), adopting a cognitive perspective on organisational
learning, states that: “ Organisations do not have brains, but they have cognitive
systems and memories. As individuals develop their personalities, personal habits,
and beliefs over time, organisations develop world-views and ideologies. Members

come and go, ... but organisations’ memories preserve certain behaviours, mental
maps, norms, and values over time”. The cognitive systems of organisations are
frequently referred to as shared mental models (Kim, 1993), belief systems, mental

maps (Argyris and Schon, 1978), or cognitive frameworks (Bartunek, 1984).

Fiol and Lyles suggest that learning involves changes in cognition, while

adaptation involves changes in behaviour. They state that: “it is essential to note the
difference between cognition and behaviour, for not only do they present the different
phenomena, but also one is not necessarily an accurate reflection of the other” (Fiol
and Lyles, 1985: 806). According to Cangelesi and Dill (1965), a behavioural
approach regards learning as synonymous with adaptation, which involves bringing
action in line with previous new needs. The adaptation (of behaviour) perspective on
learning assumes that changes in knowledge will ultimately be related to changes 1n
actions or behaviour (Crossan et al., 1995). By contrast, the interpretation (of
cognition) perspective on learning assumes that learning refers to when one assesses
something and then acts on it accordingly.

Although the perspectives of “cognition” and “behaviour” are instrumental to
realising a conceptualisation of a learning theory, most concepts of learning theory
recognise the relevance of both approaches (Crossan et al., 1995). For example,
Garvin’s comments reflect this phenomenon. He states that: “Organisational learning

can be traced through three overlapping stages. The first step is cognitive. Members
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of an organisation who are exposed to new ideas expand their knowledge, and begin

to think differently. The second is behavioural. Employees begin to internalize new
insights and alter their behaviour., And the third step is performance improvement,

with changes in behaviour leading to measurable improvements in results: superior
quality, better delivery, increased market share, or other tangible gains. Because
cognitive and behavioural changes typically precede improvements in performance, a
complete learning must include all three.” (Garvin, 1993: 90). Kim (1993) suggests
that in the context of technological learning for innovation, it is sufficient to put
forward the acquisition of “know-how” (which implies the physical ability to produce
some activities) as behavioural (operational) learning, and the acquisition of
“know-why” (which implies the ability to articulate a conceptual understanding of an
experience) as cognitive (conceptual) learning. Both cognition and behaviour

approaches allow organisational learning theorists to examine learning results

according to the extent of the learning object which an organisation has achieved.
2.2.2 Levels of Learning

The literature on organisational learning is for the most part divided over
whether leaming occurs at an individual level, or at a group level, or at the level of
the organisation as a whole. However, theories of learning by individuals, groups, and

organisations are crucial for understanding organisational learning. The following

three sections will examine these theories in detail.

Individual-level Learning

Much of the research on individual learning comes from psychological studies of
human behaviour. Behaviourists provided some of the earliest theories of learning in
terms of stimulus-response models of behaviour (Skinner, 1938). Cognitive theorists
then offered an interpretation of concepts like memorising, and forgetting under the

model of stimulus-response generalizations (Postman, 1963, Underwood, 1964). The
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information processing perspective of cognitive psychology (with an emphasis on

problem-solving) viewed learning as a change in states of knowledge, rather than a
change in probabilities of response (Bruner et al., 1956). The research focus then
shifted to investigate memory structures, processing of information, the organisation,

and acquisition of and the search for information in problem solving (Klahr and

Wallance, 1976, Newell and Simon, 1972).

March and Olson (1975) advanced an individually based perspective to
organisational learning that focuses on information exposure, memory, retrieval,
learning incentives, and belief structures of an organisation’s members. They

developed a conceptual model of learning based on the assumption that the

individual’s belief (which affects individual action and is, in turn, affected by
environmental response) influences the actions of organisations (ibid, 1975).
According to this view, a complete cycle of organisational learning should be a tight
chain between individual action, organisational action, environmental response and

individual beliefs. Likewise, Simon offers a straightforward interpretation of

organisational learning that suggest: “all learning takes places inside individual

human heads; an organisation learns in only two ways: (a) by the learning of its

members, or (b) by ingesting new members who have knowledge the organisation
didn’t previously have” (Simon, 1991: 125). This interpretation holds that internal
learning- that is, transmission of information/knowledge from one organisational
member or group of members to another, is a fundamental part of organisational
learning. However, this stream of theory omits consideration of a crucial element of
organisational learning - external learning - which radical innovations rely upon.

Group-level Learning

Several organisational learning theorists have recognised that learning occurs not

only at the individual level, but at the group level as well. These theorists assert that
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organisational learning would be incomplete if no information was disseminated

(Shrivastava, 1983; Daft and Weick, 1984; Stata, 1989; Huber, 1991;& Kim, 1993).
This notion of group learning emphasises the transmission of information among
group members. For instance, Daft and Huber (1987) suggest that organisations
would need to design two learning systems - a logistical system to handle the
processing of data, and an interpretive system to enable an appropriate inerception and

understanding of data. Another perspective of group-based learning focuses on the
change and development of organisational knowledge (Duncan and Weiss, 1979;

Nonaka, 1994). Duncan and Weiss suggest that organisational learning is possible
only to the extent that there is communication among individuals who engage in

organisational activities and formulate action-outcome knowledge. Moreover, Nonaka
(1995) proposes a middle-up-down management, emphasising the dynamic role
middle managers play in communicating information upwards and downwards to
facilitate knowledge creation, which is required in a learning organisation. Clearly,

learning theorists with a group-based perspective tend to focus on how data,
information and knowledge flow amongst organisational members to achieve

effective organisational learning.

Organisation-level Learning

A widely accepted view of organisational level learning is that the systems,

structures, and procedures of an organization affect learning (Fiol and Lyles, 1985).

Hedberg (1981) asserts that systems, structures, and procedures of an organisation are
the repositories for learning. The recognition of an organisational level component
within organisational learning leads proponents of this view to suggest that unless the
knowledge gained from a system is encoded and institutionalized, only individuals
but not organisations learn (Argyris and Schon, 1978). That is, a transfer of

knowledge from the individual to the organisation results in learning at an
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organisational level as distinct from learning at the individual level. Levitt and March

state that organisations learn “by encoding inferences from history into routines that
guide behaviour” (Levitt and March, 1988: 320). Likewise, Shrivastava (1983)
explains this process as the “conversion of individual knowledge and insights 1nto a

systematic organisational knowledge base which informs decision-making™ (1983:

18).
Studies of learning at the organisational level primarily focus on “organisational

routines.” This stream of research maintains that organisational learning involves the

development of new and continually improved routines (March and Olsen, 1975;

Levitt and March, 1988; Kim, 1993). These new routines may well be the outcome of
trial and error that results from learmning about old routines, and/or arises from
incomplete socialisation of organisational members (March and Olsen, 1975).
Routines, for example, that are held in the organisational memory include collective
norms about appropriate behaviour, myths and technology, and may be simple or
complex in their components. Routines that specify the nature of production runs may
be fairly simple and those that prescribe the way that organisations view themselves
in relation to other firms in the marketplace may be complex (Levitt and March,
1988). Organisational routines, such as standard operating procedures, are generally
viewed as an important part of an organisation’s memory, a repository of its past
learning (Kim, 1993).

Theorists of the strategic renewal perspective have tended to develop a learning
framework at the organisational level. For example, Kim (1993) and Crossanm et al.
(1999) suggest that through shared mental models, the thoughts constructed affect
how people and organisations operate in the world, and it is these results of learning
that can then be institutionalised. The learning models of this stream of research tend

to apply both cognitive and behavioural approaches to integrate the three learning
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levels (i.e. individual, group, and organisational) in order to achieve a holistic view of

organisational leaning.

2.2.3 Types of Learning

Researchers in management have proposed a variety of dyadic types of learning,
which can be used to distinguish the effectiveness of learning, In these dyadic types
of learning, there has been much argument about the nature of incremental and radical
(or transformational) learning (Argyris and Schon, 1978; Miner and Mezias, 1996).
Both learning types are differentiated primarily on the basis of the degree of change to
observed patterns of organisational behaviour. Simply put, incremental learning
manifests 1itself by small changes in patterns of behaviour, whilst radical learning

manifests itself in fundamental changes in behaviour patterns (Crossan et al., 1995).

Similarly, this distinction often applies to new product development, as this may

involve either incremental or radical innovations (McKee, 1992).

Single-loop versus Double-loop Learning

The distinction between single-loop and double-loop learning, as developed by

Argyis and Scheon (1978), is a seminal learning concept, which is widely referred to
and frequently discussed in strategic and innovation management literature. In
single-loop learning, an organisation learns by means of its long established values
(1.e. its theory-in-use) and the validity of the theory is judged by its effectiveness in
enacting oganisational values (Argyris, 1977). Single-loop learning occurs when
errors are detected and corrected within an existing set of governing variables. In
double-loop learning, however, organisations not only detect errors but also question
espoused theories (Argyris, 1977). Double-loop learning occurs when, in addition to
the detection and correction of errors, an organisation is involved in changing

governing variables. This suggests that double-loop learning involves fundamental

changes to frames of reference or theories-in-use that have previously prevailed.
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On the whole, single-loop learning is linked to incremental change, by which an

organisation tries out new methods and actions and attempts to receive rapid feedback
on their consequences for making continuous adjustments and adaptations (Argyris,

1977, Fiol and Lyles, 1985). This process has been referred to as “lower-level
learning” by Fiol and Lyles (1985) and “adaptive learning” by Senge (1990).
Double-loop learning, on the other hand, is associated with radical changes, which

might involve major alternations to a firm’s strategic direction (Argyris, 1977). This
type of learning may be linked to the development of a new product line involving the
overhaul of a firm’s new product technologies. Radical changes in a firm’s technology
platforms, which are the results of this type of learning, require an entirely new
process of strategic planning as well as cognitive changes of top management. These
platform changes may lead to the development of radical innovations. Double-loop

learning is referred to as labeled “higher-level learning” by Foil and Lyles (1985), and

“generative learning” by Senge (1990).

According to Argyris and Scheon’s definition, both types of learning involve

cognitive and behavioural changes. Specifically, double-loop learning involves
cognitive and behavioural changes that are outside of an existing strategic paradigm,
whereas single-loop learning encompasses change but that change takes place within
an existing paradigm. Double-loop learning is commonly considered to be more
crucial to an organisation’s long-term viability than single-loop learning (Argyris,
1996; Miner and Mezias, 1996). Argyris states that: “Single-loop learning and
roﬁtines, although they dominate organisational life, are the enemy of organisations
solving difficult problems, that they are embarrassing and threatening. It is variables
such as these that temper human beings and limit their commitment” (1996:78). He
further contends that organisations tend to create defensive routines that inhibit

double-loop learning and only by continuously questioning their norms, objectives,
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and paradigms can they curtail these routines.

Lower-level versus Higher-level Learning

Within a cognition development perspective, Fiol and Lyles (1985) propose a
dyad of learning: lower- and higher-level learning. Lower-level learning occurs within

a given set of rules and leads to the development of a fundamental association
between behaviour and outcome. Its impact is short-term and reaches only part of an
organisation. Such a process of learning is the result of routines and repetition and
involves association building (ibid. p.807). Higher-level learning, on the other hand,
refers to an adjustment of fundamental rules and norms rather than an adjustment of

specific activities or behaviours (ibid. p.808). It typically provides a long-term impact
on the organisation as a whole.

Lower-level learning is similar to what Duncan (1974) calls “behavioural-level
learning,” a level of leamning that is involved with adjustments to a firm as it adapts to
an environment, and to what Argyris (1977) calls “single-loop learning.” In contrast,
higher-level learning occurs through the use of heuristics, skill development, and
insight (Fiol and Lyles, 1985). Foil and Lyles argue that, some types of crisis, for
example, a competence-destroying technology that has been developed, or a
revolution from within, can be driving forces for higher-level learning. The
consequences related to this type of learning do not lead to any particular behavioural
outcome, but rather, to the development of a new frame of reference (Shrivastava and
Schneider, 1984) or a new cognitive framework within which decisions are made

(Bartunek, 1984). Therefore, higher-level learning is a more cognitive process than

lower-level learning, the latter being simply the result of repetitive behaviour (ibid.

p.808). Higher-level learning, based on the extent of change in cognition and

behaviour can, at times, be linked to radical learning. In contrast, however,

lower-level learning is referred to as incremental learning.

19




Chapter 2 Literature Review

Conceptual versus Operational Learning

Building on experiential learning theory, Kim (1993) suggests a dyad of learning:
conceptual and operational learning. Operational learning accumulates from and
changes routines (ibid. p.40). Operational learning represents learning at a procedural

level, where for example, one learns the steps necessary to complete a particular task.
In this process, the know-how or the physical ability to produce some action (ibid.
p.38), is captured in routines. By contrast, conceptual learning involves the cognitive
thinking behind an action that sometimes challenges prevailing conditions,
procedures, or conceptions, and leads to a new framework being ascribed to the
mental model (ibid. p.40). Kim maintains that the new framework, in turn, can
provide opportunities for discontinuous steps of improvement, whereby a problem is
reframed in radically different ways. In this process, the know-why or the ability to
articulate a conceptual understanding of an experience (ibid. p.385, is captured in a
new framework. Simply put, operational learning produces new or revised routines to
replace old ones. Conceptual learning, on the other hand, creates changes to the
mental framework, which leads to new ways of perceiving the world. Operational

learning can be considered relative to incremental learning, whilst conceptual learning

i1s associated with radical learning.

Learning versus Unlearning

Building on theories of environmental adaptation, Hedberg (1981) advocates the
concept of organisational unlearning. He argues that leaming is the process that
occurs when organisations interact with their environments, where each action adds
information and strengthens or weakens linkages between stimuli and responses.
Leading from this he defines “unlearning” as “a process through which learners (both
individuals or organisations) discard knowledge ... which makes way for new

responses and mental maps™ (Hedberg 1981: 18). In his stimuli-response framework
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(ibid. p.10), he proposes that unlearning has three modes of operation. The first
involves the disassembly of mechanisms for selecting or identifying stimuli. The

second mode induces a disconfirmation of connections between stimuli and responses
and the third mode involves a disconfirmation of connections between responses. In

this process, when unlearning occurs, a new theory of action (i.e., theory-in-use)

feplaces the old one.

Unlearning poses particular problems to organisations that move from stable,

benevolent environments into unstable, hostile ones (Hedberg et al., 1976) because
habitually successful organizations are often unable to unlearn obsolete knowledge, in
spite of strong disconfirmations. Therefore, unlearning that establishes new
organisational practices becomes more difficult as firms age because new knowledge
contends with a firm’s existing approaches to operations, or its “dominant logic”
(Bettis and Prahalad, 1995).

Organisational unlearning is normally problem-triggered (Hedberg, 1981:19).
Company crises, such as falling revenues, eroding market share, diminishing popular
support or public criticism, often trigger unlearning within an organisation (Nystrom
and Starbuck, 1984). Also, new myths and/or substantial problems can be triggers for
unlearning (Bettis and Prahalad, 1995). In a similar vein, Bettis and Prahalad (1995)
maintain that organisations far away equilibrium that helps to increase adaptability s
suggestive of conditions that facilitate unlearning. Unlearning ability makes room for
organisations to take on more adequate interpretative frameworks. The development
of a new set of dominant logic for a newly changed environment can then be held in
the organisational memory, whilst learning ability generates new knowledge and
updates existing knowledge. Some scholars of knowledge-based theory of the firm
suggest that the generation of new organisational knowledge is maximized in close to

the domain of existing knowledge, in conditions under which there are few existing
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organisational routines to unlearn and organisational assimilation and subsequent
retrieval of the knowledge occurs in an intense and repetitive fashion (Cohen and
Levinthal, 1990; Bettis and Prahalad, 1995). Hedberg (1981: 20) concludes that the
balance between an organisation’s ability to learn and unlearn indicates its long-term

survival. This seminal concept of unlearning has directed management theorists to

develop several important managerial concepts such as competence trap (Levitt and
March, 1988), core capabilities and core rigidities (Leonard-Barton, 1992), and the

dominant logic (Bettis and Prahalad, 1995). On a broad scale, unlearning is similar to

what Argyris (1977) calls- “double-loop learning” and thus can be classified as

“radical learning.”
Tactical versus Strategic Learning

In the context of technological learning, Dodgson (1991) proposes that learing,
on the basis of organisational aims, could be classified as strategic or tactical. Tactical
learning relates to an immediate problem-solving action, such as an operational or
product problem. The aim of this learning process is identifiable and the time-scale is
short. In contrast, strategic learning involves an organisation developing skills and
competences which provide the basis for future projects (ibid. p.140). Simply put,
tactical learning is concerned with immediate problems, where as strategic learning
involves the accumulation of technology/knowledge for its future potential. This
theory bears some similarity to Argyris and Schon’s (1979) distinction between
“single-loop” and “double-loop” learning. Likewise, tactical learning can be
categorized as “incremental learning” whilst, strategic learning can be associated with

“radical learning.”

Table 2.1 summarises the dyadic types of learning discussed above. In general, a

learning process that leads towards more changes in cognition or long-term effects

can be classified as radical learning. By contrast, learning that involved behavioural
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changes or short-term improvement can be categorized as incremental learning. Both
types of learning are not mutually exclusive but overlapped. Learning leading towards

cognitive changes triggers behavioural changes. In contrast, the results of behavioural

changes could also evoke cognitive changes.

Table 2.1 Summary of Types of Organisational Learning and Changes

Types of Learning Incremental vs. Radical | Behavioural vs. Cognitive
Changes Changes

Single-loop Learning Incremental More behavioural

Double-loop Learning Radical More cognitive
ris, 1978

Low-level Learning
Higher-level Learning
Fiol and Lyles, 1985
Operational Learning
Conceptual Learning
Kim, 1993

Learning
Unlearning

More behavioural
More cognitive

Incremental
Radical

Incremental
Radical

Behavioural
Cognitive

Incremental
Radical

More behavioural
More cognitive

Adaptive Learning
Generative Learning

Incremental
Radical

More behavioural
More cognitive

Tactical Learning
Strategic Learning

Incremental
Radical

More behavioural
More cognitive

Learning scholars have claimed that both types of learning can enhance or

hinder an organisation’s survival and prosperity depending on certain
conditions(Miner and Mezias, 1996). Incremental learning may put an organisation

into a competency trapl (Levitt and March, 1988), whereas radical learning may

engender organisational chaos if, for example, the organisation lacks funds to sustain

this learning process. March (1991) suggests that firms should pay particular attention
to the related trade-off between an allocation of resources to exploit existing practices

(i.. incremental learning) or to explore new alternatives (i.¢. radical learning). That 1S,

' Levitt & March (1988: 322) suggest that: “a competency trap can occur when favourable performance
with an inferior procedure leads an organization to accumulate more experience with it, thus keeping

experience with a superior procedure inadequate to make it rewarding to use... Competency traps are
likely to lead to maladaptive specialisation if newer routines are better than older ones.”
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focusing more on internal learning allows the firm to develop its own core
competencies and appropriate more profits. Alternatively, external learning is required

for the firm to guide more radical changes, develop a broader knowledge base and

keep abreast of cutting-edge technologies (Grant, 1996b).

2.2.4 Technological Léarning and Product Innovation

As previously discussed, no comprehensive model of organisational learning 1s

widely accepted and conceptualisations of this topic tend to be diverse. However, by

focusing on learning from the perspective of a firm’s development of its technology, a

better understanding of how an organisation’s technological learning ability affects its

product innovation has been gained.
2.2.4.1 Towards a Definition of Technological Learning

Dodgson defines “technological learning” as “the way which firms build and
supplement their knowledge-base about technologies, products and processes, and
develop and improve the use of broad skills present within their work forces™ (1991:
135). He further states that technological learning includes two elements: invention
and innovation. The former is characterized by search routines designed to bring
knowledge into the firm, or to generate it internally. The latter is essentially
concerned with providing a particular new product, or service for customers.
Consistent with this reasoning, Bierly and Chakrabati define technological learning as
“ the acquisition and generation of explicit and tacit knowledge, which is used in
improving either the development of new products or the production of current
products™ (1996a: 369). In developing a topology of technological learning, Malerba
(1992) proposes six types of technological learning processes carried out by firms:

learning by doing, by using, by searching, from advances in science and technology,

from inter-industry spillovers and by interacting. The first three processes are internal
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to firms and are related to production activities, such as the use of products,
machinery, inputs, and R&D functions in generating new knowledge. The latter three
processes are external to firms and relate to the absorption of new product knowledge
through collaboration with research institutes and strategic alliances, interacting with
suppliers, users, and monitoring the movement of competitors and other firms in the

industry (ibid. p.848). In brief, technological learning is a process for enhancing an
organisation’s technological capability. The development of such an ability 1s linked

to different sources of knowledge that may either be internal or external to the firm.

These definitions suggest that organisations take two different but complementary

learning routes -internal and external - to achieve their product/process innovation.

2.2.4.2 Internal and External Learning

The results of internal learning are the generation of new knowledge within the
organisation through the integration or recombination of functional know-how such as
R&D, marketing, and production experiences (Bierly and Chakrabarti, 1996b). The
outcome includes not only the extension of a specific knowledge area, but also the
combination of existent knowledge in a new way. Learning at all three levels (i.e.,
individual, group, and organisational) is intrinsic to internal learning. Individuals
learn from the organization and their work group as they become socialised to
organisational beliefs, norms, rules, and procedures that make up organisational
culture (March, 1991). However, work groups can also learn from individuals within
that group, and this process is referred to as “intra-functional learning”. Workgroup
may also learn from other parts of the organization and this is known as

“inter-functional learning” (Bierly and Chakrabarti, 1996b). Intra-functional learning

creates new knowledge through the process of co-operative problem solving,

Inter-functional learning is a function of the formal and informal communication

systems within an organisation. It requires specialists from different areas to
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communicate information and develop their understanding of each other’s knowledge
so as to facilitate a successful integration of different specialties. When the
dependence between different work groups is tightened and the difference between

the cognitive frames of these groups is increased, then the need for inter-functional

learning escalates (Daft and Lengel, 1986). An organisational culture that encourages

communication and sharing is crucial for inter-functional learning (Mintzberg, 1991).

Easterby-Smith (1986) emphasises the importance of evaluative activities in

management that may contribute directly to this learmning process.

External learning refers to the process of bringing knowledge from outside an
organisation’s boundaries into the organisation and integrating it into the
organisation’s internal knowledge base (Dodgson, 1991; Bierly and Chakrabarti,

1996b). It primarily occurs through boundary spanning individuals who search and

link an organisation"s internal network to external sources of information (Tushman,
1977). Tushman and Scanlan (1981) note that a boundary-spanning individual must
have strong network links both outside an organisation and among peers so that
he/she can transfer knowledge to others within an organisation. External learning may
also take place through strategic alliances with other firms (Koza and Lewin, 1993),
co-development with lead users and suppliers, and research collaboration with
sources outside the industry such as, research institutes or universities (von Hippel,
1988, Leonard-Barton, 1995). As such, external learning enables firms to view issues
from different perspectives whereas internal learning is mainly based on established
organisational routines and biases. Leonard-Barton (1995) maintains that a firm
without an effective external learmning system could run the risk of losing its

adaptability to environmental changes, obsoleting existing knowledge, thus

jeopardizing its long-term survival.
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2.2.4.3 The Impact of Technological Learning on Product Innovativeness

Learning theorists (Malerba, 1992; Bierly and Chakrabarti, 1996b; DiBella et al.,
1996; Lynn et al., 1996; Lynn, 1997; Leonard-Barton, 1995) have greatly contributed
to our understanding of how technological learning influences product innovativeness.
These studies can be categorised in respect of: (1) learning skills (2) team learning
strategy (3) learning process (4) learning styles and (5) learning factors.

In examining how a technological learning process affects product innovation,

McKee (1992) developed a framework that integrates the learning skills required at
each innovation/learning level (see Table 2.2). A firm’s learning skills for incremental
innovations, as illustrated, focus on inter-functional contacts within the organisation,
to analyse problems in depth and to maintain current organisational structures, norms,
and bases of technology. By contrast, an organisation committing itself to radical
innovations requires a completely new set of learning skills (i.e. double-loop learning
skills) because innovation that implies radical change is often accompanied by
ambiguity, complexity, and re-orientation (Norman, 1971). Since radical innovations
are inherently unpredictable and uncertain (Rice et al., 1998), learning skills linked to

environmental contacts, exploratory methods and environmental adaptation capacity
at individual, group and organisational levels, become critical. Thus, a focus on the

development of marketing and technical capabilities enabling radical innovation is

more external than internal.
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Table 2.2 Learning Skills and Innovation/Learning Level

Learning SKkills | Innovation/Learning Level
Incremental/Single-loop Radical/Double-loor

Inter-functional Contact Environment Contact
Inter-personal  |-Inter-functional teams -Out-rotation
-Job rotation -QOutsider involvement
-Communication rewards -Boundary-spanning rewards
Analytic Depth Analytic Width
Analytic -Analytic training -Skill acquisition
-Conclusion methods -Exploratory methods
-Competency trap avoidance -Confrontational methods
- System Maintenance Organisational Adaptability
Organisational |-System stability -Unlearning, Error tolerance
-Camouflage avoidance -Slack resources

Source: Adapted from McKee (1992)

Research on R&D team learning in association with new product development
reveals three forms of new product team learning: within-team, cross-team (1.€., teams
learn from other teams within their own firms), and cross-company learning (i.e.,
teams learn from other players outside their own firms) (Lynn, 1997, Lynn, 1998).
Lynn (1997) proposed that within-team leaming 1s the focal point when an
organisation 1s involved in the development of incremental products because such
products are sold to existing customers and cost reduction is of a primary concern, as
observed in Figure 2.1. On the other hand, when a company tries to develop and
commercialise new products which combine new technologies with new markets,
both within-team and cross-company learning become critical because teams must
complete thorough external technical analysis to learn about available technology and
conduct comprehensive market surveys to analyse the competitors’ marketing mix.

This study also illustrates that innovations involving more than one dimension
newness (1.e. technology and market) require cross-company learning. In other words,
the learning orientation of those organisations involved in either new technology or
new market development tends io be external rather than internal. Although indicating
the mmportance of cross-company learning for radical innovation, this research

contributes less to questions about how radical innovation necessitates external team
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learning and what key elements are generated from this learning. The latter question
informs the knowledge-based view of the firm whose focus is on the development of
organisational knowledge and the impact of a firm’s innovation. To a great extent,
findings derived from team learning strategy in truly innovative NPD projects are
consistent with the importance of interpersonal learning skills proposed by McKee

(1992) because the injection of both new market and technological knowledge 1s

required.
Figure 2.1 Team Learning Patterns for Product Innovation
Existing (Technology) New
Evolutionary Market Innovation Radical Innovation
New Cross-Company Learning Cross-Company Leaming,
Within-Team Learning
zvolutionary lechnologicai
(Market) Incremental Innovation volutionary Technologica
Within-Team Learning Innovation
Existing Cross-Company Learning,

Cross-Team Learning

Source: Adapted from Lynn (1997)

Malerba (1992) classifies the process of technological learning according to
sources of knowledge as internal learning processes (learning by doing, learning by
using, and learning by research) and external learning processes (learning by

interacting, learning from advances in science and technology, learning from

inter-industry spillovers). External learning processes are essential to more novel

innovations. For instance, learning by interacting with users can stimulate trajectories
of honizontal product differentiation. Learning from advances in science and
technology and inter-industry spillovers that allow new trajectories of product
technologies leads firms to develop a really new product line that cannot be realised

with current technologies. However, learning by searching particularly through

internal R&D permits vertical product differentiation in terms of quality and
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performance. On the whole, external learning processes lead towards more significant
changes than internal learning processes.
By focusing on the source of knowledge and the extent of change, Dibella et al.

(DiBella et al., 1996) propose four learning styles as shown in Figure 2.2. When

organisations need external knowledge for a transformative (i.e. radical) innovation, a

certain extent of “acquisition” is recommended. “Adaptation” occurs when
organisations take on incremental innovation as the basis of external knowledge.

When organisations learn from their own product/process development and use that
knowledge transformatively, they create “innovations” of their own. In brief, radical
innovation, in addition to applying internal knowledge more transformatively,
requires more external links to facilitate the acquisition of external knowledge than
incremental innovation. When the development of a product/service is concerned with
incremental innovation, a firm’s learning focus is more internal than external.
However, this matrix framework lacks a link indicating how firms are capable of
converting internal knowledge into radical innovation. This link requires theories

from the knowledge-based view of the firm where the development of knowledge 1s

considered a dynamic process of internal and external learning.

Figure 2.2 Styles of Learning, Knowledge Sources and Learning Foci

External Adaptation Acquisition

(Knowledge Source)

Internal Correction Innovation

Incremental  Transformative (i.e. Radical)

(Learning Focus)

Source: Dibella et al. (1996)

On the whole, radical innovations not only require more external product
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technologies to realize product development but also need more external market
information for product marketing. As radical innovation is frequently associated with

risk and uncertainty (Tushman and Anderson, 1986), Lynn et al. (1986) suggests that
a learning process for marketing radical products places less emphasis on analysis and
more on “probe and learning” from experiences (gained through exploring the

external environment at every subsequent “probe”). Similarly, Bierly and Chakrabarti
(1996b) empirically confirm that the correlation between technological learning and

radical product development is higher when there is less commitment to current
marketing etforts. Effective current marketing efforts may be a mobility barrier for a
firm that 1s attempting to enter an unfamiliar market (Porter, 1980). Thus, exposure to

external Information is more crucial in marketing radical products than for

incremental products.

A firm’s ability to process market information and turn it into marketing
knowledge also plays a key role in deciding the success of NPD projects. Cooper’s
(1979) NewProd projects identifies that effectively processing customer knowledge is
a critical part in enriching new product characteristics. Li and Calantone (1998) also

confirm that firms’ marketing competencies in terms of market information

acquisition, integration and application lead to greater product advantage. In his triple
stream NPD process, Crawford (1997) further maintains that marketing ability
starting from identifying target market to new product launch management is no less
important in effectively handling the entire NPD process. Hence, the element of
marketing knowledge informs technological knowledge acquisition.

This section briefly reviewed the impact of technological learning on product

innovativeness. The empirical findings of the studies of technological learning

approaches can be briefly summarized as:

(1) Learning by interaction with external actors is more critical than with internal
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actors when a radically new product is involved (Malerba, 1992, McKee,
1992, Lynn, 1997, Lynn, 1998).
(2) External learning is the focal point for radical innovation, whilst internal learning

1s more concerned with incremental innovation (McKee, 1992, Bierly and

Chakrabarti, 1996b, Lynn, 1997, Lynn, 1998).

(3) The focus for technical and market contacts to sources of information in radical
Innovation is more external than internal (McKee, 1992, Lynn et al., 1996).

(4) Exposure to external information is more critical for both developing and
marketing radical products than incremental ones (McKee, 1992, Lynn et al,,

1996).

2.3 Knowledge Management and Product Innovation

As the transition from an industrial to a knowledge-based economy takes place,
the basic economic resource for a firm is no longer capital, natural resources, or
labour, but is knowledge (Drucker, 1993). Knowledge affects the organisation as a
whole but it is particularly important for new product development. Learning theorists
taking the perspective of organisational knowledge have generated extensive
explorations of product innovation, which are considered in this section particularly

in relation to a firm’s new product innovativeness.
2.3.1 Organisational Learning and Organisational Knowledge

Learning theorists (Duncan and Weiss, 1979; Huber, 1991; Garvin, 1993), who
consider organisational learning to be about the effective processing, interpretation of
and response to information and knowledge both inside and outside the organisation
have noted that knowledge is the outcome of organisational learning. For instance,
Garvin defines a learning organisation as “an organisation skilled at creating,

acquiring, and transferring knowledge and insights” (1993, 80). Similarly, Huber

argues that organisational learning occurs when: “an entity learns if, through its
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processing of information, the range of its potential behaviour is changed... and an

organisation learns if any of its units acquire knowledge that it recognizes as

potentially useful to the organisation.” (1991, 89). Organisational knowledge in these

contexts is viewed as information and knowledge available for decision-making and

relevant to organisational activities. Learning leads to new knowledge development

that in turn changes organisational behaviour.

The growth and change of organisational knowledge is particularly associated
with the organisational learning process (Duncan and Weiss, 1979; Huber, 1991;
DiBella et al., 1996; Drongelen et al., 1996; Sinkula et al., 1997). Daft and Weick
(1984) propose that this process consists of three sequential phases: scanning,
interpretation, and action taken. Using this widely accepted model, Table 2.3
summarizes several conceptual interpretations that attempt to bridge the gap between

organisational learning and the evolving process of organisational knowledge

development.
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Table 2.3 Organisational Learning Process and Organisational Knowledge

Sources Acquisition =9 Interpretation ==Pt.earning (Action
(Scanning) Taken)

Huber (1991)

Knowledge acquisition [nformation interpretation  |Organisational memory

-Congenital learning

-Cognitive maps & framing |-Storing & retrieving

-Experiential learning

-Media richness information

-Vicarious learning

-Information overload -Computer-based

-Grafting

organisational memory
-Search & noticing

\Duncan & Knowledge acquired by  |Knowledge evaluated Knowledge integrated
Weiss (1979) |individuals

Navis et al. Knowledge acquisition Knowledge sharing Knowledge utilization
|
(1995)

(The development or

(The dissemination of what |(The integration  of

creation of skills, insights, |has been learned)

learmming so that it 1s

relationships) broadly available and can

be generalized to fit new

situations.)

Drongelen et|From new information to
al. (1996)

-Sifted knowledge
-Stored knowledge

Conveyed knowledge

internalized information

-Opened up knowledge
Market knowledge

Sinkula
(1997)

Market information Marketing programme

generation (affected by dissemination

dynamics (organisational

learning orientation) actions)

In the first phase, scanning (knowledge acquisition) occurs through congenital
learning, experiential learning, vicarious leaing and searching and noting (Huber,
1991), or individual learning (Duncan and Weiss, 1979) which then results in the
development of skills, insights, and relationships (Nevis et al., 1995). Drongelen et al.
(1996) interpret this stage as a move from new information to internalised

information, Sinkula et al. (1997) suggest that an organisational learning orientation
such as commitment to learning, shared vision and open-mindedness affects

information generation that, as a consequence, affects knowledge acquisition.

Interpretation occurs where new knowledge is interpreted via cognitive maps
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and framing (Huber, 1991). Knowledge is then evaluated and disseminated (Duncan

and Weiss, 1979; Nevis et al., 1995). Drongelen et al. (1996) propose that knowledge

at this stage is sifted, stored and opened up to become conveyed knowledge. Finally,

new knowledge is assimilated and stored as “organisational memory” (Huber, 1991).
The act of learning provides new knowledge and information for interpretation.
Feedback from organisational actions may provide new collective insights for an

organisation’s members. This dynamic integration of learning encourages growth and

change in organisational knowledge. At the macro level, this three-stage interpretation

model highlights a link in the relationship between organisational learning and

organisational knowledge development.

2.3.2 The Dynamics of Organisational Knowledge Creation

Traditional theories of organisational economics (e.g., Williamson’s transitional

cost) (Williamson, 1979) have limitations in explaining the phenomena and behaviour
of inter-firm collaboration prevalent in today’s highly dynamic industries. A number
of scholars (e.g., Demsetz, 1991; Kogut and Zander, 1992; Nonaka, 1994;& Grant,
1996b) have suggested an alternative theory: “the knowledge-based view of the firm”.
This can be understood as a theory of the existence, organisation and competitive
advantage of the firm based on the role of firms in creating, storing, and applying
knowledge. A key issue in this stream of research has been an attempt to conceptualise
how firms acquire, assimilate and accumulate their knowledge. For instance, Nonaka
(1994) has suggested that knowledge creation is a process of transformation from
individual tacit knowledge to firm-level explicit knowledge, and finally to everyone‘s
tacit knowledge within the firm. Using product development cases from several
Japanese large-sized companies, he proposes a model in which knowledge creation
takes place through the dynamic processing of four modes of conversion (socialisation,

externalisation, combination and internalisation) between tacit and explicit knowledge
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(ibid, p. 20). He further suggests that facilitative conditions of creative chaos,
redundancy of information and requisite variety are required to enable the process to
occur. This model is widely referred to in knowledge management literature as
describing the processes involved in a firm’s knowledge creation. However, this

model does not describe how firms interact with and absorb external knowledge

because it does not address how a firm can effectively scan, import and assimilate

external knowledge.

In contrast, by focusing on the development of core capability, Leonard-Barton
(1995) proposes four critical activities- (1) problem solving (present), (2)
implementing and integrating (internal), (3) experimenting (future), and (4) importing
knowledge (external)- which together make up a firm’s knowledge creation process.
The first three activities are internally focused. The last activity (importing and
absorbing technological knowledge from outside of the firm) is externally focused and
considered to be the most critical for filling a firm’s technology gap. This model
makes a good attempt at delineating managerial practices for the development of a

firm’s core capabilities through external knowledge importation, although it does not

take the detailed dimensions of knowledge into account.

More recently, Grant (1996b) suggested two primary mechanisms - direction and
organisational routines - to integrate the various knowledge dimensions. Direction
provides the integration of knowledge through each specialist establishing rules,
guidelines, and directives for members of organisations. This involves the codifying
of tacit knowledge into explicit knowledge (Grant and Baden-Fuller, 199)).
Organisational routines permit the integration of knowledge through patterns of
interaction between different specialists. Routine is advantageous in economising the
communication of tacit knowledge. However, the application of these two

mechanisms in interpreting the dynamic process of organisational knowledge creation
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(e.g., how external knowledge is acquired through various linkages and internally

assimilated and how an organisation creates its own knowledge from individuals to

the organisation as a whole) is somewhat limited.

Figure 2.3 The Dynamics of Organisational Knowledge Creation — An External

Knowledge Acquisition Perspective

External E
Internal Knowledge (Tacit & Explicit) :

Knowledge

Sources

Absorptive Explicit Knowledge(EK)

Capacity

-Existing

External Socialisation

knowledge base

Articulation

Knowledge

-Ability to

ombination

rnationalisation

Tacit Knowledge(TK)

Acquisition

assimilate external

Through
knowledge

-External Integration

-Ability to

-Boundary Expansion

commercialise new

knowledge

Individual ______ jOrganisation

Organisation Boundary

Sources: Adapted from Levinthal & Cohen (1990), Nonaka (1994), Leonard-Barton
(1995), Kim (1998) and McKee (1992)

Scholars (Loenard-Barton, 1995; Hamel, 1991) with the perspective of the
knowledge-based view of firms suggest that importing knowledge beyond a firm’s

boundaries leads to building its core competencies. In particular, inter-firm
collaborations facilitate integrating external explicit knowledge as well as bridge the

gap between a firm’s knowledge and product domains (Grant and Baden-Fuller, 1995).

External knowledge acquisition is then becoming an increasingly critical element in a

firm’s knowledge-creating system.

Figure 2.3 is a simplified model that integrates external knowledge sources into

knowledge creating processes. It shows that firms acquire external knowledge
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through external linkages (e.g., close contact with scientific communities, alliances &
networks, and R&D contracts) and activities of boundary expansion (e.g.,
competitor/non-competitor benchmarking, hiring experts, external consultants). The
extent of external knowledge absorption in both tacit and explicit dimensions depends
on a firm’s absorptive capacity (Cohen and Levinthal, 1990). Knowledge creation
tends to occur faster and become larger in scale as firms are equipped with related

prior knowledge and the abilities of assimilating and commercialising external

knowledge. The outcome of knowledge conversion and creation (internalized
knowledge) feeds back to absorptive capacity and in turn increases its level.

By integrating the elements of external knowledge sources and “absorptive
capacity”, this model further assists us in conceptualising how a firm creates
knowledge. The key element of the model is the role of absorptive capacity that
bridges the gap between external knowledge and internal knowledge. This
conceptualisation of absorptive capacity goes beyond conventional interpretations of
how firms acquire and assimilate external knowledge and convert it into internalised
knowledge. Although the importance of acquiring external technology/knowledge is
well known 1in NPD research (Cooper, 1992; Day, 1991; Li and Calantone, 1998;
Kotabe and Swan, 1995; Pennings and Harrianto, 1992a; Pennings and Harrianto,
1992b), few have investigated how and to what extent absorptive capacity, together
with external linkages, affect a firm’s product innovation. The subject of external
knowledge assimilation in association with absorptive capacity will be discussed in

Section 2.35.

2.3.3 The Impact of Knowledge on Product Innovativeness

There 1s an enormous list of criteria concerned with factors that affect the

success of new product development (e.g., Rothwell et al., 1974; Cooper, 1979a;

Maidique and Zirger, 1984; Maidique and Zirger, 1985; Cooper and Kleinschimidt,
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1987; and Ziger and Maidique, 1990). For instance, the SAPPHO study (Rothwell et

al., 1974) proposes that product success is primarily dependent upon the following

five factors:

(1) Understanding of user need
(2) Attention to marketing and publicity

(3) Efficiency of development

(4) Eftective use of outside technology and external scientific communication,

and

(5) Seniority and authority of responsible managers.

By way of contrast, the three general areas strongly correlated with new product
success, as indicated by the results of the Project NewPro (Cooper, 19792), are:

(1) Product uniqueness and superiority

(2) Market knowledge and marketing proficiency, and

(3) Technical and production synergy and proficiency.
In addition, the Stanford Innovation Project (Maidique and Zirger, 1984) suggests that
market knowledge, proximity of new product technologies and markets to existing
strengths, and planning and coordination of new product processes are key factors
that affect product outcome. The findings of these early large-scale studies suggest
that the following two types of product knowledge are associated with NPD success:
first, marketing knowledge gained through customer interaction; and second
technological knowledge (for both product and process) developed internally and
externally. Based on these studies, the impact, in particular, of external knowledge on
product innovation demands special attention.

Given the leaming nature (i.e., a firm’s knowledge creation) of NPD activities,

there 1s increasing application of organisational knowledge development to the study

of NPD. Table 2.4 summarises the findings of recent research that both conceptually
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and empirically examine how different knowledge (in terms of sources and

dimensions) influence a firm’s capacity for product innovation.

Table 2.4 Summary of Impact of Knowledge on Product Innovation

Knowledge
Sources

Dimensions
of
Knowledge

Impact of Other
Knowledge on Contextual
Product Factors

Innovation
The narrower the R&D |Manufacturing
knowledge base, the

higher the product
innovativeness.

Types of
Products

Bierly &
Chakrabati
(1996)

Internal: R&D,
production,
marketing

External: Users,

Suppliers, Science
& Technology
Linkage
External:
Customers,
Competitors
Internal:
Marketing-R&D

Interface

Internal
Technology;
External

Technology

Industrial
flexibility, financial [products
flexibility,
marketing
flexibility

Li &
Calantone
(1998)

Market
Knowledge
Competence

Market knowledge
competence has a
significant influence on
new product advantage
(i.e., quality, reliability,
newness, and

uniqueness)

Customer Software

demandingness,
competition
intensity,
technology changes
top management’s
perceptions of
market knowledge

Madhavan & |[NPD Team
Grover (1998)

Tacit
Knowledge;
Explicit

Knowledge

The more innovative the {[Endogenous
product 1s, the more|Variables:
tacit knowledge there is|Trust in team
to be converted. Thus, {[members,

the greater the impact of |information

T and A-shaped skills of [redundancy, rich
team members, personal interaction
Exogenous
Variables:

T and A-shaped
skills, shared

mental models,
NPD routines

Industrial life cycle |Industrial
Demand variables {products

Conceptual
Development

Malerba
(1992)

Internal: R&D,
production,

marketing
External: users,

suppliers, science &
technology links
External:
technological
alliances

Both internal and
external technologies
have a positive impact
on a firms’ incremental
product innovation.

Internal
Technology;

External
Technology

Pennings &
Karianto
(1992)

External
technology

Technological
networking has a

positive relationship
with a firm’s

technological
innovation. Firms with
extensive networking
are more likely to
implement innovation
externally,
The majority of a
product’s origins
depends upon internal
knowledge sources.

Industrial factors
Organisation size
Intensity of
Competition

Banking

Souder and
Chakrabarti
(1979)

Internal: R&D,
marketing & sales,
top management
External:
competitors,
customers,

suppliers, technical
agents

Internal

Technology
External

Technology

Consumer
and
industrial
products
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Using the notion of tacit knowledge, Madhavan and Grover (1998) propose that
NPD is the process of converting embedded knowledge into embodied knowledge
(explicit knowledge). The development of more novel products entails further efforts
to more effectively convert tacit knowledge. Therefore, more NPD team members
equipped with T and A-shaped skills® are required to facilitate this conversion process.
Madhavan and Grover’s study may be the first that attempted to theorise tacit
knowledge within the context of new product innovation.

Another strand of research centres on the impact of market knowledge
competence on new product advantage (Day, 1991; Cooper, 1992; and Li and

Calantone, 1998). For instance, by testing the relationship between new product
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advantage and market knowledge competence (as composed of customer knowledge

process, competitor knowledge process, and the market-R&D interface) L1 and
Calentone (1998) reveal that each component of market knowledge competence 1s
positively associated with product advantage in terms of quality, reliability, newness
and uniqueness. Similarly, Day (1994) confirms the importance of customer
knowledge for the success of new product development in several industrial settings.
Research on technological alliances (Bierly and Chakrabati, 1996a; Deeds and
Hill, 1996; Kotabe and Swan, 1995; Li and Calantone, 1998; Pennings and Harnanto,
1992a; Pennings and Harrianto, 1992b; Rothwell and Dodgson, 1991) has particularly
extended the understanding of ways that external knowledge affects a firm’s new
product development performance. For example, Souder and Chakrabati (1979)

suggest that the correlation between a firm’s capability for technological learning

* Individuals with T-shaped skills are those who are not only experts in specific technical areas but
those who are also intimately acquainted with the potential systemic impact of their particular task. On
the one hand, they have a deep knowledge of discipline like ceramic materials engineering (for
example), represented by the vertical stroke of the T. On the other hand, these ceramic specialists also
know how their discipline interacts with another, such as polymer processing- this is represented by the
T’s horizontal top stroke (Iansiti 1993: 139). Leonard-Barton (1995: 77) describes A-shaped skills as:
“some individuals embody technology fusion. Some people actually learn more than one discipline
(although more than two is unlikely) and so have two different disciplinary ‘legs’ on which to stand.”
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(both internal learning and external learning) and its radical product development 1s
higher when this correlation is compared with incremental product development. In
addition, the breadth of a ﬁﬁn’s R&D intensity moderates the relationship between
technological learning and the level of product innovativeness for both incremental
and radical product development. That is, given a technological leaming opportunity,
firms ;;vith a broad base of R&D knowledge in their product domain are more likely to
develop relatively new products. Bierly and Chakrabati (1996: 377) conclude that; “it
1s more important for organisations to develop a dominant strength in one area of
expertise so that firms have a core competence than it is for them to have a wider

knowledge base for increased flexibility.” In general, empirical findings from these

studies demonstrate that knowledge gained through technological networking, such as
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licensing, joint ventures and long-term contracts greatly influence a firm’s novel
product development as well as its tendency for adopting new innovative technology.

These findings highlight the importance of absorbing external knowledge (through

inter-firm learning) and networking to respectively boost product innovativeness of
the firm’s technological innovations and, facilitate access to strands of technological
knowledge that may be alien.

In brief, empirical studies concerned with the impact of product knowledge
(both marketing and technological knowledge) on the nature of product innovation
have arrived at divergent results. Most of this research centres on the level of product
Innovativeness or product advantage that is influenced by internal and/or external
acquired knowledge. There is, however, little research addresses ways in which a
firm’s accumulation of its stock of new produc<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>