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I Dedication

I would like to dedicate this edition of the Wiley Encyclopedia of Management to Professor Chris
Argyris, who passed away last year. Professor Argyris and I were co-editors of the first edition,
where we worked together, while I was on sabbatical, at Harvard Business School, to highlight the
main structure, disciplines and functional areas of management that would be the template for future
editions of the Encyclopedia. Chris was an outstanding scholar in management, probably the best
known thinker in the field and renowned for his state-of-the-art management books and innovative
management theories, but more important he was a wonderful person, who supported and nurtured
all he worked with. I remember strolling with him on a number of occasions in Hyde Park, London,
when he was in England, talking to him about his latest ideas and insights. Even in his eighties, he
bubbled with enthusiasm. He was truly inspirational, and I, and his many colleagues worldwide, will
miss him dearly.

Professor Sir Cary L. Cooper, CBE
The Editor-in-Chief



I Preface

Technology and Innovation Management is emerging as a field unto its own. It has historically been
scattered across multiple disciplinary fields, and indeed, in many universities, courses on the subject
can be found in schools of management, engineering and even science. Likewise, the richness of
the research agenda in the field has drawn scholars from many disciplines, including economics,
psychology, sociology, and all functional areas of business. Defining the field is challenging not merely
because of the complexity of the subject matter, but also because of its highly dynamic nature. But the
concept of an encyclopedia of Technology and Innovation Management is surely a cue that scholars
perceive a new field coalescing.

As a member of the encyclopedia series, this volume is an updated version of the earlier standalone
Encyclopedia of Technology & Innovation Management originally published by Wiley in 2010. We
have followed the same format with a few modifications. First, we gave each author the opportunity
to revise his/her entry. As most entries were more or less current, there were only a limited number
of changes. Second, we invited a few new entries, including frugal innovation and cloud computing.
We also dropped the earlier version of web-based technologies. Third, we decided to treat the section
on national innovation systems differently, including in the hard copy only the historical details of
the NIS of a specific country, and moving the entire entry (including the specifics of the country’s
current NIS) to the online version. We expect the full version to change more frequently than the
historical version, and the modifications can be made more easily in the online version than on hard
copy version. In future volumes we expect the section on emerging technologies to be the source of
the greatest change, as the numerous examples of interesting, novel technologies abound and begin to
shape industries and create new types of competitive forces.

We would like to take the opportunity to thank Mary Malin, whom we found to be a patient,
persistent, and truly pleasurable and professional editor.

We reproduce below the preface to the standalone volume.

In 2004, Rosemary Nixon approached one of the co-editors (V.K. Narayanan) with the idea of this
encyclopedia as a volume in the Blackwell encyclopedia series, and Cary Cooper who was a major
advisor for that series was very encouraging to move ahead. As a result of a merger, this volume
is now published by Wiley. Knowing that this is a daunting task, Narayanan sought the help of
Michael Hitt who identified Gina O’Connor who was willing and able to undertake the collaboration
in editing this volume. Gina not only understood technology, but also brought marketing and project
management experience to the endeavor. Together, they shared a passion for technology from
different perspectives: strategy, marketing, and project management.

Our first task was to constitute a board of advisors; their names are listed in the beginning of the
volume. We solicited two kinds of assistance from the board. First, we wanted them to critique the
outline of topics thus preventing major gaps in our coverage of the topics in this volume. Second, we
asked them for referrals, seeking prospective authors for various topics. The board’s help eased our
task considerably, and we want to record our deep gratitude for their assistance.

We generated the topics in three major steps. First, one of our then doctoral students (Yi
Yang, currently a professor in the University of Massachusetts-Lowell) identified key words and
authors from (i) major textbooks on Management Of Technology listed on the Technology &
Innovation Management Division website of the Academy of Management, and (ii) articles written
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in major technology journals from 2001 to 2004 (Research Policy, IEEE Transactions in Engineering
Management), and also in major management journals (Strategic Management Journal and Academy
of Management Journal). The keywords were tabulated by frequency and a frequently mentioned
keyword was included in our original list of concepts. The author list gave us an initial roster of
scholars to contact for entries about various concepts. Second, the editors sorted the chosen key words
into clusters identifying major and minor concepts and identifying key words within them. Third, the
draft of the major and minor concepts was circulated among the board members for their feedback,
which led to revisions of the original list.

In order to highlight the dynamism of the field we included two sets of topics that are likely to be
obsolete within three to five years: Emerging Technologies and Innovation at the National Level. The
final structure of the encyclopedia reflects both the relatively enduring concepts and the elements
in flux.

The topics formed the basis for contacting prospective authors, either directly or indirectly with
the assistance of the board. Cumulatively, the authors represent the major contributors to the field
of management of technology. Both editors spent considerable time reading the entries, making
suggestions and proposing editorial changes, and in general streamlining and standardizing the entries
to develop a coherent encyclopedia.

Inconsistencies with respect to terminology and definitions remain, but they are in our opinion a
reflection of the diversity and vibrancy of the field. Rather than portraying TIM as a monolith, our
approach has been to display the diversity of thought. In other words, when faced with the choice of
insisting on consistency for its own sake, we have opted instead to allow the authors to describe their
point of view. The editorial task was daunting and time consuming, but necessary. We can say with
confidence that we learned a lot in the process, not merely about the art of editing, but about the field
itself, through reading the entries of these authors.

An encyclopedia has many uses, but one that is often overlooked is something that struck us in the
midst of the editing process — the use of these entries in the classroom. As we read the entries, we
knew they represented up-to-date and easy to read material that can be assigned to students as and
when relevant. Indeed this thought formed the basis of a professional development workshop in the
2009 Academy of Management Conference in Chicago. Both of us plan to use these entries in our
classroom.

We owe a significant note of gratitude to many individuals. First, to our authors, without whom
this work would not have seen the light of day. Second, to the board members who helped us in the
critical early stages of the project and then along the way. Third, we owe a special note of gratitude
to Yi Yang for research assistance in identifying the topics. Finally, to Rosemary, a pleasant, patient,
soft-spoken editor who managed us well.

V.K. Narayanan and Gina O’Connor
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absorptive capacity and technological
innovation

Shaker A. Zahra, Birbara Larraneta, and
José L. Galan

Technological innovation is the foundation of
competitive distinctiveness that leads to superior
performance. Successful technological innova-
tion often requires the integration of multiple
capabilities. These capabilities are usually
grounded in knowledge-based routines (Helfat
and Peteraf, 2003; Nelson and Winter, 1982).
The knowledge used to develop these routines
could be internally developed or acquired from
external sources (Larrafieta, Zahra, and Galan,
2012). The dynamism and complexity of today’s
competitive landscape makes it essential for
companies to use the knowledge generated by
other firms (e.g., suppliers and competitors)
and institutions (e.g., university, research, and
government laboratories). Determining the
types of knowledge to bring into the organiza-
tion, how to best assimilate this knowledge, and
how to exploit it for competitive advantage are
important decisions that are shaped by recipient
companies’ absorptive capacity (Lane, Koka,
and Pathak, 2006). Companies that do not have
this capacity may not benefit from the rich and
varied knowledge that exists in their industry
and markets (Lichtenthaler, 2009; Lichtenthaler
and Lichtenthaler, 2010; Volberda, Foss, and
Lyles, 2010).

THE CONCEPT AND ITS DIMENSIONS

Absorptive capacity refers to a firm’s ability to
“recognize the value of new external informa-
tion, assimilate it and apply it to commercial
ends” (Cohen and Levinthal, 1990). Recent

definitions of absorptive capacity highlight its
power in converting the knowledge gained from
external sources into usable ideas, products,
goods, services, and models (Zahra and George,
2002; Zahra, van de Velde, and Larraneta, 2007).
This process of knowledge conversion — the
translation of abstract knowledge into more
concrete prototypes, designs, and so on — makes
it possible to exploit externally generated knowl-
edge (Zahra, van de Velde, and Larraneta, 2007).
As such, new conceptualizations of absorptive
capacity underscore the need to exploit the
knowledge gained externally or by integrating
them with the firm’s own knowledge base (Zahra
and George, 2002).

The growing focus on knowledge conver-
sion and its subsequent commercial exploitation
adds richness to the literature that has tradi-
tionally focused on a firm’s knowledge base.
In one of the earliest discussions of absorptive
capacity concepts, Cohen and Levinthal (1990,
1994) equated this capacity with a firm’s R&D
intensity, treating it as a static resource, not a
capability. By definition, a capability embodies
and integrates multiple skills and resources that
enable the timely and efficient completion of a
task (Helfat and Peteraf, 2003; Miller, 2003).
A capability-based view implies learning and
evolving. Learning means acquiring new knowl-
edge and gaining new insights from its creation
and use (Helfat and Peteraf, 2003). The more
the organization and its managers learn, the more
likely they will gain new insights about what they
are doing and how to do it better. This learning is
crucial because it helps managers to conceive of
different strategic options, redefine the market
arena, and reconceptualize cause—effect rela-
tionships differently. Equally important, this
allows the firm to discover and pursue different
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market opportunities (Zahra, 2009). These activ-
ities drive the firm’s evolution. Thus, absorptive
capacity is intimately connected to organizational
learning, capability building, and organizational
evolution (Lewin, Massini, and Peeters, 2011;
Zahra, Sapienza, and Davidsson, 2006).

There are several conceptualizations of
absorptive capacity (Cohen and Levinthal,
1990; Lane, Koka, and Pathak, 2006; Todorova
and Durisin, 2007). Zahra and George (2002)
propose that absorptive capacity has four dimen-
sions: acquisition, assimilation, transformation,
and exploitation. Each of these dimensions
serves a unique purpose and thus can enrich the
firm’s technological innovation. A deficiency in
one of these dimensions, however, can weaken
the firm’s overall innovation activities and
hamper its ability to develop and commercialize
innovative technologies.

As a key component of the firm’s absorptive
capacity, acquisition refers to the firm’s ability to
identify value and acquire externally generated
knowledge that is critical to its operations.
Identification of potentially valuable knowledge
is usually based on a thorough understanding
of the firm’s opportunity set, strategy, and
current product portfolios. It depends also on
the nature of the firm’s appreciation of the
evolutionary forces that govern the markets and
potential technological trajectories. Knowing
who controls which types of knowledge and
how to gain access to them is another important
consideration that enables the firm to connect
with these sources, developing beneficial
relationships that facilitate knowledge transfer.
Of course, the firm can rely on traditional
market mechanisms to acquire this knowledge
(e.g., through purchase or licensing).

Once knowledge is gained, the firm has to
work hard at assimilating it. Assimilation refers
to the mechanisms and routines a firm can use to
process, interpret, and understand the informa-
tion obtained from external sources (Kim, 1998).
Assimilation makes it possible for the firm to
proceed with transformation, which refers to a
firm’s ability to integrate, develop, and refine
the routines that generate combinative or new
knowledge (Garud and Nayyar, 1994). Finally,
exploitation denotes a firm’s ability to refine,
extend, and leverage existing competencies by

incorporating acquired and transformed knowl-
edge into its operations by developing strategic
initiatives such as embarking on radical techno-
logical innovation (Zahra and George, 2002).

Over the past decade, researchers have
attempted to refine and extend the Zahra
and George conceptualization of absorptive
capacity. For instance, Lane, Koka, and Pathak
(2006) redefined the concept and Lichtenthaler
(2009) empirically tested it as composed of three
sequential learning processes: at two ends are
explorative and exploitative learning and linking
them is the transformative learning. At the core
of this latter definition is the belief that the
combination of the new knowledge with existing
knowledge allows the firm to breed novelty that
promotes technological innovation.

ABSORPTIVE CAPACITY AND
TECHNOLOGICAL INNOVATION

Researchers have noted the importance
of absorptive capacity for promoting and
sustaining technological innovation (Escribano,
Fosfuri, and Tribo, 2009; Zahra, 2009; Zahra
and George, 2002). They suggest that incoming
knowledge flows replenish the firm’s knowledge
base, thus infusing new ideas and processes
that stimulate those activities associated with
technological innovation. One weakness of prior
research is failing to delineate when absorptive
capacity can lead to radical versus incremental
technological innovation (Lane, Koka, and
Pathak, 2006). Incremental innovations are
extensions, refinements, and upgrades of the
firm’s technology-based products, processes,
and services. Radical innovations represent
major advancements on what is known. As such,
these innovations embody a variety of options
that include truly new-to-the world innovations
and major technological shifts that qualitatively
exceed what currently exists in the market.

A convenient way of conceptualizing the effect
of absorptive capacity on technological inno-
vation is to consider its breadth versus depth
(Vasudeva and Anand, 2011). Breadth refers to
the extent to which the knowledge contained
in the firm’s absorptive capacity is multifaceted
and comprehensive in its coverage of a multi-
tude of fields. As a result, absorptive capacity
could be narrow (covering only a few fields)
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versus broad (covering a wide range of fields).
A broad absorptive capacity can give the firm a
wider range of options when it comes to tech-
nological innovation. In contrast, depth refers to
the extent to which the firm has developed an
expert-type mastery of a particular technological
domain. Depth could form a continuum ranging
from shallow (where the firm has some or even
a superficial level of skill in a given field) to
deep (where the firm has great expertise in a
given field). Plotting the orthogonal dimensions
of depth and breadth provides some insights into
the strategic value of absorptive capacity vis-a-vis
technological innovation, as shown in Figure 1.

Quadrant 1 in Figure 1 shows the situation
where the firm’s absorptive capacity is narrow
and shallow. This might occur from overspe-
cialization, the absence of scanning systems
that gather information about the competitive
terrain, or the lack of sustained investments
in R&D and other innovative activities. This
situation is common in maturing and declining
business divisions of larger corporations. Given
its narrow and shallow absorptive capacity,
the firm’s product lines are apt to be limited,
old, and even decaying. As a result, the firm’s
ability to engage in technological innovation
is constrained. While the infusion of new
external knowledge may help to some extent in
reviving the firm’s operations, the full benefits
associated with knowledge inflows are not likely
to materialize because of the company’s limited
absorptive capacity.

Quadrant 2 depicts the situation where the
firm has knowledge in different areas but lacks

sufficient expert knowledge. The firm might
benefit from the breadth of its absorptive capacity
by being prolific in upgrading its products.
Of course, sometimes a series of incremental
innovations can lead to radical technological
innovations.

In quadrant 3, the firm has deep knowledge
in a few fields. This combination is conducive
to pioneering technological innovations as well
as building and protecting a viable niche. Over
time, the growing depth of the firm’s knowledge,
however, could become a strategic handicap if
the external environment changes drastically and
a new technological paradigm emerges.

In quadrant 4, the combination of broad
and deep knowledge could enrich the firm’s
technological innovation by providing oppor-
tunities for integrating and fusing technologies
(Zahra, 2009), creating new product platforms,
oradding more lines to existing products through
upgrades. However, the firm’s success in culti-
vating its absorptive capacity depends on its inte-
grative capability, This capability refers to the
firm’s skill in managing and harvesting different
sources of knowledge, assimilating them, and
envisioning strategic uses for them. Another risk
these companies face is the growing complexity
of the organizational processing of different types
of knowledge. Processing different strands of
knowledge often fuels tension between the need
to assimilate and connect different technolog-
ical fields, and refining the skills to master the
knowledge that the firm already has.

Broad

Breadth

2 Prolific incremental upgrades

4 Portfolio of radical &
incremental innovations

Narrow 1 Niche (upgrades)

3 Pioneering (Niche)

Limited (Shallow)
(Deep)

Depth Great

Figure 1 Depth versus breadth of absorptive capacity and technological innovation.



