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PREFACE

The technology management (TM) discipline has a history of more than 50 years, becom-
ing self-sustaining in the past 20 years with the emergence of specialized professional
organizations and a rapid increase in the number of publications and degree programmes.
TM is inherently interdisciplinary and multifunctional, but much of the existing literature
looks at technological issues from either a restricted or a broad perspective. Some authors
are concerned with the internal company management of research and development or
technology strategy alone, while others concentrate on the broader topic of innovation
and blur the boundaries between TM and other disciplines such as innovation manage-
ment. In contrast, by trying to avoid both these traps, we aim to provide an integrative
approach to the management of technology.

Although TM has become popular in the business community, an accessible handbook
of practical frameworks and management tools is not available. Also, considering the rap-
idly evolving nature of the discipline, the majority of existing TM textbooks are outdated,
mostly published before 2000. This book will focus on the micro-level analysis of TM as
a dynamic capability. It attempts to link how firms carry out their TM activities with the
major tools and techniques needed to succeed in conducting these activities. There is no
single best way to manage technology in a company and there is no mechanistic route
to success. There are, however, lessons that can be learned from other companies and
theoretical frameworks to guide thinking and decision making, and tools and techniques
to assist analysis.

The book is arranged in two integrated parts. Chapter 1 gives a full account of the
authors’ understanding of TM, outlined in a comprehensive process model that includes
six specific TM activities — acquisition, exploitation, identification, learning, protection
and selection. We argue that the process of TM is essentially generic, although organiza-
tion and market-specific factors will constrain choices and actions. Part | (Chapters 2-7)
covers all these TM activities/processes. Each chapter deals with a specific TM activity,
comprising the definition of the activity, how to carry out the activity and a case study. In
Part Il, Chapters 8—13 provide a description of six major TM tools and techniques — patent
analysis, portfolio management, roadmapping, S-curve, stage-gate and value analysis.
These tools are useful to carry out the TM activities outlined in the first part. Chapter 14
introduces challenges to technology managers as a profession and offers suggestions how
to deal with them. We hope that this integrated approach will help the reader to increase
their understanding of the subject, breadth of potential analysis and scope for creativity in
the application of these ideas.



Preface XV

Likely audience

This book will be useful to several types of reader:

s Students on management and engineering education programmes.

o Students on other courses that include business, organization or technology units.

e Former students who wish to keep a reference of the main concepts they have studied
and also wish to keep up to date with current ideas in the field of TM.
Practising managers who wish to apply a more rigorous approach in their work.

o Consultants concerned with TM.

Taken as a whole, this book is written with the needs of two main target audiences in mind:
students in engineering and management programmes who plan to become managers
of technology in the future and technologists and managers at all levels. Our analysis is
based on the systematic analysis of the latest management research and our own research,
consulting and teaching experience. The idea is to balance sound research and relevant
theory with up-to-date practical applications and hands-on techniques. Managers, consul-
tants and students looking for a broad yet integrated approach should find that this book
provides a view of the subject that is both timely and of enduring value. We hope that the
book will become a primary source of information within the TM community.
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INTRODUCTION: A FRAMEWORK FOR
UNDERSTANDING TM ACTIVITIES AND
TOOLS

Technology can represent a major source of competitive advantage and growth for compa-
nies. However, effectively integrating technological considerations into business processes
is a complex task, requiring consideration of multiple functions, including technical,
marketing, finance and human resources. Technology, combined with highly motivated
and properly trained people, enables a business to respond rapidly to changing customer
demands and to access and develop new market opportunities.

The challenges associated with the management of technology are compounded by
a number of factors, including the increasing cost, complexity and pace of technology
advancement, the diversity of technology sources, the globalization of competition and
alliances and the impact of information technology (IT). These challenges also represent
a great opportunity for organizations that can fully harness their technological potential.

To compete successfully, companies must assess their technology management (TM)
strategy and practice and address how they:

o Recognize technological opportunities and threats and convert them into sales and
profit.

e Exploit existing technology by the effective translation of strategy into operational
performance.
Differentiate products using cost-effective technological product and process solutions.
Identify and evaluate alternative and emerging technologies in the light of company
policy and strategy and their impact on the business and society.
Reduce the risks inherent in new or unfamiliar technologies.

e Harness technology that supports improvement in processes, information and other
systems.

o Decrease the time to market of new products and services through effective identifica-
tion and exploitation of technologies that provide competitive advantage.

o Protect and exploit intellectual property (IP).

Six key questions must be answered if the full potential of technology investment is to
be realized:

How do we exploit our technology assets?

How do we identify technology that will have a future impact on our business?

How do we select technology for business benefit?

How should we acquire new technology?

How can we protect our technology assets?

How can we learn from our experience to improve our ability to develop and exploit
the value of technology?

AV BWN =



2 Introduction: A Framework for Understanding TM Activities and Tools

This chapter explores the theoretical perspectives that underpin the practice of TM,
providing the pillars of a technology system upon which the structure of the book is based,
with practical examples included to illustrate the application of these concepts. This book
will focus on the micro-level analysis of TM in order to understand how firms carry out
their TM activities and what tools and techniques are needed. Technological changes are
continuously creating new challenges and opportunities for application to new product,
service and process development. However, these opportunities need to be captured and
turned into value through effective TM.

After the definitions of key concepts, the TM framework will be introduced. This frame-
work will show the context within which TM activities take place. The description of each
TM activity will then become a separate chapter in Part I. Following the TM activities, the
chapter will discuss which TM tools and techniques are useful to carry out TM activities
and introduce the rationale behind selecting key tools, which are given at length in Part Il
of the book. Two case studies at the end of this chapter illustrate the TM system.

1.1 Definition

The definition of TM includes planning, directing, control and coordination of the
development and implementation of technological capabilities so that firms can shape
and accomplish their strategic and operational objectives (NRC, 1987). This definition
attempts to combine both ‘hard’ aspects of technology (science and engineering) and
‘soft’ dimensions such as the processes enabling its effective application (Phaal et al,
2004). However, it does not make an explicit distinction between the technical and mana-
gerial issues associated with TM, and is a rather static definition. Technological changes
are continuously creating new challenges and opportunities for new product, service,
process and organizational development and industrial diversification. In order to capture
and convert these opportunities into value through effective and dynamic TM, a new
definition is needed.

An appropriate paradigm or perspective on understanding TM could be the dynamic-
capabilities theory. Capability implies an ability to do something and is constituted both
by strategies and operational activities (Teece, 2014). In its most elaborate form, dynamic
capabilities are the ability to reconfigure, redirect, transform and appropriately shape and
integrate existing core competencies with external resources and strategic and comple-
mentary assets to meet the challenges of a time-pressured, rapidly changing world of
competition and imitation (Teece et al,, 2000; Teece, 2014). Three main reasons explain
why the dynamic-capabilities theory could enhance the understanding of TM (Cetindamar
et al, 2009):

1 It is not specific technological innovations but rather the capability to generate a
stream of product, service and process changes that matter for long-term firm perfor-
mance (Rush et al., 2007).

2 Itis possible to observe the dynamics taking place in the organization of firms, since
the unit of analysis is the capabilities (Best, 2001).

3 Dynamic-capabilities theory considers the market or the product as objects of
strategic reconstruction and thus emphasizes the key role of strategic manage-
ment in appropriately adapting, integrating and reconfiguring internal and external
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organizational skills, resources and functional competencies towards a changing
environment (Teece, 2014).

As firms develop and respond to productive opportunities, they alter and further differ-
entiate and, in the process, recharacterize the market parameters, such as those related to
technology, product, service or organization (Best, 2001; Teece, 2007). In this evolutionary
perspective, the firm shapes the market as much as vice versa. So success is achieved by
developing distinctive organizational, technological and production capabilities. These
different sets of capabilities affect each other in an evolutionary manner, as described in
different production systems developed in the USA (Best, 2001).

Capabilities might be dynamic or operational (Helfat and Peteraf, 2003). Dynamic capa-
bilities build, integrate or reconfigure operational capabilities, which are defined as:

[A] high-level routine (or collection of routines) that, together with its implementing
input flows, confers upon an organization’s management a set of decision options for
producing significant outputs of a particular type. (Winter, 2000: 983)

A routine describes a ‘repetitive pattern of activity’ Similarly, competencies refer to activi-
ties to be performed by assembling firm-specific assets/resources. This is why dynamic
capabilities are conceived as the routines/activities/competencies embedded in firms
(Eisenhardt and Martin, 2000; Bergek et al,, 2008). Defined as such, technological capa-
bilities consist of dynamic and operational capabilities, which are a collection of routines/
activities to execute and coordinate the variety of tasks required to manage technology.
Thus, this book will analyse the core activities that firms perform in order to achieve effec-
tive TM.

Dynamic-capabilities theory is not interested in fixed assets per se; rather, it aims to
explain the way in which a firm allocates resources for innovation over time, how it deploys
its existing resources and where it obtains new resources (Teece et al., 1997). This is relevant
for understanding TM, helping to explain how combinations of resources and processes
can be developed, deployed and protected for each TM activity.

Although this book will focus mainly on TM activities, resources and skills will be dis-
cussed within a specific activity whenever relevant. Therefore, the main elements of a TM
system in this book will be TM activities that help to build technological capabilities. In
order for the performance of an activity to constitute a capability, the capability must have
reached some threshold level of practised or routine activity. Each TM activity is related to
a certain technological capability, comprising one or more processes/routines/competen-
cies. Process can be described as an approach to achieving a managerial objective through
the transformation of inputs into outputs. So, the term ‘activity’ is used interchangeably
with ‘process’ or ‘routine) and is associated with the concept of capability.

Every firm is a collection of activities to design, produce, deliver and support its prod-
ucts and services. Individual activities are a reflection of their history, strategy, resources,
approach to implementing their strategy and the underlying economics of the activities
themselves. Dynamic-capabilities theory does not imply that any particular dynamic
capability is exactly alike across firms. While dynamic capabilities are certainly distinctive
in their details, specific dynamic capabilities exhibit common features that are associated
with effective processes across firms (Eisenhardt and Martin, 2000). Thus, each chapter in
Part | will describe general processes/routines to illustrate the set of tasks needed to be
carried out in order to achieve a particular technological capability.
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1.2 Differences between TM and innovation management

In the past 20 years, innovation has become the leading topic in TM (Cetindamar
et al, 2009). However, the dominance of one topic starts to misrepresent the TM field,
resulting in confusion about the borders between innovation and TM. This confusion is
further strengthened with a popular new business concept — open innovation systems
(Chesbrough, 2003). The central idea behind open innovation is that in a world of widely
distributed knowledge, companies cannot afford to rely entirely on their own research,
but should instead buy or license processes or inventions from other companies. In addi-
tion, internal inventions not being used in a firm’s business should be taken outside the
company through mechanisms such as licensing and spin-offs. Described as such, the
concepts of innovation and technology become confusing, necessitating clarification.

In simple terms, innovation is doing something new such as a product, process or
service, including newness in the firm (Hobday, 2005). Although implicit in this definition,
the critical issue is the fact that innovation is not limited to technology. Innovations might
be organizational and come from many sources. For example, Amazon’s offering of book
delivery over the Internet was a service-related innovation. So innovation management is
the successful implementation of novel ideas that form different innovation types within
an organization.

The Oslo Manual (OECD, 1995) lists the four main innovation types as follows:

1 A product innovation is the introduction of a good or service that is new or signifi-
cantly improved with respect to its characteristics or intended uses. This includes
significant improvements in technical specifications, components and materials,
incorporated software, user-friendliness or other functional characteristics. Product
innovations can utilize new knowledge or technologies, or can be based on new uses
or combinations of existing knowledge or technologies.

2 A process innovation is the implementation of a new or significantly improved
production, service or delivery method. This includes significant changes in tech-
niques, equipment and/or software. Process innovations can be intended to decrease
unit costs of production or delivery, to increase quality or to produce or deliver new
or significantly improved products.

3 A marketing innovation ranges from a new marketing method involving significant
changes in product design or packaging, product placement, product promotion to
pricing. Marketing innovations are aimed at better addressing customer needs, open-
ing up new markets or newly positioning a firm’s product on the market, with the
objective of increasing the firm’s sales.

4 An organizational innovation is the implementation of a new organizational method
in the firm’s business practices, workplace organization or external relations. Organi-
zational innovations can be intended to increase a firm’s performance by reducing
administrative costs or transaction costs, improving workplace satisfaction (and thus
labour productivity), gaining access to non-tradable assets (such as non-codified
external knowledge) or reducing costs of supplies.

In recent years, new types of innovations have been introduced; we will mention three
popular ones in this book that are relevant to technology managers: eco-innovation,
reverse innovation and design-driven innovation. The first category of innovations is
described by the Europe INNOVA panel (Schiederig et al., 2012) as the creation of novel and
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competitively priced goods, processes, systems, services and procedures that can satisfy
human needs and bring quality of life to all people with minimal use of natural resources
per unit output, and a minimal release of toxic substances. The second type, reverse inno-
vation, refers to product and service innovations aimed at resource-constrained customers
in emerging markets (see details in Chapters 3 and 14). The final category, design-driven
innovation, is based on user experience and meaning for products and services. It offers
surprise and pleasure at the look and feel of a product or a service (see more discussion in
Chapters 13 and 14).

Given all these innovation types mentioned above, it is no surprise that innovation
management literature becomes inclusive of many disciplines including TM. However, TM
is not about technological innovations and their management alone; rather, it is a specific
discipline related to all sorts of decision making needed to develop and/or use technolo-
gies within a firm or organization as explained in the next section.

This book proposes the following solution for the confusing borders between TM and
innovation management: TM and innovation management overlap when there is a tech-
nology innovation, otherwise they have their own unique disciplinary body of knowledge.
For example, the development of a new TV screen technology involves a technology-based
product innovation, so there is an overlap. But the development of a new sales channel for a
TV screen falls into marketing innovation, whereas the acquisition of a process technology
to produce TV screens is related to TM. When it comes to services, the same rule applies.
For example, walk-in clinics accept patients on a walk-in basis and with no appointment
required. They are innovative health care providers around the world but their innovation
is not based on a technology. But the example of Airbnb that offers sharing rooms is a
technology-based innovation in the hospitality business. Even though it was established
in 2008, Airbnb became one of the world’s largest hotel chains by the summer of 2014,
comparable to Hilton Worldwide, but it does not own a single hotel since it allows users to
rent out their spare rooms or vacant homes to strangers over its Internet platform. Airbnb
surpassed ten million stays on its platform in 2014 and doubled its listings to 550,000 (in
192 countries). The company successfully used technologies and designed a new business
model where experience has meant everything for its users and transformed the idea of
hotel accommodation.

1.3 The TM framework to set the context

The TM discipline has a history of over 50 years (Kocaoglu, 1994; Roberts, 2004; Larson,
2007). The discipline has evolved from a stable and predictable situation within an R&D
department to a discontinuous and unpredictable situation taking place at the strategic
level (Drejer, 1996). However,

TM studies offer few universally accepted conceptual models or frameworks to under-
stand and communicate structures and relationships within a TM system (Phaal et al,,
2004). This book integrates the theory of dynamic capabilities into a TM framework
developed by Phaal et al. (2004) and offers a comprehensive framework in under-
standing TM (Cetindamar et al.,, 2009).

TM activities are based on technological capabilities. Due to the complex nature of firms
and industries, it is difficult to describe where exactly firms exercise these activities. In the
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TM framework presented in Figure 1.1, the TM activities — acquisition, exploitation, iden-
tification, learning, protection and selection — are typically linked to or embedded within
three core business processes: strategy, innovation and operations (Phaal et al., 2004). For
example, technology selection decisions are made during business strategy and new prod-
uct/service development.

Organization

Commercial perspective

Strategy
Push Pull
mechanisms — Technology mechanisms —
capabilities base requirements
(knowledge (knowledge
flows) flows)

[ Technological perspective }

Figure 1.1 TM framework

Source: Based on Phaal et al. (2004).

Key aspects of the framework include:

e The linkage between technological and commercial perspectives in the firm.

e The knowledge flows (and other mechanisms) that support this linkage.

e The core business processes of strategy, innovation (including new product develop-
ment) and operations.

e The TM processes: identification, selection, acquisition, exploitation, protection and
learning.

e The organizational and environmental context in which the firm operates (the ‘system’),
which includes additional internal elements of the system, such as staff and other busi-
ness processes and sub-systems, together with external elements such as customers,
competitors, partners, government, etc.

e Time (change, trends, evolution and synchronization).

Time is implicitly included in the business and TM processes, together with the trends that
are associated with the business environment.

At the heart of the framework are three core business processes — strategy, innovation
and operations, operating at different business system ‘levels’ in the firm. The link to core
business processes is important, as these are the focus of management and action in the
business, and the means for ensuring sustainable productive output of the firm. One of the
challenges of TM is that associated activities are distributed and embedded in these core
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business processes. The aim of effective TM is to ensure that technological issues are incor-
porated appropriately in these processes, to form a system that is coherent and integrated
across and beyond specific business processes and activities.

The proposed TM framework offers many advantages. It allows us to conceive that TM activ-
ities might operate in any business process, department or business system level, for example
project, corporate and strategic business units, in the firm. The framework does not differenti-
ate with respect to the sector in which firms operate. It is valid for service firms as much as it is
valid for firms in manufacturing sectors that are extensively discussed in Chapter 14.

The framework also indicates that the specific TM issues faced by firms depend on the
context (internal and external), in terms of organizational structure, systems, infrastructure,
culture and structure, and the particular business environment and challenges confronting
the firm, which change over time. The time dimension concerns synchronizing technologi-
cal developments and capabilities with business requirements, in the context of evolving
markets, products and technology. Thus, the TM framework is in line with the dynamic-
capabilities framework. While the former focuses on managing technological capabilities,
the latter covers all capability types.

An advantage of the TM framework is its applicability to all firms regardless of their size,
in contrast to the frameworks/models that implicitly assume firms with leadership status.
Most are oriented towards large firms with R&D departments and elaborate organizational
divisions of labour rather than small or medium-sized enterprises (SMEs) that might oper-
ate with more informal processes with perhaps no official R&D or engineering department.
Many SMEs lack R&D departments and they are followers, but the TM framework can still
apply in these firms.

Further, the framework considers technology as a resource. This is why the technology
base of a company represents the technological knowledge that needs to be turned into
products, processes and services through the technological capabilities developed by TM.

The framework emphasizes the dynamic nature of the knowledge flows that must occur
between the commercial and technological functions in the firm, linking to the strategy,
innovation and operational processes (Phaal et al, 2004). An appropriate balance must
be struck between market ‘pull’ (requirements) and technology ‘push’ (capabilities).
Regardless of the driver of technological change, managers need to link markets and
technology through various mechanisms, including traditional communication channels,
cross-functional teams or meetings, management tools, business processes, staff transfers
and training.

Firms vary widely in size and scope, ranging from a one-person firm to a company with
multi-department/multi-country operations. In each case, this basic TM framework can be
applied, adapted appropriately for the particular organizational context. After identifying
the business processes behind strategy, innovation and operations, managers could inte-
grate TM processes into them. The next section focuses on the generic TM processes that
can be observed within firms.

1.4 TM activities behind technological capabilities
Many TM handbooks consist of numerous managerial tasks that are very general and have

no explicit link to specific TM concepts (Dorf, 1999). This results in no clear set of TM
activities and confusion as to what technology managers need to do. This book considers
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the management of technology to be a professional task, and thus it focuses on a micro-
level analysis of TM. This micro-focus makes it possible to understand how firms carry out
their TM activities and what tools and techniques are needed to carry out these activities.

The initial step is to use the TM framework and dynamic-capabilities theory to find a set
of core/generic technological capabilities. The firm’s knowledge base includes its techno-
logical competencies as well as its knowledge of customer needs and supplier capabilities.
These competencies reflect individual skills and experiences as well as distinctive ways of
doing things inside firms. In other words, capabilities are gradually accumulated through
various processes, procedures, routines and structures that are embedded in practice
(Rush et al., 2007). Thus, the goal in this book is to identify the various common processes/
routines forming the key technological capabilities that reflect what goes on within com-
panies. An emphasis is given to processes since the dynamic-capabilities approach empha-
sizes the process rather than the asset per se.

Identifying a core set of TM activities naturally does not cover all possibilities. Managers
can benefit from a general TM framework and its grouping of TM activities only when they
consider their firms’ own particular circumstances, resources and purposes. So the purpose
here in offering a generic set of TM activities is to achieve four key learning objectives:

1 The core set of generic TM activities can be customized by any organization (manufac-
turing or services) and is applicable at any level, such as R&D unit or business unit, as
well as at any size, either SMEs or large firms.

2 Knowing the main TM activities can reduce confusion between TM and other
management activities such as innovation management.

3 Linear and limited perceptions on TM activities can be replaced with a dynamic view
that emphasizes the links between activities.

4 Managers as well as engineers and management students who want to pursue careers
in TM can conceive what skills and knowledge are necessary to manage technology.

Main TM activities

TM activities are abundant, but it is possible to identify a small set of processes/routines
that address the fundamental and common tasks needed to manage technologies and
build technological capabilities. Choosing the unit of analysis as technological capabilities,
the activity name is the same as the specific technological capability it aims to develop. As
shown in Figure 1.1, the general TM model is based on six generic TM activities (Gregory,
1995; Rush et al.,, 2007; Cetindamar et al., 2009):

1 Acquisition: Acquisition is how the company obtains the technologies valuable for
its business. Acquisition is based on the buy-collaborate-make decision. In other
words, technologies might be developed internally, by some form of collaboration, or
acquired from external developers. The management of acquisition differs on the basis
of the choice made.

2 Exploitation: Exploitation entails commercialization but first the expected benefits
need to be realized through effective implementation, absorption and operation of
the technology within the firm. Technologies are assimilated through technology
transfer either from R&D to manufacturing or from external company/partner to
internal manufacturing department. Exploitation processes include incremental
developments, process improvements and marketing.
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3 Identification: Identification is necessary for technologies at all stages of development
and market life cycle. This process includes market changes as well as technological
developments. Identification includes search, auditing, data collection and intelligence
processes for technologies and markets.

4 Learning: Learning is a critical part of technological competency; it involves reflections
on technology projects and processes carried out within or outside the firm. There is
a strong link between this process and the broader field of knowledge management
(KM).

5 Protection: Formal processes such as patenting and staff retention need to be in
place in order to protect intellectual assets within a firm, including the knowledge and
expertise embedded in products and manufacturing systems.

6 Selection: Selection takes account of company-level strategic issues, which requires a
good grasp of strategic objectives and priorities developed at the business-strategy level.
Then, the selection process aligns technology-related decisions with business strategy.

This list of TM capabilities does not include the innovation capability for two main
reasons (Cetindamar et al,, 2009). First, the innovation capability is the ability to mould
and manage multiple capabilities (Wang and Ahmed, 2007). The set of TM capabilities is a
subset of capabilities that are integrated within the innovation system. Depending on inno-
vation type, the required technological knowledge set and the way they interact with each
other will differ as well (Todtling et al.,, 2008). Second, each of the TM capabilities involves
an innovative element in itself. For example, the acquisition capability is to a large degree
a major innovative activity, dealing with product, service, process and organizational
innovations in a company.

As a final note, the level of TM activities will change over the life cycle of a firm for many
reasons, such as product diversification or complexities in technologies. For example,
Bell’s (2003) study shows that organizations pass from the point of ‘acquiring and assimi-
lating imported technologies’ to reach a stage where the organization is ‘generating core
advances at international frontiers. Depending on the capability requirements, firms will
naturally adapt their activities to meet the requirements. In addition, depending on where
a firm operates (within an advanced or developing economy), the technological capa-
bilities of firms and their degree of development will vary considerably, as shown by the
mobile phone producers operating in China (Jin and Zedtwitz, 2008).

Nonlinearity of TM activities

In the TM activities model proposed here, TM activities corresponding to each technologi-
cal capability are represented as individual processes like pieces of a jigsaw puzzle, as shown
in Figure 1.2. The analogy of a jigsaw puzzle aims to avoid enforcing a hierarchy of processes.
It also avoids a perception that ‘one model fits all’ as if all TM activities must exist in an
organization. It is likely that some companies will focus on particular activities at any one
time, and that the set might change over the course of time, depending on the needs and
circumstances of the company. Another advantage of the jigsaw puzzle representation is
its emphasis on showing TM as an art, where technology managers need to identify which
processes are required and find ways of making them work properly together.

The links between TM activities might not necessarily follow a linear relationship.
Naturally, there will be process flows among them but it is not possible to generalize the
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input—output relationships in a deterministic way. Any process might be the starting point
that triggers a number of TM activities to take place. For example, in contrast to the tra-
ditional product development approach, where the starting point for concept creation is
the improvement of functional benefits, it is possible to develop research, products and
invention ideas from the patent strategy, regardless of whether or not there are functional
benefits (Nissing, 2007).

TM activities

Protection

Supporting activities

Project management
Knowledge management
Innovation management

uoneoyULP)|

Learning

Acquisition
Figure 1.2 TM activities and supporting activities

The flexibility of the jigsaw puzzle concept indicates that each organization will have
specific elements that show their own individual picture. If the organization is a large
company with considerable R&D activity, the story/completed picture might include all
elements in the TM activities model. However, if the organization has no R&D and the
innovation is incremental, the corresponding activities will be different.

The recent criticisms of many innovation models focus on two critical concerns (Hobday,
2005): their static nature and their deterministic approach. The nonlinear feature of inno-
vation activities has been highlighted. The TM activities model avoids these two criticisms
at least for TM. In addition, the new model helps to draw the boundaries between different
disciplines and TM activities by proposing two categories: primary/core and supporting
activities, as shown in Figure 1.2.

Activities supporting TM

Drawing a basic framework for describing the core TM activities is useful for understanding
the relationship between TM and other management activities, particularly project, knowl-
edge and innovation management, as shown in Figure 1.2:

1 Project management refers to managerial activities associated with all types of proj-
ects such as product development. Each TM activity can be considered as a project,
necessitating knowledge and skill to manage it.

2 KM is a widely used term for managing the knowledge accumulated in a company,
including non-technology-based knowledge. Knowledge constitutes not only cognition or
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recognition (know-what), but also the capacity to act (know-how) as well as understand-
ing (know-why) that resides within the mind (Desouza, 2005). Therefore, all TM processes
are involved with knowledge at some level and they necessitate adopting KM practices.

3 Innovation management is involved with various innovations being financial, orga-
nizational and technological, so it naturally shares common ground with TM but it is
a broader management exercise, covering the management of all sorts of innovations.

Supporting activities will vary from case to case depending on the company size, objec-
tives and technology characteristics. For example, an SME with a few small product
development projects will have different project management needs from a multinational
company with multiple projects. The latter will have more structured and formal project
management exercises embedded in its processes used to manage technology.

1.5 TM tools

Once the general outlook of the TM field is sketched by presenting a generic set of TM
activities, the next task is to identify the generic tools used in carrying out these activities.
This will not only improve the understanding of TM in academic terms but also as a profes-
sion. TM needs to offer some practical guidelines to apply and reinforce TM concepts
within the business so that managers can incorporate TM into their daily routines.

Brady et als study (1997) clearly highlights the difficulty of precisely defining what a tool
is, considering a variety of terms used interchangeably, such as ‘tools’, ‘techniques’, ‘proce-
dures’, ‘processes’, ‘models’, ‘maps’ and ‘frameworks’ This book adopts the definition used
in Phaal et al’s study (2006):

[In] the broadest sense, tools include devices for supporting both action/practical appli-
cation and frameworks for conceptual understanding.

The confusion is not only in definition but also in deciding on the list of TM tools. Most
studies end up with such broad categories of tools that it is hard to consider the actual
applications. The TM handbooks (Gaynor, 1996; Dorf, 1999) do not make life easier either.
There is no clear description and discussion on the methodologies, tools and techniques
published in these handbooks and no effort is made to link TM activities to the tools to be
used to carry out these activities.

The only comprehensive coverage of TM tools was carried out by a European
Commission (EC) project published in 1998. As the outcome of this project, Temaguide
(Cotec, 1998) had the explicit goal of explaining different TM tools, and grouped them
under six headings on the basis of their functions in a company:

1 Tools for external information analysis, such as technology forecast and benchmark-
ing.

2 Tools for internal information analysis, such as skills and innovation audit.

3 Tools to calculate workload and resources needed in projects, such as project manage-
ment and portfolio management.

4 Tools to manage working together, such as interface management and networking.

Idea creation and problem-solving techniques, such as creativity and value analysis.

v

6 Tools related to improving efficiency and flexibility, such as lean thinking and continu-
ous improvement.
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Even though the Temaguide list might seem coherent, it also poses problems in understand-
ing TM for two reasons. First, the level of tools applicable to TM activities makes it difficult
to grasp. For example, project management is a large discipline but is just one of the tools
mentioned in Temaguide. Second, the wide spectrum of tools, from conjoint analysis used
in market analysis to Delphi analysis for technology forecasting, raises the question of their
relevance to TM. Some of these techniques, such as Delphi analysis, can be applied in any
forecasting activity for any managerial problem. So these lists do not necessarily clarify
which tools constitute the body of TM as a distinct discipline and which are not developed
particularly for TM but are widely used in carrying out TM activities.

The lack of systematic gathering of tool lists makes it difficult to operationalize them.
For example, Dorf’s list (1999) in the tools section includes financial tools such as cash flow,
legal issues (with no tool reference), information systems such as database and decision
support systems and finally decision and simulation methods such as value-focused think-
ing and uncertainty.

The major confusion might be due to the multidisciplinary nature of TM. According
to the International Association for Management of Technology (IAMOT), one of the
most influential associations in the field of TM, four major disciplines are considered to
constitute the basis for a master of science programme in a management of technology
curriculum. These four disciplines show the wide spectrum of TM:

1 Management of technology-centred knowledge: management procedures associated
with the exploitation of technological resources. Examples are technology acquisition,
exploitation and transfer, new product development, project management, entrepre-
neurship, technology forecasting and planning, innovation and R&D management,
KM, IP management and strategic management of technology.

2 Knowledge of corporate functions: classic business functions such as marketing,
finance, accounting, operations, management information systems, human resource
management and business strategy.

3 Technology-centred knowledge: topics that relate to specific technology fields or criti-
cal technology areas. Examples are information and computer technologies, pivotal
and emerging technologies, manufacturing technology, petroleum and mining tech-
nology and production technologies.

4 Knowledge of supporting disciplines: important supporting topics such as national
policy frameworks, economics, general systems theory, risk analysis, environmental
management, ethics, human behaviour, quantitative methods, legal issues, research
methods and statistics.

This book presents a small number of tools applicable specifically for managing technol-
ogy, the first knowledge set mentioned above, namely management of technology-centred
knowledge. Limiting the list of tools is a daunting task but it is necessary to reduce the
confusion about what TM tools are.

What should be the criteria to decide on the tools that go into the TM toolkit? Obviously,
the most critical tool is not the same as the most useful or the most important, neither is it
the same as the most used or most popular. The toolkit will not make any reference to the
quality of tools, since there are almost no studies measuring the performance of tools as such
and it is outside the scope of this study. Even though a particular tool will be listed in a final
tool set, there will be many others serving a similar purpose, for example capture of technol-
ogy information, competitive analysis, creativity development and external R&D cooperation.
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The goal of this study is to write a practical book that recommends certain tools and
techniques with clear and rich content without confusing the concept of a tool. This
is why it is good to borrow the carpenter analogy used by Straker (1997) in his book
Toolbook for Quality Improvement and Problem Solving. Straker points out that there are
a large number of possible tools that a carpenter could have in their toolbox, but the
carpenter typically carries around only a small set of the most commonly used tools,
keeping a larger set of more specialized tools at their workbench. Even then, the carpen-
ter pays an occasional trip to the hardware store for special jobs. In the case of quality
improvement and problem solving, Straker argues that the toolkit consists of seven tools
and, interestingly, together they can solve 90% of all problems. So this book would like
to suggest a toolkit for TM: a number of tools that will be handy when managers face
decisions regarding TM.

Deciding which tools should be in the TM toolkit is a difficult task. A recent EC study
published in the journal R&D Management (Hidalgo and Albors, 2008) uses three criteria as
the basis for selecting the tools suggested:

1 The level of standardization of a tool.

2 The level of knowledge involved in the process.

3 The free accessibility of a tool, for example not subject to any copyright or licence
restrictions.

In this book, we consider three criteria as the basis for delineating the six core tools of TM:

o Simplicity and flexibility of use.
o Degree of availability.
o Standardization level.

In addition, as this book is based on dynamic capabilities, key tools should be dynamic in
nature and applicable in all TM activities. So key tools will also be:

e The prevailing ones across TM processes, which capture internal and external dynamics.

Accordingly, the final list consists of six tools listed in Table 1.1: patent analysis, port-
folio management, roadmapping, S-curve, stage-gate and value analysis. The initial
list was formed at a workshop organized at the Centre for Technology Management,
University of Cambridge, and then it was circulated among prominent TM scholars who
are members of the IAMOT and the European Institute for Technology and Innovation
Management (EITIM) executive committees. The authors integrated the responses into
the initial list and finalized it (for details see Appendix). Although the selected tools are
applicable in all activities, it is possible to associate each tool with two major activities to
which it is widely applied, as shown in Table 1.1. However, TM tools will include tools that
are used in TM activities but not all of them are uniquely developed for TM. For example,
stage-gate is a project management tool that is used extensively in the analysis of new
product development.

Even though the book will cover these six TM tools in depth in Part Il, some other
tools to be used in TM activities are mentioned on the book’s companion website (www.
palgrave.com/companion/cetindamar2) with detailed reference lists. Some tools are avail-
able publicly in rich formats such as the T-catalogue, developed by the Centre for TM at
the University of Cambridge. This catalogue and other public sources allow the reader
to obtain more detailed information on topics of interest. It is possible to have a long list
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Table 1.1 TM tools and their applications

Tools/activities | Patent | Portfolio Roadmapping | S-curve | Stage-gate | Value
analysis | management analysis

Acquisition * *

Exploitation * *

Identification * *

Learning * *

Protection * *

Selection * *

of tools that might be used in individual TM activities such as decision-making tools or
leadership tools. However, they are broad tools that any manager needs to know, so the list
will be limited.

As a final remark, the tools are not off-the-shelf medicine, since TM problems are com-
plex. So it cannot be claimed that each TM tool mentioned in this book would solve all
the problems and challenges faced by business as a whole. TM tools act in combination
with others, adapted and personalized to varying degrees for each specific case due to the
diversity of firms and business circumstances. The benefit gained by the company depends
on a combination of TM tools and the firm itself, and the mix of these two elements is
what determines an effective outcome.

L Cases illustrating different TM system configurations

The characteristics of a TM system based on TM activities and tools can be observed in
real-life cases. Two case studies are presented here: Glaxo Wellcome, whose TM system
is closer to the idea of open innovation; Rolls-Royce, that is similar to this book’s key
activities, but learning activity is blended with other activities.

Glaxo Wellcome

In early 2000, Glaxo Wellcome (GW), a multinational pharmaceutical company,
decided to implement a TM strategy across the development and manufacturing
interface prior to its merger with SmithKline Beecham to form GlaxoSmithKline. This
was to augment the new product delivery process that was being introduced.

TM activities

The resulting TM process is presented in Figure 1.3. When this process is compared
with the six TM activities, it is observed that neither the acquisition nor the protection
process is explicit in GW'’s TM processes. Although the names are different:

e The ‘innovate, search and survey’ step is similar to the identification activity.
o The ‘evaluate and select’ step is like the selection activity.
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e The ‘develop and execute’ step corresponds to the acquisition and exploitation
activities.
o The ‘demonstrate benefits’ step resembles the exploitation activity.

The process model is depicted in a linear format, without showing any feedback/learn-
ing loops — in this regard Figure 1.3 is a simplification of the real situation, aiming to
provide an easy-to-understand framework for organizing the complex set of TM activi-
ties and interactions in the organization.

Develop and maintain technology network

1 1 1 1™1 2

Proposal for Develop
authorization M

4 (business

T e

Continuous improvement and dissemination and maintain knowledge base

(product, R&D,

Business strategy
manufacturing, IT, etc.)

Other networks (GW +)
Figure 1.3 The TM system at GW

Resources

Technology domains, centred on strategic functions or processes in new product
development, have overall accountability for the technology strategy for that part
of the business. The technology domains operate through a number of technology
networks whose members are experts drawn from global development and manufac-
turing. Each technology network implements the generic TM process. Interestingly,
GW had linkages with extended teams in expert networks, or communities of practice,
located not only within GW but also across the globe. This opens up possibilities for
acquisitions and enriches the content of each TM process carried out in the company.

There are one or more domain leaders with budget responsibilities, who are full-
time or part-time members of staff, depending on the size and scope of the domain.
A new product development technology steering team was set up, consisting of the
technology committee and the leaders of the technology domains. This team reviews
and prioritizes the overall portfolio of technology projects.

Shared databases and IT infrastructures were used to support the networks and the
TM system.

(Continued)
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Tools

For each TM activity, inputs and outputs (such as information and resources), indi-
vidual tasks and a list of information sources and available tools were developed. In
particular, an appropriate methodology was selected for valuing potential initiatives
and conducting the portfolio analysis and prioritization.

Farrukh et al. (2004) describe in detail how a TM system was developed within GW
in a series of cross-functional workshops. This adopts a process-based framework,
incorporating aspects of the five-process TM model (Gregory, 1995). The GW TM
system builds on active technology networks within the company, with some parallels
to open innovation, providing a rich case to illustrate the use of the TM framework
presented in this book.

The GW case is an excellent example for highlighting the differences of core versus
supporting TM activities as well as the relevance of the TM framework. The technology
process in GW is embedded in one important business process: new product develop-
ment process. This process is further integrated with strategy, project management,
KM and networks. The importance of open innovation systems for GW can be seen
in its structure — to develop and maintain the technology network in parallel with its
internal TM activities, so that GW can tap into not only company resources but also
the available knowledge base in the external environment. As a tool set, there is not
much information on specific tools selected for each TM activity; however, it seems
that portfolio management has particular importance at GW due to the use of process
for new product development.

Source: Farrukh et al. (2004) ‘Developing an Integrated Technology Management Process), Research-
Technology Management, 47(4), 39—-46.

Rolls-Royce TM activities

Rolls-Royce is a leading provider of power systems and services for use on land, at sea
and in the air. Its products serve civil aerospace, defence aerospace, marine industries and
energy. Foden and Berends (2010) propose a TM framework driven from their explor-
atory interviews with the company’s central technology managers as well as the survey
of R&D engineers. As shown in Figure 1.4, there are six sub-processes that are aligned to
the technology life cycle: (1) identification and monitoring; (2) selection and approval;
(3) development research; (4) acquisition and adaptation; (5) exploitation and review;
and (6) protection. The first five of these processes represent sequential stages, although
several feedback loops exist, the most important being between the first and last stages.
These represent the replacement of aging technologies by newer radical solutions.

The model does not directly cover learning but learning features exist in other activi-
ties, particularly in exploitation and acquisition. In exploitation and review process, the
firm conducts continuous review of the ability of exploited technologies in order to
continue to meet customer requirements and forward planning of more innovative
replacement technologies. But more importantly, in acquisition activity, the goal is
clearly set to develop capabilities of the firm that is not possible to do without learning
embedded into the activity.
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Figure 1.4 The integrated technology management framework developed for Rolls-Royce

Source: Adapted from Foden and Berends (2010), with permission.

Resources

TM is based on three groups. ‘Strategic technical areas’ are critical technology groups
and combinations of technical skills for a particular application. They possess in-depth
technical knowledge of a technology area and frequently engage with other experts
(such as partners, suppliers and research centres) to explore internal and external
environments. ‘Product introduction engineers’ lead the selection of technological
solutions to satisfy new products. The final group is ‘capability acquisition engineers’
who own the existing technologies under study. They are responsible for technology
capability acquisition by assessing the position of a technology’s maturity along its
S-curve/life cycle.

Tools

Effective TM requires the integration of multiple activities and tools. Examples of TM
tools addressing each of the TM processes consist of the following:

Identification and monitoring: technology networking, technology watch, make-
the-future (inward-facing technology opportunity identification aligned with product
development programmes), technology maturity assessment (S-curve analysis), tech-
nology benchmarking.

Selection and approval: technology roadmapping

Acquisition and Exploitation: technology make-buy, capability acquisition, technol-
ogy readiness scale (stage-gate).

(Continued)
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Protection: technology risk management, knowledge base protection, IP protection.

Interestingly, these TM tools are associated not only with the activities they are used
for but also with different engineering groups in the organization. Even though all tools
are used with all levels of engineers and managers, some tools are used more than
others by specific groups. For example, strategic technology area group is expected
to use technology networking, technology watch, technology roadmapping and
technology make-buy. Production introduction engineers are thought to use more of
make-the-future and make-the-future selection. Capability acquisition engineers use
technology benchmarking and technology maturity assessment. The tools such as risk
management and IP protection are considered to be run by specialized teams central
to the organization.

Source: Foden, ). and Berends, H. (2010) ‘Technology Management at Rolls-Royce’, Research-Technology
Management, 53(2), 33-42.

TM studies face three main problems:
1 A lack of distinction between concepts and practice in innovation, knowledge and
TM.
2 A lack of universally accepted conceptual models or frameworks to understand the
practical application of TM.
3 A lack of integration of key tools into the analysis of TM.

In order to tackle the first two problems, this study integrates the theory of dynamic capa-
bilities into a TM framework and offers a model for explaining the core TM activities on the
basis of technological capabilities. In this framework, TM is conceived as the development
and exploitation of technological capabilities on a constant basis. Technological capabili-
ties, being a subset of dynamic capabilities, require a capacity/ability to integrate, build and
reconfigure internal and external competencies to address rapidly changing environments.
Furthermore, competencies or routines refer to activities to be performed by assembling
firm-specific assets/resources. Thus, the analysis of TM becomes the analysis of six generic
TM activities: acquisition, exploitation, identification, learning, protection and selection.
All these activities will help to build the technological capabilities associated with them.
The proposed TM framework offers several benefits in understanding TM:

1 It establishes boundaries and relationships between TM and other management
principles, particularly with innovation. This is achieved by classifying TM activities
into two categories: primary/core and supporting activities that come from other
disciplines such as KM.

2 It helps to avoid two critical concerns: the static nature of innovation models and their
deterministic approach, thanks to the explicit indication of the nonlinear feature of
TM activities in the framework.

3 The framework is based on the management of technological capabilities, enabling
the link between TM activities and technological capabilities to be established.
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4 The use of the TM framework helps to develop a core set of generic TM activities that
can be customized by any organization (manufacturing or services) and applicable at
any level, such as R&D or business unit, and at any size.

The TM activities model is highly flexible, and offers a good starting point for managers as
well as engineers and management students who want to pursue careers in TM. It shows
what skills and knowledge are necessary to manage technology in order to develop and
exploit particular technological capabilities within firms.

Regarding the problem of the integration of key tools that facilitate TM activities into
the analysis of TM, the book offers six tools to be included in a toolkit for technology man-
agers: patent analysis, portfolio management, road-mapping, S-curve, stage-gate and value
analysis. These tools are the prevailing ones across TM processes and capture internal and
external dynamics.

While Part | will present each TM activity, Part Il is about the TM tools. Activities
and tools are presented in alphabetical order. The links between activities and tools are
highlighted whenever relevant (for details see Appendix). Understanding the generic TM
activities and the tools used in carrying out these activities will not only improve the
understanding of TM in academic terms but also as a profession. TM should offer some
practical guidelines to apply and reinforce TM concepts within the business so that manag-
ers can incorporate TM into their daily routines.

@) Key Questons

Why does dynamic-capabilities theory improve the understanding of TM?
1 How has the TM discipline changed over the past 50 years?
2 What is the TM framework?
3 What are the main generic TM activities?
4 What are the main generic TM tools and what criteria are used to select them?
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Technology management (TM) is the management of technological capabilities to shape
and accomplish the strategic and operational objectives of an organization. Knowing
that technological capabilities comprise a collection of activities to explore and exploit
technologies, TM can be conceived as a set of activities. In order for the performance of
an activity to constitute a capability, the capability must have reached some threshold
level of practised or routine activity. Each TM activity is related to a certain technological
capability and thus it comprises a set of routines. Routines, repetitive pattern of activities,
are similar to processes that achieve a managerial objective through the transformation
of inputs into outputs. The term ‘activity’ is used interchangeably with process or routine
throughout the text.

Acquisition

Exploitation

Identification

Learning

Protection

Figure .1 TM activities

Part | consists of six chapters; each chapter is dedicated to a specific TM activity shown
in Figure 1.1 above, where the activity name is the same as the specific technological capa-
bility it aims to develop and exploit. The chapters are in alphabetical order to avoid any
linear thinking about the sequence and hierarchy of each TM activity.

In this book, TM activities refer to the kinds of operations firms perform in their day-
to-day routines. There might be multiple paths to the same dynamic capabilities and
this is also true with technological capabilities. For example, the identification capability
might be achieved with the formal establishment of an intelligence unit or just assigning
one person. However, capabilities are similar in terms of key attributes, so each chapter is
intended to exhibit common features associated with effective processes/routines across
firms. These processes are drawn from the literature based on best practice. In other words,
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for simplicity, each chapter will describe generic processes/routines to illustrate the set of
tasks needed to be carried out in order to achieve a particular technological capability.

It is important to remember, however, that these general processes aiming to achieve a
goal might be carried out in many forms in real life. Managers need to realize that there is a
degree of customization before any process is put into place in its context.

Chapters 2-7 have a similar format:

Learning objectives.
Introduction.
Definition.
Processes.

Case study.
Summary.

Case studies present real-life examples showing the different facets of each TM activity
in varying detail. Almost all cases come from Research-Technology Management, a highly
respected practice journal in the field of TM.



ACQUISITION

Learning objectives
After studying this chapter, you should be able to:

1 Differentiate between the two types of technology sourcing approaches: internal
and external acquisition.

2 |dentify advantages and disadvantages of acquisition types.

3 Understand the R&D capabilities and processes involved in producing new products,
services and technologies.

4 Understand the relevance of open innovation in sourcing technology.

5 Learn about the variety of collaboration/alliance/network types and the process of
external acquisition.

6 Observe the links between internal and external acquisitions.

2.1 Introduction

Acquisition relates to how the company will obtain the technologies needed for its busi-
ness. Acquisition might be through internal technology development, collaborative devel-
opment or purchasing from external developers. Depending on the type of acquisition,
exemplar processes might be a simple purchasing act, internal R&D or complicated forms
of collaborations that might range from a corporate merger to a research consortium. The
concept of ‘open innovation’ also has implications for the acquisition and exploitation of
technology, as organizations explore new ways to exchange ideas with a variety of new
partners.

This chapter focuses on the internal development of technologies (internal R&D
capability) as well as the co-development of technologies with outside partners/
collaborators (external acquisition capability). While the former is an in-house series
of activities, the latter is based on activities involving inter-organizational relationships,
popularly known as ‘open innovation’. The chapter prefers to distinguish internal and
external activities to understand distinct processes that are nested in real life. However
acquisition takes place, the acquisition capability is the major base for building innova-
tion capacity in an organization, but naturally innovation is generated across the borders
of the R&D departments and can take place at any unit, department or staff level. Once
the technology is acquired either internally or externally, it needs to be protected, as
discussed in Chapter 6.

25
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2.2 Internal acquisition: R&D

Definition

R&D encompasses a set of processes for creating a firm's technologies in-house. As its
name shows, there are two main goals of R&D:

1 Doing research to generate new knowledge and technical ideas aimed at new and
enhanced products, manufacturing processes and services.

2 Development activities where ideas are transformed into working prototypes and
embodied in new products and services, including manufacturing, distribution
and use.

In open innovation systems, the technology creation function has evolved into a broader
context where both in-house and collaborative technology creation activities fall into the
realm of R&D management, but as the case of Procter & Gamble (P&G) given at the end
of the chapter indicates, firms organize their R&D along the lines of internal and external
activities. Thus, external acquisition is discussed in the next section to accommodate all
forms of collaborative means of inter-firm/inter-organizational R&D activities.

Radical technological changes and open innovation systems do not reduce the role of R&D
departments of firms, rather they change and strengthen it. While open innovation systems
do not focus exclusively on technology as the source of innovation, the implementation of
such an approach may well have implications for internal resources and routines, leading to
a higher return on R&D investments (Drake et al,, 2006). This is clearly indicated in discus-
sions about absorptive capacity (Cohen and Levinthal, 1990). There may be many external
technological opportunities available for exploitation by firms, but this happens only if com-
panies have strong knowledge capabilities/competencies that can recognize opportunities
and transfer them into their context-specific/system knowledge (Larson, 2007). This kind of
absorptive capacity requires an R&D department and related capabilities.

2.3 R&D processes

When technology strategy is developed, the broad goals for technologies are decided at the
corporate level. These goals are transferred to the R&D department, starting a chain effect
of generation and selection of projects on the basis of the general goals. The ultimate aim
is to identify and deliver a portfolio of R&D projects that will satisfy the strategic needs.
Once projects are identified and agreed upon, the R&D department implements them,
managing the selected projects. Some of these projects might be chosen strategically to be
carried out in collaboration with external partners.

R&D managers need to develop projects and manage them properly following project
management guidelines. Projects might be different depending on the goal. The degree of
process innovations combined with the level of product changes can help to describe the
R&D management projects (Wheelwright and Clark, 1992). Accordingly, there are three
main research project types: incremental, platform and radical. Besides this categorization,
another set of projects might be basic research projects that are not necessarily product
and process oriented. This type of blue-sky scientific project can result in new break-
throughs applicable to company-specific knowledge.
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In addition to research projects, companies may have R&D projects devoted to ensuring
that production and other operational systems continue to function and improve. These
'sustaining’ or ‘technical service’ projects are required to solve unexpected problems or
enable equipment maintenance (Burgelman et al, 2004). This group of projects relate to
continuous improvement — as part of the ‘D’ in R&D. The details of these types of project
are discussed in Chapter 3.

Once R&D projects are identified and feasible projects selected, their management is
similar to other project management activities (Scott, 2000). However, the generation of
R&D projects has characteristics different from other types of project, namely marketing
projects. Because of the distinct features of R&D, this section focuses on three main pro-
cesses within the R&D context:

1 R&D portfolio management.
2 New product/service development.
3 New process development.

R&D portfolio management

The expectation from an R&D manager is to develop a set of R&D projects that will form
a portfolio. In the finance domain, the goal of portfolio management is to decide what
assets to include in the portfolio, given the goals of the portfolio owner and changing
economic conditions. Selection involves deciding which assets to purchase, how many to
purchase, when to purchase them and which assets to divest. In addition, decisions about
portfolio projects always involve some sort of performance measurement, most typically
expected return on the portfolio and the risk associated with this return. Similar thinking
applies to R&D portfolios, although the type of assets, risks and returns are different.

Portfolio management will be discussed as an approach that helps R&D processes in
Chapter 9. In general, the challenge of R&D portfolio management is one of constrained
optimization under conditions of uncertainty: a multi-project and multi-stage decision
model. R&D needs to be carried out under a complex set of conditions (Cooper and
Edgett, 1997; Kim and Wilemon, 2002):

o Uncertain and changing information about technologies.

o The existence of dynamic opportunities, multiple goals and the strategic considerations
of firms’ managers.

e High interdependence among projects.

e Multiple decision makers from different management units.

This picture becomes even more complicated when R&D projects are carried out in collab-
oration with external partners, ranging from customers to universities. Further, strategic
decisions about R&D projects are tied in with the management of intellectual property
rights (IPR). Without a proper protection strategy, as discussed in Chapter 6, the forma-
tion of a project portfolio is difficult.

New product/service development

‘New product development’ is the term used to describe the complete process of bring-
ing a new product or service to market. There are several ways of classifying the type of
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new product or service. A classical approach shows the types on the basis of a product’s
newness to the market and company (Burgelman et al,, 2004). Accordingly, some products
are completely new products, since they are new not only to the company but also to the
market. Some products may be new to the particular market but not to the company;
these might be referred to as ‘repositioned’ products. In some cases, products may be
neither new to the market nor the company, where product changes are incremental. New
product development activities form part of the broader process of innovation manage-
ment (Lehmann and Winer, 2004).

In general, the new product development process aims to capture the exploitable
knowledge that is generated by R&D activities and can be divided into six phases/stages
(Kahn, 2004). These basic stages start with ideation and move into preliminary and detailed
investigation stages that build the basis for the feasibility reports. Development then takes
place and the results are tested through a pilot run. Depending on the results, the final
stage, full production, takes place or some further refinement/development studies are
carried out. In this book, any activity carried out after development, such as commerciali-
zation, is considered under the topic of exploitation.

Formal product/service and process development systems have been widely adopted
by industry, often based on the Stage-Gate system® (Cooper and Kleinschmidt, 1994;
Cooper, 2008). There are many versions and adaptations of this process, based on the
common principle of separating the various stages by gates where product development
activities are evaluated according to the performance achieved, leading to a decision as to
whether and how to continue or to stop. The details of the Stage-Gate process are given in
Chapter 12. As a product moves from idea to commercialization, the Stage-Gate model
achieves two primary functions: it provides parallel processing of all the elements impact-
ing on the development of the product, such as technology and market, while ensuring
a gradual increase in the project’s probability of success as one moves to later stages and
larger amounts of capital are committed.

The phases of new product development are often depicted as a development funnel
that consists of research, development and commercialization. It is also known as the ‘idea/
project funnel’ Broadly speaking, there are two parallel paths involved in the new product
development process: one involves idea generation, product design and detailed engineer-
ing; while the other involves market research and marketing analysis. This simplification
shows that R&D activities are very much integrated with creativity and commercialization.
Creativity is particularly important for generating ideas at the early stage. This is mainly
tackled in Chapter 5, while commercialization is discussed in Chapter 3. More recently, the
development funnel has been adapted (Figure 2.1) to accommodate the implications of
open innovation and show the exchange of ideas, technology and other IP with external
organizations. This transition from a closed to an open system, based on permeable com-
pany boundaries, has procedural and cultural consequences for the individuals involved.
Previous training to be secretive about confidential information will need to be modified
to encourage a (safe) exchange with the outside world.

Even though the idea/project funnel seems to be a simple process, the new product
development process can be divided into highly detailed sub-processes, as described in
Chapter 12. But it is important to remember that these sub-processes are not always fol-
lowed in a linear sequence as implied by the funnel model. In fact, many companies engage
in several new product development stages at the same time, referred to as concurrent
engineering (Cooper, 2008).
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Figure 2.1 The model of open innovation

Source: Based on Hayes et al. (1988); Chesbrough (2003); Docherty (2006).

Even though the new product development phases are, in general, described just for one
product or a service, it is important to consider the whole product life cycle (Burgelman
et al., 2004). In particular, new product development analysis should incorporate product-
family/platforms thinking. A product family consists of products that have similar
features, typically with a shared technology basis. It provides an architecture based on
commonality and similarity. The various product variants can be derived from the basic
product family, which creates the opportunity to reuse and differentiate products in the
family (Meyer et al., 2005). The approach focuses on the process of engineering new prod-
ucts in such a way that enables the reuse of product components, with the benefits of
increased variability and decreased costs and time.

A company can develop its product-family structure by mapping existing products and
comparing the assumptions underlying current product lines. By observing the evolution
of a company’s product lines, it is possible to expose products to different markets and
understand the technologies that have been driving the evolution of the products.

New process development

In general, certain product strategies may necessitate a corresponding process technology.
However, as the level of technological sophistication increases, these relationships are
altered (Hayes et al., 1984, 1988). For example, historically, project-type product and job-
shop processes corresponded to craft production, whereas assembly line and continuous
processes have been associated with mass production technology. Mass customization has
challenged these linkages. Mass customization makes it economically possible to consider
the commercialization of less standardized products in a quasi-continuous process.
Besides searching for a fit between product and process, process innovations are an
important element of any product innovation. Over time the dynamics of innovation shift



30 Partl: Technology Management Activities

from product innovation to process innovation (Utterback, 1994). In other words, innova-
tions start with a new product idea but when production starts, actual problems on the
shop floor trigger the need for adjustments, as well as feedback from customers/markets
that call for process improvements such as quality. All these various reasons result in an
intensified need for process innovations.

New process development can be characterized in terms of the degree of innovation
in the process, ranging from incremental to radical process change. Similar to product
families, processes can form platforms as well. Stretching the idea of individual processes
into a set of related processes increases the utilization of common technologies across
these processes by creating synergies and optimization. This is why any project involving
process development should take into consideration the concept of process families, such
as process architectures.

The key tasks in designing a new process are as follows (Tushman and Andersen, 2004):

Identifying processes for innovation.

Identifying change elements.

Developing process visions.

Defining business strategy and process vision.

Understanding existing processes.

Understanding the structure and flow of the current process.
Measuring the performance of the current process.

Designing and prototyping the new process.

Implementing and operationalizing the process and associated systems.
Communicating results and building commitment.

® & & & ¢ & & & 0 O

The tools applicable for new process and product development range from activity-based
costing to business process re-engineering. The majority of the available tools have
emerged from the total quality management field. Some of the most popular and powerful
methods are (Melnyk and Denzler, 1996; Burgelman et al., 2004):

e Taguchi’s methods of parameter design (for the product and process domains) and
tolerance design (for the product domain).

Design for assembly.

Design for manufacturing.

Design for serviceability.

Design for testability.

Design for environment.

System engineering.

Value analysis and value engineering.

2.4 External technology acquisition

Definition

An enterprise can either develop its technological products, processes or services internally
or acquire them externally. Technology acquisition might range from buying skills and
know-how to embedded technologies in components and products. It includes the use of
external sources not only for well-defined technology needs but also emerging technology
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development. In recent years, there has been a dramatic increase in sourcing innovation
externally, referred to as ‘open innovation’, where firms collaborate with external organiza-
tions ranging from universities to research companies across the globe (Chesbrough, 2003).
This is why external technology acquisition consists of ‘buy’ and ‘collaborate’ options.

Even though the set of technologies to be sourced externally might be decided at the
strategy level, there is a need for an integrated plan of acquisition which optimizes the
benefits of buying in. When there are a number of technologies to be outsourced, there
is 2 need to manage the portfolio and review it on a regular basis in the light of new infor-
mation on markets, competitors and technologies, as the relative strategic importance
of technologies will change over time. But more importantly, the external innovation
activities need to be integrated into processes such as the firm’s budget processes and R&D
systems.

In general, companies might prefer to acquire technologies because of limited internal
resources, time pressure, lack of complementary assets, diversification, influence over
standards or to protect internal technologies and avoid development risks (Johnes et al,
2001). But the acquisition decision cannot be done alone. As discussed in Chapter 7, the
make-buy-collaborate decision is a difficult one and managers might follow different crite-
ria to find an optimum solution of these integrated decisions.

Sourcing technology externally demands relationships with other organizations and
managers need to choose among different forms of inter-firm collaborations/alliances,
known as ‘acquisition channels’ (Slowinski et al., 2009). The forms of alliances may vary
according to how they are defined. One classification is based on the two key dimensions
(Spekman and Isabella, 2000): the degree of control (from arm’s length to full mergers and
acquisitions — M&A) and the duration of the commitment (either short or long). Control
refers to the legal ownership; for example an arm’s-length relationship indicates no owner-
ship relationship between parties involved in the alliance, while M&A result in one legal
entity being formed through complete equity ownership of the parties taking part in the
alliance.

All forms of inter-firm collaborations have certain advantages and disadvantages to
firms. A basic categorization of alliance options includes (Chiesa and Manzini, 1998;
Spekman and Isabella, 2000):

Purchasing.
Subcontracting/outsourcing/contracted-out R&D.
Licensing.

Alliances.

ME&A.

Purchasing/arm’s-length transactions

Purchasing has clear-cut processes and the degree of collaboration is the least among the
five collaboration options. After the company searches for what is available in the market,
it decides whether or not to buy a technology and then negotiates on price with the
supplier/vendor. In broad terms, what you see should be what you get. A purchasing act is,
by and large, a one-time event and does not require a close relationship. However, continu-
ous purchasing from one technology supplier might result in a relationship developing
over time.
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In a purchase, a company buys a product or service that embodies technologies. In some
cases, vendors/suppliers may initiate the transaction. Large suppliers, in particular, who are
leaders in their sector, may have innovations that are appropriate for the company, which
they will proactively market and sell.

Contracted-out R&D

Contracting R&D is where a company uses the services of a contract research organiza-
tion or some other party to develop a new process or product. In some cases, companies
contract out R&D to individual consultants/experts/researchers in order to tap into
distinct competencies that the company lacks. Contracting is suitable for those situa-
tions where the company has a low standing in the technological area. As it is contracted
out, the company has little managerial input in the process. The third party might be a
commercial company, a commercial R&D laboratory, a university or even a competitor. The
goal of the contract might be to gain an experiment result, a proof-of-principle demonstra-
tor, a prototype, a solution to a problem or machinery.

In rare cases, companies may choose to sponsor blue-sky projects in universities so that
the results might be useful in the long term for their internal R&D.

Licensing

Licensing refers to the conventional situation where a company holds a licence for the use
of a product design, a process or a marketing package or some combination of all three,
on a franchise basis. The licensee company looks at what is available, deciding whether or
not to buy and then negotiates on price. In broad terms, what you see should be what
you get, but in practice technology can rarely be readily packaged, requiring a combination
of drawings, documents, experience and know-how to be transferred to the purchasing
company context.

Licensing initiates a long-term relationship between licensor and licensee companies
equivalent to the licence duration. By licensing, a company confirms that it has no objec-
tive of being a leader in the licensed technology, at least in the short term. The major
advantages are to speed the technology adoption and reduce the risk and cost of develop-
ing the technology.

Alliances

Several types of alliance are possible, ranging from ad-hoc partnerships formed to solve
specific problems, through to complex alliances and joint ventures, to complete acquisi-
tions. Ad-hoc alliances are flexible and are normally used to develop a technology that is
critical to two or more businesses. Forming a consortium is another flexible alliance form,
where many partners come together for pre-competitive R&D with no equity relation-
ship involved. More complex alliance forms may be used to help two or more businesses
operating in different sectors to pool their resources and generate synergy so that the
companies can gain access to a critical technology in which they are weak. The joint venture
is a type of complex alliance in which the area of cooperation is well defined and sufficiently
long term to merit the creation of a separate legal entity. A joint venture shares the risks
and costs of acquisition between two or more partners and is valuable when these are high.
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For example, while developing the iPod music player, Apple did not develop the player
in-house but created an alliance. It used a Toshiba disk drive, based the iPod software on a
platform developed by Portal-Player and the music management software was developed
by Pixo (Terwiesch and Ulrich, 2008).

M&A

Acquisition of a company is the most certain way of securing a technology and prevent-
ing others from acquiring it, although if the two companies are of roughly equivalent size,
a merger may be appropriate. The goal in all M&A activity is to acquire and integrate an
external entity into the existing company.

Acquisition is the fastest way of transferring required external critical capabilities and
resources into the firm to support and help internal core competencies. However, the
post-acquisition/merger of two companies can be slow and difficult. Particular challenges
include potential organizational culture clashes and managerial problems that might result
in a failure of the merger.

2.5 External acquisition processes

Managing technology acquisition is a multifaceted process. For example, Daim and Kocao-
glu (2008) offer the following steps to be taken in technology acquisition:

Technology gap analysis/problem identification.
Identification of the technology alternatives.

Acquisition of the technologies.

o

o

o Evaluation of the technology alternatives.

®

o Impacts through the acquisition of technologies.

However, this process flow applies to purchasing/arm’s-length relationships rather than
other forms of external acquisition processes, including collaborations. Therefore, for each
technology and situation, there is a need to choose which acquisition approach to follow.
The following six phases provide a useful framework for structuring acquisition processes
(Chiesa and Manzini, 1998; Slowinski and Zerby, 2008; Slowinski et al., 2009):

1 Goal setting.

2 Finding technology suppliers.

3 Choosing acquisition method.

4 Contract preparation and negotiation.

5 Technology transfer.

6 Managing long-term collaboration.
Goal setting

Companies cannot afford to develop all technologies in-house but equally companies
should not outsource everything. That is why technology forecasting and technology strat-
egy activities supply important inputs when goals are set for technology acquisition. As
discussed in Chapter 4, Clorox and Baxter Healthcare make explicit searches for opportuni-
ties outside the firm, regardless of who owns them.
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Managers need to be aware of their current and future required technology portfolios
and what they need to do to advance the competitive position of their companies. An
important goal that is set during strategy development is to decide on what the core
competencies of the company need to be. Having a core competence list helps manag-
ers to make technology acquisition decisions that are based on the degree to which the
competencies support both current and future business activities and needs. So protecting
core competencies is a critical goal in deciding which technologies to buy in.

Cost-benefit analysis is a useful decision tool when buying a technology. For example,
buying in technology can be beneficial for base technologies, providing flexibility and sav-
ing time and money and can be beneficial for key and pacing technologies, facilitating cost
sharing and increasing flexibility.

The goals for technology acquisition need to be coordinated with R&D management
and decisions, considered in more detail in Chapter 7. The strategic goals will determine
how the next processes in technology acquisition will be carried out.

Finding technology suppliers

Companies may utilize many different approaches to identify external technology. As
discussed in Chapter 4, a formal intelligence unit might be established to keep an eye on the
external environment, with the task of supplying information relating to potential technol-
ogy suppliers and available technologies. If there is no formal forecasting/intelligence unit
within an organization, then patent and literature searches, university and federal labora-
tory contacts as well as technology brokers and entrepreneurs all provide access to external
technology. Some companies have dedicated individuals or teams who identify targeted
technologies and acquire them with the involvement of the appropriate business units.

If there are a number of technology suppliers with different technology capabilities, as in
any purchasing activity, an assessment will be needed for the technologies and the suppliers.
For TM, any of the technology assessment techniques might be used. In the case of assessing
suppliers, the situation can be complicated as suppliers might be customers, vendors, tech-
nology firms, universities and even competitors. Supplier assessment may depend on the
potential supplier’s experience, track record in technology, cultural fit with the company,
geographical distance and its reputation. Success will be more likely for compatible partners
that share similar aspirations, culture and strategic objectives. Mechanisms developed in
advanced countries, such as innovation relay centres established by the European Union
(EV), provide support for organizations seeking technology suppliers and customers.

Choosing acquisition method

Since technology acquisition options range from arm’s-length transactions to M&A, the
choice of acquisition method is a critical task. Among all potential forms of organizational
collaborations, firms decide which form of collaboration is preferable on the basis of three
main criteria:

1 The objectives of the collaboration.
2 The content of the collaboration.
3 The typology of partners involved in the process (Chiesa and Manzini, 1998).

An appropriate organizational form that matches all these criteria should be selected.
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The objective of collaboration may be broad, limited or learning oriented. The content
of the collaboration will depend on various aspects relating to the technology, such as the
firm’s familiarity with the technology, relevance to the firm’s competitive position, tech-
nology life cycle, level of risk, appropriability/ownership of the innovation, phase of the
innovation process, level of asset specialization and divisibility of assets (Teece, 1986). The
typology of partners might be decided on the basis of the firm’s characteristics, country
location of the partner, sector of activity and contractual power.

The assessment and approach depend on a company’s priorities. If a company wants
to acquire technological competence by learning from a partner, it might choose to do an
in-depth exchange through collaborative R&D, leading to a close form of alliance. Thus, a
firm’s technology strategy and the particular goals of the technology acquisition will influ-
ence the selection of the suitable collaboration form.

Contract preparation and negotiation

The purchasing option is relatively simple to manage, after identifying the potential sell-
ers and agreeing on the conditions of purchase. However, acquisitions that require more
complex organizational collaborations will typically involve more complicated arrange-
ments, with a need to integrate a contract preparation process into the technology acquisi-
tion activity.

The formality of a contract will vary with the number of partners and the contents of
the deal. Contracts are helpful in setting the boundaries of alliances in terms of:

Scope and time.

Describing the content of the collaboration.

Defining IP.

Indicating the division of labour among partners.

The rules of funding/investment.

Clarifying exit options and fall-back positions.

The duties and responsibilities of partners including their investments.

Penalties for not delivering on promises.

Contracts help to define and articulate the conditions of the interaction, but ultimately the
key issue is one of trust and ethics.

The preparation of the contract is a negotiation process between partners. The degree
to which they can influence the terms and conditions will depend on their relative power.

Technology transfer

After a technology is developed collaboratively or by the supplier, it is delivered to the
buyer for use. However, technologies are not stand-alone hardware; on the contrary, they
demand know-how and skills to apply them, as shown in Chapter 3 in the case of BICC
in establishing its new cable plant. Moreover, emerging technologies have no clear prod-
uct application, their application potential is ill-defined and they are not guaranteed to
succeed. For knowledge created in a collaboration to become either a success or a failure is
partly the responsibility of the technology manager. This is why its transfer into the buyer’s
own facilities needs to be managed as a distinct process, which is covered in more detail in
Chapter 3.
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Managing long-term collaboration

There are many critical managerial concerns in technology collaborations involving many
partners. Depending on the size of the companies, there might be a need to have a lead
company to balance the power and expectations among partners. Even though there
might be symmetry with respect to the size of companies, there still might be a need to
have a leader to represent the collaboration and to coordinate the interactions between
the partners and maintain the balance (Spivey et al., 2009).

Activities within the collaborating network need to be managed, controlled and
coordinated. Control implies measurement and evaluation, but for this type of technol-
ogy collaboration, it may be challenging to define and agree on appropriate performance
measures and evaluation mechanisms (Cetindamar and Ulusoy, 2008). Trust is another soft
factor in running collaborations successfully and it is not developed overnight. Partners
need to work on building trust explicitly and invest in building a common culture that
promotes trust and common thinking. Learning is typically an issue for each partner, to
varying degrees. They all have different sets of competencies and they exchange them
throughout the relationship, but if learning is not set as a goal, many partners might fail to
do it. Another problem with learning might be the different levels of knowledge in compa-
nies that limits their absorptive capacity.

In some cases, collaboration is done with competitors. In these cases, it is important to
remember that collaboration is competition in a different form. Companies must defend
themselves against competitive compromise and develop safeguards to protect core com-
petencies. In addition, knowledge acquired from a competitor-partner needs to be diffused
through the organization in order to utilize it in an optimum way.

Another dimension in collaborations is to consider the changes in managerial needs
during the evolution of collaborations. Companies need to have cooperative relation-
ships with some stakeholders and at the same time take precautions against competitors
(Prahalad and Hamel, 1990; Chiesa and Manzini, 1998). These contradictions might also
change over the life cycle of technology to protect core competencies. This is why manage-
ment needs to take strategic actions to manage competition and cooperation over the life
of the collaboration.

Even if all the processes of technology sourcing are well managed and effective, compa-
nies may suffer from the ‘not-invented-here’ syndrome, where employees reject the adop-
tion and implementation of the purchased technology since it is not internally produced.
Thus, change management is an important consideration in any technology acquisition
activity.

2.6 The environment assessment in acquisition decisions

Managers increasingly face environmental problems as discussed in Chapter 14. That is why
decisions regarding technology acquisition take into account environment as a new dimen-
sion while assessing the benefits of technologies before investing in them. In parallel to this,
there are new tools that help managers to become sustainable. For example, environmen-
tally conscious design (eco-design) or Design for Environment is becoming an increasingly
important tool (Bevilacqua et al, 2007). The introduction of eco-design methodologies
in manufacturing firms emphasized to environmental aspects right from the start of the
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design stage leading to a reduction in the materials used and the waste products, avoiding
any future weaknesses and inefficiencies. Eco-design considers the potential environmental
impact throughout the life cycle of the product: emission of harmful substances, excessive
use of energy or nonrenewable energy sources. It also considers the life cycle of the materi-
als from extraction to disposal. In this way the designers do not create just a product but a
whole life cycle.

The life cycle engineering approach aims to integrate the technical, economical and
environmental distinctive evaluations. There might be different ways of applying this
approach. One such model will be summarized and its application will be shown. The
exemplar approach is composed of three elements: a life cycle cost model, a life cycle
assessment model and multiple attributes decision-making method (Pecas et al.,, 2009).
The former includes and correlates the cost factors, allowing the economic performance
assessment, while the latter allows the environmental performance evaluation. The final
element, multiple attributes decision-making method, helps to assess the contribution of
technical performance over the life cycle.

An example helps to illustrate how the life cycle engineering approach evaluates two
candidate technologies to be used in the production of very small volumes of polymeric
parts (Pecas et al.,, 2009). Accordingly, two rival moulds inject the same plastic part, but
they differ essentially in the cavity and core materials as well as the technologies used
to produce them. One is a mould made of a spray metal shell backfilled with resin and
aluminium powder (STM mould) and the other is based on machined aluminium (CM
mould).

The cost incurred during the overall life cycle is determined by the sum of the sev-
eral cost items inherent to successive life cycle phases. The total cost in the mould
example consists of three categories: the process costs, including machine and labour
costs; the material costs, associated with the consumption of materials (raw materi-
als and standard components); and the energy costs, related to the amount of energy
consumed by the equipments. The costs are assumed for a production volume of
200 units.

The life cycle assessment uses internationally available standards (called I1SO 14040-3
and Eco-Indicator 99) that consider several environmental impact categories, aggregating
all the emissions and resources consumption into three areas: human health, ecosystem
quality and resources.

The evaluation of the technical performance of a product, a tool or other equipment
relies on the know-how of professionals (and users) to choose the relevant technical
attributes for the application. Some of the selected attributes are technology availability,
time-to-plastic part production, mould capability, mould robustness, mould durability,
reusability and so on.

The assessment of the results achieved help to evaluate the alternatives. The outcomes
of each individual dimension of analysis (technical, economical and environmental per-
formance) are adimensionalized to allow the attribution of importance weights. The sum
of the three dimensions’ weights must be 100% and different combinations of weights
might result in a different ‘best mould. The decision on weights to the dimensions of
analysis reflects a corporation strategy. The possible ‘best moulds’ correlated to its domain
of weights are shown in Figure 2.2 where each axis represents one dimension of analysis.
The diagram illustrates the ‘best mould’ for a particular set of importance weights and the
domain of weights for each ‘best mould".
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Economical performance
Figure 2.2 Technical, environmental and economical performance evaluation

Source: Pecas et al., 2009.

In general, Figure 2.2 shows that STM mould performs better both in economical and
environmental terms, while CM mould performs better regarding technological issues.
But the final selection of the best mould depends on the company strategy. For example,
if a company gives high importance to cost and low importance to both environmental
impact and technical performance, modelled with importance weights of 85%, 5% and
10% respectively, the STM mould would be the selected first (point A of Figure 2.2).
Another scenario is illustrated in point C of Figure 2.2, where high importance is given to
the mould technical performance (60%) and a lower importance is given to economic and
environmental performance, 30% and 10% respectively. In this scenario it is clear that the
best option is the CM mould.

As this case illustrates, there are many ways of incorporating environment dimension
into the decision making of technology acquisitions. Depending on company strategy, the
method to be deployed and the relative importance of environment dimension might
show variance. In short, managers are equipped with many tools that could help them
assess the impact of technology on environment before they invest in technologies.

@) Coe iy

Technology acquisition consists of internal and external acquisition capabilities, as clearly
shown in the case of P&G. In general, firms find different mechanisms to organize their
R&D along the lines of internal and external activities ranging from centralized R&D
departments to joint developments. By expanding their acquisition capabilities, firms
manage to tap into a wide variety of opportunities.

Caopyrighted materia
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P&G

P&G has 8,000 researchers, 40% of whom work outside North America. Consequently,
P&G pursues a ‘Connect + Develop’ strategy that involves the use of corporate intranet
and ‘smart’ reporting systems for knowledge sharing, communities of practice, technol-
ogy entrepreneurs, joint technology development, liberal licensing of IP, government
and university capabilities and a connection-making exposition, as shown in Figure 2.3.
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Figure 2.3 Internal and external linkages at P&G

Linking technologies in unexpected ways lies at the heart of breakthrough innova-
tion in P&G products, packages and processes and it significantly reduces product
costs, improves quality and speeds product delivery.

Examples of internal resources

P&G'’s Global Technology Council is made up of business unit technology directors,
corporate R&D heads and key geographical R&D leaders to represent all the company
competencies. This working forum explores how to leverage P&G technologies and
serves as an ‘incubator’ for exploratory research and early-stage product development.
There are 20 chartered communities of practice, sponsored by an R&D vice president
appointed by the chief technology officer. Each represents a shared interest across
P&G and has the budget and effective leadership to promote cross-fertilization and
diffusion of expertise. Some of the larger communities of practice have full-time staff
leading them. Their activities include active problem solving via email conferences,
knowledge sharing via live seminars and websites, recognition for expert practitioners

(Continued)



40 Partl: Technology Management Activities

and active seeking of internal and external expertise and tools for diffusion throughout
the organization.

Examples of external resources

P&G employs a broad range of joint technology developments. Critical supplier part-
nerships are established so that staff are on site at supplier facilities, working together
to develop and commercialize new chemicals, materials and mechanical processes. In
effect, suppliers’ R&D labs are now an extension of the company’s innovating capability.
Complementary technology innovations involve joint developments with com-
panies whose expertise is in strikingly different technical areas. The technology
acquisition group actively seeks out new technologies and products. Stepping up
the licensing of technologies allows P&G to access complementary technologies that
would fill gaps in the IP portfolio. P&G is also actively licensing or donating P&G tech-
nologies to increase returns for the IP portfolios. P&G is a technology-rich company:
27,000 patents, 4,000 unique titles and 3,000 new patents each year. Even with a large
$1.8bn annual investment in R&D, P&G uses less than 10% of its own technologies in
company products and there is a lot of value to be had in the remaining 90%.

Resources/tools

P&G has a powerful internal website called ‘InnovationNet’, with a target audience of
18,000 innovators across R&D, engineering, market research, purchasing and patent
divisions. It hosts 600 websites for global project teams and individual problem-solving
and connection-making websites for 20 communities of practice. This adds up to
nearly nine million documents online and growing daily. InnovationNet has automa-
tion and artificial intelligence that tracks users’ interests, suggests reading material and
identifies other users with similar interests.

As a means for stimulating technology awareness and innovation, P&G organized a
deal-making/technology trading expo in 2000. This three-day event showcased over 100
of P&C’s most promising, cutting-edge technologies with a global audience consisting
of R&D, engineering, marketing and general management. Over 5,000 P&G researchers
attended the expo. P&G used the latest in webcasting and satellite technology to create
an internal innovation news network, complete with news anchors, reporters and even
commercials. P&G invited external suppliers to showcase their technologies at the trad-
ing expo as well, with more than 600 representatives from 50 exhibitors of non-P&G
technologies. Participants included developmental suppliers, university collaborators,
federal laboratories and research institutes from around the world. As a result of the
expo, over 2,200 ideas for new products and important new uses of P&G and external
technologies were generated and entered into the Innovation 2000 database.

Source: Sakkab, N. Y. (2002) ‘Connect & Develop Complements Research & Develop at P&G/, Research-
Technology Management, 45(2), 38—45.
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Acquisition is concerned with developing technologies internally or in some form
of collaboration or buying from external developers. Examination of industrial R&D
activity over the past 50 years highlights two pillars of acquisition. As observed
in the 1970s, connecting R&D closely with manufacturing and marketing is the
first important pillar of acquisition. Trying to make R&D work with other depart-
ments has led to a more team-based innovation process and this effort linked
R&D to corporate business strategy. The other key pillar of acquisition is accessing
external technology, which has become popular as open innovation in the 2000s.
Open innovation, as described in the case of P&G through its Connect + Develop
strategy, aims to stimulate radical innovation through different management tech-
niques and organizational patterns where external players become important. This
new approach is called ‘fourth-generation innovation management’, emphasizing
dominant design, different management practices and strong chief executive officer
(CEO) leadership.

Whatever developments take place in the future, it is clear that internal and external
acquisition capabilities are crucial for long-term competitive advantage. If acquisition
is done through collaboration, as in virtual organizations, coordination and integra-
tion become crucial as a managerial process, since the interests of all parties involved
should be aligned. On the other hand, if the technology is bought, the integration of
technology becomes harder since the tacit know-how is not found in the organization.
Therefore, the integration and reconfiguration of existing organizational skills are vital
and they are sustained by the dynamic capabilities of the organization. In other words,
with static competencies, it is hard to achieve the integration of a technology bought
from a third party with the existing internal technologies. If technology is developed
in-house, the requirements differ from the other two options, since know-how is
developed by the company itself, which results in a shorter period of integration of the
new technology. On the other hand, internal acquisition usually requires installed R&D
facilities, efficient methodologies and tacit knowledge obtained through a process of
learning through experience.

@) Koy Questions

1 What differentiates the two types of technology sourcing approaches: internal
and external acquisition?

2 What are the advantages and disadvantages of these two acquisition approaches?

3 What are the R&D capabilities and processes involved in producing new products,
services and technologies?

4 What are the major types of collaboration/alliance/network used for external
technology acquisition?

5 Whatis the process of external acquisition?
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EXPLOITATION

Learning objectives
After studying this chapter, you should be able to:

1 Understand the complexity of exploitation.

2 ldentify the key features of exploitation.

3 Understand the three major sub-processes of an exploitation activity: commercial-
ization/marketing, technology transfer and utilization.

4 Appreciate the role of commercialization/marketing.

Understand the role of technology transfer.

6 Understand the role of technology utilization.

v

3.1 Introduction

The process of exploitation is concerned with generating profit or achieving other benefits
from technology. Exploitation can be defined as the utilization of new technology or scientific
developments to improve the performance of products, services or manufacturing processes.

Exploitation of technological capability is more than just commercialization, since
the expected benefits might be accrued through effective and efficient implementation,
absorption and operation of the technology. If there is not a fully working product/pro-
cess/service at hand, there will be no commercialization activity. So the exploitation activ-
ity includes three sets of sub-processes: commercialization/marketing, technology transfer
and utilization.

The commercialization process is the launch of a product/service into the market based
on a selected business model. Technology transfer consists of processes related to trans-
ferring technologies internally from an R&D unit to a manufacturing department, from an
external company/partner to the internal manufacturing department or from an internal
R&D unit to a partner company’s manufacturing department. Utilization aims to put new
technologies into use in such a way that they will be fully utilized. Utilization refers not
only to adjusting/customizing/improving but also to maintaining and integrating tech-
nologies for synergy. The utilization process is intertwined with technology transfer activi-
ties, because each implementation or launch involves reconfigurations that will demand
alignments between technology and its actual application.

In Chapter 2, the consequences of open innovation for technology acquisition were
discussed and similar considerations also apply to technology exploitation. New routes
to transfer technology may arise out of more open collaboration with a wider variety of
partner organizations.

43
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3.2 Commercialization/marketing

Definition

Commercialization is the process of introducing a new product or service into the market.
The definition of innovation clearly indicates that the commercialization process turns
an invention into an innovation, a sellable product or service in the marketplace. Many
companies are good at producing inventions but not all their inventions are put into use.
For example, the case of P&G discussed in Chapter 2 shows that the company uses less
than 10% of its own technologies in company products (Sakkab, 2002). So the technology
acquisition capability is a good start but not enough to turn inventions into profits.

The first task is to decide on the commercialization method; to a large degree, this is
made at the strategy level, as described in Chapter 7.

Technology exploitation can take one of three possible routes:

1 In-house development: the production and distribution of technology are carried out
within the company.

2 Joint commercialization: production and distribution are carried out in collaboration
with other organizations through joint ventures or other forms of alliance.

3 Selling technology: can take place at any stage of technology development, including
idea, prototype, patent and licence sales.

Making an analogy to the make-buy-collaborate decision, the exploitation activity is
involved with a make-sell-collaborate decision. Exploitation options refer to selecting a
different business model for the commercialization of technologies. In other words, exploi-
tation requires strategic thinking. The sell option is discussed in Chapter 6, while in-house
development and joint commercialization processes are discussed in Chapter 2.

A company chooses its exploitation method/business model on the basis of its strategy
and core competencies. Accordingly, its core technologies must be produced in-house
but technologies that do not fit into the company’s overall strategy might be sold or col-
laboratively commercialized with partners. The collaborative alternatives such as mergers
and consortia are covered in Chapter 2. Besides strategy, the level of exploitation will
clearly depend on the geographical distribution of a company — being a multi-plant or
international company will make a difference. The company might utilize local pockets of
innovation around the country or nurture new technologies and cross-fertilize them for
commercialization and global distribution.

Ford and Saren (1996) provide a framework for choosing an exploitation method based
on seven criteria:

Company’s relative standing.
Categories of technology.
Urgency of exploitation.

Need for support technologies.
Commitment/investment.
Technology life cycle position.
Potential application.

Based on these criteria, a company might choose its exploitation method among the follow-
ing available options: (1) internal employment in own products/processes/marketing,
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Table 3.1  Methods of direct and indirect relationships with customers

Direct relationship Indirect relationship

Direct business relationship could be development | Distributors and retailers interface with

through methods such as: customers and try to capture requirements
* Requirements specification by applying methods such as:

» Contract or order * Surveys

» Customer meetings * Focus groups

* Warranty and repair data * Market research

» Customer representatives * Interviews

» Customer service feedback

Marketing focuses on basic concepts like the four Ps as well as on the psychological and
sociological aspects of marketing. Competitive advantage is created by directly appealing,
better than the competition, to the needs, wants and behaviours of customers. Successful
marketing involves creating brands and building relationships (such as one-to-one market-
ing and customer relations management) and offering business models that other compa-
nies cannot offer.

Marketing technology is distinct from any other product or service marketing (Navens
et al, 1990; Easingwood and Koustelos, 2000). The distinctive characteristic of technology
is its innovativeness. The history of technological advancements shows that the time-lag
from invention to innovation is very high; for example it took 58 years for the ballpoint
pen to become a sellable product after it was invented in 1888. But once the innovation
is diffused, it might prevail for a long time. A famous example is the use of the QWERTY
keyboard, invented in 1873 to reduce the speed of typists but which has persisted ever
since (Rogers, 1995).

There might be many reasons why the time-lag exists between invention and innovation:
non-existent complementary technologies, existence of low-cost alternatives, standards
and government regulations (Shapiro and Varian, 1999). In the 20th century, the choice
between gas, electric and steam technologies for automobile engines was not driven by
technical criteria. Instead, assessment was based on different dimensions such as cost,
safety, range, noise and power (David, 1990).

The diffusion process is related to five main elements (Rogers, 1995):

1 The characteristics of an innovation that may influence its adoption.

2 The decision-making process that occurs when individuals consider adopting a new
idea, product or practice.

The characteristics of individuals that make them likely to adopt an innovation.

w

4 The consequences for individuals and society of adopting an innovation.
5 The communication channels used in the adoption process.

3.3 Marketing processes

Among the elements of the diffusion of innovation, the adopter categories have a specific
importance for marketing activities. Their role in marketing is discussed on the basis of four
major marketing processes (Easingwood and Koustelos, 2000; Jobber, 2001):

1 Market preparation.
2 Targeting.
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3 Positioning.
4 Execution.

These are now discussed in more detail.

Market preparation

Preparing the market refers to readying customers and other companies for the change
by educating the market on a product or service. This stage might take place while the
product is still in development. In the case of technology marketing, getting the market
ready involves building awareness of the new technology as well as forming relationships
with customers and suppliers. As technology products are complex and expensive, educat-
ing customers beforehand may improve the perception of the product. A good example is
the reaction to biotechnology-based foods in Europe, where producers have neglected to
educate the public.

For many technology products, standards play a role in influencing the commitment of
customers. Hence, alliances and licensing arrangements with other companies and even
with competitors might help the adoption of technological standards. For example, Nokia,
Sony and NTT DoCoMo formed a consortium called Symbian to develop an open source
operating system for mobile devices (Easingwood and Koustelos, 2000). Another possible
alliance mechanism is to share the new technology with original equipment manufacturers
(OEMs) so that they get used to the technology and contribute to the development and
promotion of standards, becoming partners. Besides setting standards, alliances might also
help to supply the complementary technologies needed for the success of an innovation.
For example, the success of IBM’s personal computer compared to Apple in the 1980s was
due to a wide variety of software offerings from suppliers that IBM outsourced. Software
was a critical complementary technology for the success of the hardware.

Targeting

Targeting refers to finding the right customers and learning their characteristics in order
to decide on the marketing features to direct to the varying customer segments, for which
it is important to understand adopter types. The innovation adoption curve is a model
that classifies innovation adopters into various categories, based on the idea that certain
individuals are inevitably more open to new products than others (Rogers, 1995):

o Innovators lead the change and are important for communicating the benefits of a new
innovation.

e Early adopters are willing to try out new ideas.

e Early majority adopters are willing to accept change more quickly than the average.

e Late majority adopters will only use new ideas or products when the majority are using
them.

o Laggards tend to be critical of new ideas until the new idea has become mainstream or
is in common use.

The innovation adoption curve highlights the fact that trying to quickly convince the
mass market of a new controversial idea might be a waste of time and money. In these
circumstances, it makes more sense to first convince the innovators and early adopters.
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Also the categories and percentages can be used as indicators to estimate target groups for
communication purposes.

Positioning

Positioning can be based on tangible or intangible characteristics such as image that will
distinguish the firm from its competitors. The typical strategies for positioning are low cost,
niche and product differentiation. But for technology marketing, a blue-ocean strategy is
an option, aiming to develop a new market space that makes the competition irrelevant
(Kim and Mauborgne, 2005). Many new products, such as mobile phones, created a
completely new industry.

In the case of technology, customers need to feel secure that their move to a new
technology is low risk. This is possible by offering a product that is standard or going to
be standard. Another way of making the customer feel secure about technology is using
technological superiority as the key distinguishing element/value proposition for custom-
ers (Kotler and Keller, 2006).

Technology marketing builds its positioning according to the adopter type. While
innovators might be interested in technological superiority, the early-majority type is likely
to be motivated by a well-functioning, low-cost version of the new technology. In fact,
the main difficulty in marketing technology happens in the interval of going from early
adopters to the early majority. This is often termed ‘crossing the chasm) since the early
adopter and majority types have completely different concerns and new technology firms
can struggle to satisfy their concerns with their limited resources (Moore, 1991). This is
why crossing the chasm requires a clear-cut positioning strategy based on developing a
completely working product/application rather than diversification. Once the product/
application works, marketing to the early majority type is a matter of:

Attending industry conferences and trade shows.
Frequent mentions in industry magazines.

Being installed in other companies in the same industry.
Developing industry-specific applications.

Alliances with other key suppliers to the industry.

Execution

The way across the chasm is to target the company’s resources to one or two specific niche
markets where it can dominate rapidly and force out competitors. It can then use the
dominance of the first niche to attack the surrounding niches and eventually reach the
broader early majority group (Easingwood and Koustelos, 2000). This progressive approach
will ultimately build a winning image and develop the trust of customers in the company.
Customer trust and company image reduce the risk of adoption, but technology firms need
to do more than that. There is a risk associated with learning new technology and there
may be substantial assets committed to old/different technology. For example, changing
a computer hardware platform may require changes in software and peripherals. Another
dimension of risk of adoption in the eyes of customers is network externalities. Customers
build relationships around their technologies, such as trusted suppliers and service provid-
ers. Network externality is built over time and might become binding. To reduce the risk of
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adoption, technology companies might consider offering a trial version, training customers
in using the new technology and making the application as compatible as possible. Thus
technology producers need to focus on strategic alliances as a critical marketing tool.

3.4 Technology transfer

Definition

Technology transfer is the process by which the technology, knowledge and information
developed by a creator is applied and utilized by an applier (Khalil, 2000). Creators might
be an individual, an R&D department within a company, another commercial developer
company, a partner company doing collaborative R&D, a non-profit organization or a
government agency. The applier might be a manufacturing department of the company
where technology is developed internally or cooperatively, it might be a commercial
company, a competitor or the government. If either the creator or applier is from a differ-
ent country, technology transfer takes place at the international level.
As Steele (1989) highlights:

[The] term technology transfer is a misnomer because it implies that something is
moved, more or less untouched, from one place or one organisation to another.

The process is more complicated than that because the technology itself is changed
as a part of its movement from one organization to another. This is because technology
incorporates not only equipment but also know-how and skills, which in turn necessitates
the transfer of tacit knowledge. Moreover, technology transfer becomes complicated due
to the feelings and attitudes required in both organizations/units in order for two sets of
people with different skills, values and priorities to become successful in passing the capa-
bility from one to the other.

The transfer of technology from creator to applier is frequently the point at which the
system breaks down (Williams and Gibson, 1990). It therefore needs to be managed well.
The following factors affect the success of technology transfer (Burgelman et al., 2004):

High level of technical understanding where transfer is done.
Feasibility findings of the technology are high.

Advanced development activities overlap with the new technology.
Growth potential of the application is high.

The existence of an advocate of the transferred technology.

The existence of advanced technology activities in a development laboratory to comple-
ment the transferred technology.

o External pressures from competitors and markets enforcing quick adoption.

Joint programmes between technology developer and technology buyer.

Technology transfer has been one of the most important technology policy issues for
developing countries importing their technologies. In recent years, it has become a popu-
lar policy item for developed countries. Considering that the majority of research in many
countries is performed by state-owned research units and non-profit organizations such as
universities, transferring knowledge from these organizations might benefit the economy
in a larger context. Research institutions are experts in developing technologies but they
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organizations involved in the technology transfer must, to some extent, have some over-
lapping training, skills and experience. Without some common base, those in the recipient
organization will lack assurance that they truly understand what is being transmitted. So
training might be an integral part of the recipient organization’s role to ensure that its
employees reach a comparable level. Another way of matching two organizations’ skills
can be through transfer of people from the original R&D group. Temporary assignments of
people to the other organization, from operations to the R&D group or vice versa, can be
useful. Alternatively, hiring or transferring the requisite skills from other organizations may
be a solution. In fact, before technology transfer is achieved, management needs to assess
staffing needs for the operation of the new technology, possibly leading to recruitment of
new staff with the right skills and knowledge.

In some cases, developers and receivers/appliers might come together in the develop-
ment phase before the project ends and the transfer starts. The process is an iterative one
between developer and receiver that requires easy and frequently intense interactions. As a
development progresses, the skills and equipment available in operations become valuable
in performing tests and measurements (Steele, 1989). Consequently, the programme can
become a joint development well before it officially transfers to operations.

Transfer activities

Physical installations and adjustments take place mainly before the transfer process starts,
although further changes may be needed after technology is transferred in-house, depend-
ing on whether problems arise and to accommodate unforeseen application needs. These
installations may necessitate additional site arrangements such as updating electricity and
transport infrastructure.

After physical installation, tests are carried out at different levels and, depending on
the results, new sets of arrangements are undertaken. Other actions are needed during
the actual start-up of the new technology, involving migration from the old process to the
new (ICS UNIDO, 2008). If the company has the luxury of setting up the new equipment
in a new area, it can keep material flowing to the old process until the new one is run-
ning smoothly. If the new process has to be conducted in the same space as the old, there
might be a hectic shutdown of the old process and last-minute installation and start-up
of the new one. If this is the case, careful planning will be required to make the transition
as smooth as possible. Timing of the start-up depends on many factors, including physical
utilities, employee training, new process measurement systems and the processing of the
data from those systems.

In technology collaborations, the risk of wasting outsourced R&D might be reduced by
taking precautions. For example, the company might put in place a well-defined ‘home’ for
the technology in the form of an in-house development project that builds on the results
obtained but is more tightly focused on explicit commercial objectives (Steele, 1989). There
is a need to set a handover period, in which the researchers stay in close contact with the
R&D staff in the business so that they can communicate everything that was left unsaid in
the reports. It is also important to minimize the time-lag between the outsourced emerg-
ing technology project and the subsequent focused development project, to ensure that
information is not lost or forgotten and to maintain momentum.

During the technology transfer, a critical management task is to secure learning and
efficient communication. Transfer includes tangible as well as intangible knowledge. In
addition, those creating a new technology rarely perceive with sufficient clarity what in
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fact they really do. They might not discern the truly critical information from other details.
Thus skilled receivers are needed to pin down the information needed by them. In other
words, receivers should pay special attention to capturing the intangible knowledge associ-
ated with the technology by actively putting learning as an item in the technology transfer
process. In fact, it is not only the capturing and learning of knowledge, but also its diffusion
across the company that makes it valuable, since some knowledge might be valid for some
other units in the organization rather than the unit responsible for the transfer, increasing
the opportunities for synergy. The details of learning and the learning organization will be
further discussed in Chapter 5.

In terms of communication, culture-building activities involving manufacturing, mar-
keting and R&D people should aim to establish a common language. For example, R&D
people must recognize the enormous, overriding commitment that manufacturing people
make to achieve uninterrupted output (Steele, 1989). Manufacturing is conservative with
regard to incorporating new technology that is not yet proven. The factory environment
poses much more severe constraints on adopting new manufacturing technology com-
pared to new product technology. Thus it is better to start by working on carefully limited
problems that only demand incremental changes. Another step is to establish credibility
with manufacturing by showing the value of new technology to manufacturing people, the
internal consumer of the new technology.

All these factors clearly indicate the importance of communication between the R&D,
production and marketing departments of a company. Communication must be formal
and informal and should deal with (Burgelman et al., 2004):

Introducing new products from the development lab to the production floor.
Providing the optimum level of documentation on existing products.

Becoming multilingual, fluent in the language of customers, marketers, engineers and
designers.
Facilitating orderly and cost-effective changes to products now in production.

As technology transfer involves uncertainties in knowing what will work and what will not
work, it is important to keep detailed records of the information produced, irrespective
of its apparent significance at the time. These documents provide formal communication
but, importantly, they might also help to understand what went right and wrong and to
make adjustments, especially after technology transfer evaluations are carried out and
improvements are planned.

Evaluations and improvements

When full production starts, feedback starts to flow either from internal production
departments or from markets/customers, which creates another round of evaluation and
improvement activity. This is why, in the days immediately following the start-up, a process
of refinement and improvement of the new technology takes place in order to fine-tune
the operations involved in the new technology. The process is monitored closely and any
substandard performance is identified, the cause isolated and the problem rectified (ICS
UNIDO, 2008). The cause could be technical or it could be due to inadequate training.
Whatever the cause, it needs careful attention until the technology is producing products
in line with the specifications in the contract with the technology supplier. The refinement
and improvement process does not end there, however. The company needs to constantly
work towards achieving an attitude of continuous improvement.
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There are difficulties in measuring the success of technology transfer. The degree of
technological innovation, the level of application and the purpose of transferring the
technology play a role in determining the effectiveness of technology transfer. The evalu-
ation might be carried out in any combination of the following effectiveness dimensions:
benefits, system, availability, capacity and supply. The complexity is clearly observed
in some of the measures used in technology transfer evaluations (Williams and Gibson,
1990) - licences, requests for help, competitive advantage gains, cost savings, site visits,
technology briefs, jobs created, market share gains, technical presentations, new businesses
started, new products, time spent, transfer budgets, new customers, new sales, transfer
expenditures, productivity gains, royalties, return on investment (ROI), success stories,
technical problems solved and user satisfaction.

Measures of the success of technology transfer are complicated and difficult to apply.
Developers may understand the technology better, but operators have a greater under-
standing of the application environment. An effective approach might be to ask operations
to take the lead in developing data and work closely with developers to ensure that the
data reflect the special nature of the technology and are representative of cost and market
factors (Steele, 1989).

Another critical issue with measurement is the degree of qualitative data to be
employed. ROl can be a rudimentary measure to use since technologies contribute in many
ways other than quantifiable dimensions, including quality enhancements. In evaluating an
acquired technology, the situation may be complicated by the fact that products utilize
many technologies and the technology may have a number of applications.

Once the evaluation is done, a plan for improvements may need to be designed. Besides
the evaluation, all documentation in the technology transfer process can be screened to
discover the best ways of finding out what needs to be done to improve the results, which
might include factors other than those relating to technology transfer. Thus, improvement
activities might be related to the general technology utilization tasks described below as
the third sub-process of the exploitation activity.

An important aspect of improvements is change management. Transferring the com-
mitment and enthusiasm of those who are creating a new technology to those who
will develop and apply it can be challenging. Naturally, the degree of challenge depends
on whether top management of the recipient firm of a new technology is supportive of
transfer or not, as well as if the recipient firm is unclear about what it really wants from
the company originating the new technology. The actions that need to be taken are the
same in both cases, but the care and attention devoted to them will vary. This necessitates
additional management mechanisms that are related to change.

3.5 Technology utilization

Definition

Although the technology transfer might have been successful, the results from the exploi-
tation of technology might not be as expected or designed. Technology utilization might
be considered in the lines of re-engineering and total quality management (TQM), since
the goal is either maintenance or continuous improvement of the use of existing tech-
nologies. As the case of USG Corporation (see Chapter 5) shows, productivity gains in the
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commercialization of new technology platforms differ a lot, so by measuring performance
and focusing on learning, firms might increase their returns from technologies.

3.6 Utilization processes

Utilization processes consist of three major steps:

1 Measure technology utilization/performance.
2 Identify priorities and develop a business case to improve utilization.
3 Implement changes.

Depending on the firm’s structure and the aim of the utilization exercise, technology utili-
zation might be carried out at the technology, plant or multi-plant level.

Measure technology utilization/performance

Most capital investments can be assessed quantitatively, helping to form an objective view
on the worth of the investment. In contrast, technology investments may have a substan-
tial but far less visible impact on the business, especially in the short term. In the long
run, the firm may have a better product, with broader international application, based on
shared new core technologies, providing the foundation for a new generation of profitable,
standardized products.

Technology evaluation raises the following questions for technology managers: What
is to be evaluated? Who is to be involved in evaluation? What roles do they play? What
criteria are to be used in the evaluation? How they are weighted? How are the criteria to be
measured?

Although there are no simple, directly quantifiable measures of the value of technology,
a measurement approach that relies on an input-process-output evaluation framework
is adopted here due to the difficulties of measuring technical work directly (Goffin and
Mitchell, 2005). This method combines a balanced scorecard approach with operations
management of the input-output model, offering a wide base for the evaluation of tech-
nology including the process. By doing so, it can help to include the qualitative advantages
and intangible sides of technologies in the overall performance audit.

In the input-process-output model:

o Input measures are the time and resources required, such as people or information
technology.

e Process measures are the indicators of efficiency of the innovation process within an
organization, such as the time required to bring an innovation to market.

e Output measures are directly related to the commercial impact of innovations, such as
revenues generated by a new service or product.

A list of potential measures developed for innovation management might also be valid for
TM (Goffin and Mitchell, 2005). For example, financial input measures might be: percent-
age of revenues invested in product R&D; percentage of revenues invested in technology
acquisition; and percentage of projects delayed or cancelled. Customer-related input
measures could be the percentage mix of projects by their strategic drivers. Resource-
related measures for input could be: percentage of total employees involved in innovation
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projects; number of ideas per source; and number of ideas considered per year for new
products, services and processes.

TM involves an element of creativity, which should be reflected in the process measures
used. Typical inputs and outputs are R&D personnel and the number of new products
and patents, respectively. But managers should try to measure not only how creative the
organization is but also how well it uses that creativity. Output process measures may
include milestone hit rate, budget hit rate and time to commercialization.

Organizations need to choose measures in each of the categories based on their needs,
while recognizing the danger of attempting to measure too much. Criteria for judging the
importance of potential measures include strategic importance to firm, actionability, valid-
ity, appropriateness, clarity and cost-effectiveness.

Besides general measures, there might be specific micro-measures applied by opera-
tional managers to track a weakness and indicate progress in remedying it. Typically, only
a few measures are used at a time, always linked to an internal customer need. Once an
improvement has been made, the relevant measure can be dropped and replaced with
another that tackles a different problem. The micro-measures chosen will depend on the
desired improvement. For example, the number of unplanned changes might be tracked
to understand how consistent the design is. Micro-measures are used predominantly to
help local management in the drive for continuous improvement. They need to be sim-
ple, relevant and communicated widely. In addition, the organization needs to decide on
the timeliness of performance evaluation. It might be a regular period or a variable one,
depending on the life cycle of the technologies.

Performance measures alone do not mean much unless they are made in comparison
to other companies’ performance. Thus, the final activity in performance measurement is
benchmarking. Benchmarking is the systematic comparison of organizational processes
and performance to create new standards or to improve processes. Benchmarking models
are used to determine how well a business unit, division, organization or corporation is
performing compared with other similar organizations. A benchmark is often used for
improving communication, professionalizing the organization/processes or for budgetary
reasons.

Benchmarking is not just a comparative tool; it also stimulates questioning and learn-
ing. If the firm benchmarks widely within its own business, sharing objectives and pooling
best practice understanding, the firm can achieve performance improvement without
looking at other companies. With a good foundation of internal benchmarking, the firm
can begin to look outside. Benchmarking against other companies can give the firm valu-
able insights into the structure and implementation of all the firm’s technology develop-
ment processes, from managing long-term research to product development and launch.
Benchmarking can be at several different levels, starting with hard measures of output and
moving towards process comparisons. The firm might look at how world-class companies
across a range of industries manage their technology development and adopt the best
elements.

Identify priorities and develop a business case to improve utilization

Performance evaluations can give conflicting results and prioritizing the improvements
might be difficult, so criteria should be established for determining which measures are
most appropriate and helpful.
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One consideration is to understand the role of the external environment in utilizing the
technology. If demand changes are the main reason for underutilization, there might not
be enough room to make changes. A helpful mechanism for managing demand changes
is increasing supplier and customer involvement at the early stages of technology devel-
opment (Tushman and Andersen, 2004). For example, the lead user method might help
to gain close contact with the main customers and integrate their views into the process.
Another mechanism is diversification. As mentioned in Chapter 7, the core technology
approach suggests focusing on core technologies that make it possible to diversify the
product/market range based on the core capabilities developed. Thus, companies need to
find ways of diversifying the use of technologies and to take appropriate actions.

Demand changes in the market can initiate a chain effect within the company. Besides
technology adjustments for market needs, the company might need to make adjustments
to match internal strengths, to eliminate weaknesses and to improve competitiveness in
global markets.

Reliability concerns are also important when prioritizing improvement efforts. Potential
direct and/or indirect losses due to the failure of a product may be detrimental to the rep-
utation of a manufacturer. Special attention must be paid to the prevention or reduction
of downtime and to the minimization of repair costs. To meet this long-term challenge, a
technology manager needs to develop a process perspective on three interrelated features
of a product in its life cycle: reliability, maintainability and availability (Gaynor, 1996):

o Reliability is centred on the frequency of breakdowns.

e Maintainability is focused on the time of breakdown.

o Availability is the consequence of reliability and maintainability. It is measured by the
proportion of time during which a product is effectively available for operational use.

Although maintainability requirements are built into the product or system during the
design and manufacturing stages, the causes of failure are realized during the operation
or use of the product or system. During usage, the product or system generates informa-
tion that can be systematically collected and analysed to initiate the required maintenance
actions.

Another dimension in evaluating performance is to consider the characteristics of the
technology itself. Due to technical limitations, utilization might not exceed a certain level.
Bottlenecks and capacity limits are well-known problems causing underutilization and
they are valid for technologies too. In some cases, brand new technologies might experi-
ence many technical problems that have a substantial impact on their application, opening
the door for substitute technologies.

Technology integration and synergy are also critical aspects to consider, especially when
a company uses multiple technologies for a similar purpose, leading to underutilization.
The reasons why companies end up with different technologies include:

e The specialized needs of one line of products drive improvements in other lines.
o Partial investments/installations.
o Different standards of technologies.

Therefore, firms need to integrate and standardize manufacturing and process develop-
ments so that the harmonious contribution of different technologies can be achieved.
This will bring many advantages, including synergies, and will prevent a misfit between
technologies.
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Another type of performance problem can arise from a misfit between technological
innovation and organizational structure. If the organization cannot adapt itself to use a
technology efficiently, the benefits significantly drop. As discussed in Chapter 2 (the section
New product/service development), some managerial practices might become unsuitable
for the technologies developed. Technological innovations do not exist alone; they influ-
ence organizational innovations and demand a fit between hardware and software parts
of technologies. For example, computer-aided design, computer-aided manufacturing and
flexible manufacturing systems are widely used, but have different implications in terms
of organizational structures and processes. If there is a poor fit between the technological
infrastructure and the business process, there will be problems. Hence, strategy makers
need to consider the implications of their technology decisions on their organizational
techniques and develop strategies to manage the fit by developing special structures and
organizational innovations.

Another problem causing underutilization is the limited set of competencies the
company might have. New technologies and changes in technologies might necessitate
changes in the set of available competencies. This can be done through human resource
adjustments.

After considering all the factors of underutilization, a priority list might be developed
for improvement activities. This should include all suggested performance improvement
plans and the reasons why they should be carried out. Senior management should under-
take an evaluation using technology assessment techniques and draw up a final list. The
improvement list should initiate projects for the R&D department where TQM techniques
are applied.

Implement changes

Improvement projects are similar to new product or process projects and need to be
implemented following approaches similar to those for R&D management (Chapter 2).
Improving performance requires the management of a wide range of issues, including
ideas, technologies, culture and organizational change. Therefore learning and change
management become indispensable parts of the implementation process discussed in
Chapter 5.

3.7 Reverse innovation

Emerging markets/rapidly growing developing countries such as China are becoming
centres of attention for many businesses around the globe (Khanna and Palepu, 2010).
This is because emerging markets offer many business opportunities to aspiring firms who
wish to grow their businesses and do so rapidly: these are markets with high population
and economic growth, revolution in consumers’ rising expectations, urbanization, increas-
ing numbers of middle and upper-middle-income segments composed of consumers
who are hungry for goods and services, expanding distributor and telecommunication
networks and exploding market demand. Further, many emerging market firms themselves
are becoming highly successful abroad, exemplified by Haier of China, Tata of India, SAB
Miller of South Africa, Embraer of Brazil, Arcelik of Turkey and Teva Pharmaceuticals of
Israel. Many of these firms are growing into global champions carrying their local market
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success based on unique firm-specific and country-specific competitive advantages into
international expansion (Ramamurti and Singh, 2009).

Reverse innovation is a set of innovations targeted for emerging/developing country
populations. Reverse innovation attempts to understand the customer problem and come
up with a solution that will take into consideration a variety of factors: availability of elec-
tricity, portability, durability and price. This type of innovation is not limited to disruptive
innovations. The goal is to fill five gaps in a developing country that lead to reverse innova-
tion: the performance gap, the infrastructure gap, the sustainability gap, the preference gap
and the regulatory gap (Govindarajan and Euchner, 2012). For example, an Indian cardiac
hospital offers cardiac surgery for $2,000 whose American equivalent would cost up to
$20,000. It is important to note that the difference in price doesn’'t mean it is bad quality.
This cardiac hospital has built a facility in the Cayman Islands to attract customers from
advanced countries, because they create solutions that are affordable and of good quality.

Reverse innovation is a new wave of innovation that might bring variety into business
making. In addition, a large subset of reverse innovation is based on social innovations that
are human-centred and give opportunity to question the meaning of products and ser-
vices produced for the sake of social and environmental concerns discussed in Chapter 13.
By exploiting technologies in new geographies, the democratization of innovation tends to
become more realistic (Green, 2007).

Suzlon: India’s major wind power provider

Suzlon has become the world’s fifth largest wind turbine manufacturer with a market
share of 6%. Suzlon’s founder Mr Tanti was unhappy with the erratic power supplies
and rising energy costs at his textile mill in Gujarat, India. Therefore, he set up two
windmills in 1990 with turbines imported from the German company Suedwind.
He soon discovered that the windmills provided a reliable source of cheap energy,
much cheaper than conventional energy and they were also environmentally friendly.
Mr Tanti exited his textile business and set up Suzlon Energy in 1995 with a strategy of
capitalizing on India’s low manufacturing costs and providing end-to-end customized
solutions at affordable prices to its Indian industrial clients.

When Suzlon’s initial turbine supplier failed in 1997, Suzlon bought it and kept its
R&D centres and turbine manufacturing facilities in Germany. Suzlon also acquired
a rotor-blade manufacturer in the Netherlands; the acquisitions broadened Suzlon'’s
reach, bringing a product range that now includes wind turbine generators in capaci-
ties from 350 KW to 2.1 MW with customized versions suitable for a variety of cli-
mates. Although Suzlon’s products are not suitable for conventional power generation
in urban areas, they were welcomed by customers with large manufacturing or other
operations in rural areas that had poor or costly access to conventional power supplies.

Soon, Suzlon discovered that its products could find markets globally, including
in developed countries seeking greener energy sources to supplement conventional
power plants. Suzlon’s business grew rapidly and has captured more than a 50% share
of the wind power market in recent years. While its Indian business continues to grow
steadily, its overseas sales have seen even greater growth, rising from 8% of total rev-
enues in 2004 to over 70% in 2006. Orders have come in from Australia, China, South

(Continued)
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Korea, Brazil, Italy, Portugal and Spain. Its global revenue in 2007 exceeded $900 mil-
lion. Suzlon has a bright future as the global wind power market is expected to grow at
an annual rate of over 25% during the next five years.

Suzlon succeeded where Suedwind had failed because it understood the market
position of its products. Tanti perceived the potential of the wind turbine generators
as disruptive products in the energy market and pursued a market strategy to exploit
that potential. Understanding and developing the disruptive potential of a product is a
key component of a disruptive innovation strategy.

Source: Summary from Hang, C-C,, Jin, C. and Subramian, A. M. (2010) ‘Developing Disruptive Products
for Emerging Markets: lessons from Asian cases’, Research-Technology Management, 53(4), 21-26.

(Oxzrrn

Managers cannot relax once technology is in place, since technological exploitation
depends on how efficiently and effectively managers handle commercialization, trans-
fer and utilization. The case of BICC Cables Ltd, the UK’s largest cable manufacturing
company in the 1990s, with annual revenues of approximately £1.3bn and employing
about 10,000 people, illustrates how technology transfer and utilization activities are
carried out for an internal R&D invention.

BICC Cables Ltd

BICC developed a new process technology in-house through its R&D unit, which was
the process plant machinery used to manufacture a particular type of optical fibre
cable known as ‘tight buffered fibre cable’ BICC had wanted to produce this type of
cable in volume and thereby satisfy demand from the UK and European markets.

The process plant technology was designed as a flexible plant that could work in
stand-alone mode to manufacture single optical fibres or multi-element optical fibre
ribbon and in tandem with an existing cable extrusion line to manufacture tight buff-
ered fibre cables. The latter operation enabled the extrusion line to apply the plastic
coatings over the fibres (like a skin covering) after they had been produced in the first
stage of the operation.

The process technology was designed and developed at BICC Cable’s Helsby
Technology Centre (HTC). The technology-receiving factory, BICC Brand-Rex, was
based at the same site. Two reasons motivated the choice of in-house production: high
demand and the high cost of bought-in fibre.

HTC had designed and specified the requirements for the tight buffered fibre
process plant for a UK-based engineering firm, from which it purchased the initial
plant. The plant was then successfully run and tested by HTC, producing the tight
buffered cable in its lab for the internal customer Brand-Rex, which could sell this
initial cable production to its end customers. Hence, a unique situation had arisen,
an R&D unit running a three-shift operation not only to test the process plant but
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to meet the initial production demands placed on it by the internal customer’s
market demands.

After these tests and pre-production runs were completed at the prototype
plant, the technology was transferred to the Brand-Rex manufacturing factory. In
addition to the physical plant, this technology transfer process also included a set
of process instructions, training procedures and plant operation and maintenance
manuals.

During the tests and pre-production runs at HTC, some manufacturing engineers
from Brand-Rex had been seconded to HTC for short periods to receive training on
the plant technology under the supervision of HTC staff. Since there is tacit knowledge
embodied in most cable production processes, which the HTC development team had
accumulated over a period of 18 months, much of this knowledge was transferred to
the Brand-Rex engineers training at the plant. The tacit knowledge related to fault-
finding and problem-solving skills, process optimization and start-up procedures that
could not be fully codified into a specification format.

The success of this technology transfer process could be traced to the technology
sender and receiver serving a common mission that was compatible with a TQM phi-
losophy. BICC employees were acting towards other internal customers in the supply
chain as if they were dealing with external customers, by striving to deliver excellence.
The receiving organization (Brand-Rex) did not have problems associated with quality
control, operation or maintainability, since these had been dealt with in the test and
pre-production phases.

The involvement of Brand-Rex senior management in this project was seen as a
major catalyst for promoting successful technology transfer. The marketing informa-
tion was consistent in outlining sales forecasts for the months ahead. The technology
transfer process was driven by external market signals and the R&D department was
aware of the wider business implications for tight buffered fibre cable development.
This ensured that everyone involved in developing and transferring this technology
within BICC was also aware of the wider business implications. This meant, in turn, that
everybody involved realized that this was not just a speculative R&D project but had
real goals and targets to achieve.

Source: Malik, K. (2001) ‘How BICC Cables Transferred a New Process Technology from R&D to
Manufacturing’, Research-Technology Management, 44(4), 55-60.

The exploitation activity consists of a number of critical sub-processes, the three
major ones being commercialization/marketing, technology transfer and utilization.
All these sub-processes help to find the right business models for commercializa-
tion, transferring technology in an effective and efficient manner and achieving
incremental improvements continuously in order to achieve day-to-day operational
efficiency. If exploitation capabilities are not developed, returns on technologies
are low.
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L Key Questions

What are the key features of exploitation?

What are the types of commercialization?

What is the process of commercialization/marketing in TM?
What is the process of technology transfer in exploitation?
What is the process of technology utilization in exploitation?
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The literature on identification activities is vast and the terminology is used interchange-
ably for overlapping activities, such as technology intelligence, technological forecasting,
technology foresight, technology scouting, technology exploration, strategic foresight,
technology monitoring and technology scanning. This chapter considers the identification
capability to be developed through activities encompassing technology forecasting and
technology intelligence.

Forecasting means predicting the future. Historically, technology forecasting has been
considered to be forecasting the future characteristics of useful technological machines,
procedures or techniques (Schnaars et al, 1993). When technological forecasting was used
in the 1940s and 1950s, its main purpose was to forecast defence-industry-related technol-
ogies. In the 1960s, new forecasting methods were developed, but forecasting activities lost
their popularity in the 1970s until a revival in the 1990s. The studies in the 1990s pointed
out that the main problem with technology forecasting was its technical orientation, ignor-
ing other factors that are critical in the determination of technological development, such
as political, economic, social and environmental factors. This is why the recent forecasting
activities conducted in so many countries have expanded the scope of forecasting in order
to understand future trends in these factors (Linstone and Grupp, 2000).

By doing so, the new forecasting approach contributes to the data-gathering activity
by adding a new dimension to consider: technology forecasting cannot be limited to an
individual assessment of technologies but to a wider perception of assessing the long-term
impact of technologies (Braun, 2000). So the forecasting activity needs to perform an
assessment that is the systematic identification, analysis and evaluation of the potential
secondary consequences (whether beneficial or detrimental) of technology in terms of its
impacts on social, cultural, political and environmental systems and processes. In other
words, technology assessment seeks to bridge the promotion and control of technology,
such that the latter is no longer merely an after-the-fact consideration, and insight about
potential development options and their impact is acquired ex ante (Genus and Coles,
2005). The aim is to find ways of experimenting with technology in society in order to
avoid or learn about possible harmful impacts.

The process of predicting the future is in fact a bundle of systematic efforts to look ahead
in order to choose more effectively, because there is not a single future. The process of tech-
nological forecasting aims to sketch a number of future visions by trying to be as inclusive
as possible in collecting the opinions of different stakeholders of the available technology.

Although time and cost factors are considered the major hindrances to conducting a
forecasting study, there are many advantages (Khalil, 2000; Reger, 2001):

Observing the total environment to identify developments.
Estimating the timescale for important events.

Identifying and evaluating market opportunities or threats.
Reducing uncertainty.

Major reorientation of a company policy.

Improving operational decision making.

Developing plans, strategies and policies.

Assisting R&D management.

Evaluating new products or processes.

Data and information gathering for forecasting purposes is not a simple activity. Technol-
ogy intelligence is intended to capture and deliver technological information as part of
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the future. Many forecasting techniques have been developed over the years (Martino,
1983; Porter et al., 1991; Makridakis et al., 1998) and they can be categorized on the basis
of the type of forecast parameters. For example, the direct forecasting technique consists
of methods such as expert opinion (the Delphi technique, surveys, nominal group);
naive time series analysis; and trend extrapolation (growth curves, life cycle substitu-
tion). An alternative categorization might be to group techniques according to the use
of computer models or other analytic tools, such as modelling, or the degree of human
participation in the forecasting process, such as expert opinion, scenario building and the
Delphi technique.

As there are many forecasting methods and they are not the core topic of this book, four
major methods of technology forecasting (patent analysis, value analysis, roadmapping
and S-curves) are described in Part Il.

The search for the potential developments in technologies is not the only activity in the
identification process; it also comprises the future trends in markets so that the linkages
between existing technologies, products and markets and their future potential uses can
be established. By listing the currently available products of a firm and showing their links
with the technologies the firm currently owns and the markets in which these products
are sold, a general overview of today can be sketched. But more importantly, in the same
analysis, it is also possible to show the links of these products with the potential technolo-
gies and new markets where they can be sold. By doing so, one simple table/matrix can
highlight a dynamic analysis.

Many forms of matrices linking technologies, products and markets might be developed
through technology roadmapping (Phaal et al,, 2004b). There are many forms of technol-
ogy roadmapping; however, the main idea is to highlight the linkages among markets,
products and technology (current and potential). The expected future business/market
drivers are identified and then their impact on product features is made. Based on these
future product characteristics to be achieved, the list of technologies that will be needed to
realize these characteristics is decided.

Besides forecasting technologies and markets, it is necessary to expand the analysis to
the context in which the technologies are developed and used, since many environmental
factors determine the future of technologies. For example, at the turn of the century, the
choice between gas, electric and steam technologies for automobile engines could not be
driven by technical criteria, since each technology dominated on different dimensions of
merit such as cost and safety (David, 1990).

More importantly, within the dynamic capabilities framework, the environmental
context recognized for analytical purposes is the business ‘ecosystem’ — the community
of organizations, institutions and individuals that impact the enterprise and the enter-
prise’s customers and supplies (Teece, 2007). In other words, not only do environmental
factors affect the company’s search of opportunities, but by understanding the business
ecosystem, the company itself might shape the opportunity in collaboration with its
partners/stakeholders in the wider community. The identification capability expands to
the capability of combining the know-how within the firm with organizations external to
it, for example, that exist in the ecosystem, such as other enterprises, universities and so
on. This is different from the absorptive capacity that relates to an internal capability of
understanding the value of external opportunities, since identification includes skill in put-
ting things together to capture co-specialization benefits from various assets or resources
residing in the ecosystem.
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It is important to have specific formats for presenting the findings of forecasting/intel-
ligence to those requiring the information so that they can make use of it in their decision
making. The documentation might be an Excel spreadsheet or intranet database, depend-
ing on the best way of disseminating the information. The tools mentioned in Chapter 5
indicate some further forms to be used for documentation such as technology Yellow
Pages. P&G provide an interesting example in dissemination; it used the latest in webcast-
ing and satellite technology to create an internal innovation news network (see Chapter 2)
(Sakkab, 2002).

@ cose sudies

The importance given to identification, the strategic use of identification and the
reasons for developing the identification capability will all influence how the process
is structured. Whatever format is chosen, firms eventually conduct activities around
auditing and forecasting that help them to identify opportunities. As the case stud-
ies of Clorox (a fast-moving consumer product producer) and Baxter Healthcare (a
high-tech company in the medical instruments sector) clearly show, the identification
processes within a company might take many different shapes.

Clorox

Identifying technology opportunities is an integral function of the technology acqui-
sitions group at Clorox. The group actively pursues opportunities from a number of
sources. For Clorox, acquisition agreements provide ways for the company to obtain
access to IP that can be used to produce a product. Access can be secured through
licensing agreements or arrangements for exclusive supply or manufacturing. The
company actively searches for new technologies that fit into its existing businesses
and/or enable it to move into new areas. Sources include universities, technical meet-
ings, trade shows, online databases and personal contacts.

For example, the company’s Kingsford ‘Grill Cleaner’ evolved from a technology
and a small company that Clorox discovered at a janitorial trade show. Initially, the
company hoped to use the finding in a new cleaning product, but follow-up efforts
were not successful in that application. However, several Clorox employees felt that
the technology had underlying value that could eventually be useful in a number of
other applications, so they worked at developing a continuing relationship with the
other company. They recognized the importance of establishing ties that could be
maintained over long periods, withstanding changes in personnel. Eventually, the fit
was found with the development of the successful grill cleaner, and this in turn has led
to other partnering projects.

In Clorox’s experience, identifying a technology with potential is not enough.
Employees must have a clear understanding of just what the technology might be able
to do, how it fits broadly with many other business applications and how a sustained
relationship with the original supplier is critical in the effort.
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Learning objectives
After studying this chapter, you should be able to:

Understand what learning is.
Describe the role of the learning capability in TM.
Understand learning processes as a part of KM.

Understand organizational learning.

1

2

3

4 Understand different types of learning.

5

6 Observe the role of IT in facilitating learning.

5.1 Introduction

The true sources of sustainable competitive advantage are organizational capabilities
that enable firms to innovate at a faster rate. In other words, the focus is not the stock of
technological capabilities but the flow of technological capabilities. Thus, the key source
of competitive advantage is the rate at which firms develop or acquire new technological
capabilities, not the technologies they can currently access. In addition, all capabilities,
whether dynamic or non-dynamic, have the potential to accommodate change, so, like
products, capabilities evolve over the phases of a life cycle, such as growth, maturity and
decline. Therefore, the ability to learn and continually improve the organization’s techno-
logical capability are important capabilities for TM, demanding management’s continuous
attention.

Learning takes place at all levels in a firm; it might be generated from the develop-
ment and exploitation of technologies internally as well as externally. Thus, learning
forms a critical part of technological competencies; it involves reflections on technol-
ogy projects and processes carried out within or outside the firm. Learning processes
might include various degrees of formality that are linked with processes derived from
KM and the learning organization. Continuous alignment and realignment of specific
tangible and intangible assets require effective KM, where learning, knowledge transfer,
know-how integration and know-how protection are core activities. While knowledge
protection is discussed in Chapter 6 and knowledge transfer and integration are top-
ics mentioned in Chapter 3, this chapter focuses on KM practices oriented towards
learning.
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The practice of KM will continue to evolve with the growth of collaboration applica-
tions, visual tools and other technologies. The majority of tools are, for the most part, still
based on text, and thus represent explicit knowledge transfer. These tools face challenges
in distilling meaningful reusable knowledge from their content. Data mining is an example
of such distillation practices.

Tools and technologies can facilitate the implementation of knowledge processes and
in some cases they may be able to automate some kinds of knowledge work in these areas.
Still, they must be taken in context and implemented as a part of the overall effort to lever-
age organizational knowledge through integration with the business strategy, the culture,
the current processes and the existing technologies.

Building and utilizing networks

As knowledge is created by individual people in interaction with others, there are two
main sources: internal and external. In that regard, building networks within the company
across different units and geographies is a starting point but it is not enough; it needs to be
complemented with the establishment of networks with external sources such as suppli-
ers and customers that contribute to two specific types of learning: learning-by-using and
spillover learning (Boerner et al., 2001).

The task of building and utilizing a network needs to start with a knowledge auditing or
mapping activity. Knowledge mapping generates a graphic picture of the explicit (codified)
information and tacit knowledge, showing the importance of and relationships between
knowledge stores and dynamics (Pelc, 1996; EC, 2004). Such a knowledge map is expected
to portray the sources, flows, constraints and losses or stopping points of knowledge
within the organization. Knowledge mapping comprises survey, audit and synthesis, and
aims to track the acquisition and loss of information.

Further, an important set of KM practices relate to the coordination of internal and
external R&D capabilities, inter-firm relationships and market requirements (Teece, 2007).
This often requires spanning disciplinary, organizational and company boundaries using
‘capability maps’, which identify the locations within a company of formal knowledge
bases, skills and supporting equipment and services (Cotec, 1998). In addition to inter-
nal capability maps, it is important to map the relationships between external sources/
partners and internal human resources (HR) involved in knowledge creation and sharing.
A map/audit exercise helps to explore personal and group competencies, and illustrates
or maps how knowledge flows throughout an organization internally and externally. This
mapping exercise could be done while the identification activity is carried out (Chapter 4).
Guidelines for knowledge mapping include (EC, 2004):

e Finding knowledge in processes, relationships, policies, people, documents, conversa-
tions, suppliers, competitors and customers.

e Recognizing and locating knowledge in a wide variety of forms: tacit and explicit, formal
and informal, codified and personalized, internal and external.

e Being familiar with organizational levels and aggregation, cultural issues and reward
systems, legal process and protection such as patents and trademarks.

The resulting knowledge maps might be effectively used for human resources management
(HRM), R&D management and IPR management (Hull et al., 2000). Further, their existence
support innovation in many ways but particularly in facilitating team management in



84 partl: Technology Management Activities

Organizational learning can usually be traced through three overlapping stages (Garvin,
1993, 2003):

1 Cognitive: organization members are exposed to new ideas, expand their knowledge
and begin to think differently.

2 Behavioural: employees begin to internalize new insights and alter their behaviour.

3 Performance improvement: changes in behaviour lead to measurable improvements in
results, such as superior quality or other tangible gains.

Because cognitive and behavioural changes typically pave the way for improvements
in performance, a complete learning audit should include all three. Measures might be
collected through surveys, questionnaires, interviews and direct observation. Performance
measures are essential for ensuring that cognitive and behavioural changes have actually
produced results (Bontis et al, 1999). For example, a balanced scorecard - an account-
ing model combining financial and non-financial performance criteria — could be used
to measure intangibles in a company by offering a set of metrics tied to an organization’s
critical business processes against which it openly and regularly measures progress, usually
at corporate and business levels, and occasionally by group or function. In particular, the
format of a balanced scorecard has a ‘learning and growth’ section, where all the measures
relating to employees and systems the company has in place to facilitate learning and
knowledge diffusion are included (Kaplan and Norton, 1996). Without these types of
measure, companies would lack a rationale for investing in learning and the assurance that
learning was serving their ends.

Organizational learning requires the ability to manage change (Hargadon and Sutton,
2000). In order to build a learning organization, managers might redesign the organiza-
tion to address inadequacies and build new, more appropriate capabilities and processes,
including organizational self-design and learning. Employees might become anxious and
fear that they will lose their power and control (Hatch and Dyer, 2004). Consequently, the
changes are not easily digested by employees. To enable a smooth transition to the new
organizational design, managers need to give support and allow a reasonable time so that
the change is diffused and then accepted (Weinzimer, 1998).

Supporting people at the operational level can be an effective mechanism for building
commitment to change. They can make important contributions from an early stage of a
project. A second mechanism is to use financial resources as a motivating force. The money
helps to reduce the budget limitations and also presents tangible evidence of R&D’s belief
in the opportunity. Effective nurturing of change must address anxieties as well as seek to
stimulate vision. It must systematically emphasize areas of continuity, skills and experience
that will be valuable and capital investment that will help to ensure success. Coping with
anxiety also means responding to the dynamics of technological change.

In addition, knowledge and change management require support from HR departments.
As people are a firm’s source of intellect, HRM plays a crucial role in managing knowledge.
Thus, HR managers are expected to (Hatch and Dyer, 2004):

e Recruit the right people.

e Stimulate them to internalize the information, knowledge, skills and attitudes needed
for success.

e Create systematic technological and organizational structures to capture, focus and
leverage intellect.
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e Create an incentive system not only to provide the organization with knowledge but
also to manage and handle staff ideas.

o Increase employee involvement by engaging personnel to identify issues, propose solu-
tions and become partners in implementing the changes needed to succeed in present
and future environments.

e Demand and reward top performance from all employees.

e Develop each employee through training and other opportunities.

A further consideration for the learning organization is the structural dilemma of how
to set free the creativity that promotes growth and change while controlling innovation
(Tushman and Andersen, 2004). One potential solution to this dilemma is to manage
different parts of the firm differently — some units for innovation, others for efficiency - so
that exploitation-based learning can take place where efficient production within well-
defined and routine parts of the business is carried out, while exploration-based learning
takes place in a less tangible environment with a loose organizational structure (Crossan
and Beldrow, 2003). Another solution is to develop different management approaches at
different times in the evolutionary cycle of the firm.

5.4 Improving learning environment

A study of nearly 6,000 organizations across 15 countries shows that learning organiza-
tions exhibit higher performance than their less learning-inclined counterparts (Shipton
et al.,, 2013). In that study, a learning organization is considered to be capable of achieving
ongoing strategic renewal. By observing different technological learning environments, the
study finds out four of the most common HRM practices, which are rewarding, problem
solving, top-down management and decentralization. The study concludes HRM forms an
essential part of the technological learning structure of firms.

Another HRM element is building learning capabilities. Capability implies an ability to
do something, and the most significant concept in relation to this is that of absorptive
capacity, which, according to Cohen and Levinthal (1990: 128), is ‘an ability to recognize
the value of new, external knowledge, assimilate it, and apply it to commercial ends’. It
is, therefore, to be found in the underlying knowledge and experience base of the firm.
Capabilities might be observed through maturity models, which can be used to benchmark
an organization’s competence in some particular activity against a body of knowledge.
Such models tend to show generic levels of capability development from a low base up
to one level of excellence. For example, Rush et al. (2007, 2014) propose a maturity model
for technology management, and their model measures learning capability according
to the following three key questions: (1) Does your company have systems for assessing
technology projects? If so, please elaborate; (2) Does your company learn effectively from
one technology project to another? If so, how?; (3) Does your firm carry out post-project
reviews? Please describe. Depending on the responses, they evaluate a firm’s learning capa-
bility from a scale of 1 to 4, where 1 stands for unaware, weak capability; 2 refers to reactive,
weak to average capability; 3 means strategic, strong capability; and 4 signals creative, very
strong capability.

Besides HRM and a capability maturity scale, another study proposes a practical tool
of experience maps to initiate, develop and institutionalize learning at the organizational
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level. Maps are derived from roadmapping activities and called ‘Experience Scan’ (Routley
et al,, 2013). Organizational learning requires collecting retrospective information. Thus,
structured workshops have been shown to be a useful technique for generating and cap-
turing information, and promoting an active component of learning for those present as
they combine and recombine the information presented. Project reviews have also been
used as a mechanism for facilitating KM across the multiple perspectives of project team
members. Group storytelling has been used to capture participants’ innovation experience
for application to future projects.

Therefore, roadmapping could contribute to the collective-learning process as well as to
the knowledge-creation process. Roadmapping workshops might enable diverse personnel
to engage in collective problem solving. Through intuition and interpretation, individual
learning can feed group learning, and then with interpretation and integration group learn-
ing, it can feed organizational learning. Finally plans and procedures are developed, and
they can institutionalize the learning (Mintzberg et al., 1998).

The generic roadmapping approach and architecture is used to investigate the emer-
gence of technology-based industries at the sector level and the firm level (Phaal et al,
2011). As lessons could be learned from generic enablers and barriers seen at the industry
level, firms may also be able to use similar mapping mechanisms to identify key learning
points. This experience scan aims to capture multiple organizational perspectives as narra-
tives that form information to be used for strategic purposes (Figure 5.1).
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Figure 5.1 Experience scan process

Source: Adapted from Routley et al.,, 2013 with permission.

The experience scan process help the organization to collect, capture and integrate
individual and group learning into organizational learning. It also provides an efficient
dissemination mechanism so that different perspectives within the organization can ‘start
from the same page’ for strategic future discussions. The output is a map and a set of learn-
ing points that can be used for an action plan to address the current or future situation. By
implementing the knowledge captured through the workshop, the company can learn from
the benefits of hindsight, reduced time to market for new products, capturing greater value
through maximizing opportunities, reducing risk and cost through better navigation of bar-
riers and improved communication between the functional areas involved in the workshop.
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Learning is not easy to quantify or keep track of, so managers search for measures
that will fit their own context. The case of USG Corporation, which manufactures and
distributes building materials to the construction industry in the USA, shows how
traditional learning curves help the firm to observe its productivity gains. In addition,
the log-linear productivity model used by USG can be used to benchmark past proj-
ects in an effort to identify best learning practices within the organization to apply to
future projects. Naturally, it would be expected that rates of learning vary by organiza-
tion and industry.

USG: Learning from productivity learning curves

USG, a Fortune 500 company, operates continuous, high-volume production lines
that serve domestic and international markets. It has a centralized R&D organization
located outside Chicago, lllinois. This unit provides applied research services to USG’s
operating businesses. These services include new product and processes development,
product value engineering and manufacturing support. Typically, USG researchers
are actively involved in all phases of new technologies from conception to post-
commercialization support.

Since the early 1980s, USG has started 13 new major production lines representing
first- and later-generation panel technologies. Products made on these lines include
drywall panels, fibre-reinforced gypsum boards, cement panels and ceiling tiles. These
products included three new-to-the-world technology platforms developed by USG’s
Research & Technology Center.

A study of USG’s commercialization of new technology platforms was initiated to
evaluate productivity gains through learning-by-doing (LBD) or experience-based
learning. Specific goals of the work were to address the following questions:

How do LBD concepts apply to USG production lines?

Are there common rates of learning across panel technology platforms?

Can historical results be used to predict future process performance?

Can LBD analysis be used as a tool to identify processes performing below their
potential?
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Productivity performance at new USG operations was found to be consistent with
the log-linear learning curve model. However, three distinct productivity periods were
identified, as illustrated in Figure 5.2:

1 Stagnant period: This is the first 1,000 net hours of operation immediately follow-
ing commencement of production, which typically lasts less than six months.
During this time, productivity performance is relatively flat. This period is charac-
terized by low process efficiency and reliability due to product quality problems
and frequent equipment failures. Worker knowledge is low and response times to
process upsets are slow. The primary focus of the production team is to keep the
process running. Although worker learning occurs throughout this period, there
are few measurable performance gains.

(Continued)
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Figure 5.2 Learning curve

The R&D organization is heavily involved in this early period:

e Product chemistries are adjusted to resolve product quality and process issues.

o Process engineering support is provided to assist in addressing process reliabil-
ity problems.

o Training is provided to quality control personnel.

e Product certifications through independent third parties are obtained.

o Field sales and quality support are rendered.

Efficiency and reliability gains: The ‘process hardening’ period extends from 1,000

to roughly 20,000 net hours of production, which can last between one and three

years, depending on sales levels and resultant production demands. During this

time, process reliability and product quality improve. Workers gain key operating

knowledge. Process hardening results from the resolution of chronic equipment

problems. At the end of this period, the process achieves its full efficiency and

reliability potential.

R&D personnel are less involved during this phase. Ownership of the new

technology transfers from R&D to manufacturing and support is provided on a
requested basis. By the end of the period, process knowledge within the manufac-
turing staff has reached or surpassed that of the R&D personnel.
Process speed increases: The final, or mature, period extends beyond 20,000 net
hours of operation. During this phase, productivity gains are almost exclusively
attributed to process speed-ups. Process efficiency and reliability factors are at or
near their peak potential. Worker knowledge is high. For USG, this period extends
indefinitely without notable signs of productivity plateaus.

The R&D organization provides ongoing, sustaining-type support at this stage.
Research initiatives include product line proliferation, cost optimizations of raw
material systems and assisting with in-place capacity expansions. A strong part-
nership exists between R&D and manufacturing during this phase.
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The commercial deployment of new technology platforms is challenging. Initially,
expectations among researchers, business leaders and manufacturing personnel are
high. Often, this initial enthusiasm decreases as problems with the new technology
and low operating experience result in lower than expected initial financial returns.

The log-linear learning-curve model appears to have value as a tool for predicting
early productivity performance of first-generation product platforms. Researchers
can study prior technology commercialization to characterize productivity progress
ratios of first- versus later-generation platforms for forecasting purposes. More realistic
process performance and financial projections would help to set proper expectations.

There are steps that can be taken to enhance learning rates and resultant productivity:

o Processes need to be engineered for uniformity and reliability.

o R&D and engineering staff involved in process design and development should include
reliability analyses in pilot-scale work.

o Initial product lines should be kept simple, particularly through the second steep
learning phase.

o Product line proliferation should be deferred to the third period where feasible. This
often creates a dilemma in that product line breadth is required to accumulate the
production hours required to push through the early learning periods.

e The manufacturing team should be kept in place until full process potential is
reached.

Source: Blancett, R. S. (2002) ‘Learning from Productivity Learning Curves, Research-Technology
Management, 45(3), 54-58.

Learning is a key part in creating technological competencies and is part of all other
technological management activities. It involves learning from successes and failures,
keeping the knowledge and experience, reflecting these findings in new research
and reviewing all activities of technological management. Learning is an unconscious
process for organizations and individuals, but informal ways are not as effective as
codified learning methods. The firms that want to strive for better dynamic capabilities
should try to make their learning processes conscious and formal. The methods devel-
oped will record internal knowledge produced and experience gained in various activi-
ties such as internal R&D and identification. The learning activity is not just internal
but also involves capturing knowledge from outside sources such as training or watch-
ing the competition. Considering external R&D activities and exploitation activities,
external learning should also be seen as part of the dynamic capabilities associated
with TM activities.

Furthermore, building competitive advantage requires the development of unique
and difficult to imitate resources, including knowledge. Innovation is about learn-
ing new ways to understand or configure the world around us. It is concerned with
creating new knowledge or using current knowledge in ways that create new forms

(Continued)
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of thinking or new products, which requires effective learning. Thus, the focus should
be not only on what is learned but also how learning takes place and evolves in the
organization.

Through learning, firms adapt to the changing and evolving environment by upgrad-
ing their capabilities, leading to new insights and concepts. Therefore, to enhance its
capability to learn, an organization should establish a system where individual learning
can be shared among members.

@) ey Questons

How does ‘learning capability’ relate to KM?
What are the learning processes?

What are capability maps and how are they used?
What is a learning organization?

What is the role of IT in facilitating learning?
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Learning objectives

After studying this chapter, you should be able to:

Recognize the different protection methods.

Understand the difference between tangible and intangible assets.
Recognize the advantages and disadvantages of IPR.

Understand the difficulties of measuring the value of intellectual assets.
Describe the processes of how to protect a firm’s intellectual assets.
Understand the links between protection and business models.

GV R W N =

6.1 Introduction

Protection refers to protecting the knowledge and expertise embedded in products,
services and manufacturing systems. In broad terms, intellectual capital/assets include
competencies, technologies and brands. Most companies recognize that technology assets
are a crucial part of their intellectual capital and that their challenge is to generate more
value from these assets by efficient acquisition, utilization and protection. The ability to
visualize, measure and effectively manage intellectual capital is thus a prerequisite for effec-
tive TM.

Knowledge and developed products and processes can provide competitive advantage
and generate revenue only if they are based on a collection of routines, skills and comple-
mentary assets that are difficult to imitate. If they can be replicated, imitated or emulated
by competitors, they can lose their value. Therefore a firm must protect its IPR, such as
trademarks, and new technologies through patents and staff retention. This chapter will
focus on the protection activity where the goal is to manage a portfolio of intellectual
capital/assets residing in a company.

6.2 Definition

In the S&P 500, the market to book value of technology-based companies is often greater
than six, meaning that the balance sheet number traditionally used to measure and report
the performance of these companies represents only 10-15% of the company’s value
(Giordan and Kossovsky, 2004). This is not due to overvaluation, rather the missing variable
in the traditional value equation is the value of intangible assets.

92
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Intellectual capital or assets are intangible and fundamentally different from tangible
assets such as capital, equipment and buildings. Intellectual assets consist of two sub-
groups of assets (Tao et al., 2005): legally protected assets (such as patents) and intangible
assets (such as know-how) that are closely held in the minds of individuals and groups.

A different definition of intellectual capital considers intangible as any factor that
contributes to the value-generating processes of the company and is, more or less directly,
under the control of the company itself (Bontis et al, 1999). Thus, intangible assets might
be of three main types:

1 Competencies, including skills and know-how, attitude, such as the motivation and
leadership qualities of top management and intellectual agility, such as the ability of
organizational members to be ‘quick on their intellectual feet'.

2 Innovation and entrepreneurship.

3 The ability to adapt and cross-fertilize.

Regardless of the method of commercialization, all technologies developed or utilized
within the company are subject to IP rules or rights if they can be codified or reduced to
paper. In law, IP is an umbrella term for various legal entitlements that attach to certain
names, written and recorded media and inventions. The holders of these legal entitlements
may exercise various exclusive rights in relation to the subject matter of the IP. The term IP
reflects the idea that this subject matter is the product of the mind or the intellect.

IP laws and enforcement vary widely from country to country and there are inter-
governmental efforts to harmonize them through international treaties such as the 1994
World Trade Organization (WTO) Agreement on Trade-Related Aspects of Intellectual
Property Rights (TRIPs). Disagreements over medical and software patents and the dif-
ficulty of copyright enforcement have so far prevented consensus on a cohesive interna-
tional system.

Besides government and international regulations, culture is another element determin-
ing IP laws and their enforcement across countries. Cultures that value collaboration, such
as Germany, tend to place less emphasis on complex legal arrangements. Cultures that
value implementation rather than invention tend to have a wider view of what should be
patentable, such as Japan. Developed countries such as the USA and the UK tend to use IP
to create market-entry barriers, and are tougher on enforcement. Less developed countries
such as China tend to use IP to enable growth and innovation, and are more relaxed about
enforcement or require arbitration.

There are various types of IP protection:

o Copyright may subsist in creative and artistic works, for example books, movies, music,
paintings, photographs and software, and gives a copyright holder the exclusive right
to control the reproduction or adaptation of such works for a certain period of time -
historically, 10-30 years depending on the jurisdiction, and more recently, the life of the
author plus several decades.

e A patent may be granted for a new, useful and non-obvious invention, and gives the
patent holder a right to prevent others from practising the invention without a licence
from the inventor for a certain period of time — typically 20 years from the filing date of
a patent application.

e A trademark is a distinctive sign that is used to distinguish the products or services of
different businesses.

e A domain name is a distinctive Internet address designated for a firm/product/service.
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e An industrial design right protects the form of appearance, style or design of an industrial
object, for example spare parts, furniture or textiles.

Although IP protection is important, it is not enough, since there are a wide range of
assets that cannot be codified and these intangibles might form a critical resource for
value creation in a company. The problem of intangibles is even worse for intangibles
that cannot be isolated. Isolatable assets can be subjected much more readily to protec-
tion, but those that are not isolatable are difficult to protect on their own. For example, it
is difficult to isolate individual improvements in software and therefore the asset created
by iterative development is difficult to protect even if it can be codified or reduced to
paper.

Although IP laws and rules help to protect the IP of a firm, in some cases, such as the
existence of intangible assets, protection might come from secrecy (Cohen et al,, 2000). A
trade secret, which is sometimes either equated with, or is a subset of, ‘confidential informa-
tion), is secret, non-public information concerning the commercial practices or proprietary
knowledge of a business, public disclosure of which may sometimes be illegal. Secrecy can
be used in product and process innovation. In the former case, there are two techniques
that can be adopted (Lu, 2007): home-base or host-base integration. In home-base integra-
tion, R&D units define product specifications, devise system structures and develop the
system core, then the host R&D units implement the submodules. In host-base integration,
the home R&D units define the product specifications, architect the system structures and
develop the system core. Once these are encrypted, the system core is delivered to the host
R&D units. Generally what is seen in the business is that a company starts from the home-
base integration mode and after its engineers become capable, the host-base integration
mode is phased in. This is because the latter needs a more complete organization function
and more capable engineers in the host R&D units.

The secrecy in process innovation is achieved by the distribution of various production
processes among facilities in order not to reveal fully the underlying know-how. This could
also be done by assigning several engineers to a process and having each one learn a part
of the process. After this secrecy operation, if competitors want to imitate the process by
recruiting the engineers, they need to recruit the whole team. It is much more difficult to
recruit a whole team than a single key engineer, and the cost is much higher.

A protection strategy should consider all intellectual assets. So this chapter will focus on
a broader capability that will protect the intellectual assets of a firm. Thus the capability
is not a legal capability alone but a creative and managerial process of understanding and
extracting the value of the overall intellectual assets of a firm.

6.3 Protection processes

To achieve a protection capability, four core processes need to be in place:

Identifying and measuring technology assets (internal and external).
IP portfolio management.

Managing knowledge workers and their IP.

Managing IP in open innovation/technology collaborations.

HW N -

These four processes are now discussed.



Protection 95

|dentifying and measuring technology assets

The identification activity is the main input for the auditing needed to lay down the base
of intellectual assets of a company. The main difference from the general identification
activity given in Chapter 4 is the inclusion of intangible assets in the analysis. Needless to
say, any identification activity regarding IP includes a detailed patent search. This is why
patent analysis is considered as one of the key TM tools (see Chapter 8).

By identifying and then assessing the existing intellectual assets in a firm and its com-
petitors and relevant third parties, it is possible to understand:

e A firm’s legal ability to practise its technology without infringing the intellectual assets
of others.

e The acquisition of intellectual assets.

e The methods of extracting value from the intellectual asset portfolio (Tao et al., 2005).

The case of Microsoft (at the end of this chapter) illustrates how firms proactively search
for ways to utilize their R&D investments.

The intangible character of intellectual assets requires a definition of the context of their
use. Its value can only be understood within the context it will be used. Experts assert that
intangibles count for more than half the value of many companies, for example Microsoft
is the largest intangible knowledge asset holder at $211bn, with Intel at $170bn (Giordan
and Kossovsky, 2004). These examples show clearly the importance of intangibles, includ-
ing patents, brands and, to some degree, market position/penetration. National account-
ing bodies are trying to integrate new methods to account for intangibles, including IP. For
example, as a result of recent accounting rule changes and the enforcement implications
of the 2002 Sarbanes-Oxley Act in the USA, the fair market value of IP is now reported in
greater detail on corporate ledgers (Kossovsky et al., 2004).

The standard methods for delivering fair value for a potential licence or IP donation usually
include one of three approaches: market reference, cost or income (Goldheim et al., 2005):

1 The market reference method assumes that the value of a particular asset or port-
folio of assets is determined by comparison with sales or licences of similar IP or
technologies.

2 In the case of cost-based evaluations, a buyer values an asset at the cost of producing
the asset, the cost of obtaining a substitute or the benefit of introducing the product
to the marketplace sooner.

3 The income method calculates the value from the Net Present Value (NPV) of future
cash flows associated with the asset.

In addition to these three general methods, there are also hybrid and advanced methods
that consider additional factors to arrive at a more insightful valuation, for example the
25% rule, options, relief from royalty, the Black-Scholes model (option pricing method) and
Monte Carlo simulations (Goldheim et al., 2005). Each method has its own set of operating
assumptions and data requirements.

In the case of open innovation, assessment is complicated. However, there are different
methods developed to overcome the problems. For example, to maximize the possibility
of finding interesting technology, GSK Consumer Health (www.innovation.gsk.com) posts
its wants online and P&G Bioscience (www.pgbiosciences.com) places its want list in the
public domain (Slowinski et al., 2009). After technologies are found, both parties make
negotiations and decide on the price of technology together.
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IP portfolio management

Companies need to manage their intellectual assets as a portfolio, since IP forms one of
the most significant parts of their intangible assets, which cannot be seen, touched or
physically measured and is created through time and/or effort (Pisano and Teece, 2007).
Legal intangibles generate legal property rights defensible in a court of law. IP can generate
revenue and result in competitive advantage for a firm if the country in which it is operat-
ing has a legal enforcement capacity. If gaining a patent is troublesome and expensive, and
the laws cannot be enforced for individuals/companies, then patenting does not protect
the IP rights of firms.

Besides the legal system, the importance of protection activity will depend on a number
of factors such as company size and commercialization strategy. For example, small firms
might consider either licensing out so that the set of complementary assets might be
reached, or try to generate some revenues, knowing that the firm itself cannot exploit its
technologies.

Commercialization strategy is a crucial decision factor in how to extract value from
intellectual assets. This strategy is driven from processes mentioned in Chapter 7, where
strategic choices for technology are developed. Companies focused on internal exploita-
tion may not give the protection process a high priority, since for them the protection
of technology is not the major determinant of competitive position. But a significant
number of (mostly large) companies file patents to protect their ‘freedom to operate’ (or
act). It is not that they believe that others could operate in their marketplace, it is just
that others, by taking a patent, could block them from operating in that marketplace.
Companies that favour trade secrets over patents for protection tend not to develop
formal protection processes, since they think that trade secrets are more difficult to iden-
tify and measure. Companies who are active in collaborations and frequently perform
technology transfers tend to consider patenting and protection more important than
other companies.

One of the commercialization methods is selling technology. Selling technology might
take the form of licensing, cross-licensing, donations and royalties. Different externally ori-
ented methods for extracting value from a firm’s intellectual assets indicate that managers
need to consider the time frame when value will be extracted from a particular intellectual
asset as well as the potential of opportunities. In other words, if it will take a long time
to achieve the value and the costs are high, managers might prefer equity investments or
spin-out. In another situation where there is low value combined with almost no future
prospects for a particular intellectual asset, managers might abandon IP to save patent
maintenance fees.

Many companies focus on selling products once a technology is developed, but an
alternative choice in commercialization is to sell technology before the development is
completed. The reasons for this choice may include:

Ever-increasing costs and risks of R&D.

Poor fit with a company’s overall strategy.

Limited patent protection.

Fear of competition.

Financial and other problems preventing market exploitation.
Lack of production facilities.

Antitrust legislation (Burgelman et al., 2004).
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If it is decided to sell a technology, then technology managers need to be aware of the
following concerns: the selling decision should fit into the strategy for a full portfolio of
technologies, and the value of the technology might be underestimated, since without full
development, assessing the value is difficult.

When a decision is made to sell a technology, management needs to handle the follow-
ing processes, which are similar to those of buying technologies, as discussed in Chapter 2:
finding technology buyers, choosing the selling method, contract preparation and negotia-
tion and technology transfer. Some selling options may depend on collaboration, for which
the following processes are relevant: finding partners, contract preparation and negotia-
tion, technology transfer and managing long-term collaborations. Donation is another pos-
sibility in extracting value from an intellectual asset, because of tax advantages, less time
and resources required compared to licensing or developing relationships with universities
(Goldheim et al., 2005).

Although it might seem obvious, selling technology is not an easy task. For example,
P&G is a successful company in IP management, but it utilizes only 10% of its technologies
in its own products (Sakkab, 2002). Thus, for P&G and many companies, there is a lot of
value to be had in the remaining 90%. However, these technologies sit on the shelf because
the process of identifying the patents, copyrights, trademarks and trade secrets requires
extensive technical and market insight. It is important to remember that IP portfolio man-
agement is not a licensing/legal problem alone. Extracting the value of intellectual assets
takes flexibility and the ability to combine networked IP development, asset management
and financing, market intimacy and commercialization skills (Giordan and Kossovsky,
2004).

Besides IP laws, another way of protecting technology is through setting standards for
the technology developed. In the early stages of a technology, there is no single generally
accepted conceptual treatment of the phenomenon in a field of study, but in later stages,
a body of theory appears and sufficient evidence has accumulated that a design has been
delivered (Shapiro and Varian, 1999). The rise of dominant design leads to standards being
set in the industry for that particular technology, with alternative technologies failing to
receive wide acceptance. An example is the case of open source software where the core
IP is protected even though it is open to be used on a no-fee basis. The goal in open source
is to stimulate innovation through the use of IP and to generate new technologies in a
wider sphere and at a lower cost. The resulting impact is payback through market position,
service provision and so on.

Managing knowledge workers and their IP

Intellect means the capacity for understanding, knowing and reasoning, the rational or
highly developed use of intelligence. Hence, the intellect of an organization covers:

o Cognitive knowledge — know-what.

e Advanced skills — know-how.

e System understanding and trained intuition — know-why.

o Self-motivated creativity — care-why (Tushman and Andersen, 2004).

A firm’s intellect resides with its people, making HRM the critical dimension of managing
knowledge. This is why, in protection, the goal of managing knowledge workers is keeping
their knowledge protected and keeping them innovative.
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Employee agreements are supplementary legal mechanisms to patenting and copyright-
ing (Lu, 2007). Firms try to use anti-disclosure clauses in contracts with key personnel to
cope with the claiming problem. Putting typical statements that impose constraints in
confidential information is one way to do this. The confidential information stated here
includes methods of doing business, R&D, know-how, customers, trade secrets, manufac-
turing methods, computer programs, algorithms, finances and other proprietary informa-
tion. However, this process is not as easy as it seems. Employee turnover and a lack of
loyalty are great concerns in this issue.

One approach for keeping knowledge workers innovative in an organization is to
establish corporate entrepreneurship within the firm. Corporate entrepreneurship means
venturing, innovativeness and self-renewal through employees becoming entrepreneurs or
owners of intra-corporate ventures (Zahra, 1996). It requires:

e Norms to promote innovation and change.
e Norms that promote creativity.

e Support for risk taking and change.

e Rewards and recognition for innovation.

e Positive attitudes and role models for change.
o Tolerance of mistakes.

These goals can be achieved with a combination of HRM and an organizational structure
that supports and provides mechanisms for idea generation, evaluation, selection and
implementation. For example, Whirlpool has institutionalized I-mentor roles for all areas
of the company and encourages employees to be trained to become formal I-mentors. In
addition, Whirlpool supports I-heroes in the company by providing tools, time and struc-
ture to the creativity process (Snyder and Duarte, 2008).

After innovative and entrepreneurial initiatives are finalized, depending on the strategic
and operational importance of the initiatives, a number of organizational designs might
arise (Tushman and Andersen, 2004):

Direct integration.

New product department.
Special business units.

Micro new ventures department.
New venture division.
Independent business units.
Nurturing plus contracting.
Contracting.

Complete spin-off.

For example, in 1995, Xerox created technology ventures to solely invest in unique tech-
nology start-ups through spin-offs, which are new businesses outside the core business
(Loutfy and Belkhir, 2001). In 1999, Xerox’s technology ventures evolved into two major
organizations: Xerox Intellectual Property Operations and Xerox Venture Lab. For six years,
Xerox Venture Lab created over a dozen companies where Xerox kept 51%-plus ownership.

Handling corporate entrepreneurship within an organization is not easy since there are
many IP rights involved. Corporate and divisional managements must be made aware of
long-term growth and benefits. Senior management needs to develop a venture charter
specifying the functions and procedures of venture management. There should be uniform
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formats for business plans within determined time frames. At any given time, a limited
number of ventures with independent budgets must be sponsored. To support variety,
multiple sources of internal sponsorship should be maintained. As an incentive, product
champions must always be selected to manage such ventures. The rewards and IP rights
need to be settled at the initiation of projects to prevent any conflict between employees
and the firm.

Managing IP in open innovation
By adapting open innovation, managers aim to achieve two goals:

1 Harnessing outside ideas to advance their own businesses.
2 Leveraging their internal ideas outside their current operations.

Thus, managers are involved with many forms of collaborations ranging from spin-in and
out, licensing in and out, buyouts and alliances to joint ventures (Chesbrough, 2003). Open
innovation provides a platform, a springboard for private profits, therefore firms have
incentives to preserve and feed the common platform, as in the creative industries and
video game industry (Cohendet and Simon, 2007). Yet, knowledge is not available to all
companies; rather it flows within a closed circuit of parties involved in the open innovation
exercise, and even within that circuit, different IP rights might hold.

For example, two Internet sites where open innovation practices are carried out
show how their open innovation models are limited when it comes to IP issues (Tao and
Magnotta, 2006). They are:

1 InnoCentive (www.innocentive.com), where ‘seeker’ companies post a problem on
their website. They also post the ‘bounty’ for receiving a solution that meets their crite-
ria. ‘Solvers’ propose solutions through the website. Seekers receive IP ownership for
paid solutions. The website hosts scientists from over 170 countries around the world.

2 NineSigma (www.ninesigma.com), which is building global innovation networks that
identify and connect the talents in order to create the next generation of products and
opportunities of interest to their clients. The process works as follows: project proposals
are provided to the client; the client makes an independent decision to fund a proposal
and negotiate a business arrangement appropriate to the situation; NineSigma charges
the client firms a small upfront fee in order to conduct a search for talents and when
the client firm chooses to work with one talent, an additional fee is charged.

In general, the collaboration should start with an initial non-disclosure or confidentiality
agreement to cover early negotiations (Utunen, 2003; Frohling, 2007). Sometimes, if the
parties are going to collaborate on more than one project, or if the project is large, it might
be appropriate to create a framing agreement to cover overall goals. Further agreements
can support each phase of the collaboration, such as feasibility studies, development,
prototyping, production and commercial exploitation. The agreement for each phase
should include a clearly defined exit strategy for the partners, in case the collaboration fails
or is not continued as originally planned.

Protecting IP is important and working through the issues refines everybody’s under-
standing of their collaboration. It is a learning process that the parties, used to closed
innovation processes, must go through if they want to participate successfully in open
innovation.
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6.4 Recent challenges

Strategies for the protection of IP are under pressure due to four major challenges: patent
pools, patent trolls, open innovation and the rise of digital manufacturing. Managers need
to develop a dynamic IP strategy depending on the density of problems they face in their
industry.

Many high technologies involve blocking patents owned by multiple patent owners
such as the competition between three prominent smart phone operating systems: iOS,
Android and Windows Mobile (Uijl et al, 2013). These operating system developers use
patents to make the other platforms more expensive and spread uncertainty among appli-
cation developers. When a technological field develops through the contributions of many
entities, negotiating the number of requisite patent licences may become inefficient and
too costly for users. The result is a ‘patent thicket’ that is an overlapping set of patent rights
requiring those that seek to commercialize new technology to obtain licences from multi-
ple patentees. To solve this issue, companies such as CD, DVD, Blu-ray and MP3 producers
employ a patent pool licensing model. A patent pool aggregates IPR for the purpose of
joint licensing. It is an innovative business model to enhance technology adoption and IPR
monetization by facilitating the interaction of multiple licensors with many licensees.

Even though patent pools offer a solution to complicated patents, patent trolls might be
problematic. Patent trolls are companies or individuals that buy up patents in bulk and block
these patents’ application in new innovations (Petrick et al., 2014). Patent trolls and the rise of
patent litigations put pressure on companies. This act results in the underuse of technologies.

As the complexity of technology increases and open innovation spreads, it is becom-
ing increasingly rare for a single company to have all the expertise and capabilities to fully
create a technology platform or solution (Granstrand and Holgersson, 2014). Moreover,
innovation happens at companies of all sizes. There are different forms of open innova-
tion offering special IP solutions. For example, Quirky (www.quirky.com) offers inventors
a platform to post their ideas and receive feedback from potential customers to guide the
refinement of the invention. The most popular ideas then become products that are sold
through the site. The influencers, while often an important source of ideas, don’t own any
rights to the resulting IP. But this is not the case in many collaborative open innovation
cases. Collaboration between organizations solves a technical problem by sharing core
technical knowledge across organizational boundaries, but then they also jointly hold
patents or copyrights. After collaborations end or when partners conflict, managers need
to negotiate ownership of IP assets. Thus, companies start to plan for potential IP asset
distribution even before such assets are created.

The final challenge is the developments in digital manufacturing. The roles of design-
ers, producers and customers have been well understood in the traditional supply chain
(Petrick et al, 2014). However, the digital revolution in design and manufacturing such as
the rise of 3D printing, also called additive manufacturing, is blurring the roles of supply
chain actors. An interesting example is Shapeways (www.shapeways.com), that enables
individuals to design, prototype and buy or sell products online. At Shapeways, individuals
can download a product design and then customize it, reload it to the Shapeways website,
and have it produced by the company’s 3D printers. Shapeways then ships the finished
product to the customer. In such a business model, IP issues get confusing since it is hard to
find out who the designer is. Is it the primary designer or the individual who downloaded
and customized the design, or both?
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Shapeways is just an example that shows how firms might create physical products
from digital files. The integration of products and services are further challenged with
Smartphone applications that enable a user to create digital design files from photographs
of physical objects. How does the owner of the IP embedded in the original physical object
even track how it is used after a digital file is created? We have seen similar problems in
the entertainment sector, where digital rights management was a critical enabler of the
eventual protection of IP. There is no such standard established in the design and manu-
facturing space yet. In short, digitalization of products and services is reshaping the con-
ceptualization of patents and copyrights, while redefining the party who holds the rights
to use them.

Due to all these challenges, IP strategies are not limited to particular patents and stand-
ards but they have become highly sophisticated managerial tools at the strategic level. For
example, a very interesting case took place between Sony’s Blu-ray and Toshiba’s HD-DVD
in blue laser DVDs (Gallagher, 2012). Analysis of the battles between these standards sug-
gests two interesting findings. First, corporate strategy provided a decisive advantage to
the Blu-ray alliance led by Sony. However, Sony appears to have ‘won’ the battle in the USA
by exploiting a superior corporate strategy to not only provide complementary products
as called for by the traditional model, but also by utilizing its technology as a component
in an ancillary product, its PlayStation 3. Second, indirect network effects seem to comple-
ment ‘Metcalf’s Law’ for direct network effects. ‘Metcalf’'s Law’ means the potential value
of a network is proportional to the square of its users. In short, the widened community
generated results in higher network benefits for users.

The past decade has shown the stories of companies that have either reinvented them-
selves or withered such as IBM or Kodak. Downes and Nunes (2014) describe these new
dynamics of competition where digital technologies enter traditional sectors. In their view,
competitive advantage in this emerging world comes through experimentation, rapid fail-
ure and more experimentation. Since long-term IP protection does not guarantee market
success anymore, managers need to employ a good strategy of IP, standards and flexibility
(McGrath, 2013).

(@) coso sty

Even though the company names are not given, the following story is an actual case
of collaboration for joint technology development and commercialization between a
large European multinational corporation and a small US R&D firm. The brief descrip-
tion of the case is given below (see for details, Granstrand and Holgersson, 2014).

The two companies involved were engaged in R&D and commercialization collabo-
ration in the heavy inorganic chemical industry. This industry is typically character-
ized by raw material extraction, standardized bulk products and cost-cutting process
technologies. It is dominated by globalized oligopolies, and there are significant entry
barriers, retaliation capacity and imitation risks. The two firms involved in this case
were LF, a large, multinational European technology firm with over 60,000 employees
working in more than 100 countries, and SF, a small US innovation firm with just a few
employees working mainly in R&D. SF was a non-producing entity, but not a typical
patent troll.

(Continued)
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In the 1990s, LF needed a new cost-saving purification and separation process

technology. SF provided a process technology that was at a small pilot-plant stage, not

yet developed to the commercial demonstrator stage. They decided to collaborate in
order to develop the technology and scale it up. The two firms officially entered into an
exclusive two-year technology collaboration agreement, which was extendable and ter-

minable. The agreement included a set of terms governing IP assembly at the inbound

acquisition phase, and IP disassembly at the outbound exploitation and termination
phases of the collaboration. Some highlights from the agreement are as follows:

In

bound acquisition

SF specified and provided all its know-how (including patents and trade secrets),
and LF provided some (but not all) of its know-how as cleared background
technology.

Each party owned its background technology and was obliged to obtain, maintain,
and defend its background patents at its own cost.

SF granted LF an exclusive, worldwide licence on its background technology. LF paid
SF a background-technology user fee based on a specific licence-pricing model,
which they agreed.

All foreground technology was owned, managed and paid for by LF, which compen-
sated SF for the engineering work.

Outbound exploitation and termination

If both parties agreed that the joint development work had been successful, the
companies would collaborate for joint commercialization. Otherwise, they agreed
to do the following. LF would grant SF a non-exclusive, irrevocable, royalty-free
licence to the foreground technology with unrestricted sublicensing after five
years. SF would grant LF a non-exclusive, irrevocable and restricted licence of such
background technology as was necessary for LF to exploit the foreground technol-
ogy, and then pay SF the background-technology user fee. These licences should
also include a non-exclusive right to any written reports relating to background or
foreground technology.

The agreement could be terminated in the case of collaboration performance
default, financial default, third-party acquisition or key persons leaving SF. In this
case, mutual licensing would become non-compulsory.

All of the materials received from each other should be treated as confidential, and
its disclosure should be prevented for ten years after the termination of the agree-
ment unless it had become common knowledge.

Change of control

If SF received an acquisition offer, LF had the right of first refusal to purchase all or
part of the shares in SF or all or parts of the background technology. LF retained this
purchase right for five years after the agreement ends.
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Learning objectives

After studying this chapter, you should be able to:

1 Understand the transformation of the identification activity into strategic decisions.

2 Understand the complexity of decisions involved in selecting technologies and
related business models.

3 Understand technological core competencies and their role in strategy making.

4 |dentify strategies based on core competencies.

5 Recognize the dimensions of strategic decisions involved in the selection capability,
particularly the key make-buy-collaborate decision.

6 Identify key processes in selecting technologies among alternatives.

7.1 Introduction

Selection requires important decisions to be made for technologies and business models
that should be supported by the organization. In other words, the selection capability is
a strategy-making capability. In essence, strategy involves selecting and developing tech-
nologies and business models that build competitive advantage through assembling and
orchestrating internally or externally owned resources.

Even though the identification capability provides a large volume of information on dif-
ferent dimensions, including technologies, markets, environment and so on, the decision is
made through selection among alternative choices based on a number of major strategic
analyses. This chapter will present some of these critical strategic analyses and then show
how some key strategic choices are made; the focus being selecting technological core
competencies and deciding on the make-buy-collaborate alternatives.

7.2 Definition

In the dynamic capabilities tradition, strategy involves selecting and developing technolo-
gies and business models that build competitive advantage through assembling and orga-
nizing difficult-to-replicate assets, thereby shaping competition itself (Teece, 2007).
Strategy making includes two integrated sub-processes — selection and implementation;
this chapter focuses on the selection process, while development processes are discussed
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in Chapters 2 and 3. Following the dynamic capability perception, the selection capability
comprises processes used in strategic decision making.

Selection requires important decisions to be made about the technologies that should
be supported by the organization. These decisions require a strategic stance and, once
made, they become the pillars of the technology planning at the company. Minzberg
(1994) suggests that planning is one proposed approach to strategy making among
several other possibilities. He argues that planning is a formalized procedure to produce
an articulated result in the form of an integrated system of decisions. This formalization
helps to deconstruct, articulate and rationalize the processes by which decisions are made
and integrated in organizations. This is why technology planning and technology strategy
activities are integrated.

In an age of technological innovations, a firm is not only a ‘profit maker’ but also an
innovator. So it should have the profits and scale necessary to finance the overhead expen-
ditures required to anticipate change and create ‘future values, as IKEA, a global furniture
company, did when it changed the furniture industry by introducing its modular furniture
model (Normann and Ramirez, 1993; Kim and Mauborgne, 1997, 2005). Thus, the selection
process should shape and calibrate opportunities so that it is possible to decide on how
current and future technologies should be utilized as part of an organization’s business
strategy. Business and technology strategies need to be coupled for long-term success.

7.3 Selection processes

The selection capability does not have any meaning without a good assessment capacity,
which requires a grasp of strategic objectives and priorities developed at the business-
strategy level. Such an assessment capacity relies on rich data that is collected through an
identification activity or driven from an acquisition activity. Then, selection uses a number
of analyses and decision-making processes to generate the firm’s technology strategy and
align it with the business strategy.

As planning and strategy development are intertwined, eight steps in technology plan-
ning (Khalil, 2000) might be regrouped by using the terminology of the strategy triangle
(Johnson and Scholes, 1999), as shown below:

Technology audit.

Forecast the technology.

Analyse and forecast the environment. 1 Strategic analysis.
Analyse and forecast the market/user.

Analyse the organization.

Develop the mission.

Design organizational actions. 2 Strategic choice.
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Put the plan into operation. 3 Implementation.

The strategy triangle concept leaves out an important element for continuous improve-
ment that constitutes the final step in strategy making — measurement and evaluation.
This chapter will briefly discuss the strategic analysis process that is based on the data and
information gathered in Chapter 4 and then the main focus will be the processes related
to making strategic choices, in other words, making a selection. The final two processes,
implementation and measurement and evaluation, are dealt with in Chapters 3, 5 and 6.
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7.4 Strategic analysis

The strategic analysis takes the information gathered in the identification process
(Chapter 4) one step further. The analysis aims to develop potential decision alternatives
for senior executives based on information about the competencies, assets and capabilities
of the organization, the environment it operates in and the goals and expectations of the
people with power to guide it.

Before making any strategic choices, an assessment of technological gaps and oppor-
tunities in light of the business strategy needs to be carried out. In addition, firms need to
make a value analysis in order to see the potential to break out from existing value chains
(Kim and Mauborgne, 1997, 2005). Strategic analysis focuses on gap and value analyses,
where different tools ranging from traditional SWOT to roadmapping techniques are used
(details are given in Part II).

There are many ways of doing gap analysis. One might be the competitive position of
the company with respect to its technology. While one leg of the matrix lists the company’s
competitiveness, the other leg shows the level of technology competitiveness. The values
of both competitiveness types might be weak, viable or dominant. If the competitive posi-
tion is dominant but technology competitiveness is weak, a firm might decide to invest in
that particular technology to support its existing market dominance.

Rather than looking at the business competitiveness in isolation, companies might try to
capture their technology position vis-a-vis the impact of technology on competitiveness.
The technology position/impact map supports the competitive assessment of a company’s
technology, based on two key dimensions (Lindsay, 2000): technology position with respect
to competitors and technology impact such as the potential competitive impact in the
market. Each combination of technology position (dominant, superior, viable, tenable or
untenable) and technology impact (base, key, pacing or emerging) indicates a threat or an
opportunity. For example when technology position is dominant and technology impact is
pacing, a firm has high potential future advantage.

Another gap analysis might attempt to measure strengths and weaknesses with respect
to the fit between technological and organizational competencies. For each technology, it
is necessary to ensure that the required organizational competencies are in place for effec-
tive exploitation of the technical knowledge.

Gap analysis is necessary but not sufficient to develop technology strategies, since it
is rather static. This is why firms should take into consideration a dynamic approach and
value analysis is a good tool for this, which is described in Chapter 13. All commercial activ-
ities are performed with the objective of providing value of some kind, where the value
is a combination of the benefits gained from the activity and the cost of achieving these
benefits (Melnyk and Denzler, 1996). Value analysis, sometimes called ‘value engineering,
is an intensive, interdisciplinary problem-solving activity that focuses on improving the
value of the functions required to accomplish the goal or objective of any product, process,
service or organization (Cooper and Slagmulder, 1997). So value analysis utilizes many tools
such as business process re-engineering in order to identify activities that add no value and
new ways of carrying out a particular process.

Value analysis applications are extended to integrate customer choice in order to go
beyond the minimum essential product functions. Quality function deployment, a TQM
tool used in designing products on the basis of customer feedback, extends value engi-
neering in that it is not restricted to minimum essential product functions (Shillito and
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de Marle, 1992; Shillito, 1994). In that regard, the use of value analysis in TM requires the
company to analyse its value propositions in a wider context. Value innovation fits well
with the dynamic capabilities approach (Kim and Mauborgne, 1997, 2005). Value innova-
tion is the simultaneous pursuit of radically superior value for buyers and lower costs for
companies by analysing the value chain of a firm (Kim and Mauborgne, 1997).

Firms decide whether to perform some or all of these analyses before they make stra-
tegic decisions. This depends on contingency factors such as the level of complexity of
technology involved and market conditions.

7.5 Strategic choices

After the strategic analysis is carried out, firms go through a process where they make deci-
sions based on the available choices. Once managers receive an analysis of technologies and
markets, they realize that there are a number of opportunities, of various magnitudes and
urgencies, in different places. Managers must decide which gap to tackle, which innovation
to carry out for the value set offered to customers and which opportunity to grasp based
on general strategy goals and how to grasp them. The decision a firm faces is not just about
when, where and how much to invest but particularly about whether ‘to select or create
a particular business model’ (Teece, 2007). Business model issues range from investment
priorities and incentives to enterprise boundary choices and their alignment with the physi-
cal technology. This includes the way commercialization will be carried out. For example,
Motorola’s $5 billion Iridium satellite telephone venture failed because it did not attract
sufficient users to break even amid complaints of prohibitive costs and cumbersome hand-
sets; in other words, its identification of a market need was incorrect (Carrol and Mui, 2008).

A positive example of the importance of strategic choices is Apple’s iPhone, an Internet
and multimedia-enabled smart phone, launched in 2008. Although Apple is a computer
company, it identified an opportunity in the phone business and pooled together tech-
nological and organizational competencies embedded in different organizations and
delivered a new product that challenged the existing phone industry.

Therefore, regardless of the purpose of a technology strategy, decision makers need to
develop a list of criteria to shape the details of their technology strategy. These criteria are
expected to help managers in making two main decisions:

1 Identifying the core technology competencies the company wants to develop.
2 Selecting a buy-make-collaborate option for each technology they have or plan to
have.

These two decisions will influence the enterprise structure, procedures, designs and incen-
tives for seizing technological opportunities.

Identifying core technology competencies

The strategy literature emphasizes the identification of core competencies for a firm in
order to capitalize on the benefits of their competencies (Prahalad and Hamel, 1990).
The idea of core competencies is finding competencies that might be applicable to a wide
variety of products and business markets, as shown in Figure 7.1. This allows a company
to leverage its investments in core competencies through a portfolio of applications by
lessening the risks of failure in one product or market.
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create new market space across time based on the value analysis carried out in the
company (for details of value analysis, see Chapter 13).

From the core technologies perspective, managers should ask four questions that
translate value innovation thinking into a new value curve for technologies (Kim and
Mauborgne, 1997):

1 Which of the technology/competence factors that our industry take for granted
should be eliminated?

2 Which technology/competence factors should be reduced well below the industry’s

standard?

Which should be raised well above the industry’s standard?

4 Which technology/competence factors should be created that the industry has never
offered?

W

Thus, there are important decisions that need to be made on the basis of a firm’s value
offerings. Once the answers are found, they help to determine the core technological
competencies.

The selection of core technology competencies is also affected by the level of technology
and organizational competencies available in the company. As shown above, gap analysis
indicates the level of technological capabilities and the extent to which the technological
capabilities under consideration are supported by the necessary organizational capabilities.
This might affect the decision on core technological competencies.

After the core technology competencies are decided, possible technology strategies
related to core competencies might be (Chiesa and Manzini, 1998):

o Competence deepening: investing in the skills/applications fundamental to the firm’s
current strategy.

o Competence fertilizing: using skills already available within the firm to create new
applications.

o Competence complementing: acquiring new skills to be integrated with the current set of
skills in order to open new market opportunities.

o Competence refreshing: acquiring new skills to generate a cluster of new applications in
the future.

o Competence destroying: identifying certain skills that might erode the set of knowledge
required for some current applications to be performed in the future.

Buy-make-collaborate decision

The main strategic decision to be addressed in terms of implementing a technology strat-
egy is that of the resources needed to generate and carry out the innovations looked for in
the plan. If they are available in-house, allocating budgets and responsibilities might initiate
project management activities. If they are not available, it is important to decide how to
acquire them. This is the make-buy-collaborate dilemma.

One proposed model for solving this dilemma is balancing the strategic impact of tech-
nology (base, key and pacing) with the anticipated cost of technology development (Floyd,
1998). If technologies are critical or just new and the cost of technology development is
medium to high, forming an alliance/collaboration might be the best strategy to acquire
technologies by reducing the cost burden.
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In the case of technology, the make-buy-collaborate decision is complicated because
of the dynamic nature of technological change. Rapid changes in technology necessitate
technology strategy taking into consideration three additional factors:

1 The constituent technologies embodied in the product and the production process
used to manufacture it.

2 Extending the technology analysis to the whole value chain in the industry involved.

3 The choice of how to commercialize the technology.

In dealing with these three factors, the dynamic capabilities and the value constellation
views might be useful due to their systemic nature (Normann and Ramirez, 1993; Teece,
2007). Consequently, the focus of strategic analysis is not the company or even the industry
but the value-creating system itself, within which different economic actors — suppliers,
business partners, allies and customers — work together to co-produce value. The key stra-
tegic task in this view is the reconfiguration of roles and relationships among this constel-
lation of actors in order to mobilize the creation of value in new forms and by new players.
And their underlying strategic goal is to create an ever-improving fit between competencies
and customers. In other words, successful companies consider strategy as a systematic
social innovation: the continuous design and redesign of complex business systems. For
example, when IKEA introduced its modular furniture model, it changed the roles of agents
in the value chain; customers became transporters and assemblers of the products they had
purchased. The characteristic of becoming a social innovator necessitates a reconfiguration
capacity that not only enhances combinations for new value but also aligns co-specialized
assets inside the enterprise and between and among enterprises or supporting institutions.

Value-adding activities are not necessarily linear; they may take place simultaneously or
sequentially and may be performed by one party on one occasion and another party on
another (Normann and Ramirez, 1993). So rather than having fixed boundaries between
organizations, the boundaries and the organizations become flexible and fluid (Ashkenas
et al.,, 1995). Information flows readily between different participants in the value constel-
lation/ecosystem. As the actions of all parties become more transparent, tasks can be
allocated more efficiently and there is less need to closely monitor performance and rely
on traditional command and control to get things done.

When an organization develops its long-term strategy, managers need to grasp three
main factors: the regime of appropriability, the role of dominant design and complemen-
tary assets (Teece, 1986, 2006). The regime of appropriability refers to the existing legal
structure for IPR that protects innovations from being copied, while dominant design is
about the standards set for particular technological innovation. The existence of IPR and
the emergence of standards allow innovators to gain higher returns from their innovations,
so they support the decision making.

Dominant design refers to an agreed standard upon which full-scale production will be
carried out. Before dominant design appears, many alternative technologies compete and
following a set of complex interactions of various stakeholders, one technology becomes
widely accepted. At some point, the design becomes accepted as the industry standard.
Dominant designs have the benchmark features to which subsequent designs are compared.
Examples include Ford’s Model T automobile and the IBM PC, while GSM (Global System
for Mobile communications) is the most popular standard for mobile phones worldwide.

Complementary assets are related capabilities that the innovator needs to achieve in the
market. They might be generic such as car/steel producers, co-specialized such as ships/
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harbour services and specialized such as McKinsey’s consultancy services (Teece, 1986). An
example illustrating the importance of complementary assets is the commercialization story
of EMI's computerized axial tomography (CAT) scanner. In the late 1960s, Godfrey Hounsfield
(now Sir), a researcher at EMI, one of the world’s leading music companies, came up with
a method of examining body organs by scanning them with X-rays and using a computer
to construct a series of cross-sectional scans along a single axis. In 1968, EMI patented the
invention and invested in the CAT scanner. Initially, EMI was successful, but after six years,
it lost market leadership to its large competitors in the health industry who bypassed the
appropriability regime. After eight years, EMI dropped out of the business, mainly because
of a lack of sales, marketing and after-sales service capabilities crucial in the medical industry.

The process behind the make-buy-collaborate decision might involve considerations
related to complementary assets, the appropriability regime and dominant designs (Teece,
2006). For example, a profit-seeking innovator faced with weak IP protection and the need
to access specialized complementary assets or capabilities is forced to expand through
integration to prevail over imitators.

When a firm’s technology strategy results in a decision to either acquire a technology or
develop it collaboratively, the next step is implementation or commercialization. However, one
final decision needs to be made: how to manage intra- and inter-firm management processes.

Managers need to analyse the internal processes that will handle the type of technologi-
cal innovations called for by the technology strategy. For example, a company may have a
well-developed new product development process and competent staff able to generate
a string of new products. But this organizational strength might not allow the company
to handle a series of acquisitions. A new form of organizational and managerial structure
might be needed. In fact, the main organizational problems in the implementation stage
include the challenge of balancing the use of pacing and emerging technologies together
with the use of key and base technologies.

To be a leader in global manufacturing, a company must excel in two contradictory
ways (Tushman and Andersen, 2004). On the one hand, a company must constantly build
and refresh its individual areas of expertise or ‘explorative’ capabilities, so it has the critical
capabilities needed to stay ahead of its competitors. On the other hand, a company must
make sure its changing mix of disciplines work together to gain ‘exploitative’ capabilities. In
other words, the company should encompass both explorative and exploitative capabili-
ties within its organizational structures so that it can develop reconfiguration capabilities
(Teece, 2007). This solution demands the establishment of an effective KM system and
corporate entrepreneurship practices.

@ Coe sy

Ferrofluidics was founded in October 1968 to develop and market magnetic fluid
technology. The product, a fluid known as ferrofluid that can be magnetized, may
have been the first commercial nano-engineered system. Through the application of a
magnetic field, the ferrofluid can be precisely positioned and controlled. Over time it
was discovered that the unique properties of ferrofluids were exceedingly valuable as
lubricants, sealing agents, bearings and dampening agents.

The company developed numerous products based on ferrofluid technology,
including: seals to isolate hazardous environments from ambient or normal conditions
and near frictionless sealed bearing to allow disk drives to spin at incredible rates. In
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technological output of a company. To illustrate the core competence of a company, or
to assess the technology of a company, patent analysis might be used. However, technol-
ogy trend analysis is a more detailed analysis of changes in the content of technical details
and indicates the trajectory of a technology. In other words, the number of changes in
the technical details of patents enables the drawing of a forecasted track that the techno-
logical development will follow. For instance, in relation to the S-curve of a product’s life
(discussed in Chapter 11), in the beginning, there are few companies with patents. Once it
reaches the period of fast growth, many patents will have been filed and in the last stage of
saturation, there are few companies still working in the field.

Patent analysis is widely used by technology companies engaging in M&A activities in
order to discover the company with the best price to target from a technology perspec-
tive. By investigating the patents of the company, the strong points of the company will
be revealed. Also, it is a significant matter whether the companies are compatible or
complementary in terms of their technologies. Apart from the relations between the two
companies, patent analysis will direct decisions on whether key employees will stay or leave
after the M&A has taken place.

Identifying technologies is easy with a patent analysis, which supplies information on
a number of dimensions. It helps to support a detailed competitive analysis by enabling
assumptions to be made about the strength of a firm in terms of:

e The number of patents owned.

e The growth pattern of the technology.

e The significance of an innovation, that is, the number of times the patent is cited in R&D
planning in comparison to competitors (Liu and Shyu, 1997).

Although the records of patent databases are publicly available, patents are not always easy
to trace, as sometimes the patent has been sold or the owner has merged with another
company. Professionals only search databases within the valid territory of the patent (Hunt
et al,, 2007). If, for example, the patent is only valid in the UK, research only needs to be
conducted in UK patent databases. Another benefit of using such tools is that grouping
patents under categories allows companies to identify their strengths and weaknesses by
analysing their area of specialization. For example, if a company has a number of patents in
a particular field, it would be considered as specialized in this area and therefore a strong
competitor in the sector.

Protection is not possible without patent analysis. Firms have to be mindful of their IP
management in order to benefit from their monopoly rights and to decide an accurate
focus of interest for their own benefit (Goldheim et al., 2005). Most companies are unaware
of their patent status, whether they are protected anymore and what they have. Therefore,
it will be beneficial to generate a patent portfolio inventory. A patent portfolio makes it
easier to track all the important information about a company’s patent-related issues, such
as their rights in different countries, expiry dates and amount of patent they grant (Mogee
and Kolar, 1994). Moreover, patent analysis might be used to determine the strengths and
weaknesses of a company, which in turn helps managers in shaping their IP strategy, as
discussed in Chapter 6.

Related to protection, patent analysis is useful in licensing (Breitzman and Thomas, 2002).
Patent citation analysis allows companies to filter patents that are not in their own spe-
cialization but in that of other companies. By so doing, these patents could be out-licensed,
and any errors in out-licensing required patents would be avoided by being aware of the
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relationships between the patents held by a company (Goldheim et al, 2005; Tao et al,
2005). Firms can easily determine whether they should or should not in-license a group of
patents in order to use an interesting technology. In some sectors such as IT, companies
share their portfolios by cross-licensing. This enables both parties to use each other’s patents
in case of need, free of charge. Analysing patents could reveal some patents that are not
used for any monetary benefit for a company; in such cases, firms should decide whether to
renew or donate patents to non-commercial entities and gain a tax deduction. The donate-
or-renew decision is based on how frequently a patent is cited or used in new production.

One other significant benefit of patent analysis is related to managing a firm’s key HR in
order to protect its intellectual assets (Breitzman and Mogee, 2002). Patent analysis gene-
rates documents that reveal the key inventors. Therefore identifying these highly skilled
people and keeping them happy helps to protect a firm's HR in the long term. Moreover,
the company will be alert to the potential retirements of key experts and the required set
of talents that are missing in the company. This awareness helps the search for experts who
will fulfil the future needs of expertise in a company.

In sum, patent analysis is a method with impact at the strategic, tactical and individual
levels and provides a valuable means of planning technology development. Patent analysis
offers a further insight into global competitors’ technological performance in related
technologies. This method increases the reliability of technological competitiveness in the
long run.

8.3 Process

Patent analysis extends the patent search to a technological assessment. So, a patent analy-
sis includes four main steps:

Patent search.

Categorization.

Visualization.

Integration of data into strategic decision making.

W N -

During a patent search, a company must establish a database of its own patents by creating
a patent inventory. The expiry date of patents is critical. Moreover, reassignment of the
patents must be searched. If there is a lack of information with respect to the patent inven-
tory, the required search must be done to complete the data. The second step is to identify
the patent data of all other companies in the industry.

A patent search should be based upon patent groups or classifications. The simplest
form of classification is the US patent classification (USPC) or the International Patent
Classification (IPC) (Breitzman and Mogee, 2002). The UK Patent Office has its own Patent
Classification Key; however, all published UK patent specifications are also classified using
the IPC system. Apart from these classifications, companies might use co-citation, co-word
or co-classification analysis to put patents into groups. For example, the idea behind the
co-citation is that if two patents have common citation patterns, they will be in the same
cluster. These groups are labelled ‘patent families’. The larger the patent family within a
company, the more technology the company has. Similarly, an international patent family
is the level of technological activity intended for international exploitation. It shows the
intention to exploit a patent in the international arena.
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Figure 8.1 Patent-related data for Acuson and its competitors

Figure 8.2 shows citation patterns among peer companies in ultrasound technology.
Thus, it provides further evidence of the impact of Acuson’s patent portfolio. The
arrows reveal companies whose patents receive the largest number of citations from
other companies’ patents. Acuson has arrows pointing to it from five leading ultra-
sound companies. From a peer perspective, this demonstrates that the ultrasound
industry has built extensively on Acuson’s technology.
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Figure 8.2 Patent citations for Acuson and its competitors

Acuson had been a company with a high-quality patent portfolio with many cited
patents, indicating that this was a company worth acquiring. But, although the esti-
mated book value of Acuson was low, taking its patents into account, its value was
more than five times higher. As a result, Acuson was acquired at a low share price by
Siemens.

Source: Breitzman, A. and Thomas, P. (2002) ‘Using Patent Citation Analysis to Target/Value M&A
Candidates) Research-Technology Management, 45(5), 28-37.

Business Model Evolution: Electronic Shopping

A dynamic patent analysis could identify trends in technology-driven business model
evolution. A study (Lee et al,, 2013) used patents to observe technological changes in
business models over time for electronic shopping. Business method patents represent
a specific way of doing business and include technological configurations of busi-
ness models at an operational level. Lee et al. (2013) used the patent class 705 that
encompasses machines and corresponding methods for performing data processing
or calculation operations, where the machine or method is utilized in (i) practice,
administration or management of an enterprise, (ii) processing of financial data or
(iii) determination of the charge for goods or services.

Based on the distribution of business method patents, the evolution of electronic
shopping is divided into four phases: infancy, stagnancy, growth and expansion.

o The first era is the infancy of electronic shopping technology. It started in 1998
shortly after the patentability of business models was allowed by the US Patent
Office in 1996. During this period, the secure and convenient electronic transaction

(Continued)
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accelerated the evolution of electronic shopping. The transition of the payment
method from offline to online especially supported the expansion of electronic
shopping.

e The second era, stagnancy of electronic shopping technology, appeared as the dot-
com bubble burst in the early 2000s. The number of patents issued dropped in this
period compared with the previous period. Based on the technologies developed in
the era of infancy, advanced technologies were developed and applied to different
platforms in a more advanced way.

e The third era is called growth of electronic shopping technology, since after the
2000s portable devices were invented and widely spread.

e The last era, expansion of electronic shopping technology, was based on wireless
Internet services such as Wireless Application Protocol (WAP), local area wireless
technology (WiFi) and Wireless Broadband Internet (WiBro).

Source: Lee, C., Park, H. and Park, Y. (2013) ‘Keeping Abreast of Technology-driven Business Model
Evolution: A Dynamic Patent Analysis Approach’, Technology Analysis & Strategic Management, 25(5),
487-505.

@) Key Questions

1 Whatis a patent?
2 What are the advantages and disadvantages of patent analysis?
3 What is the process of patent analysis?

1. Adidas versus Nike

By using the US Patent Office data, please find the following numbers for the
companies Adidas and Nike. Then, you should compare the numbers within the
perspective of patent analysis and discuss implications for the managers of these two
companies.

Patent Applications (PA):

PA =  # patent applications at the Patent Office
Share of Granted Patents (Share of GP):

Granted Patent: Invention consists of new technology elements.

Share of GP =  # granted patents / (PA-Patents under exam.)
Share of Valid Patents (Share of VP):

Valid Patent: Granted & Protection fee is still paid.

Share of VP =  # valid patents / # granted patents



PORTFOLIO MANAGEMENT

9.1 Introduction

A portfolio is a bundle of projects and/or programmes that are grouped together to facilitate
their effective management to meet strategic business objectives. A project has a definable
objective, consumes resources and operates under three main constraints: time, cost and
quality. This is why the components of a project can be measured, ranked and prioritized
(Kerzner, 2003). Portfolio management is the centralized management of one or more port-
folios, which has the steps of identifying, prioritizing, authorizing, managing and controlling
projects and programmes to achieve the strategic goals of the business. The goals of a busi-
ness vary as widely as the ambitions, competence, vision and culture of each business.

Portfolio management is generally used in the financial services industry to define deci-
sions about investment mix and policy, matching investments to objectives, balancing risk
against performance and asset allocation for individuals and institutions. However, portfo-
lio management has also become a field of interest for TM, since increasing globalization
forces companies to invest in many R&D activities. Portfolio management is especially
important for high-tech firms since the uncertainty faced by these companies can vary
greatly. Therefore, strategies should be formed to avoid threats and exploit advantages
through forming appropriate project portfolios (Mikkola, 2001).

Cooper et al. (1999) define portfolio management as a dynamic decision process that
includes a constant updating and revising of a company’s active new technology projects.
The process is dynamic since new projects are continually evaluated, selected and prior-
itized, whereas ongoing projects may be speeded up, closed or reprioritized, and resources
may be reallocated among projects. Managers are also constrained by the constantly
changing opportunities, goals and strategic plans of the company and the interdependence
of projects. Further, managers face the problem of high uncertainty since their decisions
concern the products, services and processes that will be launched in the future. All these
constraints explain why the portfolio should be closely monitored periodically to make go/
kill decisions using a stage-gate process, as described in Chapter 12.

9.2 Where and why it is used

Portfolio management is extensively used in project-based organizations. From the
perspective of manufacturing or technology-providing firms that have R&D projects, this
tool can be used to manage three main TM activities:

e Acquisition.
e Learning.
» Selection.

131
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Internal acquisition (Chapter 2) and selection (Chapter 7) capabilities require good
management of portfolios for a number of reasons:

1 Resources could be spent on unrewarding projects, causing potentially superior ones
to fail if there is no portfolio management.

2 All projects related to product, service, technology and process development involve
a high risk, so portfolio management can help to manage the risks of these projects by
choosing appropriate numbers of high- and low-risk projects.

3 The lack of a systematic procedure to choose between projects can lead to choices
based on politics, opinion and emotion (Cooper et al., 2001).

4 Portfolio management helps to prevent a short-term focus, which would result in too
many small projects.

Portfolio management helps selection decisions not only at the formation of the portfolio
but also during the realization of the individual projects chosen within the portfolio. In
other words, portfolio management facilitates the formation of criteria for go/kill decisions
in order to prevent carrying out unsuccessful projects at stage-gates that may cause long
lead times to market and poor quality products. Having sound selection criteria results
in efficient acquisition activities as well, since these criteria bring discipline to acquisition
activities.

Portfolio management is based on the notion of evaluating all projects at the same time.
This is particularly important for sharing experiences across projects and diffusing project
results across the company. Thus, the learning capability (Chapter 5) finds a solid ground
to exercise its influence.

Besides the numerous advantages, there are a few drawbacks to portfolio management
when determining the technologies to invest in or managing them, such as managing R&D
projects. According to Ernst (2003), the main disadvantages are:

o Portfolios are based on subjective assessments made by respondents.
e They fail to incorporate competition due to a lack of necessary information.
e They do not allow for the analysis of dynamic technological developments.

9.3 Process

The major process in portfolio management is selecting projects that form the portfolio. It
would be beneficial to adopt the framework developed for portfolio selection (Archer and
Ghasemzadeh, 1999), in which there are three major steps:

1 Individual project analysis.
2 Optimal portfolio selection.
3 Portfolio adjustment.

The individual project analysis stage includes activities such as pre-screening and screening.
Pre-screening considers whether the project being considered for the portfolio is in line
with the strategic focus developed. A feasibility analysis and estimation of parameters are
also essential for a project to pass this stage. Mandatory projects such as improvements to
certain products are also decided at this stage. Activities at this stage of the process include
strategy development and methodology selection, which are the tools to be used for
portfolio selection. Screening is the elimination stage for projects or interrelated families
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of projects that are not compatible with the expectations of the company, such as rate of
return. The goal is to reduce the number of projects to be considered in the next stage.
The individual project analysis stage calculates parameters, such as project risk, NPV and

ROI, with the estimation of uncertainties for each parameter. Ongoing projects can also

be re-evaluated at this stage. The dominant models developed for project selection were
from mathematical programming in the 1960s and 1970s. More recently, other methods
are used to find the value of a project, such as financial models, probabilistic financial mod-

els, options pricing theory, strategic approaches, scoring models and checklists, analytical
hierarchy approaches, behavioural approaches and bubble diagrams (Cooper et al,, 1999).
These groups of methods will be briefly mentioned below:

1

Financial models mainly depend on sorting and selecting the projects according to
criteria such as NPV, internal rate of return (IRR) and payback methods (Cooper et al,,
1999). The ‘productivity index’ is another measure that can be used to rank projects.
It is simply calculated by dividing the difference between discounted and probability-
weighted streams of cash flows from the project and R&D costs with R&D costs
(Cooper and Edgett, 1997).

Probabilistic financial models include simulation methods such as Monte Carlo, which
evaluates ‘the outcome of alternative paths that have different payoffs with certain
probabilities, and decision trees, which ‘describe a problem as a series of decision
nodes unfolding sequentially over time’ (Canez and Garfias, 2006).

The Black-Scholes options pricing theory, where projects are treated as real options
investments by facilitating decision making about an investment during different
stages of the project (Whitney, 2007). The return on value allows management to
make decisions about an investment during the different stages of the project, using
multiple stages and considering a range of possible outcomes, including the financial
consequence of failure.

Strategic approaches ensure that the projects selected are aligned with the overall
business strategy. In the strategic buckets model, according to the strategy adopted,
management decides on the resources to be allocated for each type of project, such as
new product developments, process improvements, maintenance projects or funda-
mental research. The project portfolio is aligned with the strategy of the business with
this top-down approach (Cooper and Edgett, 1997).

Scoring models are generally used to prioritize the projects in the portfolio selection
process. In these models, evaluators rate each project according to certain criteria and
then the scores are multiplied by their weights before summing up to reach the total
score of the project (Cooper and Edgett, 1997).

Analytical hierarchy approaches determine the relative importance of each criterion
by which projects will be evaluated and then compare each project alternative on
these criteria to reach a ranking of alternatives.

Behavioural approaches are suitable for early stage-gates, since there is not much
quantitative information available. Methods such as Delphi are used to reach a
consensus between managers when choosing among projects (Cooper et al., 1999).
Bubble diagrams are used as graphical representations to visualize the balance of a
portfolio. These maps typically illustrate the spread of portfolios on two-dimensional
graphs, with axes showing risks versus profitability, marketplace fit versus product
line coverage, financial return versus probability of success and so on. Figure 9.1 is an
example of a bubble map that compares different projects in terms of their NPV and
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Technology factors: breakthroughs in renewable energy technology and the criteria
for technology assessment.

Market factors: market demand of the renewable energy related industry, the devel-
opment of domestic industry and the requirements of the international market.
Natural resource factors: availability of renewable energy in Taiwan and the supply
costs of renewable energy.

Major driving forces are grouped as follows:

Policy driving forces: government industry policy and energy policy.

Technology driving forces: position of renewable energy technology and the develop-
ing cost of renewable energy.

International driving forces: international oil price, greenhouse gas reduction require-
ments, international eco-issues, the politics of foreign countries and the interna-
tional demand for energy.

3 These major driving forces were then distributed into three axes of uncertainty:
the situation of global warming, the breakthrough in renewable energy technol-
ogy and the government’s renewable energy policy.

4 Eight scenarios are constructed from combining various extremes of the three
axes of uncertainty. After the elimination of internally inconsistent or similar
scenarios, the Scenario Analysis Committee selected three different scenarios. Due
to space limitations, this book will only introduce one of these scenarios titled
Scenario A: ‘Season in the Sun’ In this scenario, global temperature continues to
climb resulting with high restrictions on the emission of carbon dioxide. However,
the scenario is optimistic since it foresees significant progress in renewable energy
technology as well as strong government support that will promote the renew-
able energy industry.

5 The Scenario Analysis Committee use the portfolio analysis approach to assess the
22 candidate technologies from six major fields of renewable energy: photovolta-
ics, wind energy, bio-energy, solar heating, geothermal energy and ocean energy.
The assessment is carried out in two dimensions: risk and importance (as a repre-
sentation of the decision values).

The risk of a technology from Taiwan’s perspective was assessed on the basis of five
indicators: technology position, manufacture capability, industrial supply chain, market
entry barriers and lead time for commercialization. Here, the first three indicators
focus on the risk in the manufacturing and the last two indicators focus on the risk in
the markets.

The importance of a technology was assessed on the basis of the four indicators:
market value in 2017, compound market growth rate from 2007 to 2017, cost ratio to
traditional energy in 2017 and percentage reduction in energy cost from 2007 to 2017.
The first two indicators focus on the market value of the technology and the last two
indicators focus on the cost competitiveness of the technology.

6 Based on these indicators and their respective measures, the assessment results
and the technology portfolio planning implications for each scenario are
summarized graphically in Figure 9.1. For the Scenario A: 'Season in the Sun/, the
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importance-risk assessment indicates that crystal Si (P1) and solar heating water
boiler (51) both enjoy high importance and low risk and are ideal for private busi-
ness development. Thus, government might invest in these two technologies in
order to reduce risk and increase importance.

7 The case study concludes that a robust renewable energy technology portfolio
plan appears to be one of the following four choices:

e Taiwan should promote private business investment in the mature technology
of solar heating water boilers.

o Dependent on the evolving development of future business environment,
Taiwan should either promote private business investment or provide public
investment or develop international cooperation in crystal Si, film of a-Si, ilm
of CIGS, concentration photovoltaic and possibly organic dye technologies.

e Taiwan should consider public investments to wind energy as well as selected
bio-energy and ocean thermal energy developments.

e Taiwan should continuously monitor other renewable energy technologies for
possible technological breakthroughs.

Source: Chen, T.-Y,, Yu, O.-S,, Hsu, G. J.-Y,, Hsu, F-M. and Sung, W.-N. (2009) ‘Renewable Energy Technology
Portfolio Planning with Scenario Analysis: A Case Study for Taiwan’, Energy Policy, 37(8), 2900-2906.

@) Koy Questons

1 What is portfolio management?
2 What are the advantages and disadvantages of portfolio management?
3 What is the process of portfolio management?

1. Project on a page

The project manager must continually be aware of the status of the project. Is the proj-
ect progressing to plan or is it behind schedule? Is the project likely to be over or under
spent? Is the unit cost of the new product on target? Are project risks being managed
proactively? Are the project objectives clear and agreed by all? Managing this complex
data and providing meaningful reports can be a time consuming and laborious task.
Furthermore, different project managers may report on these issues in different ways,
depending on their experience and skills.

Also known as a project dashboard, the ‘project on a page’ document has a dual
use, providing an accessible summary of objectives and status to the project team,
while also forming a simple, high-level project-status report for senior management. It
provides a consistent way of presenting project status which can be used by all project
managers. It is expected that the summary will be supported by appropriate docu-
mentation to enable a more detailed analysis if required.

(Continued)
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in communicating key messages about the project and its value. Thus, communication
roadmaps that might be in a presentable format need to be developed. For example,
elevator pitch roadmaps or templates were found to be useful in condensing the road-
map information. The value roadmapping can also provide a useful resource for ‘what if’
and sensitivity analyses and to assess the impact of events and new information on the
plan as a whole.

Maintain value roadmapping as a process

The resulting roadmap and associated documentation should be maintained on an
ongoing basis as part of a core business process (e.g. project management, new product
development, research management and strategic planning/budgeting).

@ cose sudies

Roadmapping is a generic technique to be used for any TM activity. The case of Lucent
Technologies, a large telecommunications firm, shows the use of roadmapping for new
products at Lucent and how links are established with the company-level strategy and
building selection capabilities (Chapter 7).

Lucent Technologies

Lucent has a complicated new product development process that is managed by
roadmapping.

Figure 10.5 shows the overall roadmapping process, where a series of structured tem-
plates guide the team through the process, ensuring that the key required information

I Product evolution

| Product drivers
Customer

and
business

Market analysis e Product roadmap

Market |::> Product
@
i | Requirements i
@ Availability

| Risk roadmap | Forward cost model
Needs,
Action strategy Priorities | Technology roadmap supply .
Suppliers,
Summaryv/ partners,

| Competitive strategy Experience curve

action plan manufacturing
4 (3)

Figure 10.5 Lucent Technologies roadmapping process
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Last

year Now +2Q +4Q +6Q +8Q Vision

Version 2.1
(defeatured)
Version 4.1
Version 2.2
Products )
targeted to ;
market Version 2.3 (evolvable)

segment 1 (evolvable)
Version 3.1
(upgrade)

Figure 10.6 Lucent Technologies product roadmap

New platform

Source: Albright, R. E. and Kappel, T. A. (2003) ‘Roadmapping in the Corporation, Research-
Technology Management, 42(2), 31-40.

is captured and summarized. The process starts with the market, considering both
customers and competitors. This information, combined with inputs from the business
strategy, drives the next step, which focuses on the product, including customer needs
(requirements) and forecasts of product performance, leading to a product roadmap
that sets out the key development phases (see Figure 10.6). Technology development
must be considered in parallel, since product functionality and performance are closely
linked to technological capability. Technology strategy is summarized in a technology
roadmap (Figure 10.7), together with the associated costs, actions and risks.

The experience of Lucent Technologies highlights five key benefits from the process,
focusing the team’s thinking on the most important priorities at each step:

1 Linking strategy to product or technology plans, which are typically developed by
different functional groups within the business.

2 Enabling corporate-level technology plans through the aggregation of product-
level roadmaps.

3 Focusing on longer term planning by extending the planning horizon beyond
strategy time frames.

4 Improving communication and ownership of plans through the joint develop-
ment of integrated and aligned roadmaps.

5 Focusing planning on the highest priority topics by the use of structured visual
representations of the various components of strategic planning.

L Key Questions

1 What is roadmapping?
2 What are the advantages and disadvantages of roadmapping?
3 Whatis the process of roadmapping?
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Biko

1. Bicycle company

Figure 10.7 below shows a roadmap developed by Biko, a traditional, but well-regarded, bicycle

manufacturer with a strong brand and global manufacturing and distribution networks. Biko
has just been acquired and its new owner has requested this technology roadmap to commu-

nicate Biko's business vision and strategic plan, as a basis for investment decisions.
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S-CURVE

11.1 Introduction

S-curves, also known as growth curves, have emerged from an analogy with biological
life. S-curves illustrate the life cycle of a phenomenon that starts off slowly, grows rapidly,
tapers or levels off and finally declines, as shown in Figure 11.1. The curve is used to
describe many phenomena, including biological growth, demand for a new product and
technology adoption rate (Rogers, 1995). The S-curve can be used as a strategic tool to
understand the product, industry or technology life cycle. In the management literature,
S-curves help to describe the invention, innovation, diffusion, growth and maturity
phases of products/industries/technologies. The phases in the S-curve are labelled
differently in the literature, although generally they refer to similar processes (Laroia and
Krishnan, 2005). For example, in Figure 11.1, the S-curve phases are named as embryonic,
growth, maturity and ageing. Each phase influences companies differently with respect to
the capabilities and resources required to develop the innovation due to the differences
in market conditions.

The specific application of S-curves in TM relies on the fact that the ultimate perfor-
mances of all technical approaches are limited by physical laws. S-curves are defined at the
industry level such that their y-axes represent increasing product performance and their
x-axes represent the passage of time or the expenditure of engineering effort (Christensen,
1992). Thus, for a given technology, the S-curve defines the relative productivity of explora-
tion or exploitation efforts.

When knowledge about the technology accumulates and the technology reaches a wide
adoption phase, the growth rate in performance increases exponentially. This lasts until the
maturity phase, where physical barriers make further development costly or sometimes
even impossible. Then, a disruptive technology emerges with a new S-curve, replacing
the old one (Christensen, 1997). In any industry facing a transition from one technology
S-curve to another, or facing a rapid and continual series of technological changes, success-
fully managing transitions from one technology to another is crucial. Therefore, technology
S-curves are fundamental in forming technology strategies.

Plotting S-curves for technologies at hand or for those seen as prospective areas for
the company can help with the ‘go’ or 'no-go’ decisions, help to adjust R&D budgets and
timing and improve understanding of the competition at component and architectural
level. However, it should also be noted that S-curves are usually a descriptive rather than a
prescriptive tool (Christensen, 1992).

153
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1965, this phenomenon was predicted by Gordon Moore and became known as ‘Moore’s
law”. This law is believed to create a self-fulfilling prophecy for companies to double their
transistor count in 18—24 months.

However, it is necessary to be cautious in using S-curves, since, according to Christensen
(1992):

e The S-curve does not provide suggestions on how strategists should react to disconti-
nuities in their technology.

e The advantage to be gained from new technologies cannot be quantified by the model.

e Itis hard to conclude when to invest in new, and dispose of current, R&D.

e The S-curve does not reveal how the new technology could be foreseen by others or by
whom it will be introduced.

e S-curves might not reflect the dynamic product or market changes.

The biggest shortcoming of the S-curve is its masking effect. A certain product or tech-
nology is often composed of many sub-technologies, going back to the simplest physical
and chemical rules (Christensen, 1992; Bowden, 2004). Although the slope of performance-
increase rate can be observed as declining in a certain technology, it does not mean this
technology will eventually move into the mature phase. If one of the underlying tech-
nologies is improved or replaced, the overall product or technology may again move into
a growth phase. It is important to analyse the S-curve thoroughly before deciding whether
to invest in component technologies or evolve the current design through architectural
change (Bowden, 2004; Debo et al., 2006).

11.3 Process

Drawing and using S-curves requires three main steps:

1 Longitudinal data collection on the basis of a performance metric.
2 Observing the evolution and plotting the curve.
3 Using the resulting curve for decision making.

After deciding on a performance metric, longitudinal data need to be collected for that
particular performance dimension. The performance metric might change over time but
it is necessary to choose the most appropriate and measurable criterion. For example, the
speed of passenger aeroplanes was a widely used metric in S-curves, but it was replaced
by fuel economy after all aeroplanes reached a certain speed. Furthermore, other metrics,
like number of patents, level of overall research or profitability, can also be used in S-curve
analysis, but none of these can give as accurate results as standard, easily observable
performance metrics.

For mature technologies, it is easy to fit data into a curve. However, for those emerging
technologies, it is necessary to make some assumptions and use forecasting techniques
to draw a potential S-curve as a proxy and update that curve whenever data become
available.

Once a curve is drawn, the evolution of technology can be predicted by making assump-
tions based on the stage of the technology in hand. For this analysis, different approaches
can be used, depending on what decision is to be taken, such as buying a technology or
identifying when to dispose of a technology.
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Figure 11.2 Dynamic imitator-to-innovator S-curve chasms

There are three types of factor that affect whether a latecomer firm can cross these
chasms and move to the next phase: firm-level, industry-level and national-level. Firm-
level factors include absorptive capacity, leader’s ambition, commitment to R&D and
tolerance of risk and change, available resources and cross-function cooperation and
coordination. Their role changes as the latecomer firms move up the S-curve. Crossing
the first two chasms depends on how well firms can identify, interpret and assimilate
both the explicit and tacit knowledge (i.e. their absorptive capacity). During these early
chasms, latecomer firms have little industry and technology knowledge and they rely on
clients and licensing for technologies and industry knowledge. In addition, the technology
and market risks and uncertainties are lower, thus the importance of financial resources
and development capacity is relatively low. However, the chasms become wider and
uncertainties become greater when the firm moves up the technological capability curve.

The following example shows how a firm might cross chasms. In the 1980s, Hyundai
Motor Company made cars with outdated engine technologies. Hyundai wanted to
get licences for the latest technologies from Mitsubishi and other leading carmak-
ers, but they did not sell their technologies. Thus, in 1984 Hyundai established the
Advanced Engineering and Research Institute in order to develop the modern engines
on its own. Then, in 1986, it opened the Hyundai Technical Center in the US and in
Germany to monitor the technological development in the auto industry in the
advanced countries. Hyundai also increased its R&D staff significantly, reaching close
to 10% of its workforce. After hundreds of engine design changes and breakdowns of
engine prototypes, Hyundai management developed the alpha engine in 1992, which
outperformed comparable Japanese models.

At the industry level, there are at least two factors affecting the latecomer firms’
efforts in crossing the chasms: the competition level and the existence of highly seg-
mented markets. For example, two years after Huawei started importing and selling
telephone switches, more than 2,000 firms entered the market. The price competi-
tion and increasingly thin margin forced Huawei to exit and move into a new indus-
try: manufacturing of telephones. High competition may be an important driver to
push firms across the first chasm, however in the following three phases, too fierce
competition and the consequent low margin may not generate an opportunity. This
is because firms will need a significant amount of resources to cross the following
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chasms and this could be hard to generate in low-margin businesses. When there
are a large number of customers who want to pay reasonable prices, latecomer firms
might accumulate resources for R&D and help them cross the final two chasms.

At the national level, government plays a key role for latecomer firms. In the first two
phases, latecomer firms are either assemblers or contract manufacturers. Their clients
and market are stable and their technologies are simple and ready to use. Moreover, they
are under the guidance of multinational firms, so the government’s role is not essential.
When it comes to operating in the final two phases and crossing the final two chasms,
the latecomer firms face enormous challenges in resources, technologies and market
competition. Government assistance becomes important to help them accumulate
resources and improve their development capability. This may facilitate their crossing
the final two chasms, becoming independent designers, developers and innovators.

Overall, the imitator-to-innovator transition demonstrates some features of the
development of capabilities. The transition is cumulative and evolutionary. As capa-
bilities in the later phases are built upon those gained in previous phases, it may take
some latecomer firms less time to build some higher-order capabilities. For example,
Samsung Electronics spent almost nine years learning how to fabricate 64K DRAM with
the help of Micron, whereas it took Samsung Electronics only two years to develop and
fabricate 1M DRAM independently.

As a final note, the move to the next phase is not automatic and linear. Although
a small number of East Asian firms were successful in making the transition from
imitator to innovator, many others failed and retreated to OEM. Thus, if latecomer
firms want to become successful, they need to cross the four chasms and transform
themselves from imitation to innovation.

Source: Ouyang, H. S. (2010) ‘Imitator-to-Innovator S Curve and Chasms’, Thunderbird International
Business Review, 52(1), 31-45.

(@) Key Questons

1 Whatis an S-curve?
2 What are the advantages and disadvantages of the S-curve?
3 What is the process of the S-curve?

1. Trends company

As the marketing manager of Trends, a developer of website development software
and designer of custom web pages, you have been charged with the responsibility
of forecasting the growth of the Web and the consequent market potential for your
products. You have obtained information regarding the growth of the Web over the
past several years as shown in Table 11.1. This information has been happily received
within Trends since, as the president put it, ‘the upside potential for growth appears
unlimited’ You, however, are more skeptical. Consequently, you decide to try to get a
handle on the limits to growth of the Web.
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Part A. First, forecast the growth of the Web assuming that its growth is linear. Assume
that this constant (linear) growth continues into the future. How many websites do you
forecast for January 20207 January 2025? Do you believe that this forecast is credible?

Part B. The Web appears to be growing exponentially. Forecast the future growth of
the Web if its exponential growth continues. How many websites do you forecast for
January 20207 January 2025? Do you believe that this forecast is credible? When will
the number of websites equal the population of the earth (say ten billion)?

Part C. You are confident that the upside potential of the Web is not in fact
unlimited, and that the number of sites will level off at some point. You consequently
determine to model the growth of websites as a logistic function. How many websites
do you forecast for January 20207 January 2025? Do you believe that this forecast is
credible? What maximum number of web hosts do you forecast? In what year will the
total number of websites equal 99% of this maximum?

Table 11.1  The number of websites

Year Websites* launched
2013 672,985,183
2012 697,089,489
2011 346,004,403
2010 206,956,723
2009 238,027,855
2008 172,338,726
2007 121,892,559
2006 85,507,314
2005 64,780,617
2004 51,611,646
2003 40,912,332
2002 38,760,373
2001 29,254,370
2000 17,087,182
1999 3,177,453
1998 2,410,067
1997 1,117,255
1996 257,601
1995 23,500
1994 2,738
1993 130
1992 10
1991 1

Source: NetCraft and Internet Live Stats.

Based on http://www.internetlivestats.com/total-number-of-websites/ and http://web.archive.org/
web/20010307224515/http://bus.colorado.edu/faculty/lawrence/TOOLS/SCurve/scurve.htm
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STAGE-GATE

12.1 Introduction

Intense competition has forced companies to launch more new products in a shorter
period of time but achieving a successful product/service is not an easy goal. Accord-
ing to a study by Cooper and Edgett (2006), 25% of commercialized projects succeed,
while 33% of all launched new products fail. Thus, the need for improved product/service
development initiated a search for appropriate development techniques. Since market
conditions are changing rapidly as well as the technology used, traditional management
systems fail in managing these projects. The Stage-Gate® system,” which was proposed
by Cooper in the late 1980s, is a project management tool for new product development
(Cooper, 1988, 1990). After the introduction of the method and wide usage in new prod-
uct development by companies such as P&G, it has been extended and used in process
technology development by companies such as Exxon and Eastman Chemicals (Cooper,
2008).

In this system, a new product idea goes through stages and gates before the decision to
launch is made. Stages consist of the activities to gather knowledge and obtain information
about the new product idea. Each stage is cross-functional, necessitating more than one
department working on the project idea at each stage. After each stage, the idea passes
through a gate, where the critical decision of whether to abandon or continue the project
is made utilizing the information created at the previous stage. There are three common
elements for each gate; inputs, criteria and outputs:

® Inputs are the information and analysis made at the previous stage.

e Criteria for qualitative and quantitative attributes depend on the gate number, although
financial criteria become more crucial as the project moves towards completion.

o Outputs at gates are decisions made about the project idea, which can be ‘go; ‘kill}
‘recycle’ or ‘hold..

Additionally, operational and marketing plans and prioritization levels are the other
outputs at the gates.

The stage-gate method maps the necessary actions of each stage as well as the essen-
tial goals of the stage. At each stage, decisions will be made regarding the criteria in
production, marketing, finance and technology (Buggie, 2002; Rocque and Viali, 2004).
Besides ‘go’ and ‘no go), a third option is postponing the gate decision until the required
actions are taken. The essential part is that collaborative work is required throughout
the whole method since the decision-making process requires the participation of
different stakeholders, while the tasks of each stage should be performed by cross-
functional teams.
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12.2 Where and why it is used

Although the stage-gate process was initially proposed for new product development and
has been claimed to be the most important discovery in this area, it can be used in any
kind of investment and research project as a structured decision-making tool, which takes
into account different perspectives and stakeholders (Buggie, 2002). The method has been
implemented by 80% of North American companies to manage the new product/service/
process development process (Cooper, 2008).

The main goal of the framework is to reduce the costs and time while increasing the
effectiveness of projects (Cooper and Edgett, 2006). Since most of the new product/ser-
vice/process development projects fail, a no-go decision before the launch saves a lot of
money and effort, while enabling employees to focus on a better project instead of the
killed one.

Further, case studies prove that the stage-gate method offers many benefits (Cooper
1990, 2008):

Reduces time to market.

Reduces project risks and losses by the evaluations made after each stage.
Sustains structured project management.

Enables structured decision making about diversified criteria.

Leverages the participation of different stakeholders and cross-functional teams.

Includes different perspectives by means of the criteria that should be considered after
each milestone.

e Monitors and evaluates IP throughout the stages.

e Improves resource allocation.

e Guides project funding by use of the gates.

The major criticism is its inflexibility.
All these benefits indicate why the stage-gate method is useful for project management
tasks embedded in all TM activities, but it is particularly critical for:

e ldentification.
e Protection.
e Selection.

12.3 Process

The stage-gate process defines all the activities that should be completed in order to
succeed. According to Cooper (1988), there are 13 critical product innovation activities
that should be managed, directed and controlled so as to be able to develop a new prod-
uct successfully. These activities are:

Initial screening.

Preliminary market assessment.
Preliminary technical assessment.

Detailed market study/marketing research.
Business/financial analysis.
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Product development.

In-house product testing.

Customer tests of products.

Test market/trial sell.

Trial production.

Pre-commercialization business analysis.
Production start-up.

Market launch.

Most of the time, new product/service development efforts lack one or some of these

critical activities, leading to inefficient product innovation trials. Therefore, Cooper (2008)
developed the Stage-Gate system®, a methodology that could be utilized to ensure that all
critical activities are applied in the new product development process. He also emphasizes

that this system is applicable to services and thus he uses the term ‘product’ as an umbrella

term.

In a typical stage-gate system, there are five gates and five stages:

Vi BN W N -

Idea screening (gate) — scoping (stage).

Second screen (gate) — building business cases (stage).
Go to development (gate) — development (stage).

Go to testing (gate) — test/validation (stage).

Go to launch (gate) — launch (stage).

Idea generation is the first step of the process and consists of the new project idea proposed
by the employees. Generally, anybody in the organization may propose a new project and
should be encouraged to do so. In some cases, the idea proposals may be reviewed by an

‘early committee’ before passing the proposals to the first gate committee.

Gate 1

Stage 1

Gate 2

Stage 2

Gate 3

Stage 3

Gate 4

Idea screening: this includes criteria focused on the customers/market size,
technological and economical feasibility, dependent on cost analysis.

Scoping is performed for the projects that pass through the idea screening gate.
Initial marketing surveys are performed and the problem statement is prepared as
well as the technical and business requirements and their respective budgets.
Second screen: includes criteria from three perspectives — strategic fit, market
attractiveness and technological edge. Not all the criteria are ‘must-conform’
criteria, but at least one of them should be.

Build business case is where the project is assigned to a project manager. The
problem statement and the requirements are developed to include more detail,
the initial design is determined as well as the approach. As an input for the third
gate, a cost-benefit analysis is performed depending on the cost estimates.

Go to development: here the project is approved for the development of detailed
plans. Again, three key perspectives are used in evaluation. The competitive edge
of the project, required business commitments and the clarification of the goals
and tasks are evaluated in order to advance.

Development includes the activities performed to prepare detailed planning,
investigation and finding an early customer.

Go to testing: here the project is evaluated considering the availability of an
early customer and the quality of the system.
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Stage 4 Testing and validation consists of all the internal tests for the pilot system/
product and the trials performed by the early customers. Any problems should
be solved in order to pass the last gate. Thus, a cyclic procedure is performed
here until the problems are resolved.

Gate 5 Go to launch: this is the last gate, where the launch of the new project/product is
decided on. Two main concerns are whether the projects are profitable and the
problems have been resolved.

Stage 5 Launch is the final stage where full-scale production is performed and the
product/project is commercialized.

A post-launch review is performed to decide whether to continue expanding the opportu-
nities to increase profitability, market share and competitiveness.

Although the stage-gate process is defined as a five-stage process for large-scale projects,
the case studies revealed that, for smaller projects, this number of stages and gates results
in inefficiency. Therefore, the stages can be merged depending on the scale of the project.
For example, the development stage can be merged with the testing and validation stage
for a product improvement if the scope is not very broad (Cooper, 2008). Further, it is
important to note that for a stage-gate application, each firm is required to generate its
own version of the system according to firm and industry needs. In fact, there are many
firms that have been applying modified versions of the Stage-Gate® system proposed by
Cooper et al. (2002). For example, Bombardier Aerospace Group has implemented a stage-
gate model of seven phases, while Rolls-Royce has implemented the same system with only
four phases (Philips et al., 1999).

12.4 Next generation stage-gate models

As the creator of the Stage-Gate® process, Cooper (2014) offers a new expanded version
of his idea-to-launch system. He revises his traditional model to include three distinct
features: adaptive, agile and accelerated. He argues these new features allow the process to
be applicable to any context of projects and companies.

The open innovation practices and heightened customer involvement force the
next-generation idea-to-launch system to be more adaptive. This can be done through
a series of build-test-revise iterations. The product may be less than 50% defined when
it enters development, but it evolves, adapting to new information as it moves through
development and testing. The system is also flexible in so far as the actions for each
stage and the deliverables to each gate are unique to each development project, based
on the context of the market and the needs of the development process. This is the
opposite of the standard approach to product development, which prescribes stand-
ardized actions and deliverables. There are also fast-track versions of the process for
lower-risk projects. Additionally, a risk-based contingency model dictates that appro-
priate activities and deliverables be determined based on an assessment of project
assumptions and risks. Finally, go/kill criteria become flexible with no standard sets or
universal criteria for each gate. In this new model, gates are integrated with portfolio
management.

The next-generation system incorporates elements of agility. For example, the deliv-
erable is something that can be demonstrated to the stakeholders rather than it being
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documented only. Equally, these new systems emphasize moving quickly from milestone
to milestone and rely on a much leaner system with all waste removed thanks to no
bureaucracy. As a final feature, the new stage-gate system is capable of acceleration.
Projects in the system are properly resourced, especially major projects, and fully staffed
by a dedicated cross-functional team for maximum speed to market. Activities within
stages overlap, and even stages themselves overlap. There is more emphasis on the fuzzy
front end in order to identify key unknowns, risks and uncertainties as early as possible.
Finally, IT support is provided to reduce work, provide better communication and accel-
erate the process.

In addition to Cooper’s suggestions, one study (Hutchins and Muller, 2012) offers a way
of accommodating innovative projects into the stage-gate model. One critique on the
stage-gate process is associated with unintended consequences that inhibit innovation. It
is observed that in some firms, the stage-gate process confers too much certainty on initial
investment presumptions. Most critical information about the nature of the opportunity
is presumed to be known or can easily be learned. This approach to innovation fails to
promote the advantageous surprises and sometimes disruptive discoveries that produce
genuine breakthrough opportunities.

To overcome this critique and to revitalize the new stage-gate, Hutchins and Muller
(2012) offer five suggestions to revitalize the stage-gate process: (1) Make all assumptions
explicit and then test and adjust; (2) Allow for divergence in order to explore new pos-
sibilities; (3) Build the project plan around the opportunity, not vice versa; (4) Evaluate
projects according to metrics and learning objectives; and (5) Broaden the decision set
used after the assessment of projects while they cross the gates. Regarding the criteria,
there are four new decisions to make at gates. The first one is to decide on ‘recycle’ where
a venture is re-directed towards a new opportunity, if learning suggests the original
concept is not viable. The second decision could be to ‘spin in’ so that the venture is
folded into an existing business if the target market is not sufficiently different or large
to warrant a stand-alone business. The third one is deciding on ‘salvaging, meaning
that a venture is broken up and key elements, such as patents, processes, technology or
relationships are harvested for use elsewhere in the company. The final decision might
be ‘direct spinning off’ or ‘licensing’. Ventures that differ radically from the core business
may be sold to other companies.

(Cxzrrn

In stage-gate applications, most of the implementation problems occur at the front
end of the methodology, where the analysis and gate criteria are more qualitative
than quantitative. The cases of AlliedSignal and Alcoa provide good examples, show-
ing that front-end innovation phases are seen as fuzzy and inefficiently managed.
Smith, Herbein and Morris, authors of the following case, have work experience
in AlliedSignal and Alcoa, so they summarized what they learned from the model
which they developed and used in these two companies in order to manage front-
end innovation.

(Continued)
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The remaining steps of the stage-gate process are applied, as defined in the generic
model. Integration of the FEIP to the remaining process is illustrated in Figure 12.3.

Rapid risk reduction of ideas - downselect best into commercial development

Frame Stage 2:
strategic . ) develop
business 'df;::s;g? e preliminary

opportunities development) concepts (R&D
and needs programmes)

Stage 1:

Markets

Combine, reframe, downselect
Combine, reframe, downselect

Technologies

Stage 5:
large-scale
product and concept

process elements (R&D
verification BRI programmes)

Stage 3:

Stage 6: evaluate

Alcoa implement

Stage 4:
demonstrate
concept in

VALUE in full
production

\ 4

Figure 12.3 The stage-gate process at Alcoa

Source: Smith et al. (1999) ‘Front-end Innovation at AlliedSignal and Alcoa’, Research-Technology
Management, 42(6), 15-24.

(@) Key Quesions

1 What are stage-gates?
2 What are the advantages and disadvantages of stage-gate processes?
3 What is the stage-gate process?

1. Wish coffee company

A coffee company called “Wish” is looking to manufacture a coffee maker that allows
for one-cup processing with no filters; cup-sized grounds are utilized that come in
individual serving sizes and a water carafe connected to the coffee maker must be kept
full so the coffee maker is ready to go at a moment’s notice.

Please sketch the stage-gate analysis for the coffee maker:

e How many stage-gates should Wish have? Please name them.
o What will be the tasks/activities needed to be carried out in each stage?
e What should be the decision criteria at each gate?
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Consider that Wish plans to produce a new coffee maker product.

» Should the company change its stage-gate process? Why or why not? Discuss your
reasoning for your answer.

Source: Adapted from http://www.brighthubpm.com/methods-strategies/92377-examples-of-the-stage-
gate-process/

2. Local company

The Kellogg Company has three versions of its K-Way innovation process: the regular
five-stage process to handle new products, a lighter three-stage process for smaller
projects and a three-stage process to handle technology developments such as
new science or invention projects. Based on this, consider possibilities of stage-gate
processes in a small local company you know and discuss the applicability of different
versions according to the company context. Please draw a hypothetical process and
describe the tasks to be carried out at each stage based on your assumptions.

1 Stage-Gate® is a registered trademark of the Product Development Institute Inc.
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VALUE ANALYSIS AND INNOVATION

13.1 Introduction

Value analysis/value engineering is an interdisciplinary problem-solving activity to improve
the value of the functions required to accomplish the goal or objective of any product,
process, service or organization (McGrath, 2004). The economic value of something is
how much a desired object or condition is worth relative to other objects or conditions. In
marketing, the value of a product is the relationship between the consumer’s expectations
of product quality and the actual amount paid for it. It is often expressed as the equation
(Melnyk and Denzler, 1996):

value = benefits/price, or value = quality received/expectations

In a way, value is the perceived gain composed of individuals’ emotional, mental and physi-
cal conditions plus various social, economic, cultural and environmental factors (Normann
and Ramirez, 1993).

By identifying the functions of the product or service, it is possible to establish the worth
of each one of these functions for customers, and provide only the necessary functions to
meet the required performance at the lowest overall cost (Gage, 1967; Miles, 1972). Value
analysis focuses on accomplishing the required functions at the lowest overall cost by
eliminating or minimizing wasted material, time and product cost, which improves value
to the customer. This establishes the link between value analysis and a variety of activities
such as business process re-engineering, lean production and Six Sigma.

Value engineering is also referred as ‘function analysis’, ‘value analysis’ and ‘value man-
agement. It was further integrated into design activities in the 1990s, as in the well-known
Toyota cost management process (Monden, 1992). This is why quality function deploy-
ment is an important value analysis technique, which extends the minimum essential
product function and develops design functions into value engineering (Shillito, 1994).

Although value analysis was more or less developed as an engineering tool, it became a
strategy tool after the contributions of strategy professors such as Normann and Ramirez
(1993) and Kim and Mauborgne (1997, 2005). The original term ‘value analysis’ describes
improving pre-existing products, processes or services (including the management of a
company), but we prefer to use the term in line with the understanding of ‘value innova-
tion’ to reflect the fact that innovations cannot be limited to improvements. The value
innovation concept was first used by Kim and Mauborgne (1997). It is not about making
trade-offs but about simultaneously pursuing exceptional value and lower costs. This is
why value innovation is very much an outside-in, customer-oriented approach to innova-
tion (Kim and Mauborgne, 2005). It can be formulated as:

value innovation = unprecedented benefits/lowered costs

172



Value Analysis and Innovation 177

discover, incubate and accelerate companies developing innovative materials to be used on
a wide scale. ‘Sustainability can’t be just a single product line; it has to be across everything
we do.

The example of social entrepreneur firms might be Aravind Eye Hospital established in
India in 1976. The founder, Dr Venkataswamy, introduced a new business model where
each paying customer paid for their cataract operations as well as two non-paying custom-
ers. All operations are customized to conduct large scale operations to reduce costs and
offer high quality service. It has managed to cure more than four million customers since
its establishment, and it keeps renovating itself in the field of ophthalmology.

In the road to a human-centred future, as Green (2007) clearly put forward: ‘This trans-
formation of a worldview, of social models and of more human ways of creating value, is
also about a transformation of approaches and practices including new tools, new research
and innovation, new leaders, new networks and new partnerships: cross-disciplinary, cross-
industry, cross-border and public/private collaborations that will create the industries and
markets of the future.

Likely, there are available tools to help new leaders in helping them build the human-
centred future. One such tool is design-driven innovation which stretches the view of
value further. In general, the technology push ended in radical changes in product per-
formance enabled by breakthrough technologies, whereas improved product solutions
are enabled by better analysis of users’ needs that are driven with market pull. As a third
alternative, design-driven innovation changes the meaning of products and services.
What designers do is basically define the meaning of products in people’s lives. One of
the best examples is Apple’s iPod. It was a latecomer to the MP3-player market but its
design features, the uniqueness of the look and feel, coupled with the integration of hard-
ware, software services resulted in a change of meaning of a music player (Verganti, 2009)
(Table 13.1).

Table 13.1  Type of innovations

Type of innovation Type of need

Demand-pull innovation Developed in response to an identified need

Technology-push innovation Developed without consideration of whether it satisfies any
need at all

Design-driven innovation Finds value in something consumers never thought theyd need

Design offers a link between people, technology and the future. This is because design
is able to give intangible ideas and creativity a form that eventually increases the level of
debate and interaction and facilitates dialogue, contribution and involvement from users
as well as from stakeholders. When companies innovate, they consider creating a future
product or service. While they do forecast, in a way they need to envisage the future, in
other words to make it tangible. This is quintessentially a design task.

Design helps firms to focus on the interplay between the functional and semantic
dimensions of a product. The case study of Kartell illustrates the principal interpre-
tations of the role of technology in radical design-driven innovation: technology as
an enabler of new product meanings for the customer and the importance of sup-
ply networks that allow manufacturers to change product technologies quickly
and experiment with new technologies. Kartell, an Italian furniture company, was
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founded in 1949. The founder Castelli’s technological competence and innate creativ-
ity allowed Kartell to give furniture products a new sense of modernity through the
use of plastic materials. Dell’Era et al. (2010) argue that Kartell’s global market leader-
ship in plastic household production is not only due to its ability to manage its image,
its distribution skills and the way it markets and sells but it is also due to its traditional
ability to work in plastic. New product development is managed in collaboration with
mould manufacturers and chemical companies that help to define the materials and
mould that will be used in production. As in many other design-driven companies,
Kartell's R&D department aimed to provide a technological solution able to convey
meanings conceptualized by the designer and ensure the innovativeness of the initial
idea. To some extent, the designer is the owner of product meanings, while the R&D
department provides product languages and technologies that embed values concep-
tualized by the designer.

Therefore, Dell’Era et al. (2010) argue that ‘it is not sufficient to be sensitive only to
socio-cultural messages, it is also necessary to transfer distinct inputs and stimuli into real
projects in order to exploit accumulated knowledge about socio-cultural phenomena and
transform it into new product meanings and languages.” Even if designers can support
company exposure to emerging trends in society, this ‘listening’ activity has to be inte-
grated with research on technologies that allow products to embed appropriate languages
and consequently to convey coherent meanings.

This listening activity is also suggested by Verganti (2009) as a practice that a successful
design-driven company should do. That is why Verganti calls for companies to work not
only with customers as end-users but also to actively search and find ‘interpreters’ such
as scientists, customers, suppliers, intermediaries, designers and artists who could deeply
understand and shape the markets they work in. Green (2007) further suggests working
with cultural innovators and creative communities as well as collaborating with social
entrepreneurs.

Design-thinking approaches are also helpful in thinking of value in a network of compa-
nies and organizations acting as a community in order to generate new ways of living and
changing the perception of value. An example to this is the Slow Food movement in Italy
(Green, 2007). It is a network of restaurants that source their inputs produced locally. Over
time, it has become a bigger European movement based on the generation or re-generation
of local economies. This decentralized approach to value, rather than global production
and consumption, promises to be more sustainable for the future as it offers transparency,
a lower ecological footprint, increased diversity and the enhancement of local contexts,
communities and livelihoods. It also has the power to help us re-think our relationship
to time and to experience. Rather than focusing on speed and a superficial experience, it
allows us to tap into and experience greater depth based on local environmental and social
qualities. Understanding where things come from and how they are produced gives them
greater meaning.

Company managers should consider the management of innovation processes together
with their supply-chain relations as well as communities so that they can tackle the integra-
tion of learning mechanisms. By doing so, firms might develop an ability to systematically
create value innovation initiatives (Berghman et al., 2012). In other firms, integration brings
three potential benefits: the creation of new and substantially superior customer value, a
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redefinition of the business model and the altering of roles and relationships among indus-
try players and stakeholders.

Porter and Kramer (2011) even call this value network an opportunity for shared value
creation in order to re-invent capitalism and unleash a new wave of innovation and growth.
Rather than focusing on customers per se, a shared view demands social value creation as
an essential dimension of businesses. In summary, companies are expected to create shared
value opportunities in three ways: (1) Re-conceiving products and markets so that com-
panies can meet social needs while better serving existing markets, accessing new ones or
lowering costs through innovation; (2) Redefining productivity in the value chain in order
to improve the quality, quantity, cost and reliability of inputs and distribution while they
simultaneously act as a steward for essential natural resources and drive economic and
social development; and (3) Enabling local cluster development for reliable local suppli-
ers, a functioning infrastructure of roads and telecommunications, access to talent and an
effective and predictable legal system.

Overall, a human-centred future invites managers, leaders, engineers and academicians
to come up with new thinking and tools that will help creative problem solving and the
development of innovative and impactful solutions. Numerous methods for creativity have
been developed over the years. A study determined the most popular and the most effec-
tive methods for creating game-changing ideas (Cooper, 2011). The most effective ideation
methods include the following tools:

e Ethnography: camping out with customers or observation of customers for extended
periods, watching and probing as they use or misuse the product or go about their tasks
or life. This is the most effective of all methods, but not so popular since it is expensive
and difficult to do.

o Customer visit teams: cross-functional company teams meet with customers or users;
they conduct in-depth interviews to uncover problems, needs and desire for new
products. This is also a very effective method, but much more popular due to cost and
ease.

e Focus groups: running focus groups with customers or users specifically to identify
needs, wants, problems, points of pain and suggestions for new products.

o Lead user analysis: working with particularly innovative customers or users, usually
meeting in a group or holding a workshop, to identify problems and potential solutions.

o Customer designs: inviting customers or users to help you design your next new product.

The tools developed in management literature coincide with the industrial design-
ers’ tools. In practice, it is known that industrial designers (a) perform ethnography;
(b) undertake concept prototyping and refinement with users; (c) factor in available
materials, suppliers and manufacturing constraints; and (d) balance form and function
to achieve a distinctive design and branding. On top of that, engineers pursue a number
of specific activities in cost designing, which include (a) defining product line archi-
tecture, (b) specification of components and materials used for subsystems within the
architecture, (c) costing these components and materials and (d) working on conversion/
manufacturing costs to create finished products. When industrial designers and engineers
get together and combine their tools, there are plenty of tools to conduct value analysis
and become innovative.
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@) cose s

In recent years, value innovation has evolved into a sophisticated, reliable approach.
Thus, the capability in using the approach is seen by some as a key tool in their
strategic planning process. More organizations are seeking to better understand the
value innovation approach, linking it to key differentiating consumer insights and so
identifying market-breaking concepts. Some insights can be gained from real-life expe-
riences, as described in the Samsung and Aplicare case studies below.

Samsung Electronics

In 1993, Samsung, a global electronics company, created a corporate culture of
‘innovation is everything’ Korea’s Samsung has driven itself upmarket, making a world-
leading shift from innovation follower to innovation leader. With annual revenues of
$60 billion, recent profits of $10 billion, a market value of over $100 billion and world
leadership in key technologies such as LCD displays and dynamic random access
memory (DRAM), Samsung is now consistently seen as the innovation leader in the
consumer electronics sector.

In achieving its ambition to become the world’s best company, Samsung decided to
innovate continuously on six parallel tracks:

e Product innovation: to deliver a continual stream of stylish, innovative products that
deliver unexpected delight.

o Technology innovation: to quickly develop and retain key technologies and core R&D
investments that separate the company from its competitors.

o Marketing innovation: to create fresh approaches at every level of customer contact,
continue to build the brand and drive sales.

e Cost innovation: to control costs in ways that complement and encourage innova-
tion and increase market impact worldwide.

o Organizational culture innovation: to create work environments where everyone
shares the freedom to learn from mistakes and succeed.

o Global management innovation: to develop highly localized product strategies, which
link strong local insight and key market presence with an ability to accelerate the
decision-making process and rapidly seize major opportunities worldwide.

To help to identify the core opportunities to outcompete its peers, in the late 1990s,
Samsung opened a dedicated Value Innovation Program Center in Suwong. This is an
integrated five-floor facility where value innovation is taught as a process and applied
across many product lines. The first floor is devoted to value innovation training, the
second, third and fourth floors are available for project teams to work on value inno-
vation projects, ranging from strategy development to new business models to new
products and the fifth floor is a mini-hotel where teams often stay until the project is
finished.

By identifying and exploiting value innovation opportunities across all six innova-
tion tracks, this facility has fast become a key source of new concepts that have helped
grow market share and margins.
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Key products from Samsung’s Value Innovation Program have included:

e The SGH T-100 wireless phone, which sold over ten million units.

o A five-foot plasma display, currently in development.

e The world’s first 40-inch LCD TV, which represented breakthroughs in size and wide-
angle viewing.

o The SPH-E3200 digital camera phone, which has no antenna.

All these products have changed the value curve for the most important customers
in their respective markets and are making a significant contribution to Samsung’s
increasing revenues, margins and market share.

Aplicare Inc.

Aplicare is a market leader in the formulation, production and packaging of topical
antiseptic and personal care products for use in the US professional healthcare setting.
It is a privately held company with annual sales of just under $100 million whose
customers include doctors’ offices, home healthcare agencies, hospitals, healthcare
distributors, procedural kit and tray manufacturers and surgical centres.

In 2004, in order to drive organic growth and improve gross margins, Aplicare made
a strategic decision to forward integrate into kit manufacturing in a unique and defen-
sible way. To achieve this, Aplicare focused the value innovation methodology on a
commodity dressing change kit, produced by at least six manufacturers. The president
of Aplicare wanted a breakthrough product that was unique and defensible.

In response, the product development team first recognized that the most
important customer was not the purchasing agent but the nurse, and so set about
identifying the problems nurses experience using existing products. It developed a new
value curve, identifying new elements of performance, such as procedural compliance,
antiseptic effectiveness, means to package soiled/used materials and ease of opening
and use, which would address the problems identified by nurses:

o Not compliant with procedure to leave the patient unattended after nurses have
removed the old wound dressing to wash their hands — an unsecured catheter can
move if the patient moves, potentially infecting the site.

o Confusion over the order the nurse uses the alcohol and povidone-iodine to clean
the site.

Interestingly, the price dropped from most important (scored 1) for the purchasing
agent to low importance (scored 8) for the nurse. This led to a dramatic new design for
dressing change kits, which the company introduced at a nursing convention in May
2006. The response from end users and distributors was described as ‘phenomenal’.
Priced at a premium to current kits, the new value-driven design demonstrates that it
is possible to transform a commodity into a breakthrough.

The Samsung and Aplicare examples highlight that, when market opportunity,
corporate capability and core customer insights are aligned, companies not naturally
culturally predisposed to innovating through the value chain can nevertheless use a

(Continued)
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disciplined approach to identify and deliver value-innovating concepts. Some com-
mon characteristics of successful examples show that:

CEOs champion innovation and their personality and style influence what compa-
nies do and how they do it.
Company growth strategy and business models are clear to all employees.

o Decisions are made quickly with little dithering.

Cycle times from concept to finished business model, product or service are being
reduced to weeks from months and years.

The organizational culture and working environment support risk taking, with inno-
vation permeating the company.

o ldeas are sought after and welcomed from anywhere — within and outside the firm.
e Value innovation can occur anywhere, at any level, at any time.

Source: Jones T. and Lee, D. (2006) ‘Samsung, Others Adopting Value Innovation), Research-Technology
Management, 49(5), 5-7.

L

1 What are value analysis and value innovation?
2 What are the advantages and disadvantages of value analysis?
3 What is the process of value analysis?

1. Sun Software Company

Jasmine is a software development manager for a software house. She and her team

handle short software enhancements for many clients. As part of a team development
day, she and her team think about how they can deliver excellent service to their clients.

During the Activity Analysis part of the session, they identify the following activities

that create value for clients:

Order taking.
Enhancement specification.
Scheduling.

Software development.
Programmer testing.
Secondary testing.

Delivery.

Support.

Jasmine also identifies the following non-client-facing activities as being important:



Value Analysis and Innovation 185

LD:' Further reading

Berghman, L., Matthyssens, P. and Vandenbempt, K. (2012) ‘Value Innovation,
Deliberate Learning Mechanisms and Information from Supply Chain Partners,
Industrial Marketing Management, 41(1), 27-39.

Cooper, R. G. (2011) ‘Perspective: The Innovation Dilemma: How to Innovate When
the Market is Mature), Journal of Product Innovation Management, 28(S1), 2-27.

Dell’Era, C., Marchesi, A. and Verganti, R. (2010) ‘Mastering Technologies in Design-
driven Innovation’, Research-Technology Management, 53(2), 12-23.

Kim, W. C. and Mauborgne, R. (2005) Blue Ocean Strategy: How to Create Uncontested
Market Space and Make the Competition Irrelevant (Boston, MA: Harvard Business
School Press).

Porter, M. E. and Kramer, M. R. (2011) ‘Creating Shared Value), Harvard Business Review,
89(1/2), 62-77.

Stabell, C. B. and Fjeldstad, @. (1998) ‘Configuring Value for Competitive Advantage:
On Chains, Shops, and Networks), Strategic Management Journal, 19(5), 413-437.

Tebo, P. V. (2005) ‘Building Business Value through Sustainable Growth’, Research-
Technology Management, 48(5), 28—-32.

Verganti, R. (2009) Design Driven Innovation (Cambridge, MA: Harvard Business

School Press).



14

CONCLUSION: MANAGING TECHNOLOGY
AND THE CHALLENGES AHEAD

14.1 TM for competitive advantage

Global competition is dominantly technology-driven. Technological innovation cannot be
achieved without corporate management devoting considerable energy and investment
to developing effective linkages between science, engineering and management. Efficient
and effective management of these linkages can ultimately produce and provide products,
processes and services that represent a distinctive corporate technological competence.
This competence, then, becomes a primary tool for achieving competitive advantage.

Technology’s role in competition is explicitly shown in a study measuring competitive-
ness at a firm level (Cetindamar and Kilitcioglu, 2013) and it is based on three pillars for
competition as shown in Figure 14.1. The first pillar is called the ‘outcome’ since a company
needs to show performance in all aspects of what it does to compete. The second pillar is
named resources, an umbrella term to describe competencies of a firm. The third pillar is
entitled ‘managerial processes and capabilities’ to include the role of management in the
transfer of inputs to outputs. This transfer mechanism is not only a static result of pro-
cesses and structures but also conscious involvement of management where managerial
skills affect the whole process.

Competitiveness can be sustainable if and only if the resources resulting in competitive-
ness are kept alive and the company can establish a set of managerial processes where
these resources are developed and utilized. As shown in Figure 14.1, the key resources for
competitiveness are not only human and financial but also ‘technology, innovation and
design based resources’ Technology includes all technical knowledge and assets, while
innovation covers all new or modified/improved developments and finally design capacity
either complements technological innovations or integrates them in new forms through
design features.

Technology’s role as one of the key elements of competition is particularly important
in industries with dynamic environments where ambidextrous organizations have a high
probability of survival. An ambidextrous organization maintains a high degree of balance
between exploitation (learning via local search, experiential refinement and reuse of exist-
ing knowledge) and exploration (learning gained through processes of concerted variation,
planned experimentation and play) (Simsek, 2009). The assumption made by research
on ambidexterity is that enterprises operating ambidextrously perform better as a result.
An extensive study (Derbyshire, 2014) has backed this assumption based on information
from the Community Innovation Survey covering 15 countries and 45,113 enterprises. The
paper shows a strong, positive effect on growth in sales turnover from ambidexterity in the
manufacturing and the scientific and technical services sectors.

Organizations competing in dynamic environments must be strategically flexible and
efficient because customer needs and competitor activities demand immediate action.

186
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Outcome indicators

Value added & profit

Customer & society

Technology,

Human innovation, Financial
resources resources

design

Ability to develop
processes and
Sustainability of
strategies

Leadership

Outcome indicators Resources Managerial processes and capability
(40%) (30%) (30%) (which provides effective and efficient use of resources)

Figure 14.1 The model for competitiveness of firms

Source: Cetindamar, D. and Kilitcioglu, H. (2013).

Agility calls for active experimentation (Thomke and Manzi, 2014). Learning from a business
experiment is not necessarily as easy as isolating an independent variable, manipulating it
and observing changes in the dependent variable. Environments are constantly changing,
the potential causes of business outcomes are often uncertain or unknown and so links
between them are frequently complex and poorly understood. Thus, companies typically
have to make trade-offs between reliability, cost, time and other practical considerations.
Three methods can help to reduce the trade-offs and increase the reliability of the results:
(1) randomized field trials, (2) blind tests and (3) big data (Thomke and Manzi, 2014). In
particular, big data is becoming a significant managerial skill, because extremely large data
sets may be analysed computationally to reveal patterns, trends and associations, especially
relating to human behaviour and interactions.

McKinsey Global report (2010) shows that nearly 12 terabytes are created each day in
tweets alone and there are many more data from social media streams, digital images,
banking and transaction records, sensors, GPS signals and countless other sources. And
the flow is accelerating; 90% of the data in the world today was created in the last two
years and there will be 44 times more of it by the year 2020 (Chui et al,, 2010). This is big
data, and it will be pivotal for decision making. However, big data can provide clues only
about the past behaviour of customers and might not necessarily help understand how
customers will react to radical changes. Thus, when it comes to innovation, most managers
must operate in a world where they still lack sufficient data to inform their decisions. This
is the reason why managers need to build ambidextrous organizations: while exploration
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helps encounter rapid obsolescence of products and services, exploitation ensures system
efficiency and a steady stream of cash flows (Thomke and Manzi, 2014). In this daunting
task, the critical resource seems to be dynamic capabilities. Thus, technology managers
have a lot to offer in managing big data and contributing to ambidextrous organizations.

14.2 TM as a profession

Adler and Ferdows in their 1990 article conclude that the chief technology officer (CTO)
position is not a management fad and that it has a critical integrating role in an environ-
ment where technological changes are dynamic. Since then, a lack of attention to the role
of the CTO in management research inspired Tschirky et al. (2003) to entitle a book chap-
ter ‘Wake-up call for general management: It’s technology time’ in order to highlight how
the rare resource of technology needs to be managed by a CTO in a similar fashion to other
scarce resources that companies rely on, such as human and financial capital.

CTOs are corporate executives responsible and accountable for their firm’s TM practices.
In practice, there are many names given to CTO-type positions, such as technical director,
technology director, chief scientist, vice president of R&D and innovation director (Tobias,
2000; van der Hoven et al,, 2012). In some cases the chief information officer (CIO) provides
technical input at a senior level, but limited IT specific practices, rather than the broader
range of technologies that a firm may rely on.

The seven main roles/tasks of the CTO are summarized below (Cetindamar and Pala,
2011):

1 CTOs establish coordination of technological efforts among business units and corpo-
rate research to ensure synergy and economies of scale. This task is mainly aimed at
avoiding duplication of technological efforts between business units and facilitating
the transfer of technology from one to the other.

2 CTOs represent technology within the top management by providing expert opinion
on technological questions, recommending a long-term view of technology and
fostering infant technology development projects.

3 CTOs should monitor the technological advances in order to capture the develop-
ments in technology fields that might impact on company operations.

4 CTOs supervise R&D labs and other technology development units. Therefore one
task of the CTO is managing teams that participate in projects.

5 CTOs assess technological aspects of major strategic initiatives. This includes the
assessment of the technological implications of proposed acquisitions, joint ventures,
strategic alliances and lines of business. Technology assessment also includes the
assessment of long-term trends in pertinent technologies.

6 CTOs usually manage the relationship of the company with technological actors in
the external technology environment such as universities and regulatory agencies
(Smith, 2003; Herstatt et al.,, 2007). The main tasks related to research organizations
are to provide guidelines for the research that the corporation sponsors and to gather
intelligence on important technical developments. The tasks related to regulatory
agencies are to make sure that the innovations of the corporation comply with regu-
lations, identifying trends in regulatory constraints and managing the efforts of the
corporation to influence the regulatory process.



Conclusion: Managing Technology and the Challenges Ahead 191

Innovation process

In 2013, as part of its 75th anniversary celebration, the Industrial Research Institute (IRI)
commissioned a project to consider the shape of R&D in IRI's 100th year. IRI 2038 explored
how trends emerging today might affect the art and science of research and TM into the future.

The IRI conducted a project to explore how the trends of today might affect research
and TM in 2038 (Farrington and Crews, 2013). The study described detailed sets of sce-
narios, one of which is summarized here to provide an insight about what the future might
look like in 2038 from a technology manager’s perspective.

The scenario is titled “Three roads to innovation’ and it discusses three new paths towards
innovation: Hollywood R&D, communities of brains and innovation tribes. Taking these in
turn, many corporations will work like Hollywood movie studios, in which a small produc-
tion company assembles freelance talent on a project-by-project basis, while another path
emerges as individuals directly connect their brains to cloud-based communities. These
communities will attempt to solve social problems and develop transformational science,
providing R&D via the network. Others will form insular communities (tribes) that work in
secrecy to prevent outsiders from obtaining their intellectual property.

Based on this scenario, the study lists four implications for research and TM (Farrington
and Crews, 2013):

R&D Value Proposition: R&D will not only identify future customer needs but also pick the
best research model to solve these needs. Companies will value speed-to-market and strong
evidence of demand; the use of fast prototyping and user feedback will mean projects get mar-
ket exposure and feedback before being handed over to formal marketing and sales systems.

Talent Management: there will be an increasing reliance on freelance talent, so managers
need to spend a lot of time building a community of talent. They will form teams quickly
by using their community. Simulation will help increase speed and accuracy in assembling
the right team. As software moves into talent and project management, researchers will
need to develop an ability to manage or be managed by artificial intelligence or expert
systems. This will include the need to maximize human creativity in a world of automation.

Portfolio Management: the ability to articulate exactly what the company is looking for
is critical in managing the portfolio. Managers will handle many different types of projects,
from highly open crowd-sourced models to tightly controlled internal programmes.
Managing the flow of information for each project to maximize creativity and protect
trade secrets will be a key source of advantage.

Project Management: stage-gate systems do not disappear, but are automated and
the number of gates is reduced by using simulations and mapping a project’s progress.
Managers concentrate on being more collaborative and integrated with the rest of the
organization or community rather than on daily project management. This complex task
will be possible thanks to the use of intelligent software. Assembling and managing team
capabilities will become a critical management skill.

Based on various scenarios, the IRl study highlights four major implications that are
common across all scenarios, and which technology managers should pay particular atten-
tion to in the near term:

o Artificial intelligence and talent management will become key responsibilities for
managers.

» Open innovation practices will increase and the management of intellectual property
will become difficult. Managers will need to balance the benefits of connectivity and
information sharing against the advantages of trade secrets.
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under the title of digitalization, there are many opportunities arising for companies that
can utilize digital technologies in their products. Porter and Heppelmann (2014) call the
rise of new forms of business model ‘Product as a service’. They highlight the transforma-
tion of smart and connected products into a system of systems where many products and
service systems interact with each other under new business models. For example, when
sensors and network connections are embedded in a rental car, it can be leased for short
time spans to registered members of a car service, rental centres become unnecessary and
each car’s use can be optimized for higher revenues. Zipcar has pioneered this model and
more established car rental companies are starting to follow. The role of sensors is not
only in new technology-based products, sensors are moving into every product. Wired’s
November 2012 issue included an article on a pair of entrepreneurs who are helping
viticulturists refine their irrigation and harvesting practices by embedding water sensors
in the vineyards (O’Briens, 2012). In the future, as sensors become ever more pervasive, the
amount of data generated by things may outstrip that produced by humans, leading to
new business models.

Similar to the profound impact of sensor technologies, design-driven innovation as a
new managerial approach offers many advantages. Technologies coupled with design fur-
ther help both service and manufacturing firms to change the meaning of their offerings
in the eyes of their customers. As Verganti (2009) proposes, people do not buy products
but they buy meanings; since people use things for profound emotional, psychological
and socio-cultural reasons as well as utilitarian ones (see details in Chapter 13). Design-
driven innovation becomes a new dimension for companies to compete. For example,
the Nintendo Wii transformed consoles from a passive immersion in a virtual world
approachable only by niche experts into an active physical entertainment for everyone
through socialization. Nintendo had a new sensing technology as well as design features
giving a unique look and feel. In short, companies might bring various innovations together
and have a radical impact in markets, like the Wii case where the overlap of design- and
technology-driven innovation changed the meaning of computer gaming from a largely
solitary activity to an interactive family one.

The impact of design-driven innovation is profound, particularly for services. For
example, restaurants move from emphasis on food towards experience innovation around
restaurants as systems of consumption involving the product, its delivery, the physical
and cultural context and so on (Tidd and Bessant, 2013). Service providers such as airlines,
hotels or entertainment businesses are differentiating themselves along such experience
innovations.

Whatever form the transformation associated with the integration of products and
services takes, it is clear that technology managers will need to understand the dynamics
of manufacturing and service industries, and they need to be ready to create new business
models, improve business processes and reduce costs and risks through the extensive data
they will gather on products and services. Thus, a different set of capabilities is needed to
succeed in the integration of product-services, including business-model design, partner-
network management, integrated-development process, reaching out to developing coun-
tries and service-delivery-network management (Chang et al,, 2014). Companies seeking
to offer high-value industrial product-service systems must find ways to develop these key
capabilities in their own organizations, otherwise manufacturing companies neglecting to
invest resources in managing the transition towards a product-service orientation may risk
their long-term market competitiveness.
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Paradigm shift

A paradigm shift is taking place in innovation, which is being democratized with active
user roles and open innovation processes, and where the scope is widening from product
and service innovation to business model and societal innovation. Different stakeholders
are involved from the public sector, the business world (local and international compa-
nies), academia, NGOs, citizens and users. Information and communication technology is
a key enabler for mobilizing and aggregating ‘collective intelligence and creativity’ (Green,
2007). An example and expression of this shift in innovation can be seen in the launch of
the European Network of Living Labs in 2006. The labs bring together users and experts
to foster collaborative innovation and are a step towards a European Innovation System
based on open co-creative labs for jobs, growth and global competitiveness.

The paradigm shift invites innovation to take place in managerial thinking. Existing liter-
ature brings forward two theories to help managers: dynamic capabilities and design think-
ing. Chapter 1 describes dynamic capabilities as a multidisciplinary framework to explain
long-term enterprise performance. Teece (2014) has clearly highlighted that organizational
ambidexterity and other related frameworks are tailored versions of dynamic capabilities.
Thus, TM can be conceived as a set of dynamic capabilities for dealing with the complexi-
ties of the world. Since this book already utilizes the dynamic-capability approach, a second
helpful tool for technology managers is discussed here: design thinking.

In its simplest form, design shapes ideas to become practical and attractive propositions
for users or customers. Design is not only a problem-solving activity but also a knowledge-
generation and integration activity, covering a wide range of fields, activities and tasks,
including product performance, process efficiency, cost, ease of manufacturing, aesthetics,
user friendliness, durability and ergonomics. Hobday et al. (2011) argue that economic
growth and the expansion of wealth rely in part on the design and creation of new spaces
for technological possibility. These spaces, in turn, require the human ability to design and
create stories, forms and concepts that underpin business and wider economic innovation.
In other words, design thinking is a model that allows firms to integrate design into their
core activities as a spur to innovation, and it becomes a critical consideration for technol-
ogy managers.

According to one of the leading thinkers of the subject, Martin (2009) introduces design
thinking as a challenge to managers in order to think outside the box. Design thinking is
based on three key concepts: the knowledge funnel, the distinction between reliability and
validity and abductive reasoning (Martin, 2009; Leavy, 2009). The knowledge funnel is a
pathway with three main stages — mystery (and hunch), heuristic (turning a hunch into an
initial heuristic or rule-of-thumb) and algorithm (converting the heuristic into a repeat-
able formula or algorithm). The goal of reliability is to ‘produce consistent, predictable
outcomes, while the goal of validity is to ‘produce outcomes that meet a desired objective.
Abductive reasoning refers to the logic of what might be. This thought process is a kind of
informed conjecture that can only be verified through the generation of new data (usually
through prototyping and testing in most business applications). So it is neither associated
with analytical thinking (relevant to exploitation) nor intuitive thinking (like in explora-
tion). In fact, this is exactly what the November 2014 issue in Harvard Business Review
(Thomke et al.,, 2014) invites managers to experiment with.

Why might such thinking help managers dealing with technologies? As described
above, managers are faced with the challenges of developing and managing ambidextrous
organizations. Design thinking appears to be a tool to balance two key conflicts: (1)
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exploration-exploitation and (2) reliability-validity. Exploration includes things captured by
terms such as search, variation, risk taking, experimentation, play, flexibility, discovery and
innovation. Exploitation includes such things as refinement, choice, production, efficiency,
selection, implementation and execution. Adaptive systems that engage in exploration to
the exclusion of exploitation are likely to find that they suffer the costs of experimentation
without gaining many of its benefits. They exhibit too many undeveloped new ideas and
too little distinctive competence, while systems that engage in exploitation to the exclu-
sion of exploration are likely to find themselves trapped below optimal equilibrium. As a
result, maintaining an appropriate balance between exploration and exploitation is a pri-
mary factor in system survival and prosperity. Design thinking helps to balance exploration
and exploitation.

The second balance where design thinking might be helpful is the reliability-validity
dimension. In practice, programs like Six Sigma typify the reliability-orientation, while
R&D represents the kind of exploratory activity most associated with validity. Leavy (2009)
defines a process as reliable if it produces a predictable result time and again, and a pro-
cess is valid when it flows from ‘designers’ deep understanding of both user and context’.
In order to compete, firms need to build their processes to balance reliability-validity
expectations.

Finally, abductive reasoning encourages experimentation to find solutions. Various tools
from design are offered as valuable instruments for generating solutions. From architecture,
such tools include various forms of visualization, including drawings, sketches, computer
graphics and prototypes; from new product design, companies like IDEO (a design consul-
tancy) propose creative processes that include ‘un-focus’ groups and ethnographic tech-
niques. So a design attitude assumes that the main challenge is to generate and develop
alternative solutions from which to choose.

Further, design thinking could be instrumental in understanding multiple users across
countries and markets. The IRl 2038 study identifies the importance of needs identification
and speed-to-market in order to quickly identify opportunities for research and technology
to serve new customer needs and understand each customer in his/her specific context.
This means developing skills in culture, society, customer research, ethnography, technol-
ogy scouting and rapid prototyping that are the key tools in design thinking. Additionally,
these skills will need to be global, as new consumers and researchers from emerging mar-
kets around the globe demand more attention.

Besides the creation and diffusion of innovations for particular customer needs, culture
is influential in commercialization and scaling processes. Both national and company cul-
ture could influence the result of innovation. Culture plays an important role that bridges
invention and innovation; invention can be transferred to innovation with a culture which
can support the invention, and invention can be inspired by an innovative culture. In sum-
mary, the balance of multiple perspectives of decision-making and the roles of diversity
and government policy are all crucial for the success of an innovation in a global context.

14.4 Implications for technology managers and educators

The evidence on the need for a TM education is compelling. The five major forces that
contribute to this (Badawy, 2009) are the necessity of understanding the complex prob-
lems of managing technology, the critical need for a broad vision of technology as an inte-
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gral link in corporate strategy, managing technological innovation as a top-management
responsibility, the context and core competence of technology-based organizations and
the unique characteristics of technical professionals.

On top of that, the challenges outlined above, namely the intensification of innovation,
the integration of services and manufacturing and increased concern on sustainability, TM
is challenging current managerial practices and calls for fundamental change in TM educa-
tion. Since sustainability and innovation go beyond organizational boundaries and require
managers to act in networks across functional and national borders, technology managers
need to be equipped with new expertise and new skills in organizing, collaborating and
communicating both internally and externally. This trend will increase and strengthen
open innovation practices such as the rise of ‘open-source’ innovation (e.g. Linux, a soft-
ware operating system that has captured substantial market share) and new organizational
forms (e.g. research joint ventures and technology alliances).

TM'’s overarching concern is to help management understand, assimilate, integrate and
direct technology and technology-facilitated innovation for the benefit of the enterprise,
customers and society. Given that need, technology managers and students with career
plans in TM should find ways of preparing themselves for the future. Educators also have to
find ways to respond to the new challenges.

TM naturally rests on knowledge developed over many years. As shown through the
analysis of literature from 1987 to 2006, the existing body of TM is based on six topics
(Duan, 2011): (1) core competence and competitive advantage; (2) information system
planning and changes; (3) the management of innovation and organizations; (4) TM
approaches; (5) technology strategy; and (6) organizational learning and KM. Any edu-
cational programme needs to address these topics as the basis of the knowledge to be
transferred to students.

On top of that base, professionals and students need to be equipped with a broad set of
skills, ranging from generic to specific (Wright et al,, 2008). Within the context of TM edu-
cation, a recent study considered generic skills such as those taught in courses on strategy,
marketing, organizational behaviour, finance, project management and operations man-
agement. These courses are characterized by their emphasis upon theory, often abstracted
from a single industry or technology. By contrast, according to the same study, specific
skills are considered to be creative problem solving, new technology evaluation, business
plan development and cross-disciplinary communication. This is because those skills are
rooted within the industry or technology context where the technologists are based.

Effective management of technology calls for different managerial skills, techniques,
styles and ways of thinking. Thus, the challenge facing management educators in determin-
ing what managers in the 21st century should know about technology is daunting. What
is needed is a new breed of managers who are as adept in TM as they are in traditional
business skills. Technology-based corporations increasingly need a capacity for rapid
innovation in strategies, products, processes and services as distinct from traditional high-
volume mass production or service companies of past decades. Managers of technology,
therefore, need to acquire the knowledge and skills that will enable them to compete effec-
tively in world markets. In particular, design thinking deserves to be a key part of education
programmes.

As it stands, literature also offers some studies with suggestions for educators. Van
Wyk and Gaynor (2014) propose a template for graduate level studies that covers the
comprehensive body of knowledge for TM in four groups: (1) knowledge of technology, (2)
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knowledge of technology-linked management topics, (3) knowledge of general manage-
ment topics and (4) knowledge of supporting disciplines. The knowledge to be transmit-
ted in education might be broad enough but the challenges call educational institutions
to enrich these categories to develop and adopt a different set of managerial concepts,
competencies and skills for the effective management of technology. There is a need for
broadening the knowledge set to include design thinking and sustainability.

A European wide study confirms the need for technology entrepreneurship and com-
mercialization skills (Clarysse et al,, 2009). Another study highlights greater attention to the
management and commercialization of IP (Thursby et al, 2009). It is clear that there is a
shift towards more entrepreneurially-based courses that require interdisciplinary skills and
team learning (Phan et al,, 2009).

On the issue of collaborations, another study (Austin et al,, 2009) highlights that the
technology manager needs to orchestrate the integration of different kinds of knowledge,
from specialized/domain specific to general/domain spanning, requiring familiarity with
both technological and managerial issues. The study considers the example of arriving at
a recommendation of which technology to adopt. Such a decision requires access to deep
technical knowledge as well as an ability to conceptually separate technical from man-
agement concerns and involve decision makers with the knowledge, skills, authority and
incentives appropriate to each. Technology managers should be ready for these challenging
tasks.

Considering the global nature of technologies and their diffusion, it is no surprise that
there needs to be a set of skills to help managers face cultural and global concerns. A study
on developing a global mindset (Javidan and Walker, 2013) shows that cultural issues
might diffuse into knowledge and skill sets for managers to get ready for diversity in global
markets. In particular, managers aiming to become global leaders should develop their
intellectual, psychological and social capital, and some guidelines for this are suggested
below:

1 Global intellectual capital refers to a set of knowledge relating to: global industry,
global competitive business and marketing strategies, assessment of risks of doing
business internationally, supplier options in other parts of the world, cultures in differ-
ent parts of the world, geography, history, important persons of several countries,
economic and political issues, concerns and hot topics of major regions of the world.

2 Global psychological capital constitutes passion for diversity, quest for adventure and
self-assurance. Passion for diversity means the enjoyment of exploring, travelling and
living in other parts of the world, as well as getting to know people there. Quest for
adventure covers interest in dealing with challenging situations, the willingness to take
risks and to test one’s abilities as well as the enjoyment of dealing with unpredictable
situations. Finally, self-assurance skills are needed such as being energetic, self-confi-
dent, comfortable in uncomfortable situations and witty in tough situations.

3 Global social capital covers three traits: intercultural empathy, interpersonal impact
and diplomacy skills. Intercultural empathy is based on an ability to work well with
people from other parts of the world, an ability to understand nonverbal expressions
of people from other cultures, an ability to emotionally connect to people from other
cultures and to engage people from other parts of the world to work together. Inter-
personal impact is associated with experience in negotiating contracts/agreements in
other cultures, strong networks with people from other cultures and with influential
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people and reputation as a leader. Finally, diplomacy refers to skills such as ease of
starting a conversation with a stranger, an ability to integrate diverse perspectives, an
ability to listen to what others have to say and willingness to collaborate.

One last reminder about skills is from the book written by Brynjolfsson and McAffee
(2014): technologies like big data and analytics, high-speed communications and rapid
prototyping have augmented the contributions made by more abstract and data-driven
reasoning, and in turn have increased the value of people with the right engineering,
creative or design skills. Thus, digital technologies are offering many opportunities for
those who are ready to capture them with the required skill set.

In sum, there is more to be done to figure out how to succeed in a future world that will
be different from today. We end with a quotation from Kocaoglu (2009):

Technology cannot solve every problem in society; but there are very few problems
that can be solved without proper utilization of technology. Proper utilization requires
proper management. That is what our discipline does. Those who manage technology
will be the winners in the coming generations, those who are managed by technology
will be left in the footnotes of history. The challenge awaiting us is to make sure that our
societies will be among the winners.

@) Koy Questions

1 How can technology contribute to the competitiveness of firms?

2 Does design-driven innovation contribute to the understanding of TM?

3 What is an ambidextrous organization? What are the main characteristics of these
organizations?

4 What are the managerial roles of technology managers in a company?

W

Please explain the challenges technology managers face in the coming years.
6 What should educators take into consideration while renewing the curriculum of
TM?
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APPENDIX: LINKING TM ACTIVITIES WITH
TM TOOLS

This book is based on the micro-level analysis of TM in order to understand how firms carry
out their TM activities and what tools and techniques are needed. Technological changes
are continuously creating new challenges and opportunities for application to new prod-
uct, service and process development. However, these opportunities need to be captured
and turned into value through effective TM where development and implementation of
technological capabilities are needed.

TM is the ability to improve and develop products, processes and existing technology
as well as to generate new knowledge and skills in response to the competitive business
environment. Each TM activity is related to a certain technological capability, comprising
one or more processes/routines/competencies. Technology capabilities are accumulated
and embodied in skills, knowledge, experience and organizational systems. Since TM activi-
ties help to develop and implement generic technological capabilities, Part | introduced
these generic capabilities and activities — acquisition, exploitation, identification, learning,
protection and selection.

It is difficult to describe exactly where firms exercise these activities due to the complex
nature of firms and industries. In the TM framework presented in Figure 1.1, TM activi-
ties are typically linked to or embedded within three core business processes: strategy,
innovation and operations. This is why after identifying the actual business processes
behind strategy, innovation and operations, managers are able to integrate TM processes
into them. Depending on a number of contextual conditions such as size, firms gradu-
ally accumulate technological capabilities through the various processes, procedures,
routines and structures embedded in practice. Managers need to identify the various
common processes/routines forming the key technological capabilities that reflect what
goes on within their individual companies. In other words, each organization will have
their specific elements that show their own individual picture. If the organization is a large
company with considerable R&D activity, the story/completed picture might include all
elements in the TM activities model. However, if the organization has no R&D and the
innovation is incremental, the corresponding activities will be different. For example, a
small firm might develop only the exploitation and learning capabilities to survive in the
market. Once managers identify their key technological capabilities, they can manage
technology effectively.

It is true that effective TM is based on dynamically developing skills and knowledge.
However, skills and knowledge are a necessary but not sufficient condition for managing
technologies. Turning these skills and knowledge into practice is as important as devel-
oping them, making TM activities and tools the two sides of the same coin. In this book,
tools include devices for supporting both action/practical application and frameworks
for conceptual understanding. The word ‘tool’ indicates that the user controls how it is
applied and how well it is used. Thus the tools can be adapted by a company to fit its
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own purposes and situation and can be used singly or in various combinations. Part Il
introduced six TM tools and techniques — patent analysis, portfolio management, road-
mapping, S-curve, stage-gate and value analysis — which are useful for carrying out the TM
activities mentioned in Part I.

In this Appendix, the goal is to link TM activities with the tools. However, few studies
have been undertaken that link TM activities with the available set of tools in a compre-
hensive format. One notable exception is Temaguide: A Guide to Technology Management
and Innovation for Companies (Cotec, 1998), which, as part of a study funded by the EU in
1998, considers how TM tools can be applied, as shown in Figure A.1. Temaguide proposes
18 types of TM tools that can be used in six major tasks:

Gathering external information.

Gathering internal information.

Deciding on workload and resources for various technology projects.
Facilitating ideas and supplying solutions to problems.

Improving efficiency and flexibility.

Managing groups/teams in a company.

External information
* Market analysis

» Technology forecast
¢ Patent analysis

¢ Benchmarking

Working together

* |nterface management
* Networking

* Teambuilding

Ideas and problem solving

¢ Creativity
* Value analysis

Internal information
» Skills and innovation audit

* Intellectual property rights
management
* Environment assessment

Improving efficiency and
flexibility

¢ | ean thinking

* Continuous improvement

Workload and resources B e

¢ Project management

* Project evaluation
* Portfolio management Miscellaneous techniques

Figure A.1 TM tools and their application potential
Source: Cotec (1998).

For example, if a manager wants to gather external information, Temaguide proposes the
use of four main techniques — market analysis, technology forecast, patent analysis and
benchmarking.

Dhillon (2002) does not describe any particular TM activity but offers nine different sets
of tools to be used for engineering and technology management in general:

o Decision-making tools: decision trees, optimization techniques, discounted cash flow
analysis, learning curve analysis, depreciation analysis, fault tree analysis and forecasting
methods.

Caopyrighted materia



206 Appendix: Linking TM Activities With TM Tools

e Project management tools: project selection methods and models, project management
techniques and project managers’ responsibilities, qualifications, selection and reporting.

o Engineering design and product costing tools: design types and approaches, engineering

design manpower, design reviews and design review team, reasons for product costing,

product life cycle costing and new product pricing.

Creativity and innovation.

Concurrent engineering.

Value engineering.

Reverse engineering.

TQM.

Maintenance management.

Some of the tools mentioned above, such as reverse engineering and decision making, are
applicable to many managerial activities, so they are not specific to TM per se. Some others
such as TQM directly help to manage quality rather than technology.

Another notable study reviewed major TM journals to identify TM tools that can
be used for specific TM activities (Cetindamar et al,, 2006). The following journals were
searched with the keywords ‘tools’ and ‘activities, for the period 1995-2005 using the
ABI Proquest and Elsevier ScienceDirect databases: Research Policy, Journal of Product
Innovation Management, Journal of Business Venturing, IEEE Transactions on Engineering
Management, R&D Management, International Journal of Technology Management,
Technology Analysis and Strategic Management, Journal of Engineering & Technology
Management, Research-Technology Management, Journal of High Technology Management
Research and Technovation. The results identified 122 relevant articles, but analysis showed
that there is no integrated study available that groups TM tools on the basis of TM activi-
ties or vice versa.

In the above study (Cetindamar et al., 2006), TM activities are listed under 11 categories:

Technology utilization.

KM.

Technology acquisition.

R&D management.

Technology integration.

Technology protection.

Technology transfer.

Technology planning and forecasting.
Technology strategy.

Technology assessment.

Technology commercialization and marketing.

These activities are rather confusing, since broad managerial tasks such as KM are at the
same level of analysis as other individual tasks such as technology planning. As discussed in
Chapter 1, KM crosses all activities in TM-specific activities. However, the study proposes
an ad-hoc model of linking TM tools with TM activities.

Table A.1 shows how the tools can be used in different TM activities. Some of these tools
are used in more than one activity. For example, patent analysis might be used for technol-
ogy protection, technology transfer and KM. The combination of tools and the way they
will be used in a company will vary depending on the company’s structural characteristics
as well as its specific need.
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Table A.1

207

The relationship between TM techniques/methods and activities

TM tools and techniques

Strategic thinking techniques SWOT analysis,
Porter's five forces analysis

Related TM activities

Technology strategy

Techniques for identification of technologies
Value chain analysis

Technology acquisition, technology transfer

Market analysis Cost-benefit analysis, statistical
decision-making models

Technology strategy, technology acquisition,
technology planning

Benchmarking

Technology strategy, technology transfer,
technology assessment

Technology forecast Mathematical
programming techniques, monitoring,
simulation, technology road mapping, decision
trees, methodological forecasting techniques,
trend extrapolation, technology life-cycle
analysis, technology-product matrix analysis,
modelling, expert opinion

Intellectual property rights Licensing, patent
analysis

Technology planning and forecasting,
technology assessment

Technology transfer, technology protection,
licence/patent purchasing, technology
commercialization and marketing, KM

Portfolio management Two to three
dimensional matrices, value-success probability
matrix, technological position — maturity
matrix, technology efficiency analysis, check lists,
technology analysis (technical and economical)

R&D development, technology utilization,
technology integration

Project evaluation Risk-return analysis, capacity
and bottleneck calculations, reverse engineering

Technology assessment, technology utilization

Continuous improvement Brainstorming

R&D development, technology utilization, KM

Creativity Promote creativity and change,
scenario building, teamwork, education for
professional development

Source: Cetindamar et al. (2006).

R&D development, KM

Studies in the literature focus mainly on a specific TM activity, for which tools are
developed and applied. For example, Daim and Kocaoglu's (2008) study describes the tools

for technology acquisition. De Piante Henriksen’s (1997) study of technology assessment
classified useful assessment tools into nine categories (Table A.2):

Economic analysis.

Information monitoring.

Technical performance assessment.
Decision analysis.

Risk assessment.

Systems engineering/systems analysis.
Market analysis.

Technological forecasting.
Externalities/impact analysis.
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Table A.2 Technology assessment toolkit for TM in the globally competitive enterprise

Economic analysis

Risk assessment

Cost/benefit analysis, cost-effectiveness
analysis, life-cycle cost assessment (LCA),
return on investment (ROI), net present value
(NPV), internal rate of return (IRR), breakeven
point analysis, residual income, total savings,
increasing returns analysis

Simulation modelling and analysis, probabilistic
risk assessment, environment, health and safety
studies, risk-based decision trees, litigation risk
assessment

Information monitoring

Systems engineering/systems analysis

Electronic databases, internet, technical/
scientific literature reviews, patent searches,
Bayesian confidence profile analysis

Technology system studies, system dynamics,
simulation modelling and analysis, project
management techniques, system optimization
techniques, linear, integer and non-linear
programming, technology portfolio analysis,
externalities analysis

Technical performance assessment

Statistical analysis, surveys/questionnaires,
trial use periods, beta testing, technology

studies, outcomes research

Decision analysis

decomposition theory, S-curve analysis, human
factors analysis, ergonomics studies, ease-of-use

Market analysis

Fusion method, market push/pull analysis,
surveys/questionnaires, S-curve analysis

Technological forecasting

Multi-criteria decision making, multi-attribute
utility theory scaring, group decision support
systems (GDSS), Delphi/group Delphi, analytic

S-curve analysis, Delphi/AHP/Q-sort,
R&D researcher hazard rate analysis, trend
extrapolation, correlation and causal methods,

hierarchy process (AHP), Q-sort, decision trees,
fuzzy logic

probabilistic methods

Externalities/impact analysis

Social impact analysis, political impact analysis,
environmental impact analysis, ethical issues
analysis, cultural impact analysis

Source: De Piante Henriksen (1997).

Table A.2 indicates how complicated it could be just to look at the tool list given for a
specific TM activity. It is possible that not all tools need to be applied, since some have dual
or multiple purposes and can be used as a substitute for others. In addition, companies can
change their assessment criteria according to the type of technology. For example, simula-
tion modelling might give enough information to make an assessment of a technology, but
in other cases, it might require the use of additional techniques.

The management discipline consists not only of knowledge but also a wide variety of
skills, among which the ability to use managerial tools in practice is a critical one. The
value of management tools is occasionally brought into question, since they are sometimes
seen as some form of crutch that managers deploy instead of thinking creatively (Brady
et al, 1997). There are a few studies investigating which managerial processes and tools are
most often used by boards and senior management groups in practice. One such study
was conducted by a consultant firm called Bain & Company, whose tools study goes back
to 1993. In 2005, Bain surveyed 960 global executives to investigate the use of 25 major
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management tools. The most widely used tool to help run a business was strategic plan-
ning (79% of respondents), while mission and vision statements were reported as widely
used (72%) and change management programmes were reported as used by 59% (Rigby
and Bilodeau, 2005).

Even though the management discipline has been developing general tools for use across
disciplines, such as finance and marketing, and specific tools devoted to sub-disciplines,
the TM literature rarely offers a list of tools relevant to managing technology in companies,
although it has been described as a necessity (Brady et al, 1997; Whitney, 2007). This is
why it is important to conclude the book by offering a list that will satisfy the needs of TM
activities. This is a wider list than the six key tools discussed in the book, in order to give a
wider framework to understand how tools and activities could be matched.

On the basis of the dynamic-capability-based model of the TM framework developed
in Chapter 1, the link between the major TM activities and tools is mapped (Table A.3).
Table A.3 attempts to include as many tool groups as possible, but it is not an exhaustive
list, since there are as many ways of doing the same tasks in management (TM is no excep-
tion) as there are in any social science. For example, to increase creativity, mind mapping
or lateral thinking techniques could be used interchangeably. In the same way, forecasting
could be done by scenario analysis or the Delphi method.

In order to find out which type of tools will be needed to carry out each TM activity, we
studied the processes described in Part | for that particular activity and developed general
tool categories. For example, Chapter 2 describes how internal and external acquisition
processes work, including processes ranging from portfolio management, new product/ser-
vice/process development, to specific external collaboration management such as finding
partners. Given this set of acquisition processes, managers will want to tap into tools that
will be useful for assessing, developing creativity, managing projects and strategy building.
Depending on the particular need, managers can adapt one or more tools and form a
portfolio of tools in dealing with the acquisition problem at hand. As shown in Table A3,
managers might use mind mapping, patent analysis and roadmapping, among others.

Table A.3 shows eight general tool categories useful for carrying out TM activities:

Assessment.
Creativity.

Decision making.
Forecasting.

KM.

Problem solving.
Project management.
Strategy.

The names given to these general tool categories might vary, but we believe they capture
what managers need. For example, in acquiring technologies, managers need to assess tech-
nologies, be creative in developing new ideas, manage innovative projects and develop strate-
gies for collaborations and projects. Given these needs, the corresponding names for these
four general tool categories become assessment, creativity, project management and strategy.

Some examples are given for each tool category in Table A.3. In the case of assessment,
exemplar tools are benchmarking, real options, quality function deployment and S-curves,
while in the case of strategy tools, three examples are roadmapping, SWOT and value
analysis.
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Table A.3 TM tools and their applications

Activities

General tool categories

Examples

Acquisition

Assessment techniques
Creativity tools

Project management tools
Strategy tools

Real options, S-curve*

Mind mapping, lateral thinking
Portfolio management®, stage-gate™
Roadmapping®, value analysis*

Exploitation

Assessment techniques
Problem solving

Project management tools
Strategy tools

Benchmarking, S-curve®

Fishbone diagram, TRIZ

Portfolio management®, stage-gate*
Roadmapping®, value analysis*

Identification

Assessment techniques
Forecasting techniques
KM tools

Strategy tools

Quality function deployment, S-curve*

Delphi method, roadmapping*
Knowledge mapping, patent analysis*
SWOT, value analysis*

Decision-making tools
Project management tools
Strategy tools

Learning Creativity tools Six hats, cause and effect analysis
KM tools Brainstorming, patent analysis*
Project management tools Portfolio management?*, stage-gate*
Strategy tools Roadmapping®, value analysis*

Protection Assessment techniques Cost-benefit analysis, S-curve*
KM tools Patent analysis*, value mapping
Project management tools Portfolio management*, stage-gate*
Strategy tools Roadmapping®, value analysis*

Selection Assessment techniques S-curve®, STEEPA

Balanced scorecard, decision trees
Portfolio management®, stage-gate™
Roadmapping®, value analysis*

Key: * these tools are presented in Part Il

Table A.3 aims to capture the links between TM activities and the tools that help to
manage these activities. ldentifying the major tools that facilitate the development and
application of technological capabilities is particularly important for offering practical
guidelines to apply and reinforce TM concepts within the business so that managers can
incorporate TM into their daily routines.

Given that management is an art, there is no single best way to manage technology in
a company and there is no mechanistic route to success. There are, however, lessons that
can be learned from other companies and theoretical frameworks to guide thinking and
decision making, and tools and techniques to assist analysis. This book is an attempt to
simplify a complicated world by offering a starting point to deal with the management
of technology. Table A.3 shows how different sets of tools might be used to carry out six
key TM activities and how the six tools covered in this book form a small but critical set of
tools, since they prevail across all activities. As discussed in Chapter 1, the selection criteria
for the six key tools are:

Simplicity and flexibility of use.

Degree of availability.
Standardization level.
The prevailing ones across TM processes and capture internal and external dynamics.

e & o
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The goal of this book is to be a practical, handy guide for engineers, managers and students
who plan to become technology managers in the future. Thus, it recommends the key TM
activities and a small number of tools and techniques that will be used to carry out these
tasks: six technological capabilities and six tools. However, as clearly shown in Table A.3,
real life is complicated and there are many tools that could be of benefit. Managers need
to start somewhere and the six TM activities and six tools presented in this text provide a
useful starting point.
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Absorptive capacity measures a firm’s ability to value, assimilate and apply new knowledge on
multiple levels — individual, group, firm and national level. Antecedents are prior-based knowl-
edge, that is, knowledge stocks and knowledge flows, as well as communication. It involves a
firm’s innovation performance, aspiration level and organizational learning. Absorptive capacity
is particularly important for companies to invest in R&D instead of simply buying the results such
as patents.

Acquisition is how a company obtains the technologies valuable for its business, based on the
buy-collaborate-make decision. Technologies might be developed internally, by some form of
collaboration or acquired from external developers. The management of acquisition differs on the
basis of the choice made.

Activity is used interchangeably with ‘process’ or ‘routine, and is associated with the concept of
capability. When the capability reaches some threshold level of practised or routine activity, the
performance of an activity can be claimed to constitute a capability.

Alliances are collaborations among several organizations ranging from firms to intermediaries.
Several types of alliance are possible, ranging from an ad-hoc partnership formed to solve a
specific problem, through complex alliances and joint ventures to complete acquisition.

Ambidextrous organization refers to an organization’s ability to be efficient in its management of
today’s business and also adaptable for coping with tomorrow’s changing demand.

Auditing generally refers to the evaluation of a person, organization, system, process, project or
product. Audits are performed to ascertain the validity and reliability of information, and also
to provide an assessment of a system’s internal control. For example, a technology audit provides
details of the technologies available in-house and their status.

Assessment is the systematic identification, analysis and evaluation of the potential secondary
consequences, whether beneficial or detrimental, of technology in terms of its impacts on social,
cultural, political and environmental systems and processes.

Base/enabling technologies are essential to be in business and are widely exploited by competitors,
so their competitive impact is low. Critical/key technologies are well embodied in products and
processes and their competitive impacts are high. Pacing technologies might be under experi-
mentation by some competitors and if the technology succeeds, its competitive impact is likely
to be high. Emerging technologies are at an early research stage or emerging in other industries
and their competitive impact is unknown, although they are expected to be tomorrow’s pacing
technologies.

Balanced scorecard is an accounting method used to ensure well-rounded performance, especially
from managers, by designing an evaluation that takes into account the perspective of clients/
customers, managers, peers and subordinates on four dimensions: customer service, internal busi-
ness processes, learning and growth and financials.

Benchmarking uses standards or measures from high-performing organizations as a basis for
comparison. The results from benchmarking need to be used as part of an overall change process;
just doing the benchmarking doesn't lead to change.
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Big data is a broad term for large or complex data sets.

A business model is a framework for creating economic, social and/or other forms of value. The term
‘business model’ is thus used for a broad range of informal and formal descriptions to represent
core aspects of a business, including purpose, offerings, strategies, infrastructure, organizational
structures, trading practices and operational processes and policies.

Business process re-engineering (BPR) is a TQM tool used to increase performance by radically
redesigning the organization’s structures and processes, including starting from the ground up.

Capability is an ability to do something, consisting of strategies and operational activities. Capability
is the ability to perform actions and since it applies to human capital, capability is the sum of
expertise and capacity. Capacity is the ability to hold, receive or absorb knowledge.

Commercialization is the process of introducing a new product/service into the market. The
actual launch of a new product/service is the final stage of new product/service development.
Commercialization includes the activities of finalizing development and preparing the product/
service to customers as well as dealing with marketing, such as advertising and sales promotion
and after-sales efforts.

Complementary assets are the assets, infrastructure or capabilities needed to support the success-
ful commercialization and marketing of a technological innovation, other than those assets
fundamentally associated with that innovation. These assets offer services almost always needed
to commercialize an innovation, such as marketing, competitive manufacturing and after-sales
support. Three main complementary assets are ‘generic assets, which do not need to be tailored
to a particular innovation; ‘specialized assets’, which have unilateral dependence with the innova-
tion; and ‘co-specialized assets), where a bilateral dependence exists between the innovation and
the complementary asset.

Concurrent engineering is a process in which appropriate disciplines are committed to work
interactively to conceive, approve, develop and implement products/service projects that meet
predetermined objectives. Concurrent engineering is applied to the engineering design philoso-
phy of cross-functional cooperation in order to create products that are better, cheaper and more
quickly brought to market.

Continuous improvement improves performance and customer satisfaction through continuous
and incremental improvements to processes, including removing unnecessary activities and
variations — often represented as a quality initiative.

Contracting R&D is where a company uses the services of a contract research organization or some
other party to develop a new process or product.

Core competencies are competencies that are applicable to a wide variety of products and business
markets, are not imitable and make a significant contribution to the perceived customer benefits
of the end product. Core competencies are particular strengths relative to other organizations
in the industry, which provide the fundamental basis for the provision of added value. Core
competencies are the collective learning in organizations, and involve how to coordinate diverse
production skills and integrate multiple streams of technologies.

Corporate entrepreneurship can broadly be defined as entrepreneurship within an existing orga-
nization. Employees, perhaps engaged in a special project within a larger firm, are encouraged to
behave as entrepreneurs, with the resources and capabilities of the firm to draw upon. Corporate
entrepreneurship includes all of an organization’s innovation, renewal and venturing efforts.

Design is a plan or drawing produced to show the look and function or workings of a building,
garment or other products/services before they are made.

Design-driven innovation is the radical change of user experience and meaning for products and
services.

Design thinking is a formal method for practical, creative resolution of problems or issues, with the
intent of an improved future result. It's a methodology for actualizing concepts and ideas.
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A PESTEL analysis is a framework or tool used by marketers to analyse and monitor the macro-
environmental (external marketing environment) factors that have an impact on an organization.
PESTEL stands for political, economic, social, technological, environmental and legal.

A portfolio is the collection of products in development and products in the market that focuses on
achieving the company’s strategic goals.

Portfolio management is the centralized management of one or more portfolios, by identifying,
prioritizing, authorizing, managing and controlling projects and programmes to achieve the firm’s
strategic goals.

Process involves the transformation of inputs into outputs in order to achieve a managerial objec-
tive. A business process or business method is a collection of related, structured activities or tasks
that produce a specific service or product (serve a particular goal) for a particular customer(s). It
often can be visualized with a flow chart as a sequence of activities.

A process innovation is the implementation of a new or significantly improved production or deliv-
ery method.

A product family consists of products having similar features and the same model platforms. It
provides an architecture based on commonality and similarity.

A product innovation is the introduction of a good or service that is new or significantly improved
with respect to its characteristics or intended uses.

Protection aims to protect the intellectual assets within a firm, where formal processes such as
patenting and staff retention need to be in place.

Quality function deployment is a TQM tool used in designing products on the basis of customer
feedback; it extends value engineering in that it is not restricted to minimum essential product
functions.

R&D (research and development) is a process of creating a firm’s technologies in-house or through
collaborations. In general, R&D activities are conducted by specialized units or centres belonging
to companies, universities and state agencies. In the context of commerce, R&D normally refers to
future-oriented, longer term activities in science or technology, using similar techniques to scien-
tific research without predetermined outcomes and with broad forecasts of commercial yield.

Reverse innovation refers to product and service innovations aimed at resource-constrained
customers in emerging markets.

Reliability is centred on the frequency of breakdowns, maintainability is focused on the time of
breakdown and availability is viewed as being the consequence of reliability and maintainability.

Roadmapping provides an integrating framework that summarizes at a high level (on one page) the
various strategic elements that must be aligned to achieve the overall organizational goals.

A routine describes a ‘repetitive pattern of activity, a course of normative, standardized actions or
procedures that are followed regularly.

Scenario analysis is a process of analysing possible future events by considering alternative possible
outcomes.

S-curves are used to illustrate the life cycle of a phenomenon that starts off slowly, grows rapidly,
tapers or levels off and then finally declines.

Selection takes account of company-level strategic issues, which requires a good grasp of strategic
objectives and priorities developed at the business-strategy level. Then, the selection process
aligns technology-related decisions with the business strategy.

STEEPA (social, technological, environmental, economic, political and aesthetic) is an assessment
technique used to analyse these dimensions of a technology project: social, such as population
growth rate and age profile; technological, such as impact of emerging technologies; environ-
ment, such as environmental laws; economic, such as current and future economic growth; politi-
cal, such as government type and stability; and aesthetic, such as design.
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The stage-gate process is a project management tool for new product development. A stage-gate
model is a technique in which a product/process/system development process is divided into
stages separated by gates. At each gate, the continuation of the development process is decided
by (typically) a manager or a steering committee.

Sustainability refers to forms of progress that meet the needs of the present without compromising
the ability of future generations to meet their needs.

A SWOT analysis is a structured planning method used to evaluate the strengths, weaknesses,
opportunities and threats involved in a project or in a business venture.

Technology innovations refer to technologically new products, services and processes, as well as
significant technological improvements in products, services and processes.

Technology intelligence is believed to capture and deliver technological information as part of the
process whereby an organization develops an awareness of technology threats and opportunities.

Technology management (TM) is the management of technological capabilities to shape and
accomplish the strategic and operational objectives of an organization.

The TM framework considers technology as a resource and emphasizes the dynamic nature of the
knowledge flows that must occur between the commercial and technological functions in a firm,
linking to the strategy, innovation and operational processes. An appropriate balance must be
struck between market ‘pull’ (requirements) and technology ‘push’ (capabilities).

Technology transfer is the process by which the technology, knowledge and information developed
by a creator are applied and utilized by an applier.

Technological capabilities consist of dynamic and operational capabilities that are a collection of
routines/activities to execute and coordinate the variety of tasks required to manage technology.

Tools include devices for supporting action/practical application and frameworks for conceptual
understanding. Many terms can be used interchangeably with tools, including ‘techniques),
‘procedures’, ‘processes, ‘models), ‘maps’ and ‘frameworks’

Total quality management (TQM) ensures that the organization consistently meets or exceeds
customer requirements and continually improves by measuring processes and imposing controls.

Utilization aims to maintain or continuously improve the existing use of technologies.

Value analysis (value engineering) is an interdisciplinary problem-solving activity for improving
the value of the functions required to accomplish the goal or objective of any product, process,
service or organization.

Value chain refers to a chain of activities. Products pass through all activities in the chain in order,
and at each activity the product gains some value. The chain of activities gives the products more
added value than the sum of added values of all activities.

A value curve shows how a customer sees the offerings of a company compared to that of its
competitors.

Value proposition is a marketing concept indicating what the customer gets for their money/
time. A customer can evaluate a company's value proposition on two broad dimensions with
multiple subsets: relative performance, what the customer gets from the vendor relative to a
competitor’s offering, and price, what the customer pays to acquire the product or service plus
the access cost.



Abernathy and Utterback
model, 157
absorptive capacity, 26, 36, 68,
85,21-23
acquisition, 8, 25-38
see internal acquisition;
external acquisition
acquisition, using S-curve
analysis, 155-7
activity, 2, 8-11,23
core, 8-10
supporting, 10-11
TM tools for, 210
alliances, 32-3,212
role in influencing markets,
47
types of, 32-3
see also collaboration
AlliedSignal and Alcoa, 167
case study, 168—70
Alstom Transport, 193
Aplicare, 180
case study, 181-2
Apple, 33, 47
i-phone, 108
ipod, 177
appropriability regime, 45, 112
see also intellectual property
rights (IPR)
assessment, 64, 209,212
see also environmental
impact; impact
assessment; selection
assessment, toolkit for, 208
auditing, 9, 65-7, 70, 80,
95,212
knowledge maps, 80-1

INDEX

strategy-technology fit,
113-15
of technology assets, 95
availability, 57

balanced scorecard, 55, 84, 144,
212
base/enabling technologies,
66,212
see also critical/key
technologies; emerging
technologies; pacing
technologies
Baxter Healthcare, 33,72
case study, 73—4
benchmarking, 11, 17-18, 56,
79,205, 209, 212
BICC Cables, 50
case study, 60—1
big data, 187-8, 201, 213
Black-Scholes (option pricing),
95,133
blue-ocean strategy, 48,
109
brand creation, 46
bubble diagrams, 133-5
Burgelman, R. A, 27-30, 49,
53,96
business model, 43-4, 46, 100,
105,108, 129, 158, 190,
193-4,197,213
evaluation, 127-8
business process
re-engineering, 30, 107,
172,213
buy-make-collaborate, 108,
110-2

231

capability, 2-3, 213
acquisition, 9, 17-18
external acquisition, 25
identification, 23, 634, 68
innovation, 9
internal R&D, 25
learning, 78, 132
maturity scale, 85
organizational, 71
protection, 94
selection, 106
sensing, 71
strategy-making, 105
technological, 9, 23-4, 43, 76,

124, 149, 159

Centre for Technology
Management, 13

change management, 36, 54, 58,
84,209

Chesbrough, H. W, 4, 29,
31,99

Clorox, 33
case study, 72

collaboration, 8, 71
complicated form of, 25
creative, 81
external, 209
inter-firm, 31
managing long-term. 36, 97
organizational, 34-5
technology, 52
see also alliances

commercialization, 8, 28-9,

44-6,96-7,213
see also marketing
communication, importance
of, 53



232

Index

com plementary assets, 2, 31,
45,92,96, 111-12, 147,
155, 157,213
computer models, 68
concurrent engineering, 28,
206,213
confidentiality
agreements, 99
of information, 28, 94, 98
continuous improvement, 11,
27,534, 56, 83, 106, 213
contracting R&D, 32,213
contracts, 35-6, 51,97
preparation, 35-6
Cooper, R. G, 27, 28, 107,
131-4,163-7,179
copyright, 93, 97-8, 100-1
core competence, 2, 33-4, 36,
44,103,109, 122,199, 213
identifying, 108—-10
corporate entrepreneurship, 98,
112,189,213
cost-benefit analysis, 34, 67,
165
Cotec, 11, 80, 121, 125, 205
critical/key technologies, 12, 17,
32,66-7

see also base/enabling

technologies; emerging
technologies; pacing

technologies

data
filtering, 65, 71
gathering (marketing), 64
Delphi analysis, 12, 68, 133, 209
design-driven innovation, 4-5,
177,193-4,213
design thinking, 178, 197-100,
213

see also design-driven

innovation
development funnel, 28, 214
see also idea/project funnel
diffusion, 46, 53, 77, 84, 153,
157, 189, 198, 200, 214
digitalization, 101, 190, 194, 214

digital technologies, 101, 190,
194,201

dissemination (of findings), 71

diversification, 2,9, 31, 48, 57,214

documentation
formats, 80

in technology transfer, 70,

72,74, 82

domain name, 93

dominant design, 45,97, 111-2,
157-8,214

Dorf,R.C., 7, 11-12,211

dynamic capabilities, 2-3,5, 8,
13,18, 23,68, 77,103, 105,
108,111, 188, 197,214

emerging technologies, 1, 12,
30-1,35,52,66,69,112,
146-8, 154, 156

see also base/enabling
technologies; critical/
key technologies; pacing
technologies

EMI, 112

environmental impact, 37-8,
70,176

Eurapean Centre for Innovation
and Spin-Offs, 50

European Commission
(EC),11

see also European Union

European Institute for
Technology and
Innovation Management
(EITIM), 13

European Technology Transfer
Initiative, 50

Eurapean Technology Transfer
Network, 50

European Union (EU), 34

exploitation, 8, 43—62

framewark for choosing,
44-46

levels of, 44

technology, 44

using S-curve analysis,
154-6 see also

commercialization;
marketing; technology
transfer; utilization
external acquisition
acquisition method, 34-5
alliances, 32-3
at P&G, 39-40
collaboration, 36
contracted-out R&D, 32
contracts, 35
definition, 30-1
goal setting, 33-4
licensing, 32
M&A, 33
method choice, 34-5
purchasing transactions,
31-2
technology transfer, 35
see also internal acquisition;
acquisition

Farrukh, C.). P, 2,5-7, 11,16,
68, 86, 140
Ferrofluidics
case study, 112-15
financial models, 133
forecasting, 47, 64-5
environmental factors,
64,68
market trends, 70—1
methods of, 67-70
software tools for, 69
STEEPA analysis, 69
using S-curve analysis,
156-7
see also technology
intelligence
four ‘Ps’ 45, 46
front-end innovation process
(FEIP), 168-70

gap analysis, 107, 110

Garvin, D. A, 82—4

Gaynor, G. H,, 11,57, 199

Glaxo Wellcome (GW), 14
case study, 14-16

growth curves see S-curves



HRM
role in KM, 80, 84, 86
in technology transfer, 52-3

IBM, 47,101,111
idea/project funnel, 28, 214

see also development funnel
identification, 9, 63-72
core competencies, 108—10
of external technology, 34
forecasting of markets, 64
forecasting techniques, 67-70
of organizational capabilities,
70-1
patent analysis, 122-3, 125
STEEPA analysis, 69
technology auditing, 65-7
using S-curve analysis, 154-5
IKEA, 106, 111
impact assessment, 70

industrial design right, 94

Industrial Research Institute
(IR1), 191
innovation, 4-5
adoption curve, 47-8
design-driven, 4-5, 177,
193-4,213
diffusion, 46-7, 198
dynamics of, 29-30
eco-, 4,214
marketing, 4-5, 215
organizational, 4, 9, 58, 215
process, 4, 26, 29-30, 94,
157,189,216
process funnel, 142
product, 4-5, 29-30, 67, 157,
164-5,216
reverse, 4—5, 58-9, 192,216
time lag between invention
and, 46
user, 154, 192
see also stage-gate;
technology innovation
innovation management, 4-5,
11,214
utilization/performance

measures, 55-6

innovation relay centers, 34, 50

intellectual assets, 93
identifying and measuring,
95
intangibles, 95
portfolio management, 96-7
see also intellectual property
rights (IPR)
intellectual property (IP),
1,215
and open innovation, 136-7
as market entry barrier, 93
identifying and measuring,
95
Microsoft’s management
of, 84
portfolio management,
96-7
protection methods, 94-4
intellectual property rights
(IPR), 27,93, 215
and corporate
entrepreneurship, 98
see also licensing; patents;
appropriability regime;
intellectual assets
intelligence, 103
internal acquisition, 26
new process development,
29-30
new product development,
27-9
at P&G, 26
R&D portfolio management,
27
R&D processes, 26
using patent analysis, 121
see also external acquisition;
acquisition
International Association for
Management Technology
(IAMOT), 12-13
intranet, role in knowledge
sharing, 39-40
investment priorities, 108
IT, role in KM, 78-80

see also intranet

233

Index

Kim, W. C, 48, 106-10, 170-5
knowledge, 107-9
mapping/auditing, 79-80
knowledge management (KM),
9,71, 215
best practice, 79-80
IT, role of, 78-80
knowledge sharing, intranet
role in, 39-40

learning, 9, 7686
categories of, 77
knowledge, 77-8
organizational processes,
83-4, 86
see also learning organization
learning-by-doing (LBD), 77,
82,87
learning curves, 83, 87
learning organization, 53, 71,
76,825,215
see also learning
licensing, 4, 32, 47, 50-1,
99-100, 122-3, 167, 215
patent analysis, 122

see also patents; intellectual
property rights (IPR)
life cycle analysis, 67, 70
see also S-curves
Lucent Technologies, 148-9

Maidique, M. A,, 27-30, 49,
53,96

maintainability, 57

make—buy—collaborate, 31, 44,
105, 110-2

marketing

customer relationships,
45, 48

data gathering, 44-5

execution, 48-9

market preparation, 47

positioning, 48

targeting, 47-8

of technology, 43-5
market research, 28, 215
market trends, forecasting, 68



234

Index

Mauborgne, R., 48, 106-10,
170-5
McDonald’s value curve, 175

mergers and acquisitions
(M&A), 31, 33, 34, 121-2,
124-5, 215
using patent analysis, 122,
124
Mindrtools, 183

National Research Council
(NRC) 2

network externalities, 48

networks, utilizing, 78—80

Nokia, 47

NPV, 70, 95, 133, 147, 175

NTT DoCoMo, 47

open innovation systems, 4, 16,
26,82,215
and managing IP, 99

pacing technologies, 34, 66,
107,110,112
see also base/enabling
technologies; critical/key
technologies; emerging
technologies
patent analysis, 13, 121-30,
215
and electronic shopping,
127-8
and HRM, 166
and identification, 122, 125
and licensing, 122-3
and M&A, 121-2, 125
and protection, 122-3
Siemens-Acuson case study,
125-7
using S-curves, 122, 125

patent pools, 100, 215
patents, 126, 127
difficulties tracing, 165
see also intellectual property
rights (IPR); patent trolls
patent search, 95, 121, 123-4
patent strategy, 10

patent trolls, 100, 215

PESTEL, 69, 216

Phaal, R, 2,5-7, 11, 68, 86, 140

Phantom Works, 22-3

Pixo, 33

Portal-Player, 33

Porter’s diamond, 45

portfolio, 27

portfolio management, 13, 27,

81,96-7,119,131-5

adjustment stage, 135
applications, 131-2
definition, 131
of intellectual assets, 96—7
models, for project analysis,

132-4
use of stage-gate process at

IMP, 164-6

probabilistic financial models,
133

Probert, D.R,2,5-7,11, 68,
86, 140

process development projects,
164

Procter & Gamble (P&G), 26,
44,72,95,97,163
case study, 39-41
product development
new,27-9,112
projects, 26—7
see also stage-gate
product family, 29, 216
product/technology matrix, 65
project management, 10-13
see also stage-gate
protection, 9
HRM issues, 97-8
of intellectual assets, 93—4
IP portfolio management,
96-7
managing IP in open
innovation, 99
patent analysis, 121-2
technology assets, 95
purchasing transactions, 31-2
quality function deployment
(QFD), 107, 172,209, 216

Raytheon Company, 149, 109
R&D, 5-7
alliances, 32-3
collaborative, 35, 49, 51
communication, importance
of, 53
contracted-out, 32
definition, 26
new process development,
29-30
new product development,
27-9
portfolio management, 27

projects, 26—7
record-keeping, 53
red-ocean strategy, 109
reliability, 78
renewable energy, 37, 134-7
see also Taiwan; technology
portfolio
research organizations, 50, 188
Research-Technology
Management, 24, 120, 206

resources for tools, 172-9

return on investment (ROI), 54,
133,147
risk analysis, 12, 67
roadmapping, 13, 86, 140-52,
216
case studies, 148-9
definition, 141-2
process funnel, 141-2
process steps, 142-6
ROI, see return on investment
(ROI)
Rolls-Royce, 14, 166
case study, 16-18
Routine, 3,216
Rush, H. 2,8, 85

Samsung Electronics, 160
case study, 180-1
Sandia National Laboratories, 142
scenario analysis/building, 69,
135-6, 209,216
see also Taiwan; technology

portfolio



scoring models, 133
S-curves, 13, 17, 68, 119, 153,
216-8
as an alliance strategy, 201-4
and chasms, 159-60
application in TM, 1534
in IP management, 157-8
in patent analysis, 122, 125
phases of, 153
use in decision making,
156-7
secrecy, 94, 191
selection, 9, 105-15, 216
decision alternatives, 107
investment priorities, 108
portfolio management,
132-3
strategic analysis, 107—-8
as strategy process, 106
technology planning
steps, 106
technology sourcing, 109
services, 193—4
Siemens-Acuson, 125-7
SMEs, 7-8,11,50
software tools for forecasting,
69
Sony, 47,101, 109, 157
stage-gate, 13, 19, 28, 163-71
application, 164
critical product innovation
activities, 164—6
definition, 163-4
front-end innovation process
(FEIP), 167-70
STEEPA analysis, 69, 216
sustainability, 59,177,189,
195-6,199,217
SWOT analysis, 69, 107, 147,
168,209, 217
Symbian, 47

Taiwan, 135-7
see also technology portfolio;
renewable energy
T-Cat (Management Tool
Catalogue), 13,120

team management, 80—1
technological capabilities, 2—11
analyzing competence levels,
67
see also core competence;
dynamic capabilities
technological competence, 35,
67,124,178, 186
technological competitiveness,
67,121,123
technologies, competitive
potential, 66
technology innovation, 4, 40,
217
and organizational structure
misfit, 57-8
see also innovation
technology integration and
synergy, 57
technology intelligence, 63-5,
73-4,217
see also forecasting
technology life cycle, 16, 35, 45,
153, 157-8

see also S-curves

technology management
(TM), 1
major disciplines, 12
real world systems, examples,
14-19
technology portfolio, 34,
135-7
see also Taiwan; renewable
energy
technology readiness level
scale, 50
technology suppliers, 34
technology transfer, 35, 49-54,
217
actors, 50-1
communication activities,
51-2
contracts, 51
documentation, 51, 53, 54,
71-2, 80
evaluations and

improvements, 53—4

235

Index

methods, 49-50
start-up process, 52
timing, 50-1
workforce training, 51-2
Teece, D. C,, 2-3, 35, 45, 63, 68,
71,77, 80, 82, 96, 105, 108,
111-12,197
Temaguide, 11-12, 205
see also Cotec
TM framework, 2, 5-7, 8, 16,
18-19, 204,209,217
TM toolkit, 12-13, 119
tools, 2,8, 11-14, 16-17,
217
activities and methods’

relationship, 207
applications, 11-2, 14, 205,

210

Toshiba, 33, 101

total quality management
(TQM), 30, 54, 58, 61, 83,
107,173, 206, 217

trademark, 80, 92-3, 97

trade secrets, 96-8, 191

TRIPs, 93

underutilization, 57-8
United Kingdom (UK), 60, 93,
122-3
patent classification/search,
123-4
using IP as market entry
barrier, 93
United States (US), 3, 50, 93, 95,
101,175
national technology transfer
centres, 50
patent classification, 123
using IP as market entry
barrier, 93
University of Cambridge, 13
USG, 54
case study, 87-9
utilization, 30, 43, 54-8
performance
measurement, 56
prioritizing improvements, 57



236 Index

value analysis, 11, 13, 19, 68,
107-8,110, 119,
172-84

applications, 173—4

definition, 172-3

methodology,
174-6

see also value engineering;

value innovation

value chain, 107-8, 111, 179,
217

value curve, 110, 174-5, 181,
217

see also value analysis; value
innovation
value engineering, 30, 107, 172,
217
definition, 172-3
see also value analysis; value

innovation
value innovation, 108-10,
172-5,178
role in improving
acquisition, 1734
at Samsung Electronics,
180-1

see also value analysis;
value curve; value
engineering
value propositions, 108

Wheeelwright S. C,, 27-30, 49,
53,96
Whirlpool, 98
value analysis at, 175
World Trade Organization
(WTO), 93

Xerox, 98



