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“Knowledge management-still going strong”

To all the people who are enthusiastic about improving the way individuals,
teams, organizations, and the society handle knowledge
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Preface

The Knowledge Management Strategies: A Handbook of Applied Technologies
is the fifth book in the Knowledge and Learning Society Book Series. Three titles
are already available in the bookstores:

. Intelligent Learning Infrastructure for Knowledge Intensive Organizations: A
Semantic Web Perspective

*  Open Source for Knowledge and Learning Management: Strategies Beyond
Tools

*  Ubiquitous and Pervasive Knowledge and Learning Management: Semantics,
Social Networking and New Media to their Full Potential

This book is complementary and is published together with the 5" book of the
series entitled:

e Technology Enhanced Learning: Best Practices (Editors: Miltiadis D. Lytras,
Dragan Gasevic, Patricia Ordonez De Pablos, and Wayne Huang)

For mid 2008, two more edited volumes which contribute further to our vision for
the knowledge society are also planned:

. Knowledge and Networks: A social Networks Perspective (Editors:Miltiadis
D. Lytras, Robert Tennyson, Patricia Ordonez De Pablos,)

e Semantic Web Engineering for the Knowledge Society (Editors: Jorge Cardoso,
Miltiadis D. Lytras)
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Introduction

Knowledge management (KM) is a buzz word of late 1990s. In an era of busi-
ness transition, the effective management of knowledge is proposed as a strategy
that exploits the organizational intangible assets. This fact has intrinsic market
attractiveness and a great interest for practical guidelines for the implementation
of knowledge management strategies. However, the term of knowledge manage-
ment has been used to describe many different applications. In some cases the tag
“knowledge management product” is attached to several software programs purely
for marketing reasons.

The motivation for this book was based on the fact that literature on knowledge
management rarely concentrates on the practical aspect of KM. Moreover, in the
situations where a book discusses KM technologies, this is based on a taxonomy
which is difficult to align with real world situations. This book recognizes knowl-
edge management as a complex sociotechnical phenomenon where the basic social
constructs such as person, team, and organization require support from information
and communications technology (ICT) applications. This is not only due to the com-
plexity of the phenomenon but also due to the contextual nature of knowledge.

The inevitable relation of knowledge and strategy formation seems to be taken for
granted in most approaches. From this perspective knowledge management is a
contextual phenomenon and its performance has to be secured through enormous
effort of codifying strategies that deploy specific technologies.

Figure 1 provides an initial stage for analysis: knowledge management infrastruc-
ture within business organizations facilitates project teams that work towards the
achievement of deliverable n given deadlines. Of course teams are not the only level
of analysis. KM is recognized as a critical enabler of qualitative achievements in
the organizational and interorganizational level as well.

The book intends to give answers to problems that business organizations face
when they try to implement knowledge management. Mainly two critical issues
are addressed:

Figure 1. The basic scenario in a knowledge-intensive organization
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Which technologies to use for specific KM problems?

Which strategy can guide the implementation of KM that corresponds to the

answer of the above problem?

The ultimate objective of the book is to provide practical guidelines for applied
knowledge management through the discussion of specific technologies. Or, in
another words, which components provide the basic KM infrastructure and how
the selection of several technologies can be justified through specific knowledge
management strategies.

The whole book is organized around the following pillars of the knowledge man-
agement research agenda:

ARTIFACT LEVEL

Managing Documents
Managing Metadata and Semantics
Managing Taxonomies

INDIVIDUAL LEVEL

Constructing Yellow Pages of Experts
Managing Individual Profiles
Managing Tacit Knowledge

TEAM LEVEL

Managing Workflows

Managing Discussion Forums
Exploiting Collaborative Work Systems
Managing Team Dynamics

ORGANIZATIONAL LEVEL

Building Best Practices

Developing Knowledge Maps/Ontologies

Managing Competencies
Managing Organizational Memory



INTERORGANIZATIONAL LEVEL

. Managing Interorganizational Network
*  Managing Projects

. Future Technologies

Our wonderful journey in the research and vision for the Knowledge Society has one
more stop. In September 2008 [and in each forthcoming September], we organize
the 1st World Summit on the Knowledge Society, http://www.open-knowledge-
society.org.summit.htm].

The World Summit on the Knowledge Society aims at becoming the leading forum
for the dissemination of latest research on the intersection of Information and Com-
munications technology (ICT) and any area of human activity including production,
economy, interaction and culture, and will be organized annualy in Greece.

Athens World Summit on the Knowledge Society brings together:
e Academics

. Business People, and Industry

. Politicians and Policy Makers

. Think Tanks

. Government Officials

The underlying idea is to define, discuss and contribute to the overall agenda on
how emerging technologies reshape the basic pillars of our societies towards a bet-
ter world for all.

This is why these five general pillars provide the constitutional elements of the
Summit:

e Government in the Knowledge Society

. Research and Sustainable Development in the Knowledge Society
e Social and Humanistic Computing for the Knowledge Society

. Information Technologies for the Knowledge Society

. Education, Culture, Business, Tourism, and Entertainment in the Knowledge
Society.
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Last but not least we invite you to read the just published special issue on Semantic
based Knowledge Management special issue we developed for the IEEE Internet
Computing Magazine Issue: Sept/Oct 2007, Guest Editors: John Davies, Miltiadis
Lytras and Amit Sheth.

We do believe that this edition contributes to the literature. We invite you to be part
of the exciting knowledge management research community and we are really look-
ing forward for your comments, ideas, and suggestions for next editions.

Structure/Editing Strategy/Synopsis of the Book

When dealing with knowledge management it is really of no sense in trying to
be exhaustive. Not only because of the fast pace in technologies that support KM
strategies but mostly due to the many different aspects of the domains. Moreover,
when you are trying to investigate the new insights of KM, like social networks and
the Semantic Web, then the mission becomes even more complex.

This is why from the beginning we knew that our book should be selective and
focused. In simple words we decided to develop a book with characteristics that
would help readers to follow several different journeys through the contents. We
also decided to open the book to big audiences. While we could pursue through
our excellent contacts and great network of collaborators a publication aiming to
promote the discipline, we decided that it would be most significant (from a value
adding perspective) to develop a reference book. And this is what we made with
the support of great contributors: a reference book for KM strategies providing an
excellent overview of the emerging research agenda and the state of the art. Having
already the experience of the edition of four edited books and getting feedback from
100s of researchers from all over the world, we decided to keep the same presenta-
tion strategy. We tried and we think that we really have managed to develop a book
that has the following three characteristics:

. It discusses the key issues of the relevant research agenda,
. It provides practical guidelines and presents several technologies, and
. It has a teaching orientation.

The last characteristic is a novelty of our book. Several times editions seem like a
compilation of chapters but without an orientation to the reader. This is why every
edited chapter is accompanied by a number of additional resources that increase
the impact for the reader.
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In each chapter we follow a common didactic-learning approach:

* At the beginning of each chapter authors provide a section entitled Inside
Chapter, which is an abstract-like short synopsis of their chapter.

e At the end of each chapter there are some very interesting sections, where
readers can spend many creative hours. More specifically the relevant sections
are entitled:

o

Internet session: In this section authors present one or more Web sites
relevant to the discussed theme in each chapter. The short presentation
of each Internet session is followed by the description of an Interaction
where the reader (student) is motivated to have a guided tour of the Web
site and to complete an assignment.

Case study: For each chapter, contributors provide “realistic” descriptions
for one case study that readers must consider in order to provide strategic
advice.

Useful links: They refer to Web sites with content capable of exploiting
the knowledge communicated in each chapter. We decided to provide
these links in every chapter, even though we know that several of them
will be broken in the future, since their synergy with the contents of the
chapter can support the final learning outcome.

Further readings: These refer to high quality articles available both in
Web and electronic libraries. We have evaluated these resources as of
significant value and readers can definitely find them significant.

Essays: Under this section a number of titles for assignments are given.
In the best case essays could be working research papers. The general
rule is that we provide three to six titles for essays and in the abstract
titles readers can find an excellent context of questioning.

Next, we will elaborate on the theoretical framework for this book.

Knowledge Management Strategies Underpinnings:

Dynamic Flows in Business Organizations

In Figure 2, we depict two entities that are the main actors in projects within knowl-
edge-intensive organizations: the person who carries experiences, skills, knowledge,
cognition, and a learning capacity, which are realized in behavior and attitudes; and
the project team, which utilizes the team synergy in order to achieve the desired
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objectives, and is a qualitative whole in a knowledge-intensive organization. The
concept of culture is also important here, since the concept of team is not a solid
whole with distinct borders, but rather a dynamic formation. Shared meaning emerges
through any action that is undertaken while working in a project.

The simple interaction presented in Figure 2 is not representative of practice. In
knowledge-intensive organizations, several individuals and a number of project
teams interact, forming a spaghetti-like group of relationships (Lytras & Naeve (eds.)
2005). A kind of network is realized with the various nodes playing an important
role that merits research investigation.

The dynamic flows between these two entities are rarely explicit in nature. The
dynamics of individual and team working together on a project formulate a con-
textual environment where information technology is used to facilitate the value
exchanges. Four kinds of dynamic flows are depicted: team formation, knowledge
flow, behavioral change, and learning. These “flows” are knowledge transformation
mechanisms. The knowledge capacity of each person is in a continuing exchange
with the environment of the individual, which can be the team or the organization
(Naeve et al. 2007).

The knowledge flow relates to the characteristic of humans to constitute teams that
share a common objective and thus facilitate the exchange of knowledge. In this
context the critical question is the nature of knowledge. To this end, a number of
knowledge category models (McAdam & McCreedy, 1999) have been proposed.

Figure 2. Dynamic flows in knowledge intensive organizations
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A number of characteristics of knowledge have been distinguished providing the
dimensions for categorization. The traditional approach seems to be the selection
of two characteristics and the justification of a two-dimensional matrix where the
specified kinds of knowledge are presented. Such abstraction is easily understand-
able but perhaps too simplistic. In the literature a number of knowledge categories
models can be identified. The model by Boisot (1987) recognizes two critical char-
acteristics of knowledge: diffusion and codification. Proprietary, personal, public
knowledge, as well as common sense are the four suggested types of knowledge.
A criticism of this model is that a distinction of personal knowledge according to
whether it is uncodified or undiffused does not assume that this knowledge is not
exploited. The person in daily practice refers to this knowledge and acts according
to specific context. Hahn and Subramani (2000) provide a very interesting approach
that investigates a framework of knowledge management systems using two basic
dimensions: the locus of knowledge and the level of the a-priori structure. These two
dimensions determine the boundaries for four quadrants, where several applications
are positioned in order to support knowledge management. In each quadrant, specific
knowledge types are determined providing an overview of knowledge types that
require specific support through ICTs. Nonaka (1994) and colleagues (i.c., Nonaka &
Takeuchi, 1995) promote the well-known distinction of tacit and explicit knowledge
which seems to be a manifestation in knowledge management, since in its simplistic
categorization describes the admission of hidden and revealed knowledge.

The learning flow corresponds to the archetype of human behavior, that through
action and feedback, promotes the understanding and adoption to the environment.
The contextual character of learning is of critical importance. Individuals, teams,
and organizations have a learning capacity, which is not simply a cumulative result
of individual contributions. A number of theories concerning learning have been
identified for every context mentioned earlier. In an organizational context, Argyris
(Argyris, 1976, 1991, 1993; Argyris & Schon, 1978) proposes a double loop learn-
ing theory, which pertains to learning changing underlying values and assumptions.
Kim (1996) describes the relations between individual and organizational (single-
and double-loop) learning, a theme that is expanded further by Naeve et al. (2007).
Double loop theory is based upon a “theory of action” perspective outlined by Argyris
and Schon (1974). This perspective examines reality from the point of view of hu-
man beings as actors. Changes in values, behavior, leadership, and helping others
are all part of, and informed by, the actors’ theory of action. An important aspect of
the theory is the distinction between individuals’ espoused theory (what they say)
and their “theory-in-use” (what they actually do); bringing these two theories into
congruence is a primary concern of double loop learning. Typically, interaction with
others is necessary to identify this conflict.

There are four basic steps in the action theory learning process: (1) discovery of
espoused theory and theory-in-use, (2) invention of new meanings, (3) production
of new actions, and (4) generalization of results. Double loop learning involves ap-
plying each of these steps to itself. In double loop learning, assumptions underlying
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port learning initiatives that increase the capacity for effective action. Moreover
the learning dimension is underlying in any system since if their users will not be
able to align their behavior and attitudes to the requirements of the systems then
their usage would be limited. Unfortunately the intangible nature of knowledge
makes the ROI analysis of knowledge management systems a difficult task. This
process-oriented approach provides an insight to the phenomenon of knowledge
management, and in the environment of knowledge-intensive organization, it can
justify implementations.

Asimilar approach is provided by Lee and Hong (2002), who recognize a four-stage
KM life cycle and they associate specific IT applications with each stage. Figure 7
provides the overview of their proposition.

In this approach, the learning dimension of knowledge management is also disre-
garded. This is really a very weak point in the models if we consider knowledge
management as a sequential indication of stages. The knowledge infrastructure in
an organization must not be considered using a librarian perspective of knowledge
management. In this dimension the empowerment of learning capability in an
organization is a continuing process where specific technologies must secure the
human resources management. Drucker (1992) states that “it is safe to assume that
anyone with any knowledge will have to acquire new knowledge every four or five
years or become obsolete.”

Figure 6. Group & individual level systems & practices (Adopted from Nissen et
al., 2000)
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current views are questioned and hypotheses about behavior are tested publicly. The
end result of double loop learning should be increased effectiveness in decision
making and better acceptance of failures and mistakes.

At the individual level many learning theories investigate the phenomenon of learn-
ing. Two interesting approaches are provided by Bloom and Krathwohl (1984) and
Shuell (1992). Bloom’s taxonomy of educational goals and the concept of learning
function describe the concept of educational objectives while Shuell promotes a
value carrier. Lytras, Pouloudi, and Poulymenakou (in press), through an integration
of educational goals and learning functions, propose nine learning processes that
potentially set the context of learning.

At the team level a number of theories promote the role of a group as a learning
facilitator. Action learning (ARL-Inquiry 1996; Watkins & Marsick 1993) can
be defined as a process in which a group of people comes together more or less
regularly to help each other to learn from their experience. Cooperative learning
(Bossert, 1988: Kagan, 1992) is a generic term for various small group interactive
instructional procedures. Students work together on academic tasks in small groups
to help themselves and their teammates learn together. In general, cooperative learn-
ing methods include three-step interview, roundtable, focused listing, structured
problem-solving, paired annotations, structured learning team group roles, send-
a-problem, value line, uncommon commonalities, team expectations, double entry
journal, and guided reciprocal peer questioning.

The team formation is one more dynamic flow, which needs further investigation that
goes beyond the scope of this paper. The coherence of the team requires flows that
prove to the members the value of the integration. Bird (1989) and Hackman (1990)
have identified five parameters that promote the effectiveness of a team. These are
vision, values, processes, structure, and perceived business performance.

Finally, behavioral change (Bandura, 1977) enlightens the way in which individu-
als transform their behavior according to feedback they gain from participation in
bigger social constructions. According to the behaviorists, learning can be defined
as the relatively permanent change in behavior brought about as a result of expe-
rience or practice. In fact, the term “learning theory” is often associated with the
behavioral view. The focus of the behavioral approach is on how the environment
impacts overt behavior. The psychomotor domain is associated with overt behavior
when writing instructional objectives. In the behavioral approach, we assume that
the mind is a “black box” that we cannot see into. The only way we know what is
going on in the mind, according to most behaviorists, is to look at overt behavior.
The feedback loop that connects overt behavior to stimuli that activate the senses
has to be studied extensively.

The previous analysis sets a context through the admission that some patterns of
relationships contextually describe knowledge transformations without taking into
account the sociotechnical nature of the phenomenon. In other words the relevance
of KM applications to support these relationships is something that needs justifica-
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tion. If we expand the basic construct by adding the organizational level, then a
richer picture of relationships is revealed. In Figure 3, the person, the team, and
the organization define dynamic flows that are of critical importance in knowledge-
intensive organizations.

The learning and knowledge flow link together person(s) and organization as well
as team(s) and organization. Of course team-to-team linkages can be defined as well
as person-to-person relationships (these are not depicted in Figure 3 for simplicity).
These patterns of relationships imply specific scenarios of knowledge exploitation.
The next step in our research approach is focusing on the sociotechnical dimension
of the phenomenon of knowledge transformations and dynamic flows.

Knowledge Management Support Frameworks

The justification of an application as a knowledge management one has to be based
on a context. In the KM literature several ways for categorizing KM applications
can be found (Binney 2001; Lee & Hong, 2002; Nissen, Kamel, & Sengupt, 2000).
Lee and Hong (2002) link IT applications to a four stages knowledge life cycle.
Binney (2001) recognizes six elements on the KM spectrum (i.e., transactional,

Figure 3. The knowledge management intra-organizational landscape
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analytical, asset management, process, developmental, innovation, and creation)
and links various knowledge management applications and enabling technologies
to each element.

A common approach in knowledge management is the analysis of the phenomenon
from two perspectives: the process-centered and the product-centered approach
(Hansen, Nohria, & Tierney, 1988; Koehn & Abecker, 1997). Woods and Sheina
(1998) promote a categorization of applications that support these two aspects
of knowledge management using the two basic approaches of knowledge man-
agement and mapping several KM applications in a two dimensional structure.
Figure 4 provides an overview of the suggested positioning. Applications include
file management systems, shared files, full-text retrieval, push technology, real
time messaging, e-mail, semantic analysis, Intranet, knowledge maps, structured
document repositories, white-boarding, automatic profiling, net conferencing, and
discussion groups.

The depicted allocation of applications seems to be very interesting since it gives
an overview of technologies and two coordinates can be assigned to each position.
A critical question concerning positioning is which is the scale in each dimension?
What is the maximum considered abstraction of a knowledge product? Are there
any ingredients that incrementally are realized through the employment of specific
technological components? And in the knowledge as a process dimension, despite

Figure 4. The process-centered and product-centered approaches in KM software
(Apostolou & Mentzas 2001) (Adopted from Woods & Sheina, 1998)

The process-centered and product-centered approaches in KM software
Source: adopted from Woods & Sheina, 1998
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the simplification of emphasis on knowledge transfer, we have to answer the critical
question concerning scaling. In this approach several other contributions provide
insight. Especially in the case of knowledge as a process, the relation of applica-
tions to several knowledge processes is a common approach. Nissen et al. (2000)
provide an interesting approach concerning this aspect. They distinguish three
levels of knowledge management, namely organizational level KM, group level,
and individual level. In Figure 5 we present their classification; the figure pays
special attention to the distinction of the three levels. Their presentation is based
on an amalgamated KM model which is a result of the integration of four others
models (Nissen, Despres & Chaveul, Gartner Group, Davenport & Prusak). This
model recognizes six knowledge management processes: create, organize, formal-
ize, distribute, apply, and evolve.

At the organizational level, Nissen et al. provide a number of applications and prac-
tices that seem to support each specified KM process. At the stage of knowledge
creation, they depict the importance of business intelligence, the R&D practices,
the benchmarking approach, and data mining as well as artificial intelligence. In the
subsequent phases they emphasize the importance of knowledge maps, semantics
networks, data warehouses, and reports. It is obvious that the distribution process,
where a number of systems and practices are recognized, has a special role in the
whole continuum.

At the group and the individual level the depicted practices and systems present
an accumulation in the organize and distribute phase. It seems that the key issue in
KM support is the distribution of knowledge. But the critical question is how can
the distribution of knowledge be secured if in a previous stage the extensive codi-
fication of knowledge is not promoted? Moreover this classification does not pay
any attention to learning capacity. All these applications do not stand in any context
(team, individual, organization) just for facilitating the daily workload. Knowledge
management from this perspective is weak if we do not reveal its capability to sup-

Figure 5. Organizational level systems & practices (Adopted from Nissen et al.,
2000)
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Figure 7. IT applications and KM life cycle (Lee & Hong, 2002)
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An interesting categorization of KM technologies is provided by Binney (2001). In
this mapping in the developmental stage of the spectrum, a number of knowledge
management applications are recognized as of critical importance and some enabling
technologies are depicted.

In the next section we provide the basic notion for the categories of KM technologies
that will be discussed in the relevant chapters of this book. Knowledge exploitation
as a dynamic flow requires the development of extensive practical capabilities in
the direction of building competences. All the depicted dynamic flows in previous
sections do not stand for just descriptive reasons. The revelation of the underlying
logic forces the extensive analysis of infrastructures that support the realization of
these flows. One of the most important obstacles in knowledge management is the
persistence to descriptive models that unfortunately provide only formalization
with limited practical implications. In this direction the proposed book expands
further the ideas and the research presented in two published papers in the Journal
of Knowledge Management.
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Figure 8. Enabling technologies mapped to the KM spectrum (Binney, 2001)
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Knowledge Management Strategy and Technology
Convergence

In the quest of a knowledge management strategy and technology convergence we
have carried out systematic research in the past 4 years investigating the relationship
of these two concepts, mainly capitalizing on knowledge and learning dimension.
Inarecent publication (i.e., Lytras et al. 2002) we propose the integrated e-learning
knowledge management framework, which recognizes two basic transformations.
In Figure 9, this model is provided through a general presentation of the idea for
dynamic e-learning environments (Lytras et al. 2002). The two circles in the fig-
ure represent two basic transformations. One is summarized by a 6-stage KM life
cycle model that is responsible for general knowledge management purposes and
a learning-oriented KM life cycle, which is responsible for the adoption of general
learning object to reusable learning content. The second circle is based on a clear
position that learning content is not guaranteed from general information/knowledge
resources unless a specific adoption process for learning is undertaken. The second
cycle depicts six learning-oriented processes, namely relate, adopt, attract, engage,
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learn, and use. The underlying concept is that a kind of learning product is the value
carrier in a learning context. The ingredients of this product include needs, knowl-
edge, motivation elements, team synergy, problem solving capacity, and packaging,
which are realized through the employment of the six learning-oriented processes.
In parallel to the two approaches for the analysis of knowledge management, this
approach is two-fold, since the learning case investigates learning as a process and
learning as a product.

In close relation to the practice by Nissen et al. (2000) the anticipation of learning
as a process gives an opportunity to map specific applications to each stage (Lytras
& Doukidis, 2001). The depicted applications in Figure 10 give an overview of ap-
plications or application modules that empower a learning environment. Tools for
needs assessment and online survey tools help the recognition of learning needs and
promote the personalization and customization to learning needs. One of the most
important problems in e-learning is the static content that limits the performance
and the willingness of learners to enroll in e-learning courses (Lytras & Pouloudi,
2001). In the adoption phase the information resources are manipulated in order
to match educational objectives and to become meaningful learning units. Special

Figure 9. The integrated e-learning knowledge management framework
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Figure 10. IT applications for learning support (Adopted from Lytras & Doukidis,
2000)
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attention is paid to metadata and semantics as well as profiling systems and tem-
plates according to HCI theories is paid. In the stage of attract, where the subject
of research is the realization of motivational elements, help modules, multimedia
and interactivity tools, as well as systems that promote problem solving are very
important. The stage of engagement facilitates the active participation of (e-)learn-
ers to the learning content, and from this perspective a number of applications are
considered to promote the engagement: role-playing games, business simulation
tools, interactive case studies, presentation tools, GroupWare, and collaboration
tools. In the phase of learn, the learning effort must be evaluated. Given the com-
plexity of the phenomenon of learning, this stage requires sophisticated systems
that in general are absent in the majority of learning management systems. Such
applications include feedback tools, evaluation systems, Bloom’s taxonomy tools,
learning processes pool, learning scenarios builder, and behavior analyzers. Finally
in the stage of use, transfer tools, packaging tools, Intranets, Extranets, Internet,
integration, with critical business applications (EAI) expand the information high-
ways that bring together learners and content.

Lytras, Skagkou, and Doukidis (2001) investigate a number of application modules
according to the proposed multidimensional dynamic e-learning model (Lytras
& Doukidis 2000; Lytras & Odman, 2001; Lytras & Pouloudi, 2001; Lytras &
Pouloudi, 2001; Lytras et al., 2002) which recognizes three critical dimensions for
the effectiveness of learning initiatives that utilize information and communica-
tion technologies: knowledge management, e-learning pedagogy, and application
integration. The justification of dynamic learning environments requires enormous
effort in applications that investigate the complex nature of learning.
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A first implication of our approach is the capability to propose a two-dimensional
map according to the model proposed by Woods (1998), which gives emphasis on
the categorization of several applications that support learning. In Figure 11, learn-
ing as a process and learning as a product are depicted on the two axes. In each
dimension there is a scaling according to the distinctions that where made; learning
product is a combination of six elements and there are six learning processes that
describe the life cycle of learning.

This two-dimensional abstraction can be used in order to provide an overview of
technological components that potentially empower the learning performance within
business units or organizations. In most cases, descriptive knowledge management
models lack practical implications since they only pay attention to the modeling of
knowledge flows without taking into account how descriptive narrations can sup-
port instrumental and normative aspects of practice. The proposed categorization
of Figure 11 provides insight into how several applications support specific value
constellations within a business context from a learning perspective. In this catego-
rization the specified scaling permits the anticipation of the potential capacity of
each technological component to realize the several value components of learning
product as well as to support specific learning processes. For several applications
this could be a multifaceted consideration for their placement in the theoretical
abstraction.

Figure 11. The process-centered and product-centered approaches in learning
software
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This map requires an extensive explanation. The basic idea is that the two-fold ap-
proach to learning can be realized in business units if a number of infrastructures
provide knowledge and a learning Web. The word infrastructure refers not only to
IT applications but also to “soft” issues that reveal the role of the social parameters
that constitute a sociotechnical environment. In this direction the research work of
Hahn and Subramani (2000) proposes an interesting approach for categorization.
In contrast to traditional matrix models that usually specify types of knowledge
according to specific characteristics, Hahn and Subramani map KM infrastructures
according to two very interesting characteristics: the locus of knowledge and the
level of a priori structure. In Figure 12 their proposed model is depicted. A first
comment is the fact that knowledge is considered to be either on artifacts or in
individuals. This distinction poses a critical question: Knowledge cannot be found
in teams or organizations? Or perhaps this distinction implies that these two loca-
tions are the final points of reference, since organization and team are considered
to be a social integration of persons. In our opinion this distinction is really useful
and quite sophisticated in its simplicity but it could be expanded further. Locus of
knowledge could be the team as well as the organization, and in a way, the interor-
ganizational environment as well. Concerning the second dimension of Hahn and
Subramani’s model, we have to argue that the structured or unstructured knowledge
can support many different scenarios of exploitation. In our proposition, knowledge
is considered to be the capacity for effective action and from this perspective one

Figure 12. Hahn, J. and M. Subramani, ““A framework for Inowledge management
support™
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critical concern is to reveal the capacity of learning to provide a continuous loop
that increases knowledge sharing and knowledge creation towards the quest for
organizational performance.

The proposed framework of knowledge management support is based on the work of
Hahn and Subramani but incorporates two basic revisions. First of all it recognizes
that the locus of knowledge or learning is not only an artifact or a person but also a
team and the organization as a whole. Knowledge and learning dynamics are criti-
cal characteristic of teams and organizations. From this perspective the level of a
priori structure can have two different concentrations: on the one hand, knowledge
as a knowledge product, and on the other hand, learning as learning content. This
addition to the perspective of Hahn and Subramani (2000) modifies their model,
and the four cells that they distinguish become 16.

In Figure 13, the revised model is presented. In each of the 16 cells, specific IT
applications are depicted according to their capacity to promote the main scope of
knowledge management. The propositions of the model describe in synopsis the
underlying logic that is summarized by the knowledge management and learning
convergence. This framework guides business managers as well as academics in the
way that it correlates IT applications to specific knowledge and learning dynamic
flows. The concept of flow is basically justified if we describe a channel that dif-
fuses a kind of an intangible product. In each cell of the proposed model a number
of applications are highlighted. Of course in an organization the establishment of
dispersed infrastructures according to the propositions of the framework is not the
point. The critical question is if we can establish a learning and knowledge manage-
ment infrastructure that can provide integrative services that match the requirements
of the applications in the various cells. It sounds challenging but it is just the only
way to establish effective knowledge management infrastructures with embedded
learning capacity.

The Book Mission

Our mission for this book was to produce collaboratively “a value adding publication
which will promote the discipline (both theory and practice) and will be accepted
in the relevant target markets.” This general mission inspires several objectives.
The ultimate objective of the book is to deliver a high quality practical-oriented
book that will help business units as well as organizations and institutions to deploy
knowledge management effectively.

We see a tremendous demand for a practical book (cookbook) that will explain in
depth the practical aspects of knowledge management (e.g., how to apply a KM
strategy and which technologies to deploy). The target audience of this book can
be distinguished into two general segments. We decided to call them the learning
industry and the business market.
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Figure 13. A proposed framework for knowledge management support from a
learning perspective

“A Framework for Knowledge Management Support from learning perspective
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Respectively, in the business market five more subsegments are distinguished:

Students enrolling in KM courses
Special interest groups on KM; for example, associations, public bodies, and

so forth
Adult trainers

In the learning industry five subsegments are highlighted:

Educational policy makers (with special interest in KM )

Managers (interested in implementing KM)

KM specialists

Knowledge officers

Human resources management officers

Business consultants

IT managers
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The specific added value we see in this book is by facilitating the creation of the
ubiquitous business intelligence space. Knowledge management, learning technolo-
gies, and the Semantic Web in the last 5 years have gained a significant interest
in the information technology research community. The integration of these fields
will create a significant business interest for specific products and services, some
of which are discussed in this book.

The contribution of this book to the literature of IT is significant. Information
technologies are analyzed as sociotechnical systems. Business intelligence based
on advanced knowledge management strategies that guide the deployment of tech-
nologies and infrastructures provides the context for the exploitation. Learning
and knowledge jointly formulate a challenging landscape for the deployment of
information technology since their performance is directly related to behavioral-
soft issues.

Miltiadis D. Lytras, Research Academic Computer Technology Institute, Greece
Meir Russ, University of Wisconsin - Green Bay, Wisconsin
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Strategies and Systems:
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Abstract

Knowledge management strategies and implementation of knowledge-based systems
have gained importance over the last decade. However, many organizations are not
able to develop “winning” knowledge-based strategies and others waste signifi-
cant monies when the knowledge-based systems they invest in fail to produce the
desired results. To address the challenges faced by these organizations, a recently
developed framework for strategic dilemmas was proposed by Russ, Jones, and
Fineman (2006) to aid in the development of knowledge-based (KB) strategies.
The framework (C*EEP) identifies six dilemmas that organizations should balance
when considering their knowledge management and business strategies. Examples
of such dilemmas include the balance between concealment (secrecy) vs. transpar-
ency, complementary vs. destroying, and the balance between exploitation and ex-
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ploration. The framework compliments the six stages in the life cycle of KB systems
(KBS) as identified by the academic literature that discusses the development and
implementation of KBS from the information systems (IS) perspective (e.g., Lytras,
Pouloudi, & Poulymenakou, 2002; Nissen, Kamel, & Sengupta, 2000). This interac-
tion/linkage between KB strategies and systems is crucial for the success of both.
Academic research supports the complex relationship between the two. However,
there is no conclusive formula for managing this relationship to achieve success.
The purpose of this study will be to identify crossovers between the two streams
(strategy and systems) of research by using a systematic literature review. For ex-
ample, is the academic literature focusing mostly on the learning aspect (late stage
in the life cycle) of the exploration strategy while largely ignoring the discussion
about attracting the appropriate knowledge (early stage in the life cycle) for this
kind of strategy? Or does the academic literature focus on populating a KBS with
appropriate complementary knowledge while largely ignoring the dynamics of the
transfer of destroying knowledge (learning aspect)? The authors hope to accomplish
three goals in this study: (1) to continue the validation of the two (C*EEP and KBS
life cycle) frameworks; (2) to identify new research opportunities; and (3) to focus
managerial attention on areas of importance in KB strategies and systems that lack
depth of academic discussion.

Introduction

Academic research conducted in the last decade within the economic and accounting
disciplines suggests that knowledge and intellectual capital account for a significantly
unexplained wealth created within the economy and value created by firms (e.g.,
Blair & Wallman, 2001; Brooking, 1996; Lev, 2001; Nakamura, 2001). Therefore,
to capture knowledge and intellectual capital, companies spend significant amounts
of money on systems that are not necessarily effective, efficient, nor do they create
value. Even though at the macro and cumulative level of analysis it is clear that
such investments have a positive impact on the economy at large, and a specific
company’s performance (e.g., Brynjolfsson & Hitt, 2000), the ultimate investment
results are inconsistent. Based on the inconsistent results of systems investments, a
large number of practitioners and academics view knowledge management (KM)
as a fad (e.g., Lev, 2000; Ryan & Hurley, 2004). First generation KM (at least in
the U.S.) was propagated by information systems (IS) providers that over-promised
and under-delivered, by suggesting that knowledge sharing and new knowledge
development was as simple as installing appropriate 1S (e.g., Groupware or data
warehouse) or artificial intelligence (AT) software (e.g., expert systems or case-based
reasoning). This failure was followed by the realization that knowledge that creates

Copyright © 2008, 1GI Global. Copying or distributing in print or electronic forms without written permission
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value to the organization by definition is unique (Barney, 1991), complex, and sticky
(Szulanski, 1996). As such, managing existing knowledge is seen as complicated and
strenuous at best. And as important and complex as managing existing knowledge
is, new knowledge development is where most of the competitive value is created
through novel business models and strategies (e.g., Coulson-Thomas, 2004; Malhotra
& Majchrzak, 2004). As a result, the second generation KM is moving away from
the simplistic notion initiated by the knowledge-based systems (KBS)/IS system
“pushers” and the proponents of Al: “we build, and they will come.” Still, large
numbers of organizations have difficulties with managing their knowledge and even
more difficulties developing a “winning” KM strategy that is formal, explicit, and
supports or drives their business strategies (Bose, 2004).

To address the challenges faced by these organizations (as described above), com-
panies have to address both KB/KM strategic and systems issues simultaneously.
A recently developed framework for strategic dilemmas was proposed by Russ et
al. (2006) to aid in development of KB strategies. The framework (i.e., C*EEP)
identifies six dilemmas that organizations should balance when considering their
KM and business strategies. The framework complements the six stages in the life
cycle of KBS as identified by the academic literature that discusses the develop-
ment and implementation of KBS from the IS perspective (e.g., Lytras, Pouloudi,
& Poulymenakou, 2002; Nissen, Kamel, & Sengupta, 2000). This interaction/link-
age between KB strategy and systems is crucial for the success of both (Hung,
Huang, Lin, & Tsai, 2005). Academic research supports the complex relationship
between the two; however, there is no conclusive formula for managing this rela-
tionship to achieve success (Paoli & Prencipe, 1999).

The purpose of this study will be the first step in this excursion. Specifically, the
goal of this study is to identify crossovers between the two streams (strategy and
systems) of research by using a systematic literature review. The authors consider
this intersection of the strategy and systems to be of extreme significance because
this crossover is where human elements of high level strategic decision making
and daily practical aspects of the use of the knowledge embedded in the system
meet to form reality. The authors hope to accomplish three goals in this study:
(1) to continue the validation of the two (C°EEP and KBS life cycle [KBS LC])
frameworks; (2) to identify new research opportunities; and (3) to focus practical
managerial attention on areas of importance in KB strategies and systems that lack
depth of academic discussion.

This chapter will report on the attempt of such an effort. This chapter will also
discuss the methodology used, the findings of the research, the conclusions and
implications, and finally the next steps. Figure 1 depicts the pertinent frameworks
discussed in this chapter.

Copyright © 2008, IGI Global. Copying or distributing in print or electronic forms without written permission
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Figure 1. Research methodology and pertinent frameworks
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Theoretical Background

To begin, a brief discussion of the major frameworks and concepts used by this
research is provided.
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C3EEP

The following will briefly describe the dilemmas and provide limited illustrations.
More in-depth discussion can be found by Russ et al. (2006).

Codification (Explicit) vs. Tacitness

Should the company concentrate on codifying its knowledge or would it be better
off upholding the knowledge as tacit (Conner & Prahalad, 1996; Leonard-Barton,
1995; Schultz & Jobe, 2001)? Tacitness might sustain the company’s competitive
advantage by making it more problematic for competitors to emulate (Conner &
Prahalad, 1996). If, on the other hand, the company decides to codify the knowl-
edge and make it explicit and/or embedded, then the diffusion of the knowledge
within the company can be accelerated (Leonard-Barton, 1995). An example of this
dilemma would be where the company invests in KBS to corroborate employee’s
knowledge sharing or where the company supports employee travel for the purpose
of personal contact (Persaud, Kumar, & Kumar, 2001). Based on this strategic
choice, the company should then decide whether, and how, to reward employees
for using KBS (Zack, 1999b).

Complementary vs. Destroying

Should the company focus on developing knowledge that is complementary with
its current KB or would it be better off destroying its existing KB by developing
new-to-the-company knowledge (Barley, 1986; Bower & Christensen, 1995; Hill
& Rothaermel, 2003)? The destroying strategy can be seen as a strategy focused
on developing a new KB base while destroying the value of the current KB base in
order to develop an exclusive competitive advantage that will allow the company
to transform its industry (Hill & Rothaermel, 2003). A rising number of established
companies are embarking on incorporating some aspects of the destroying strategy
(Casillas, Crocker, Fehrenbach, Haug, & Straley, 2000; DeTienne & Kaoberg, 2002;
Stringer, 2000). Complementary strategy is astrategy based on developing and using
only knowledge that is compatible with the currently used KB (Hill & Rothaermel,
2003). Such knowledge can be “new-to-the-world” development, but still be sup-
portive of the existing KB of the company (e.g., Hargadon, 1998).
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Concealment (Secrecy) vs. Transparency

Would the company be better off keeping its knowledge concealed or would it be
better off if the knowledge is transparent (Gray, 1988; Inkpen, 1998; Lamming,
Caldwell, Harrison, & Phillips, 2001; Radebaugh & Gray, 1997; von Furstenberg,
2001)? Secrecy (in international accounting) was identified as a value that indicates
inclination toward confidentiality; as an example, limiting disclosure of knowledge
within the legal limits to constituencies on a need-to-know basis that would be the
most directly impacted, such as finance and management. Transparency was defined
as being publicly open and accountable (Radebaugh & Gray, 1997). For example,
Inkpen (1998) identifies the subject of how shielding the partners of their KB as a
critical aspect of the knowledge acquisition process among partners in strategic al-
liance. Inkpen (1998) also details the preference that Toyota made about being more
transparent then one would anticipate with its partner/competitor (i.e., GM) and the
possible rationalization for such a transparency. Along the same line of thinking,
Tapscott and Ticoll (2003) suggest that companies should not view transparency
as a threat, but as an opportunity to build trusting relationships with both internal
and external constituencies (e.g., suppliers).

Exploration vs. Exploitation

Should the company focus on receiving the most from its existing knowledge or
would the company be better off exploring new knowledge (Levinthal & March,
1993; March, 1991; Pitt & Clarke, 1999)? An exploitation strategy of the company
KB can be described as a strategy based on using and refining its available knowl-
edge. The exploration strategy can be described as a strategy using mostly inven-
tions and innovation in order to create new knowledge (March, 1991; Levinthal &
March, 1993). The KBS and IS that will be most effective for each strategy might be
different (Pitt & Clarke, 1999). For example, IS are fairly ineffective in supporting
creativity and innovation that are seen as crucial for exploration, but can be very
efficient for sharing accessible knowledge that is important for exploitation.

External Acquisition vs. Internal Development

Should the company’s KB be developed internally or would the company be better
off acquiring the knowledge needed from external sources (Appleyard, 1998; Bierly
& Chakrabarti, 1996; Jones, 2000; Parikh, 2001; Pitt & Clarke, 1999)? Develop-
ing technologies for a new product, acquiring new processes from outside the firm
through interorganizational arrangements, or developing new processes internally
are examples (Appleyard, 1998; Pitt & Clarke, 1999; Zack, 1999a). There is a vast
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academic body of research suggesting that large companies are acquiring new
knowledge from the outside, mostly from small and entrepreneurial companies
(e.g., Jones, 2000). Jones (2000), for example, suggests that since the mid-1990s
U.K.-based pharmaceutical companies considered such an R&D option as another
“make-or-buy” choice. Additionally, Quinn (1999) postulates that companies are
considering strategic outsourcing for value (not cost savings) propositions, sug-
gesting that companies can employ such outsourcing arrangements to enhance their
intellectual depth, innovation, and worldwide reach. Alliances and partnerships
(as well as outsourcing) are adding to the complexity of the strategic decision of
external vs. internal development. Partnerships in this context can be seen as a third
option, or as a combination of the two options (Canez & Probert, 1999; Kurokawa,
1997; White, 2000).

Product vs. Process

Should the company concentrate on the KB that is sustaining the process and creat-
ing the value or should the company concentrate on the value creation and the KB
supporting its product/service (Abernathy, 1978; Jones, 2002; Smith & Reinertsen,
1998)? The early 1990s brought the realization that companies need to manage
all of their processes significantly better (Davenport, 1993; Martin, 1995; Teece,
Pisano, & Shuen, 1997). The realization was that the “what” they produce might
be as important as the “how” they produce. Recently, there have been a number
of attempts to integrate process management with KM (Burlton, 1998; Davenport,
Jarvenpaa, & Beers, 1996; Sanchez & Mahoney, 1996). For example, Claycomb,
Droge, and Germain (2001) found that when the life cycle of the product is short,
process knowledge has a positive effect on the company’s performance. Another
example is described by Jones (2002), who suggests that companies loosing their
revolutionary innovative abilities are starting to focus on value creation through
process efficiencies.

Finally, companies rarely use the genuine form of an archetype and are usually
striking a balance between the two extreme cases (for each one of the six dilemmas
described above) which might serve them better (Russ et al., 2006).

Based on the authors earlier research (Russ et al., 2006) the coding scheme for the
six strategic dilemmas was developed (see Table 1 in Appendix A).

Knowledge-Based Systems’ Life Cycle (KBS LC)

Nissen etal. (2000) proposed a process model for knowledge systems encompassing
the following six stages: create, organize, formalize, distribute, apply, and evolve.
Consistent with their three-level proposal (i.e., organizational, team, and individual)
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and with the focus of this chapter, this research focuses only on the organizational
level of KBS and adopted their proposal as the basic framework for the life cycle
(LC) of a KBS.

Lytras et al. (2002) expanded the above mentioned model into the e-learning KM
by incorporating an additional cycle of KM processes that included a similar six-
stage process: relate, adapt, attract, engage, learn, and use. This framework was
incorporated into the six LC stages described above.

Toenrich and to add to the above mentioned models, the authors reviewed the Hand-
book for Evaluating KBS (Adelman & Riedel, 1997). Based on the three identified
sources, the coding scheme (see Table 2 in Appendix A) for the six stages of KBS
LC was developed.

Bohn’s Scale

Bohn (1994) proposed a framework for classification of knowledge growth. The
scale in Bohn’s (1994) classification extends from an initial point where knowl-
edge is at the very tacit stage through a final stage where knowledge is absolutely
codified. Specifically, the low end of the scale is where there is very little known
and the knowledge is mostly tacit. In the midrange, there are some aspects that are
understood so some of the knowledge is documented. The classification ending
stage is where the knowledge is codified in equations and scientific formulas where
a complete knowledge subsists. The authors used this classification to code the state
of knowledge illustrated within the abstracts. The specifics of the scale used in this
study can be seen in Table 3 in Appendix A.

Layers of Organizational Strategy

As mentioned earlier, this research focuses on the organizational strategy level
of analysis. But within this level, the literature identifies four layers of strategy
(Thompson, Strickland, & Gamble, 2007, p. 39): operational, functional, business
unit, and corporate. The focal point in this framework is the business unit strategy.
The business unit strategy might be applied to a stand alone company (e.g., a small
business or large multinational company) or a business unit of a corporation. In
corporate strategy, one focuses on a portfolio of business units which might be in
different products/markets or industries. Functional strategies’ (e.g., marketing,
purchasing) role is to support the business unit or corporate strategy. Operational
strategies support functional or business unit strategies; for example, the strategy of
the decision-making process for purchasing that supports the decision to make or to
buy within the corporation. This four-layer framework of organizational strategies
was used in this research.
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Research Perspectives and Methodologies

The following two research perspectives were identified: descriptive vs. prescriptive.
Descriptive theories can be portrayed as “what is” vs. prescriptive theories that can
be portrayed as “what will be* (Dubin, 1978).

The authors also characterized the abstracts of the literature as being conceptual
or empirical. Empirical would refer to an application-based study, or a case study,
while conceptual would refer to theory building, confirming, and so forth.

The abstracts were also coded based on the use of specific research methodologies
(e.g., case study, applications/prototypes, and surveys) identified within the abstract
itself.

Methodology

A number of literature review studies were identified in preparation for this study
(e.g.,Alavi & Leidner,2001; Chen & Chen, 2006; Martensson, 2000; Petty & Guthrie,
2000; Robey, Boundreau, & Rose, 2000; Thorpe, Holt, Macpherson, & Pittaway,
2005). This indicated to the authors that the topic is mature and vast as a subject
matter for a systematic review. No previous review study was identified discussing
KM strategies and system at the organizational level. The use of a systematic review
as a research method provides a number of advantages: transparency, clarity, focus,
broad coverage, synthesis, and allows the authors to minimize any subjective biases
researchers might have had when selecting articles for a literature review (Thorpe
etal., 2005). Despite that, it is possible that some biases might be incorporated into
the study design or into the classifications.

The Study Process

The first step was to specify the specific research questions intended for the study
focus. The authors decided against a thematic review and instead decided to focus
on mapping the study area. This decision was based on the authors’ limited resources
and the infancy of research in this area. In fact, it is believed that this effort is the
first of its kind.

The following questions were identified as appropriate for this early stage:

A. Research content questions:
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10 Russ, Jones, & Jones

Are all six KM/KB strategic dilemmas (as identified by the C*EEEP
framework) covered by the research?

Are all six KBS LC stages covered by the research?

Are all 36 cells of the matrix of KM/KB strategy (six) by KBS LC (six)
covered by research?

Is the coverage equal for Questions 1, 2 and 3, or do some aspects get
a higher rate of coverage?

Within each strategic dilemma, are the two anchors covered equally
and/or simultaneously?

When deliberating KB strategy and systems, are specific KM tools
discussed?

When deliberating KB strategy and systems, are specific industries
discussed?

When deliberating KB strategy and systems, are specific countries/geo-
graphic scope discussed?

Are some layers of organizational KM strategy (e.g., functional, corpo-
rate) preferred?

B. Research context questions:

10.

11.

12.

13.
14.

Are some research perspectives (e.g., prescriptive, descriptive) used
more frequently?

Are some research methodologies (e.g., case study, applications) used
more frequently?

What is the frequency of publications (increase, steady over the
years)?
What are the research outlets/journals?

Using Bohn’s scale, what is the state of knowledge in this area?

The inclusion and exclusion criteria used in this research will now be described.

Inclusion—Round 1

The major acceptance criterion of the literature studied for this research was that
the abstract of the chapters would discuss both KM/KB strategies as well as KBS.
Since some of the systems used to support KM/KB strategies might not be identified
as KBS, the authors also included in the first round those abstracts that identified
IS. The following was the key word search string used.
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[(Knowledge management or knowledge based) and strategy] and [(knowledge base or information)
and systems] and after 1/1/1990; and scholarly journals including peer-reviewed.

The authors decided the screening criteria for the literature would be those abstracts
with a publishing starting date of January 1, 1990. KM became popular in the mid
1990s and the assumption was that going back to 1990 was sufficient. This assump-
tion is consistent with other reviews of KM (e.g., Alavi & Leidner, 2001; Chen &
Chen, 2006; Martensson, 2000; Petty & Guthrie, 2000; Thorpe et al., 2005). As such,
the authors assumed that there were not many articles written on the subject before
that timeframe. This assumption was confirmed by the findings (see below).

One key aspect of the research was the focus on KM strategies or KB strategies,
and not on KM at large. To illustrate this point, Alavi and Leidner’s (2001) review
covered KM and KM systems and discussed KM at the different levels: individual,
organizational, and so forth. This review focuses on strategies related to KM/KB
at the organizational level only. A distinction between business (or business unit)
level strategies, functional, operational and higher corporate, or portfolio of busi-
ness strategies, will come later.

Exclusion

The authors looked for abstracts that discussed organizational-based KM/KB strate-
gies only. There were individual, team, regional, and national KM/KB strategies
located. However, these will not be covered and were excluded from the authors’
research.

Inclusion—Round 2

For round two, the authors added individual- and team-based KM strategies if the
KM strategies were within the context of an organization (e.g., biases that allow a
purchaser to make decisions within the context of their function were included and
classified as an operational strategy, not a functional strategy).

Abstract Identification

For the first round, the authors used four of the most popular electronic data bases:
ABI/INFORM, Ebsco-Business Source Elite, Emerald Full text, and Wilson-Busi-
ness Full Text. During the first round, which was conducted on December 2, 2006
and January 16, 2007, 122 abstracts in ABI, 24 in Ebsco, 12 in Emerald, and 4 in
Wilson were identified. No abstract was eliminated because of the quality of its
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source, as suggested by Salipante, Notz, and Bigelow (1982). The abstracts were
read by the first author twice. First, consistent with the exclusion criteria, abstracts
that discussed national and regional KM strategies were excluded. Also, abstracts
that discussed IS/KBS in a general approach and were not detailed enough for LC
stage identification, were excluded. Also, consistent with exclusion criteria and
inclusion Round 2, individual and team KM strategies were excluded where ap-
propriate. When in doubt, the abstract was left for the next reading (Salipante et
al., 1982). Duplication between the two electronic data bases was eliminated. After
exclusions were determined, 80 abstracts were left.

In the second reading, the specifics of the classifications were coded (see below). If at
this point, there was not at least one KM/KB strategic aspect and one KBS LC stage
aspect coded, the abstract was excluded. That left 76 abstracts for the analysis.

Since this sample size was seen as too small by the authors, a third round was
conducted. This time, the authors used only the ABI database, being the most pro-
ductive in the first round, and their personal files. To increase the sample size, the
authors investigated each of the six specific strategic dilemmas using specific key
words used in the coding of the dilemmas (see Appendix A), for example, a search
for codification and tacitness was done by:

[(stickiness or embeddedness or situated or tacitness or codification or codifying or tacit or explicit)
AND (knowledge and strategy) AND (system?)] and after 1/1/1990 and scholarly journals including
peer-reviewed.

For the six dilemmas, a total of 795 abstracts were identified. The same procedure for
inclusion and exclusion as described earlier was used. After excluding duplications
and abstracts that did not meet the criteria described earlier, a total of 154 abstracts
were identified. As such a total of 230 abstracts were identified as appropriate for
this study. The abstracts are listed in alphabetic order in Appendix C. The authors
realized that despite their best effort, it is possible that a few abstracts were missed,
either because of misclassifications (see weaknesses discussion below) or because
some of the journals that published abstracts that might be of interest were not listed
within the databases used. As such, the authors refer to data collected as a sample,
not a comprehensive database.

Classification

The classification scheme used in screening and classifying the abstracts was developed
by the first author based on the academic research covered in the background discus-
sion and screened by the other two coauthors. Minimal changes were incorporated.
The classification scheme (see Table 4 in Appendix A) and the coding scheme are
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available in Appendix A. The abstracts were coded by the first author and verified
by the second author with minimal changes that were mutually agreed upon.

Findings

The findings below are reported following the order of the research questions
identified earlier.

A. Research Content Questions

Questions 1 and 4: Are all six KM/KB strategic dilemmas covered by the research?
Is the coverage equal or do some aspects get a higher rate of coverage?

The authors found that all six of the strategic dilemmas proposed by the C*EEP
framework are covered by the literature (see Table 1 in Appendix B). The coverage
varies, between the lowest coverage by the literature that discusses the complemen-
tary-destroying with about 25% of the abstracts, up to about 82% of the abstracts
that discuss the product-process dilemma. The other two aspects that are covered
below the average are concealment-transparent (about 26%) and the external ac-
quisition-internal development dilemma with about 34% of the abstracts. The other
two dilemmas that are covered above the average are the exploration-exploitation
(about 62%) and the tacitness-codification (about 63%) dilemmas. That the three
aspects of tacitness-codification, exploration-exploitation, and the product-process
are covered above the average is not surprising. The three aspects have a solid and
long tradition of academic research, as mentioned earlier. It is also not surpris-
ing that the complementary-destroying dilemma has low coverage because of its
relative novelty in the strategic literature (Bower & Christensen, 1995). What is a
little surprising is the low rate of coverage of the concealment-transparent and the
external acquisition-internal development dilemmas. One would expect that when
sharing the knowledge within or between companies is a major concern to organiza-
tions (Bansler & Havn, 2003; Taylor & Wright, 2004), and when outsourcing is a
common strategic option considered by many companies (Jiang & Qureshi, 2006;
Pati & Desai, 2005), that there would have been more research discussing those
strategic aspects.

Questions 2 and 4: Are all six KBS life cycle (LC) stages covered by the research?
Is the coverage equal or do some aspects get a higher rate of coverage?
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The authors also found that all six stages of KBS LC are covered by the literature
(see Table 2 in Appendix B). The coverage varies between the lowest coverage by
the literature that discusses the distribute/sharing stage (about 5%), up to about
69% of the abstracts that discuss the apply/implement stage. The other stage that is
covered significantly above the average is the stage of create/develop (about 45%).
The other three stages are covered a little below the average level: organize (about
27%), formalize (about 25%), and evolve (about 25%). Again, the surprise here is
the low coverage of the distribute/sharing stage of the system, which supports the
similar finding about sharing knowledge mentioned above.

Questions 3 and 4: Are all 36 cells of the matrix of KM/KB strategy by KBS LC
covered by research? Is the coverage equal, or do some aspects get a higher rate
of coverage?

Table 3 in Appendix B details the findings relevant to this question. Please note that
here every abstract was codified to include all the mentioned KB strategic dilemmas
and KBS LC stages. All the 36 cells of the matrix are covered with one abstract being
the lowest (complementary-destroying x distribute) and one 133 abstracts being the
highest (product-process x apply), with a total of 1,337 items mentioned.

The other highest and lowest frequencies (in Table 3, Appendix B) are consistent
with the results mentioned above. A slight surprise is the relatively low coverage of
the evolve stage, which covers the improvements of the KBS, specifically, but not
surprisingly in the context of complementary-destroying, concealment-transparent,
and the external acquisition-internal development dilemmas.

Question 5: Within each strategic dilemma, are the two anchors covered equally
and/or simultaneously?

Table 1 (in Appendix B) presents very intriguing findings. For one, it seems that only
the dilemma of tacitness-codification resembles some kind of a balanced discussion.
Fifty abstracts covered both topics while 94 covered one of the two. Not surprisingly,
within the context of KBS, the vast majority of the abstracts (64) discuss codification
and only 30 discuss tacitness. In light of the first generation KBS approach, this data
reflect “good news.” The other five dilemmas are mostly one sided. For example, the
exploration-exploitation aspect is significantly tilted toward the exploitation aspect
(69 vs. 37) and only 36 abstracts discuss both aspects (vs. 106 focusing on one).
An even more extreme case is the product-process aspect where only 37 abstracts
cover both aspects (vs. 151 covering one aspect), while 145 of them focus on the
process aspect and only 6 on the product aspect. A similar picture can be seen in the
other three dilemmas, with maybe the most extreme aspect, the concealment. This
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is definitely disturbing when sharing knowledge within an organization, between
organizations, and between organizations and other constituencies (e.g., boards,
investors) is a major issue, and when individual’s knowledge is seen as power and
an insurance policy against being fired (Riege, 2005), or when “make-or-buy”
decisions and which areas to outsource and which to keep as core competency are
frequent business decisions (e.g., Henard & McFadyen, 2006). There were only 21
abstracts that discussed both of them in the context of KB strategy and systems.
Lastly, more and more companies realize that the dilemma of destroying their own
knowledge base is not a luxury or an option because if they do not make this deci-
sion, the competition may make the decision for them. However, this research could
find only five abstracts discussing this dilemma in the KBS context.

Question 6: Are specific KM tools discussed when deliberating KB strategy and
systems?

The abstract search revealed (see Table 4 in Appendix B) that less than half (101
out of 230) of the abstracts discussed specific KM/IS tools in the context of KB
strategies. The specifics of the tools are detailed in Table 5 in Appendix B. Over all,
69 specific KM/IS tools were identified in the abstracts. Fifteen of them were men-
tioned more than once with the top four being enterprise resource planning (ERP)
(112), expert systems (ES) (10), decision support systems (DSS) (9), and customer
relationship management (CRM) (7). This resulted in a total of 124 mentions of
KM/IS tools in the abstracts.

Question 7: Are specific industries discussed when deliberating KB strategy and
systems?

The abstract search also revealed (see Table 6 in Appendix B) that less than half
(109 out of 230) of the abstracts discussed specific industries in the context of KB
strategies and systems. The specifics of the industries are detailed in Table 7 in Ap-
pendix B. Overall, 117 specific industries were identified in the abstracts. Fifty of
them were in the manufacturing sector and 42 were in the private service sector. The
rest of the abstracts were distributed between others sectors of the economy.

Question 8. Are specific countries discussed when deliberating KB strategy and
systems? Is the multinational/global/international scope covered as well?

The abstract search also revealed (see Table 8 in Appendix B) that 54 of the abstracts
discussed specific countries and that 20 abstract had an international perspective
in the context of KB strategies and systems. The countries specifics are detailed in
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Table 9 in Appendix B. Twenty countries are mentioned, with the USA being most
frequent (23 out of 54).

Question 9: Are some layers of organizational KM strategy (e.g., functional, cor-
porate) preferred?

Four layers of organizational strategy are discussed by the academic literature (see
background earlier). Table 10 in Appendix B describes the findings. The business
unit strategy and the operational strategy are most frequently discussed while the
functional and the corporate strategies are less frequently discussed. Please note
that corporate strategies are rarely discussed.

B. Research Context Questions

Question 10: Are some research perspectives (e.g., prescriptive, descriptive) used
more frequently?

It seems that the theoretical (conceptual, prescriptive) perspectives (153 and 156,
respectably) are used more frequently than the practical, empirical (139, and de-
scriptive (109) perspectives (see Table 11, Appendix B).

Question 11. Are some research methodologies (e.g., case study, applications) used
more frequently?

It seems that the research is mostly driven by specific applications/prototypes (48
out of 230) or by qualitative approaches, like literature reviews (65 out of 230)
or case studies (80 out of 230) and much less by quantitative methodologies, like
quantitative analysis (18 out of 230) or surveys (19 out of 230). See Table 12, Ap-
pendix B for results. This is indicative of a young academic area and as such, should
not be surprising.

Question 12: What is the frequency of publications (increase, steady over the
years)?

The findings are consistent with Chen and Chen (2006, p. 31-32) which identified
that 1999 and 2000 were two years that represented transition between two phases.
Inthis case, it seems that 1999 is the transition year (see Table 13, Appendix B). One
canalsoidentify, if soinclined, three distinct periods: between 1990 to 1994, between
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1995 to 2003, and between 2004 to 2007. In either case (either two or three periods),
the majority of the abstracts studied (127 out of 230) had been written after 2001.
Lastly, the authors used a regression analysis and found that every year, by average,
about 1.5 articles are adding (above the previous year) to the subject (beta=1.536; F
Ratio=24. 386; Prob. > F = 0.0002). This evidence supports the findings suggested
earlier of the relatively early stage of academic research in this area.

Question 13: What are the research outlets/journals?

The research results suggest that the abstracts were published in more or less bal-
anced approaches: 100 abstracts with a MIS perspective, 100 with a management
perspective, and 30 with a mixed, MIS, and management perspective. The journals
were balanced, more or less, as well. Forty three journals with MIS perspective,
65 with management perspective, and 15 with a mixed, MIS, and management
perspective were identified. Therefore, no one paradigm is driving this area. A total
of 123 journals were identified as contributing abstracts to this study with no one
journal publishing more than 13 (5.65%) papers. See Table 14, Appendix B for the
list of journals. The large number of journals that provided the abstracts, as well as
the diversity in research perspectives and tools, increases the validity of this study
(Salipante et al., 1982).

Question 14: Using Bohn’s scale, what is the state of knowledge in this area?

The majority of the abstracts can be classified as being at the low end of the range
(levels 2-3), which account for 166 out of the 230 abstracts in this study. The rest
splitabout evenly with 32 abstracts in the medium (4-5) of the range and 32 abstracts
in the high end (6-7) of the range (see Table 15, Appendix B). This seems to be
consistent with the findings answering Question 9 about the research methodologies,
which again suggests an early stage of academic rigor.

Conclusions and Implications

The positive answers to Questions 1-3 and the answer to Question 4 strongly support
the validity of the two frameworks that were considered in this study. The study
results confirm the belief that academic researchers are indeed using and reporting
on the strategic dilemmas and the KBS LC stages as proposed by this study.

It was also determined, based on the research, that there are numerous areas that
are underemphasized by academic researchers which also might indicate that prac-
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titioners may want to focus more of their attention on those areas. Based on the
findings, the authors would recommend that more research be done regarding the
strategic issues revolving around the complementary-destroying dilemma, as well
as the concealment-transparent and the external acquisition-internal development
dilemmas. Each of the three dilemmas has a solid tradition in the strategic litera-
ture (e.g., Amit & Shoemaker, 1993; Kim & Mauborgne, 2005; Tapscott & Ticoll,
2003) and should be seriously considered in the KM/KB strategic literature as well.
Similar conclusions are relevant for a number of specific anchors of the strategic
dilemmas. For example, the relative scarcity of the coverage of the KB Exploita-
tion strategy may suggest that researchers (and some practitioners) are focusing too
extensively on the fashionable and interesting topic of exploration/innovation and
might indirectly be contributing to the low success rate of KBS and the low ROI
that many systems produce (Bose, 2004). Similar conclusions can be made about
the product strategic aspect. The “systems” nature of KBS is focusing the discussion
(and research) on processes. However, from the business strategic perspective, this
approach should be, at least, balanced with the focus on product (e.g., new product
development) and the ways KBS can support these areas (Park & Kim, 2005). The
external acquisition strategic aspect definitely requires more focus, especially, since
the outsourcing of IS (Pati & Desai, 2005) and R&D (Henard & McFadyen, 2006)
plays such an important role in organizational strategies. The next two aspects are
the most demanding and the authors strongly recommend intensifying their aca-
demic coverage. Only recently, the need to revolutionize the industry and reinvent
the business (the destroying anchor) became clear as a strategic option for organi-
zations (Kim & Mauborgne, 2005). Clearly, there is a need to identify the KM/KB
strategic relevance to support or to drive this strategic option and to identify KBS
that might be instrumental in such endeavors. As Tapscott and Ticoll (2003), among
many others, suggest, companies need to become more transparent. But this discus-
sion requires honest deliberation of the concealment aspect of strategy, especially
when incorporating and balancing the concerns for security (Belsis, Kokolakis, &
Kiountouzis, 2005) and recent regulations (at least in the USA) that impact electronic
documents discovery (Cortese, 2006; Shelton, 2006) and is significantly lacking
from the academic literature (at least in the context of KBS).

The authors would also recommend a stronger need to emphasize research on the
distribution stage of KBS. The assumption that lessons learned and best practices
will be copied or diffused automatically by others within the organization and that
they are easy to be copied is questionable at best (e.g., Bansler & Havn, 2003).

The authors would suggest a more focused research approach on the crossover
areas of study that cover the evolve/learning stage of KBS LC within the context
of complementary-destroying, concealment-transparent, and the external acquisi-
tion-internal development strategic dilemmas (Amit & Shoemaker, 1993; Kim &
Mauborgne, 2005; Tapscott & Ticoll, 2003). A similar recommendation is made
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about the intersection of distribution of the KBS and all six strategic dilemmas
(Chua & Lam, 2005).

It is clear that to make KM/KB strategies happen, many different aspects need to
“work right” (Massey, Montoya-Weiss, & O’Driscoll, 2002). One aspect is to have
more concrete discussion and research about the KBS needed to support the above
mentioned strategies. The authors are recommending (similar to a recommendation
made earlier by De Long and Fahey [2000}, in regards to culture) that no study,
model, or framework of KM can be complete, unless it has a KBS aspect embed-
ded within it.

One aspect of the context of KB strategies and systems studied was the specific
industry discussed within the abstract. It seems that the research at the current stage
is focusing heavily on the manufacturing sector of the economy. It is recommended
that future studies focus on the service sector of the economy in the context of KB
strategies and systems. This is especially important since this sector has a history
of high labor and low capital intensity.

The second aspect of the context of KB strategies and systems studied was the
specific geographic attribute discussed within the abstract. It seems that the cur-
rent research is focusing heavily on the USA while lacking country specific context
and/or an international perspective. It is recommended that future studies have a
more explicit geographic focus and/or international characteristics in the context
of KB strategies and systems. This is especially important if tacit knowledge and
local culture are of interest.

Also, since large multinational companies are the primary users of KBS, the authors
also recommend that more corporate level, multiple, and complex portfolio aspects
be studied.

Finally, the authors are calling for more rigorous, exploratory, quantitative studies
in this area. Having case studies, anecdotal stories, theoretical models, specific
applications, and surveys were sufficient for an early stage of a young academic
area. It is time to mature and to be able to convince the business community and
the skeptic academic community that KM is not a short-time fad.

Weaknesses

There are two major weaknesses in this chapter. First, the authors did not use thematic
review due to lack of resources. Thisisamajor limitation onthe scope of the research.
One intriguing question relevant to the concealment-transparentstrategic dilemmais
that the majority of the abstracts identified by this study come from the transparent
perspective. It seems that the academic researchers (as well as practitioners) take
for granted that when systems are in place, people will post their knowledge. But
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there is an abundance of evidence to suggest that this is not the case (Bansler &
Havn, 2003). Therefore, it would be interesting to see if a thematic survey would
illuminate this discrepancy. Second, the authors used the abstracts of the papers for
the review. It became obvious to the authors during the research that there is a wide
variety of quality of abstracts. Some are very to the point, and short, and as such
might cause the authors to misclassify the papers. Again, a thematic survey of the
complete papers could have been helpful in overcoming this weakness.

Future Research

There are number of potential directions this research could be extended. For ex-
ample, the authors identified very limited specific evidence of explicit knowledge
management strategies. It would be interesting to see if when such cases are present,
is this reflected in a context of business unit or corporate strategy or in a context
of operational or functional strategies. A different area of study that this research
could be extended is in testing if some research methods, for example case study,
when used, result in a richer description (larger number of dimensions) of strategic
dilemmas. A third potential extension is into the synergistic aspect of strategic
dilemmas and KBS. One illustration of such area is the introduction of business
process reengineering and KB/IS systems. Does the timing of the introduction make
a difference? In another words, is it better to introduce them both simultaneously
into an organization, or is better to introduce one of them (which one?) and then
the other?

Acknowledgment

The authors want to thank Clyde E. Hull and Boris Durisin for their comments on
an earlier draft of the chapter.

Case Study

Compare and contrast two cases:

1. Dayan,R.,Pasher, E., & Dvir, R. (2006). The knowledge management journey
of Israel aircraft industries. Part 2: Competence center. In A.S. Kazi & P Wolf
(Eds.), Real-life knowledge management: Lessons from the field (pp. 35-44).
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Knowledge Board. Retrieved May 9, 2007 from http://www.innovationecol-
ogy.com/papers/1A1%20case%20knowledgeboard%20ebook.pdf

2. Chua, A. Y. K. (2007, April 28). The curse of success: Knowledge-manage-
ment projects often look good in the beginning. But then problems arise. Wall
Street Journal, p. R8. Retrieved May 9, 2007, from http://sloanreview.mit.
edu/wsj/insight/organization/2007/04/27/index.php?p=1

Questions:

1.  Foreach case, identify the KB strategic dilemmas discussed and the strategic
dilemmas missed.

2. For each case identify the KBS life cycle stages discussed and the stages

missed.

3. Now, compare and contrast the two cases: What did you learn? (What worked?
What did not?)

4.  What are the practical implications for your organization? (How can you
improve?)

Further Reading

Knowledge Management’s Social Dimension: Lessons From Nu-
cor Steel By Anil K. Gupta and Vijay Govindarajan (Fall 2000)
http://sloanreview.mit.edu/smr/issue/2000/fall/6/

Managingthe Knowledge Life Cycle By Julian Birkinshawand Tony Sheehan (Fall2002)
http://sloanreview.mit.edu/smr/issue/2002/fall/8/

Rethinking the Knowledge-Based Organization By Michael H. Zack (Summer 2003)
http://sloanreview.mit.edu/smr/issue/2003/summer/10/

Why Don’t We Know More About Knowledge? By Michael Hammer,
Dorothy Leonard and Thomas Davenport (Summer 2004)
http://sloanreview.mit.edu/smr/issue/2004/summer/02/

Successful Knowledge Management Projects By Thomas H. Daven-
port, David W. De Long and Michael C. Beers (Winter 1998)
http://sloanreview.mit.edu/smr/issue/1998/winter/4/

Harvard Business Review on Knowledge Management (Harvard Business Review
Paperback Series) (Paperback) Publisher: Harvard Business School Press; 1st
edition (September 1998)

Harvard Business Review on Organizational Learning (Paperback) Publisher:
Harvard Business School Press; 1st edition (June 15, 2001)
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Knowledge and Strategy (Knowledge Reader) (Paperback) by Michael H. Zack
(Editor) Publisher: Butterworth-Heinemann (March 23, 1999)

Managing Intellectual Capital: Organizational, Strategic, and Policy Dimensions
(Clarendon Lectures in Management Studies) (Paperback) by David J. Teece
Publisher: Oxford University Press, USA; New Ed edition (April 27, 2002)

Managing Knowledge: Perspectives on Cooperation and Competition (Paperback)
by Georg von Krogh (Editor), Johan Roos (Editor) Publisher: Sage Publica-
tions Ltd (December 4, 1996)

Useful URLS

http://www.kmworld.com/

http://www.fastcompany.com/cgi-bin/finder.cgi?query=knowledge%20managem
ent

http://www.brint.com/km/
http://en.wikipedia.org/wiki/Knowledge _management
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Appendix A

Table 1. C3EEP - coding scheme — March 12, 2007

Codification Tacitness
explicit knowledge tacit knowledge
codification tacitness
codifying the knowledge knowledge situated

store in organizational memory stickiness
written plan embeddedness
Complementary Destroying
routine innovations disrupting technologies
incremental innovations radical innovation
linear change discontinuous change
reactive change discontinuous innovation
complementary anticipatory change

knowledge that is compatible to the currently
existing knowledge base

congruent disruptive technologies

supportive and related to the existing
knowledge base

sustaining technologies

related and supportive of the existing
knowledge base

recombination of existing knowledge
knowledge compatibility
knowledge complementarity.
Adaptive/evolutionary

destroying

Concealment Transparent
secrecy strategy transparency strategy
not sharing sharing

minimize revelation maximize revelation

controlling exchange facilitate exchange

concealed knowledge publicly open and accountable
shielding their knowledge validating and publicizing information
protecting their knowledge

confidentiality

disclosure only within the legal limits
need-to-know basis
privatizing information

continued on following page
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Table 1. continued

External Acquisition Internal Development
external acquisition, acquiring new knowledge internal development
mergers R&D
networking

acquired from outside through inter-
organizational arrangements

“make or buy” “make or buy”

dependencies on external sources with their
internal development

dependencies on internal development

outsourcing/external partnership internal partnership
external knowledge exchange
absorptive capacity absorptive capacity

relationships that the employees have with
external constituencies

external sources of knowledge acquisition

collaboration/cooperation collaboration/cooperation
Exploration Exploitation
exploration exploitation
experimentation
innovation managing efficiently existing knowledge
creativity
proactive reactive
Product Process
product strategy process strategy
service strategy process improvement.
“what” they produce/make process reengineering
product design process efficiencies
administrative
systems

continuous quality improvements
investment in IS technology
“how” they make/produce
process innovation
value stream reinvention
dynamic capabilities
six sigma
business process management (BPM)
product life cycle product life cycle
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Table 2. KBS-Life cycle coding scheme — March 12, 2007

Create-1 Distribute-4
acquire transfer
attract/adopt share
develop distribute
create access
generate/building
Organize-2 Apply-5

define/organize/extract

deployment/use/launched

collect/search

utilize/demonstrated

capture/understand engage
map/systematize implement
bundle install/adopt

specify/identification

support/maintain/managed

integrate/looking

Formalize-3 Evolve-6
enable relate
reuse/retrieve learn
store measure/appraisal
codify/accumulate meaning creation
formalize evaluate/analyzed
design/plan
validate/assessment
verify

Table 3. Bohn’s stages of knowledge growth; Source: Adopted from Tiwana (2000)

Stage Name Comment Typical form of knowledge
1 Complete ignorance Nothing known Does not exist anywhere
2 Awareness Resembles pure art Knowledge is primarily tacit
3 Measure It is pretechnological Knowledge is primarily written
4 Control of the mean A scientific method Written and embodied in
is feasible hardware
5 Process capability A local recipe exist Hardware and operating
manuals
6 Process characterization Tradeoffs to reduce costs Empirical equations
are known (quantitative)
7 Know why Takes the form of science Procedures, methodologies,
scientific
formulas, and algorithms
8 Complete knowledge Nirvana Never happens; but you can
always hope for it
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Table 4. Classification scheme March 12, 2007

Include? Yes/Exclude:

No KB Strategy -— No KBS LC — Other:

# of the abstract/Year Journal name and type
Comments/Miscellaneous.:
Codification Tacitness
Complementary Destroying
Concealment Transparent
External Acquisition Internal Development
Exploration Exploitation
Product Process

Other KM strategies:

Specific country identified:

International perspective identified:

Create Distribute
Organize Apply
Formalize Evolve

Specific industry identified:

Bohn’s scale 1-7 (?)

KB/IS Technologies identified:

Type of Business strategy:

Operational/Functional/Business Unit/
Corporate

Research Methodology:

Research Perspective:

Conceptual/Empirical/Prescriptive/Descriptive
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Appendix B
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Table 2. KBS life cycle frequencies

KBS Life Cycle KBS Life KBS Life Cycle stage
. - Percentage
Stage Cycle stage not mentioned=1 .
. mentioned
mentioned=0
Create 1 126 104 45.22%
Organize 2 171 59 25.65%
Formalize 3 173 57 24.78%
Distribute 4 218 12 5.22%
Apply 5 71 159 69.13%
Evolve 6 173 57 24.78%
Average 155.33 74.67 32.46%
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Specific KBS tools used

No

129

Yes

101

Table 5. Specific KBS tools used

Number System System - A
11 ERP enterprise resource planning (ERP)
10 ES expert systems (ES)
9 DSS decision support systems (DSS)
7 CRM customer relationship management (CRM)
5 DBMS databases
4 EMSs environmental management systems (EMSs)
3 CBR case-based reasoning (CBR)
4 Internet Internet
3 Intranet intranet
3 WfMSs workflow management systems (WfMSs)
2 data mining data mining
2 data warehousing data warehousing
2 EDI electronic data interchange (EDI)
2 GDSS group decision support systems (GDSS)
2 GIS geographic information systems (GIS)
an argumentation-enabling
1 mechanism an argumentation-enabling mechanism
an associated structured
1 dialogue scheme an associated structured dialogue scheme
agent-oriented and knowledge-based system
1 AOKBS (AOKBS) for strategic e-procurement
autonomic computing - e-automation
1 autonomic computing correlation engine
community-based information
1 networks community-based information networks
computer-supported intentional learning
1 CSMILE environments (CSILE).
1 decision simulation decision simulation
1 deductive databases deductive databases
1 distributed data bases distributed databases
1 DSS BN DSS using Bayesian network (BN)
electronic commerce information systems
1 ECIS (ECIS)
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Table 5. continued

Number System System - A
1 ECM enterprise content management (ECM)
1 EIS executive information systems (EIS).
1 electronic library electronic library
1 e-procurement e-procurement
1 e-sourcing e-sourcing
1 fuzzy sets fuzzy sets
1 groupware groupware
1 HRIS human resource information system (HRIS)
information systems for competitive advantage
ISCA (ISCA)
ITSS information technology support system (ITSS)
intelligent marketing information systems
1 IMKIS (IMKIS)
1 IMS Internet management system (IMS)
1 induction graphs learning induction graphs learning
1 intelligent software agent intelligent software agent
1 Intranet/Extranet intranet/extranet
1 IPR intellectual property right (IPR) systems.
knowledge-based collaborative supply chain
1 KBCSCM management (KBCSCM) system
knowledge-based functional design automation
1 KBFDA system (KBFDA)
knowledge-based strategic decision support
1 KBSDSS system
1 KBSim knowledge-based simulator (KBSim)
a knowledge-based system for managing
1 FARSYS strategic change- FARSYS
1 knowledge repositories “knowledge repositories”
1 language analysis language analysis
1 learning-based scheduling KB learning-based scheduling KB
1 LFS linguistic fuzzy systems (LFS)
1 LKBS legal knowledge-based system (LKBS)
1 MKIS marketing information systems (MKIS)
1 mobile agent for e-commerce mobile agent for e-commerce
1 multimedia multimedia
1 neural networks neural networks
next-generation knowledge-
1 based systems next-generation knowledge-based systems
1 NIS neighborhood information system (NIS)
object-oriented systems object-oriented representation methods
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Number System System - A

1 OMS order management system
Web-enabled product definition and

1 PDCS customization system (PDCS)

1 process mapping process mapping

1 process warehouse process warehouse

1 RBR rule-based reasoning (RBR)
rule-based; knowledge-based functional

1 rule-based KBS reasoning strategy

service supply relationship

1 management service supply relationship management
strategic management interactive learning

1 SMILE expert system prototype (SMILE)

1 software objects software objects

1 structural indexing structural indexing

1 TNS transnational systems (TNS)

124 Total

Table 6. Industries identified

Specific industries
identified
No 109
Yes 121
Table 7. Specific industries identified
Industry Number
Agriculture 2
Construction 2
Education 9
Government 5
Manufacturing 50
Not for profits 3
Services 42
Utilities 4
Total 117
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Table 8. Countries and international perspective identified

Specific International

countries perspective

identified identified
No 109 No 210
Yes 121 Yes 20

Table 9. Specific countries identified

Country Number

Australia
Canada
China
Germany
Greece
Hong Kong
Hungary
India
Japan
Kuwait
Libya
Netherland
New Zealand
Norway
Singapore
South Korea
Sweden

Taiwan
UK
USA
Total

Ll IS T e e I I e e R N O
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Table 10. Layers of organizational strategy

Strategy used=1
Operational 101
Functional 42
Business Unit 82
Corporate 5
Total 230

Table 11. Research frameworks

Method not Method used=1
Research -
used=0
Framework
Conceptual 77 153
Empirical 91 139
Prescriptive 74 156
Descriptive 121 109
Average 90.75 139.25

Copyright © 2008, IGI Global. Copying or distributing in print or electronic forms without written permission
of IGI Global is prohibited.



40 Russ, Jones, & Jones

Table 12. Research methodologies

Research method Research method
methodology used=1 methodology used=1
Literature Literature
review 65 review 65
Case study 59
Literature
review & case
study 15
Field Study 2
Literature
review & focus
group
Ethnographic
Case study and
Interviews 1
Case study and
Interviews 1 so forth. 80

Application and
prototype 20

Application and
prototype and
case study 16

Literature
review and
model 4

Application
model 2

Application and

case study 2
Model and case
study 1
Literature
review and
prototype 1

continued on following page
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Table 12. continued

Research method Research method
methodology used=1 methodology used=1
Literature
review, model,
and case study 1
Survey and Application and
prototype 1 so forth. 48
Survey 15
Survey and case
study 3
Survey and Survey, and so
interviews 1 forth. 19

Exploratory
and quantitative

analysis 17
Lab experiment Quantitative
and survey 1 Analysis 18
Total 230 | Total 230

Table 13. Abstract’s publication years

Year 1990 1991 1992 1993 1994 1995 1996 1997 1998
# 6 8 9 8 4 7 10 9 5

Year 1999 2000 2001 2002 2003 2004 2005 2006 2007
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Table 14. Abstract’s publication journals

# of
Journals with mixed MIS and Management Perspective Abstracts

Industrial Management + Data Systems 8
Information & Management

Logistics Information Management

IBM Systems Journal

Global Journal of Flexible Systems Management

Information Processing & Management

Information Systems and eBusiness Management

Information Technology & People

Information Technology and Libraries

Information Technology and Management

International Journal of Information Technology and Management.
International Journal of Services Technology and Management
Journal of Database Marketing & Customer Strategy Management
Journal of Enterprise Information Management

Journal of Information Systems Education

Total

P PP R R R RPRRRERRERRERNDDMOG

w
o

# of
Journals with MIS Perspective Abstracts

Journal of Management Information Systems 13
Information Systems Management

European Journal of Information Systems

MIS Quarterly

Decision Support Systems

Information Systems Frontiers

Omega

Communications of the Association for Computing Machinery
Computers in Industry

Information Management & Computer Security

Information Systems Research

International Journal of Information Management
Communications of the Association for Information Systems
Computers & Industrial Engineering

Expert Systems

International Journal of Electronic Commerce

Journal of Information Science

Journal of Intelligent Manufacturing

N NN DNDNDNWWWWWPSDP™SDdO oo

continued on following page
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Table 14. continued

# of
Journals with MIS Perspective Abstracts

Journal of Systems Management 2
The Journal of Systems and Software,

Campus — Wide Information Systems

Computers & Security

Information and Software Technology

Information Resources Management Journal

Information Systems Journal

International Journal of Computer Applications in Technology
International Journal of Information Resource Management

Journal of Cases on Information Technology

Journal of Electronic Commerce Research

Journal of Information Systems Education

Journal of Information Technology

Journal of Information Technology Case and Application Research
Journal of Information Technology Theory and Application

Journal of the American Society for Information Science and Technology
Journal of the Association for Information Systems

Management Communication Quarterly

Online Information Review

Records Management Journal

Software Quality Journal

The Journal of Computer Information Systems

The Journal of Information Systems Management

VINE

Total 100

P R R R R R R R R R RRPRRRRRRRRRRRENDN

# of
Journals with Management Perspective Abstracts

Accounting, Organizations and Society 1
Business Process Management Journal

International Journal of Production Research

International Journal of Technology Management

Journal of Knowledge Management

Decision Sciences

IEEE Transactions on Engineering Management

International Journal of Operations & Production Management
Strategic Management Journal

W wWwwws o

continued on following page
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Table 14. continued

# of
Journals with Management Perspective Abstracts

The Journal of Business Strategy 3
Business Strategy and the Environment

California Management Review

European Management Journal

Harvard Business Review

Industrial Marketing Management

International Journal of Project Management

MIT Sloan Management Review

Strategic Direction

Technovation

The International Journal of Quality & Reliability Management
The Journal of the Operational Research Society

Association Management

Banca Nazionale del Lavoro Quarterly Review

Business Strategy Review

Construction Management and Economics

Disaster Prevention and Management

Environmental Science & Technology

Human Systems Management

Interfaces

International Journal of Bank Marketing

International Journal of Business Performance Management
International Journal of Contemporary Hospitality Management
International Journal of Human Resources Development and Management
International Journal of Knowledge and Learning

International Journal of Knowledge, Culture and Change Management
International Journal of Market Research

International Journal of Production Economics

International Journal of Purchasing and Materials Management
International Journal of Retail & Distribution Management
Journal of Agricultural and Environmental Ethics

Journal of American Academy of Business

Journal of European Industrial Training

Journal of Management Studies

Journal of Small Business Management

Leadership & Organization Development Journal

Long Range Planning

Management Accounting Research

Management Decision

PR R R R R R R R R R R R R RRRRRRRRRRERRREPRNNDNNODNNMNNMNNMNDNODNDNDRN
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Table 14. continued

# of
Journals with Management Perspective Abstracts

Marketing Intelligence & Planning 1
Marketing Science

Planning Review

Production Planning & Control

Public Administration and Management

Public Administration Review

Risk Management

Strategy & Leadership

Target Management Development Review

The Academy of Management Executive

The International Journal of Bank Marketing
The International Journal of Tourism Research
The Journal of Business & Industrial Marketing
The Journal of Management Development

The Learning Organization

Total 100

N el e e T e

Table 15. Abstract’s state of knowledge

Bohn’s scale 1 5 3 4 5 6 7

# 0 125 41 9 23 27 5
median=2 mean=3.13
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Abstract

In light of the latest developments in the field of intellectual capital (IC) measur-
ing and reporting (Asia, Europe, and USA), this chapter aims to help managers
measure and report the intellectual capital of their companies. Having first-hand
experiences in collaborating with firms in the building of the “intellectual capital
report” (ICR)—and therefore knowing weaknesses and major mistakes—the authors
of the chapter propose how firms should build the ICR, an innovative corporate
report with strategic implications for the achievement and maintenance of a long-
term competitive advantage. The first section of the chapter presents a historical
review of the development of the intellectual capital report since 1992. The second
section analyzes intellectual capital reports, discussing firms’ definition and goals
for these reports; the analysis is based on intellectual capital reports published by
38 firms from Europe (Austria, Germany, Iceland, Italy, Spain, Sweden, and UK) and
Asia (India and Japan) during the period 1992-2006. From here, we address how
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firms can get started building the intellectual capital report, especially regarding
the structure of the report as well as the specific indicators.

Introduction

For more than a decade some pioneering firms from Europe and Asia have built an
innovative corporate report called the intellectual capital statement (ICS). Based on
these intellectual capital reports (ICR) published by these firms and their learning,
this chapter presents the evolution up to now on how managers could now systematize
measuring and reporting intellectual capital (1C), rather than simply describing it.

The chapter is structured in four sections. The first section presents a historical
review of the development of the intellectual capital report since the prototype of
the first internal intellectual capital report in 1992 to the last advances in the devel-
opment of intellectual capital guidelines. The second section analyzes intellectual
capital reports, discussing firms’ definition and goals for these reports. Based on
the analysis of intellectual capital reports published by 38 firms from Europe and
Asia during the period 1992-2006, we discuss the most frequent weaknesses and
errors observed when preparing this innovative report. From here, we address how
firms could build the intellectual capital report, especially regarding the structure
of the report as well as the specific indicators for measuring each intellectual capi-
tal construct. The third section covers recommendations for the presentation the
intellectual capital report. The last section encourages managers to systematize
measuring and reporting knowledge-based resources, showing the tangible benefits
derived from these activities. Finally we suggest new avenues for the future of the
intellectual capital report.

Historical Review of the Development Intellectual
Capital Reports

The very first internal intellectual capital report was prototyped in 1992 and exter-
nally published for the first time in 1994. The Swedish stock and Fortune 500 listed
the financial and insurance service company, Skandia. This company drew up the
first intellectual capital report or statement to be published anywhere in the world.
It was based on the Skandia development of the intellectual capital navigator and
the newly launched taxonomy of IC, under the leadership of Leif Edvinsson, to
visualize the hidden value for a more systematized cultivation.
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This publication represented an important milestone in the field of intellectual
capital. At that time the attention of the academic and corporate world centered
on this pioneering company and the intellectual capital statement that it produced.
The great expectation generated by this innovative report resulted in a small group
of European companies beginning to prepare and publish this type of statement in
1998. These included the Danish companies Carl Bro, Coloplast, Cowi, and Sys-
tematic, Spanish companies BBVA, Bankinter, and Union Fenosa,and the Swedish
company Celemi.

In 2000, the Danish Agency for Trade and Industry (DATI) published, based on
work of, among others, professor Jan Mouritsen (Copenhagen Business School),
the document entitled Intellectual Capital Statement-Towards a Guideline, which
represented an initial effort with respect to developing directives for quantifying
intellectual capital and the preparation of intellectual capital statements using the
results of these quantifications. Later, in 2001 and 2003, the DATI published a
series of new directives and also the first law in the world for the preparation of
intellectual capital statements.

In 2002, under the support from The Nordic Investment Bank, NORDIKA— term
that stands for “Nordic Project for the Measurement of Intellectual Capital”—pub-
lished the Intellectual Capital: Managing and Statement. The report aims to give
companies an overview of the vast number of possibilities open to them for using
intellectual capital reports to manage and report intellectual capital. It gives priority
to practical knowledge to be used for application. The report is targeted at staff that
will be in charge of initiating the intellectual capital process.

That same year, MERITUM (2002) also published its own overview, namely
Guidelines for Managing and Statementing on Intangibles. It was then followed by
another important EU project on IC called PRISM (2003), which stands for policy-
making, reporting and measurement, intangibles, skills development and manage-
ment. It is a multidisciplinary European Commission initiative aimed at gaining a
deeper understanding of the issues surrounding the management and measurement
of intangibles in today’s competitive environment.

Since 2003, the BundesMinisterium fur Wirtschaft unt Arbeit in Germany has been
prototyping with excellent success a project called Wissensbilanz (www.akwissens-
bilanz.org) for asystematized process for generating IC. This is already approaching
100 applications in Germany and there is also a free download of software from
its Web site. On the other hand, The Ministry of Economics, Trade and Industry
(METI) in Japan is also involved in prototyping IA reporting since some years ago.
They introduced a guideline in 2005. Now five of the largest Japanese companies are
publishing intellectual assets-based management report. This guideline, compiled
by METI, aims to “help corporations (managers) that prepare intellectual assets
based management report and those who assess it. Based on the examination of
Subcommittee on Management and Intellectual Assets, New Growth Policy Com-
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mittee, Industrial Structure Council, it provides a guide for information disclosure
concerning intellectual assets based management” (2005, p. 3). METI is now, in
December 2006, arranging its second annual I1C and 1A Week to address a number
of different perspectives on the subject. Together Germany and Japan seem to be
the leading countries on the ICS subject.

As the new economic value is in the longitude—that is, lateral dimensions instead of
vertical dimensions—as described in the PRISM Web site (see www.euintangibles.
eu), we have to develop more lateral, benchmarking accounting of value creation
potential of intangibles (Edvinsson, 2002). We have to acknowledge such new in-
tangible indicators and get the accountants to audit those, as well as annual reports
to present transparency of such intellectual capital, to be able to navigate these new
organizational value creations.

The Intellectual Capital Statement made in Germany Project -where Leif Edvinsson
together with Mart Kivikas and his colleagues Manfred Bornemann and Kay Alwert
initiated this method for a process report on a method for Intellectual Capital State-
ments for Germany based on international experiences. It includes 14 prototypical
intellectual capital statements as best practice examples in representative German
small and medium-sized enterprises (SMEs) from different regions and sectors
implemented. The German approach to prepare the intellectual capital report (“the
Wissenbilanz™) includes four milestones:

. Milestone I: Why? Initial situation; What? Intellectual Capital; How good?
Evaluation

. Milestone II: How much? Indicators
. Milestone I1I: Who? Communication

. Milestone IV: How? Management

This statement proposes an interdependency process flow chart among the major IC
components of intellectual capital. All factors of the human capital, relational capital,
and structural capital, respectively, are systematized and ranked into a transparent
decision oriented map for better knowledge navigation, knowledge investment, and
generation of IC.

One of the most refined recent experiences from prototyping intellectual capital
reporting at Skandia emerged, during the first years of 2000, at Seibersdorf Research
Center, Austria by then Professor Guenter Koch (with his team of Karl Heinz Leit-
ner, Manfred Bornemann, and Alexander Welzl as pioneering I1C colleagues such
as professor Ursula Schneider, Graz University). In 2002, the Austrian Ministry
for Education, Science and Culture issued the new university law (UG 2002): All
Austrian universities will have to publish IC reports from 2006 on. According to
the UG (2002),
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Each university shall submit an intellectual capital report for the past calendar
year to the Minister, by way of the university council, by 30 April of each year. This
shall, as a minimum, present in itemized form: 1. the university’s activities, social
goals and self-imposed objectives and strategies; 2. its intellectual capital, broken
down into human, structural and relationship capital; 3. the processes set out in
the performance agreement, including their outputs and impacts.

During 2003 in Austriaalaw was implemented requiring all universities and colleges
topublishaknowledge capital reportannually, showing knowledge goals, knowledge
processes, as well as knowledge indicators. The very first prototype was done by
University of Kremz (Austria). In Sweden the very first similar prototype has now
been launched by CMM-Center for Molecular Medicin at Karolinska Institute (see
www.cmm.Ki.se) with a special prototyping focus for the science sector.

Since 2006, intellectual capital reporting has become mandatory for all Austrian
universities. Back in 2002 the Austrian Ministry for Education, Science and Culture
released a new university law for the reorganization of all public Austrian universi-
ties. The Ministry’s goals were to enhance transparency, foster the management of
intangible resources, and setinitiatives for performance orientation. Asthe European
Commission states, “The IC statement should serve as a management instrument
for the university as well as acommunication instrument between universities and
the Ministry” (2006, p. 35).

In Spain, professor Eduardo Bueno Campos and his research group at the Intellectus
Forum (www.iade.org) developed the Intellectus Model in 2003. The model consists
of five fundamental elements: its structures, principles, internal logic, development
of the model (definitions), and table of indicators (Bueno, 2003). The structure of
the intellectus model is described through the components, elements (E,), variables
(V), and indicators (1,). According to this model, intellectual capital is divided into
human capital, capital structural, and capital relational. In turn, structural capital is
subdivided into organizational capital and technological capital, while the relational
is disaggregated into business capital and social capital

In 2004, one year later, the 3R Model for Intellectual Capital Statements was devel-
oped (Ordoriiez de Pablos, 2004). This model proposes three reports for building the
intellectual capital statement: (1) the Intellectual Capital Report, which shows the
situation of the intellectual capital of the firm, and includes information of each of
its components (intellectual capital components will be quantified based on indica-
tors that measure diverse categories of each component); (2) the Intellectual Capital
Flow Report addresses the increases and decreases of intellectual capital during
the year as well as the intellectual capital variation or net flow; and finally (3) the
Intellectual Capital Memo Report complements and further explain the information
included in the two previous reports.
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In December 2004 the Directorate General for Research and Technological Devel-
opment (DGRTD) of the European Commission set up a high-level expert group
to propose a series of measures to stimulate the reporting of intellectual capital
in research-intensive SMEs. The report by this expert group with Professor Daan
Andriesen as Secretary, presents six recommendations to stimulate the reporting of
intellectual capital SMEs by raising awareness, improving reporting competencies,
promoting the use of intellectual capital reporting, and facilitating standardization
(RICARDIS, 2006, p. 7). The acronym RICARDIS reflects the objective of the
high-level expert group to stimulate reporting of intellectual capital to augment
research, development, and innovation in SMEs (see http://europa.eu.in/comm./
research/rtdinfo/index_en.html).

Based on these recommendations another EU sponsored project is now starting to
distribute the learning from mainly Germany to cover 5 major European countries,
called intellectual capital (InCas) statements. The countries to prototype this are
Germany, UK, France, Poland, and Slovenia.

Furthermore Taiwan initiated a Research Center on Intellectual Capital (TICRC) in
2003. Its most important task is promoting industrial intellectual capital research
and development, and assisting to progress intellectual capital in this country. The
main mission of TICRC is to implement the projects to enhance industrial intellec-
tual capital and accelerate the upgrading of industry. The concrete tasks of TICRC
are: strengthening national or industrial intellectual capital policy plans; integrating
aggregation of various fields related to intellectual capital; developing intellectual
capital key technologies for industries; promoting practical experience of intellectual
capital transfers to Taiwan; establishing an environment conductive to intellectual
capital development; intensifying the publicizing of intellectual capital manage-
ment and other achievements; and promoting international research exchange and
cooperation. Several countries are now also establishing such IC research centers.

As the IC statements initially were focused on enterprises, starting in 1996 in Swe-
den, there was another prototyping work by professor Edvinsson to start to report
on IC of Sweden as a nation. This was then followed by Israel, Denmark, Holland,
France, Finland, and lately Austria. This pioneering work is also looking into IC of
regions and cities (Bounfour & Edvinsson, 2005; Viedma, 2004).

It is important to mention the special case of USA, which could be considered as a
“special space” in the development of ICRs. It very much started in the early 1990s
with the initial work by Professors Thomas Johnson and Robert Kaplan with the
book on Relevance Lost-The Rise and Fall of Management Accounting (1987),
and in the early 1990s with Professor Baruch Lev, then at University California,
Berkeley as well as activities by the Conference Board, New York. In 1996, the
ICM gathering by Patrick Sullivan, Gordon Petrash and Leif Edvinsson was also
formed at Berkley, which focused on the aspects of intellectual capital assets and
intellectual property issues.
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Professor Baruch Lev together with the Brookings Institute Task Force, Washington
published the first white book on intangible assets, in collaboration with Securities and
Exchange Commission (SEC). It resulted in Lev’s 2001 Intangibles - Management,
Measurement, and Reporting as well as in Blair and Wallman’s 2001 The Unseen
Wealth. More recently, the U.S. Federal Reserve and the University of Maryland
have renewed their research in the field of intellectual capital with “Unmasking the
Economy,” which appeared in Business Week in February of 2006.

The following figure summarizes major milestones in the history of the field of
intellectual capital measuring and reporting.

Figure 1. Some milestones in the field of intellectual capital measuring and report-
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Now there are more and more emerging and generally accepted official directives
to guide companies in the preparation and presentation of an intellectual capital
statement. In light of the experience of 38 companies from 9 different countries,
and the analysis of the intellectual capital statements that have been published dur-
ing the period of 1992-2006, the proposal put forward by this work is offering and
providing managers with recommendations on how to prepare an intellectual capital
statement and avoid the weaknesses observed in the statements analyzed and the
mistakes made by the companies during their preparation.

The Intellectual Capital Statement

Distinctions and Objectives

What is an intellectual capital statement? Before proposing our own definition, it
is advisable to analyze how the pioneer companies in the field define this type of
report. You will find some of these distinctions in Table 1.

As the RICARDIS report states

Intellectual Capital Reporting is the process of creating a narrative that shows how
anenterprise creates value for its customers by using its IC. This involves identifying,
measuring, and reporting its IC, as well as constructing a coherent presentation of
how the enterprise uses its knowledge resources [...] it is complementary to a busi-
ness plan as it shows how value will be created through R&D and what the role is
of the various components of intellectual capital. Therefore it can provide — unlike
a business plan — transparency into the hidden value drivers of R&D investments
and pinpoint the availability (or absence) of key complementary assets crucial to
bring the results of R&D to the market. (2006, p. 9)

Following Bounfour and Edvinsson (2005)’s work, RICARDIS (2006) proposes
two types of intellectual capital: on the one hand, “autonomous IC” (A), which
is less dependent on people and consists of those assets with a secondary market
like patents, brands, software, and so forth (A-1), and those without a secondary
market such as methodologies, reputation, image, and so forth (A-2); and on the
other hand, “dependent IC” (B), which is more dependent on people and consists
of innovation capital (B-1), informational and organizational capital (B-2), market-
ing and distribution capital (B-3), and relational capital (B-4). These resources are
considered as dependent because they are embedded in the corporate organization
and are therefore of an inseparable nature.
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Table 1. Definitions of intellectual capital statement

Organization ICS definition

“In line with our belief that intellectual capital is the source of
competitiveness and future value, we not only assist our client
companies with 1C-based management, but also practice what
Actell we preach, by implementing and executing this methodology on
ourselves as we strive to maximize our own corporate value. We
created a report called “Intellectual Capital (IC) Report” in order
to present the results of our own implementations “(2005, p. 4).

“CMM aims to use intellectual capital reporting to benchmark
against similar distinguished international institutions to evaluate

Center for Molecular and improve its performance. This will also increase the visibility
Medicine-Karolinska of Swedish research abroad and help attract talent to Sweden.
University Hospital Furthermore the annual analysis and report will help control

the knowledge-based.value creation process and help increase
transparency for the public” (2003, p. 9).

It is “an integrated part of company knowledge management.
It identifies the company’s knowledge management strategy,
Danish Agency for Trade which includes the identification of its objectives, initiatives
and Industry and results in the composition, application and development of
the company’s knowledge resources. It also communicates this
strategy to the company and the world at large” (2003, p. 7).

“The intellectual capital statement represents “an important
communication means to promote the results relating to
corporate performance towards clients and all main interest
Intercos groups [...] a powerful tool for internal management [...]

a system to control the vitality of the organization whereby
ensuring company’s global evolution excellence and future”
(2003, p. 2).

“|C statements are primarily about internal reporting,
management and control of the business but this internal focus
is an essential pre requisite for the ability of management

to communicate what they are doing to external audiences
which is of particular importance when the organisation needs
to seek finance from banks or equity from investors [...] It is
complementary to a financial statement as it provides insight
into important resources that are not found on the balance sheet
including knowledge, access to networks, and human resources”
(2006, p. 7).

RICARDIS

The report “gives a broad, comprehensive picture of Systematic
and illustrates our vision, mission, values and objectives. In this
Systematic way, the intellectual capital report functions as a window to the
world - a kind of business card. The target group is current and

future customers, employees and cooperation partners (2004).

“Our IC report cover the threee aspects of IC: human capital,
Tolvumidlun relational capital and structural capital and is an addition to our
finacial report, describing our intangible assets” (2005, p. 3).
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Intellectual capital statements represent all the value creating resources in an orga-
nization that are not captured in traditional financial statements but are of critical
importance to a firm’s long-term competitive advantage.

Based on the analysis of intellectual capital statements published by 38 firms
(Actell, ARCS, Balrampur Chini Mills, Bankinter, BBVA, Brembo, BSCH, Caja
Madrid, Carl Bro, Celemi, Center for Molecular Medicine (Karolinska University
Hospital), Coloplast, Cowi, Creadesign Oy, Dieu, DLR, EES Group, Experimen-
tarium, Genetrix, Intercos, Kronsberg, Mekalki, NANONET-Styria, Navneet,
OENB, Plastal, Reinisch, Reliance, Shree Cement Limited, Sentencia, Skandia,
Systematic, Telia, TM Software, Télvumidlun, Union Fenosa, and 24-Seven Of-
fice) from 9 countries (Austria, Germany, Iceland, India, Italy, Japan, Spain, Swe-
den, and UK) during the period of 1992-2006, the intellectual capital statement
can be defined as an innovative corporate report that basically covers information
on knowledge-based resources not covered in traditional annual reports. It also
presents information on knowledge management strategies, activities, and results.
Why do organizations build the intellectual capital statement? The opinions of some
firms and organizations committed with the building of the intellectual capital state-
ment are summarized in Table 2.

Table 2. The goals of the intellectual capital statement

Firm/Organization ICS Goal

“The goal of this report is to share the current progress of our 1C-
based management efforts with our shareholders, as well as those
associated with us in the business community. We believe that
Actcell disclosing a current assessment on our 1C and our management
style based on the IC concept will help us build long-term
relationships with shareholders, thereby solidifying our overall
Intellectual Capital” (2005, p. 4).

“CMM aims to use intellectual capital reporting to benchmark
against similar distinguished international institutions to

Center for Molecular evaluate and improve its performance. This will also increase
Medicine-Karolinska the visibility of Swedish research abroad and help attract talent
University Hospital to Sweden. Furthermore the annual analysis and report will help

control the knowledge-based.value creation process and help
increase transparency for the public” (2003, p. 9).

“The aim is to monitor the initiatives and goals and show results
Creadesign Oy of how the company develops its resources and cares for its
values using IC monitoring as a management tool” (2005, p. 3).
This statement “informs about organizational efforts to achieve,
develop, share and institutionalize knowledge-based resources
which are necessary to create value for the company by means of
improving their growth, flexibility and innovation” (2001, p. 13).

Danish Agency for Trade
and Industry

continued on following page
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Firm/Organization

ICS Goal

Experimentarium

With the intellectual capital statement, “we can ensure quality
and renewal and strengthen the company’s ability to reach its
goals. At the same time, the intellectual capital statements enable
the surrounding world to gain an insight into Experimentarium
status and development” (2004, p. 20).

Nanonet

“[...] is to provide a transparent, verifiable overview of the effects
of the research funds invested in nanotechnology [...] it provides

a modern communication and control instrument for knowledge-
intesive issues” (2003, pp. 2-3).

OENB

The OENB?’s intellectual capital statement “makes transparent
the stock of knowledge-based capital as well as internal and
external knowledge flows. It thus helps document the OENB’s
intangible assets, which the Annual Statement fails to capture in
a comprehensive way” (2003, p. 8).

RICARDIS

“Agood IC report will improve an organisations internal
processes for managing its overall resources, both tangible and
intangible and more importantly it will provide a sound basis
for improving the quality of the dialogue with financiers by
explaining why the organisation does what it does and how it
is building the resources and capabilities necessary to succeed
in the future. IC statements help to clarify the way in which
competitive advantage is being built by providing a narrative
which explains both value chain positioning and the business
model which is to be used to create value” (2006, p. 7).

TM Software

“In the last four annual reports we have included a detailed 1C
chapter that formally tries to shed light on development of the
company’s assets that are not registered in the annual accounts”
(2004, p. 12).

Tolvumidlun

“Our IC report [...] is an addition to our financial report [...]
Combined the two reportss are a fuller and more complete
account of the real assets and future potential of an IT company”
(2005, p. 3).

Sentencia

“IC report is to give a holistic view of the company, based on
well-defined indicators on the basis of the company vision,
strategy, basic values and goals” (2005, p. 2).

24 Seven Office

“We will in this report try to give our stakeholders a better
insight in our company then the financial report can give alone.
Since most of our assets are intangible assets, we feel this is our
most important report” (2004, p. 3).

Skandia

“To increase the visibility of hidden value for better management
as well as renewal to gain truly sustainable earnings” (1994, p. 3)
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The Most Frequent Weaknesses and Errors when Doing the
Intellectual Capital Report

1. Notincluding an intellectual capital model that links these strategic resources
with the company’s overall vision, mission, and strategy in the one hand and
with the organizational results on the other.

2. Reducing the intellectual capital statement to a series of simple tables with
indicators, without explaining either why these indicators were chosen or the
knowledge flows that exist between the intellectual capital components.

3. Oncetheintellectual capital statement has been published, this corporate report
is not really used in the decision-making process.

4. Not stating specific objectives for each intellectual capital indicator to get a
benchmark.

5. Theuse of new intellectual capital indicators and/or elimination of previously
used indicators without any justification as to why.

6. Not seeing the systemized interdependencies.

Content of the Intellectual Capital Statement

The analysis carried out on the intellectual capital statements highlights the lack
of standardization with respect to the structure and content of the information pre-
sented. Generally speaking, what the majority of companies include fundamentally
boils down to a company profile, namely basic details (i.e., number of employees,
sales volume, andprofitability) and the indicators chosen for measuring some of
the intellectual capital.

However, itis our beliefthat this information is insufficient and that more intelligence
should be included, especially that related with knowledge management activities
and the systematized generating of intellectual capital. On the one hand, in its intel-
lectual capital statement the company should include the activities it carries out and
the investments it makes with respect to knowledge management and provide an
analysis of its objectives and performance in these fields, how they were developed
and the degree to which they were achieved. On the other hand, with respect to
intellectual capital, the company should clearly define what it understands by intel-
lectual capital and what it sees the component parts thereof as being. The company
should then incorporate the actions it has carried out as well as the indicators it has
used to measure each component of its intellectual capital, making mention of the
significant factors related with these components. Likewise, the company should
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analyze the methodology used to quantify its intellectual capital, the incorporation
of new indicators, and the elimination of others, plus the dynamics and interdepen-
dencies of the critical IC components.

Structure of the Intellectual Capital Statement

Next, we shall analyze the categories of indicators and the indicators that we recom-
mend companies use to measure their intellectual capital. It is important to point out
this is a general recommendation of categories and indicators that each company
shall have to adapt, taking its particular sector of activity into account and relate
it to the process flow. Below we present a list of tentative IC indicators that might
lead up to an emerging standard for benchmark. However they have to be relevant
for its context.

Table 3. Structure of the ICR

INTELLECTUAL CAPITAL REPORT
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Human Capital

The principal indicator categories that should be used for quantifying the knowledge,
skills, experience, and competence of the company’s employees—in other words,
its human capital—are the following:

Employee Profile

e Total number of staff

. Distribution of staff (production, distribution, IT department, etc.)
*  Gender distribution (male, female)

e Age distribution

e Average age of employees

. Number of managers

. Percent of research staff

. Number of full time employees

Adaptability Capacity
*  Number of employees who permanently work abroad

. Number of employees who have participated in international projects during
the year

Staff Turnover

. Circulation percentage of personnel

. Beginners

. Resigned

. Percent of unwanted personnel circulation

Educational Capital

. Unskilled personnel

»  Skilled personnel

. Length of education

. Number of employees fluent in English
*  Number of awards
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. Professional publications per employee
. International experience (traveling activities)

Educational Renewal
. Number of competence development plans
. Number of carrier development plans

Commitment and Motivation

*  Average seniority

. Permanent contracts

»  Percent of individual goal achievement

. Percent of staff with variable retribution/total staff

*  Employees with shares and convertible bonus programs
. Number of award-winning employees

*  Suggestions systems (money prizes, point prizes)

. Percent of promoted staff/total staff

*  Percent of staff feeling explicit recognition

. Percent of staff feeling their opinion is taken into account

Knowledge Transfer
. Percent of applicants who share knowledge for maximum value creation

. Percent of employees that find their knowledge appreciated and useful on the
job

Permanent Training
*  Percent of employees who received training during the year
e Training

o

Training days per employee

o

Average number of training hours per employee/year
° Ratio training hours/working hours (annual)
Training investment (employee/year)

Ratio training cost/wages (annual)

Satisfaction index about training
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°  Average index of application of the training received in daily tasks
° Mentoring pairs
. Permanent learning through external agent relations

° Number of alliances and collaborations with academic institutions and
research centers

Human Capital Results

*  Employee satisfaction index

*  Employee satisfaction

e Satisfaction with the opportunity for on-the-job skills development

e Total satisfaction with the opportunity for on-the-job skill development
. Personal injury with loss of working hours

. Costs attributable to external faults

e Absence due to sickness (days/employee)

. Number of dissertations completed in the group

*  Number of published papers in referred international journals in the current
year

e Value adding per head count

Relational Capital

The main indicator categories recommended for visualizing the value of the relation-
ships the company has with other economic agents (customers, suppliers, stakehold-
ers, partners, etc.)—that is to say, its relational capital—are the following:

Client Profile

*  Number of private clients

*  Number of public clients

. Number of semipublic clients
. Number of clients abroad

Customers’ Portfolio
. Contract portfolio
° Number of contracts
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° First-time customers
° Points of sale
. New stakeholders
. Brand
° National/international market share
° Market share of closet’s competitor (both national and international)
°  Clients’ impression of the firm
°  Customer loyalty index
° Number of customer suggestions
°  Number of offices with customer satisfaction measuring systems
°  Customer satisfaction index
e Strategic portfolio
° Five largest customers during the year
° Duration of existing customer relationships
° Percent of customers who would recommend our firm
° New strategic customers during the year
° Investment on relational marketing
. Number of clients from the same business sector
. Contract rookie rate
. Contract turnover

Client Satisfaction
. Customer perception of service rendered

. Customer satisfaction with flow of information

Public Image

*  Spontaneous notoriety index

. Exposure to the media

. Number of unsolicited applications

Connectivity Capital
. Number of countries in which the firm operates
. Number of alliances with business schools
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. Number of commercial alliances

. Number of distribution channels

. Number of business conferences attended
. Lectures at scientific conferences

e Sponsorship agreements

. Professional networks

. Employees involved in boards (business, political, scientific)

Investor Capital
. Number of favorable recommendations from analysts
. Number of contacts with investors and analysts

. Number of solved consultations from shareholder’s information office

Structural Capital

The main indicator categories recommended for measuring the value of the knowl-
edge embedded in organizational structures, processes, routines, and policies are
the following:

Knowledge-Based Infrastructure

. Number of best practices on the Intranet

*  Number of employees with Intranet access/total staff
e Shared documents on the Intranet

. Percent of updated knowledge documents on the Intranet
. Number of databases to which the firm has access

. Database searches

*  Number of employees with Internet access/total staff
. Number of shared knowledge databases

. Number of participants in best practices processes

. Number of knowledge management projects

Innovation Capital
. Innovation investment
° Number of shared ideas and experiences
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Average number of ideas per employee
Investment in 1+D+I projects
Investment in product development
Investment in process improvement
°  Centers of excellence
Ongoing projects
. Innovation results

° Number of products/services
Number of new products/services
Volume of sells linked to new products/services introduced last year
° Total innovation
Percent of group turnover

o

o

o

Average turnover project

Intangible Assets

. Number of new patents in the year

. Investment in intellectual property protection

. Number of patents and its life length of partner portfolio
. Number of other intellectual property rights

Infrastructure
. Number of employees connected via e-mail
*  Reliability of hardware and software
*  Employees with the option of teleworking
*  Employees with corporate mobile phone
. Employees with corporate laptop
J Investment
°  Investment in premises and office equipment
Investment in computer equipment
IT expenses per employee
. Servers

o

o

o

Number of servers per worker
° Number of hits on the Web site per day
°  Average number of homepage hits per month
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Office
°  PCs per office

Customer Support

Number of national offices

Number of offices abroad

Administrative Processes

Average response time for calls to switchboards
Percent of inquiries handled within the same day

Quality

Employee participation in internal improvement and technological innovation
projects

Accreditations and certifications

Number of ISO-9000 certifications

Number of quality committees

Number of employees with formation on total quality

Organizational Management Model

Maximizing benefits of leadership and cohesion

°  Average experience of executive team
Shared organizational values

°  Shared organizational values

Business and advanced management models

° Investment in management models

°  Number of own business models

Shared strategic management

° Number of users of strategic-planning system

° Number of employees who participated in the building of the organiza-
tional strategic plans

How often are strategy and goals reviewed?
Customer relation management

Copyright © 2008, 1GI Global. Copying or distributing in print or electronic forms without written permission
of IGI Global is prohibited.



The Intellectual Capital Statements 83

Social and Environmental Commitment
. Investment in cultural support and solidarity projects
. Environmental investment in the business

. Number of labor audits to installations of the firm

Midterm and Longitude Results

. Number of patents approved during this year
*  Number of spin-off companies created

. Long-term impact on key stake holders

e Other sustainability proxies

The intellectual capital report will have to complement and explain the information
contained in the intellectual capital flow reports and intellectual capital memo.

The intellectual capital flows account will reflect both the increases and the reduc-
tions of intellectual capital that occurred during the financial year, with the differ-
ence between these being the result. This information will be compiled for each
indicator, indicator category, and intellectual capital component, as well as at an
aggregated level (intellectual capital). Likewise, the objectives for each on the in-
dicators, indicator categories, and intellectual capital components will be specified
(Ordofiez de Pablos, 2004b).

In line with traditional accounting plans, the report will include information regard-
ing the company’s activity or activities, the standards used to evaluate intellectual
capital, as well as events occurring after the closure of the accounts that do not
affect these, but knowledge of which will be useful to the users of the intellectual
capital accounts.

Figure 2. Intellectual capital statements

[ Intellectual Capital Statements ]
Intellectual Intellectual Intellectual
Capital Report 4] Capital Flow 4] Capital Memo
Report
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Table 4. Intellectual capital flow report

INTELLECTUAL CAPITAL FLOW REPORT

SUB-CATEGORIES AND

CATEGORY INDICATORS

YEAR

VARIATIONS GOAL

N\ | <7 |sHorTTERM | -ONGTERM

Major Steps to Get Started

First, the companies should define a holistic model that shows the input-output re-
lationships and that enables the status of the company’s knowledge stocks and flow
and how these contribute towards its competitive positioning to be explained.

The company must clearly define what it understands by intellectual capital and
what the major components of its intellectual capital actually are. In the literature
on intellectual capital a number of different types have been developed, but the
most commonly accepted proposals for taxonomy consider that intellectual capital
consists of human capital, relational capital, and structural capital.

The indicators will be presented in tables, which will include information about the
value of the indicator with respect to the current financial year, the previous finan-
cial year, as well as the short-, medium- and long-term objectives for a structured
intelligence as a supplement to the traditional financial reporting.

The indicators shall have to present certain properties, thereby making them:

Reliable: In other words, objective and verifiable.

2. Objective: The value of the indicator should not include biases derived from
the interests of the parties involved in the quantification thereof.

3. Verifiable: It should be possible to evaluate the reliability of the information
provided.
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4.  Comparable: The indicators should be quantified and presented in line with
recommended standards and criteria in such a way that users can make com-
parisons both in time and between companies.

5. Truthful: The information they show shall reflect the real situation of the
company with respect to the question it is dealing with.

Following the recommendations of the directives regarding the preparation of intel-
lectual capital statements, the indicators can be divided up into three types:

1. General: Those that can be used comparatively across companies and indus-
tries.

2. Specific to a certain industry: In these cases, comparison will only be viable
within a single industry.

3. Specific to a particular company: In this case comparisons are extremely
difficult to make and can even be considered as useless as the definition of the
indicator varies from company to company.

The indicators of each intellectual capital component will be accompanied by an
explanation of the most relevant aspects related to and of the activities and projects

Figure 3. Intellectual capital flows
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linked with each category of the intellectual capital in order to achieve the desired
objectives.

The intellectual capital statement should be accompanied by the flow report and
the intellectual capital report in line with the ideas proposed by the 3R model. The
intellectual capital flow report should include an analysis into the interdependencies
that exist between the intellectual capital indicators.

It is also important to identify the strongest relationships between the intellectual
capital indicators, both positive and negative, in order to subsequently take deci-
sions regarding organizational policies and projects. In the German approach there
is also a distinction on how strong influence management might have on the key
components as well as the manageability. This is resulting in a decision template
for further 1A investments.

Onthe other hand, the importance of transparency in the presentation of these reports
must be highlighted. It is essential to show information regarding the processes and
procedures implemented and the suppositions made when preparing the report if,
that is, the aim is to produce a credible report.

It is important that the publication of this statement coincides with that of the other
corporate reports in order to thereby strengthen the links between the company’s
financial results and its knowledge-based resources.

Intellectual capital statements have a dual utility. From an internal point of view,
they act as a support mechanism for the taking of management decisions as well as
serving to communicate knowledge management objectives to employees. From
an external viewpoint, these reports keep the stakeholders informed and constitute
a useful marketing tool. For example, Novo Nordisk, a Danish firm that manufac-
tures and markets pharmaceutical products and services, has been awarded for their
outstanding work on stakeholder reporting. As a medical company, they have not
put the product in the center, but the patient, and then built a network perspective
on which they report. The report is also done in the Danish context, which was the
first country to start protototyping based on the learnings from Skandia in Sweden,
as well as the first country to pass a law on the IC reporting.

Why Should Firms and Organizations Measure and
Report their Intellectual Capital?

Why should companies quantify and report their intellectual capital? Our experi-
ence with those companies who pioneered the quantification of intellectual capital
shows that the main benefits that companies can gain if they measure this intangible
resource: (1) attaining acompetitive advantage; (2) developing new products/services;
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(3) identifying new markets; (4) increasing revenue; (5) improving market share;
(6) reusing their knowledge base; (7) less redundancies; (8) reducing mistakes and
increasing productivity; (9) raising the quality of their products/services; and (10)
expanding what they know about their customers.

Alternatively:

e Toincrease understanding of the holistic dynamics

e Toincrease the intelligence and transparency of hidden value

. To increase the process efficiency

e Toincrease the renewal and innovation

e Toincrease the security or, in other words, to address the risk of IAand IC

Conclusion

The wave of intellectual capital is increasing. It is evolving within universities, ac-
counting standards groups, and political and business communities. The message is
that we need to deeper understand and follow the wave of intangibles and knowledge
economics. The alternative is perishing by riding the downward life cycle curve
of industrial economics. It is a leadership liability not to address the potential or
intellectual capital in waiting.

The corporate longitude is focusing on the lateral dimensions, as well as time to the
future. This calls for another type of leadership role than traditional management.
The book Corporate Longitude describes Leif Edvinsson’s approach to the corporate
challengesandthree-dimensional issues, also called the longitude problem. It links the
value of human and intellectual capital into measurement, cultivation, and valuation
of organizational performance. It suggests that current valuation models are flawed
and present only a small part of the reality. As a result, accountants and analysts
alike are sailing the seas with latitude data (financial data) but no longitude data.
Much more refined processes and flow approaches for management and measuring
are now in growing practice in Europe as well as Japan; more refined measuring
approaches as described by Roos, Pike, and Fernstrom (2005) are also in practice.
A firm’s intellectual capital is in waiting for generating new value. This is calling
for a new regime based on more intelligence and cultivation of the intangibles.
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Chapter 111

Modeling Techniques for
Knowledge Management

Hanno Schauer, University Duisburg-Essen, Germany

Carola Schauer, University Duisburg-Essen, Germany

Abstract

Knowledge management is an umbrella concept for different management tasks
and activities. Various modeling abstractions and techniques have been developed
providing specialized support for different knowledge management tasks. This ar-
ticle gives an overview of modeling abstractions that are frequently discussed in the
knowledge management literature as well as some promising techniques in a mature
research state. Six groups of modeling techniques are presented and additionally
evaluated with respect to their suitability for different fields of applications within
the knowledge management domain.
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Introduction

Knowledge management (KM) is a collective concept for a variety of management
tasks and embraces different management functions. The term knowledge manage-
ment covers strategic as well as operational activities that are dedicated to the

. Management—that is, analysis, planning, control, and leadership—of the
knowledge base of a company

. Personnel management of knowledge workers
e Organization of knowledge work
. Management of information systems supporting knowledge work

Each of the four management areas of knowledge management embraces a mul-
tiplicity of possible tasks and management instruments. Knowledge management
is additionally complicated by the fact that the different management areas are
interdependent and connected. Hence, knowledge management is often faced with
sociotechnical as well as socioeconomical challenges.

The complexity of the domain and the multiplicity of possible management in-
struments require watchful analysis of the problem domain and careful strategy
development as well as planning of knowledge management measures. In order to
support (systems) analysis, discussion of strategic knowledge management issues,
and knowledge management planning, academic literature and business practice
suggest a number of modeling techniques and methods. They promise to foster
the explication and collaborative reflection of strategic issues, the understanding
of operational challenges, as well as the planning and documentation of specific
measures for knowledge management in a particular enterprise.

This article gives an overview of modeling abstractions for knowledge manage-
ment and compares the techniques according to their relevance for different fields
of application within the knowledge management domain. Our discussion covers
modeling abstractions frequently discussed in knowledge management literature
as well as some promising techniques that are in a mature research state. Section 2
examines mapping techniques typically used in early planning stages of knowledge
management initiatives. Section 3 presents different types of conceptual modeling
techniques for knowledge management. Section 4 is dedicated to formal modeling
techniques for knowledge management, focusing on ontologies. A comparative
evaluation of the different modeling techniques is provided in Section 5. The article
closes with concluding remarks.

Copyright © 2008, 1GI Global. Copying or distributing in print or electronic forms without written permission
of IGI Global is prohibited.



Modeling Techniques for Knowledge Management 93

Mapping Techniques

Knowledge work and knowledge management activities frequently entail collabora-
tion and communication. Hence, it is no surprise that specific forms of creativity and
group work techniques, mainly mapping techniques, are discussed in the knowledge
management literature as well as used in practice for knowledge management pur-
poses. In the following, typical mapping techniques for knowledge management
are discussed. The presentation systematizes two groups of mapping techniques:
semantic networks and knowledge maps.

Semantic Networks

A common language is a basic prerequisite and foundation for communication and
collaboration. More specifically, successful collaboration and cooperation require a
common understanding of relevant terms in the area of interest, that is, in a specific
knowledge domain.

Modeling Concepts

Semantic networks (semantic nets, not to be confused with Semantic Web) are an
easy to understand form of visualization representing natural language terms and
their interrelation. Semantic networks are usually displayed in a graph structure
including terms as nodes and relationships between terms as edges. Usually, the
types of relationships between terms are not restricted and can be determined by the
users, for example, is-a-special-type-of or is-included-in. While semantic networks
use a basal grammatical structure allowing for tool support to a limited extent, they
do not provide any formal description of terms and are, thus, not intended to be
machine-readable.

There are different forms of semantic networks that mainly differ in the symbols
used for modeling terms and the types of relationship that are already built in the

Figure 1. Mind map of the modeling techniques discussed in this article
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language. Topic maps, mind maps, or concept maps are popular examples of semantic
networks. Figure 1 displays an example of a mind map structuring the modeling
techniques discussed in this article.

Intended Fields of Application

Semantic networks are a visual aid for structuring natural language terms in a
domain. They are frequently used to support creativity and group work activities.
They can help to find a consensus within the collaborating group of people on the
meaning and relationships of relevant terms in a domain.

In scenarios of knowledge work and knowledge management semantic networks are
usually used in early planning stages (e.g., in kick-off or brainstorming meetings).
Hence, they are intended to support the process of establishing a common termi-
nology in a certain field of knowledge. For example, the mind map in Figure 1 can
serve as a basis for finding a consensus on the fundamental terms in the knowledge
domain "Modeling Techniques for Knowledge Management.”

Preliminary Assessment

Semantic networks offer primarily visual support for group work. The concepts
provided are rather simple (terms and relationships). Hence, they are easy to learn
and to understand. Also, they can be applied flexibly and are not bound to any certain
domain of interest. The high level of flexibility and independence from a specific
domain, however, comes along with the need to derive more formal terminological
structures (e.g., an ontology) if the developed terminological structure is to be used
by software tools.

Knowledge Maps

Knowledge sources or resourcest, knowledge consumers, and their relationship are
of obvious interest and also a suitable starting point for detailed systems analysis for
knowledge management. Hence, there is a frequent need to relate possible sources
and relevant consumers of certain types of knowledge.

Modeling Concepts

Knowledge maps? are largely informal visualizations of knowledge sources or
resources (e.g., human experts or data warehouse systems) and, optionally, of
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Figure 2. Knowledge map in accordance with Gentsch (2000, p. 36)
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knowledge consumers (e.g., decision makers) for particular fields of knowledge.
Knowledge maps model fields of knowledge by topics. In knowledge maps, topics,
subtopics, as well as knowledge sources and knowledge consumers are related in a
graph like structure. The edges of knowledge maps usually do not have any formal
semantics and require interpretation by the observer.

Atypical knowledge map is displayed in Figure 2. As opposed to semantic networks,
knowledge maps embrace additional graphical elements which are supplemented
by textual annotations and support the differentiation of different concepts.

Intended Fields of Application

Similarly to semantic networks in general, knowledge mapsare primarily avisual aid
for collaborative settings. They can be used in early stages of collaborative enterprise
analysis and planning. During the drawing and refinement process of knowledge
maps, a common understanding of possible knowledge flows (i.e., conceptual paths
of knowledge between knowledge sources and its consumers) is developed. The
understanding of existing and possible flows of knowledge is a suitable basis for the
discussion of knowledge barriers and potentials for improvement in daily knowledge
work and for the preliminary design of possible knowledge management initiatives
(Davenport & Prusak, 1998; Eppler, 2001; Gentsch, 2000). The suggestions can be
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used as a starting point for more detailed enterprise analysis using more specialized
methods, such as methods for conceptual modeling and business redesign.

Knowledge maps can also be used for staff information and staff participation. They
can be applied as a simple visual aid to support members of an enterprise in locat-
ing information or in finding a particular contact person. Furthermore, knowledge
maps can be used as a visual interface to information systems that allow access
to information sources or assist in finding the right contact person (Davenport &
Prusak, 1998).

Preliminary Assessment

Knowledge maps can be interpreted as a domain specific extension of semantic
networks. Knowledge maps are also easy to understand and to use. They are well-
suited for giving members of an enterprise an overview of important knowledge
sources and consumers. They can also serve as a basis for discussing knowledge
flows and possible knowledge barriers. However, because the concepts provided
lack common domain-specific semantics, knowledge maps are a rather weak tool
for a more detailed analysis.

Conceptual Modeling

The mapping techniques described above are primarily directed at supporting com-
munication. They do not provide specific concepts or support for detailed analysis and
planning of the knowledge base or the knowledge work withinacompany. Conceptual
modeling languages are the prevailing form of modeling techniques for enterprise
analysis and planning. Conceptual modeling is a general term for different forms
of domain-specific and semiformal modeling concepts. A domain specific modeling
language (technique) for knowledge management typically includes abstractions of
the managementdomain in general and of knowledge managementin particular, thus
reflecting the technical terminology of the people responsible for the analysis. For
the context of knowledge management it seems appropriate to require semiformal
language concepts. Semiformal means that, on the one hand, the language concepts
have to adhere to specific rules, typically defined in a metamodel (e.g., a database
schema). On the other hand, the concepts provided are not completely formal and
leave room for human interpretation of the models.

Popular conceptual modeling techniques for the management domain include models
of business processes, organizational structure, or market matrices. In principle, all
modeling abstractions from the management domain are relevant for knowledge
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management purposes, but not all of them are discussed frequently in the knowledge
management literature. In the following we will focus on three vital techniques that
offer concepts along with specific analysis guidelines for knowledge management
purposes: Section 3.1 examines modeling techniques for (knowledge intensive)
business processes; Section 3.2 discusses techniques for task modeling; And Sec-
tion 3.3 gives an outlook on an upcoming method for multiperspective modeling
for knowledge management.

Business Process Models

Processes and a process oriented perspective, respectively, are a central paradigm
of thinking about organizations. The appeal and potential of a process oriented
perspective is based on the following two aspects:

1.  Focus: Process models focus on the way resources are allocated and used,
and how goods and services are created. In particular, process models abstract
to a large extent from the organizational circumstances in which the creation
takes place.

2. Opportunity for comparison: Humans and machines, as well as automatic,
partly automatic, and human work are treated within the same perspective and
are modelled with similar concepts.

The large amount of knowledge management literature dealing with business pro-
cess analysis for knowledge management indicates the prominent role of business
process analysis for the analysis and design of knowledge work. The reason for
this can directly be derived from the above mentioned general advantages: models
of knowledge intensive processes allow (i) focusing on knowledge work and (ii)
modeling and analysis of different forms of knowledge (i.e., human knowledge
and skills, explicit knowledge, data and information) and knowledge sources (i.e.,
humans and data sources) within the same model and with comparable concepts.

Modeling Concepts

Business processes are sets of activities which are structured in their timely and
logical order (Becker & Schiitte, 2004; Hammer & Champy, 1993). Business pro-
cess models are semiformal, graphical illustrations of the activities of a process,
events that can occur during the process, and the timely order of activities and
events. Most techniques additionally annotate the organizational unit responsible
for each activity. A sample business process is depicted in Figure 3. The process of
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Figure 3. Model of a business process
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examining loan applications takes place at a credit institution. It involves various
subprocesses and events. The process finishes with a rejection or an acceptance of
the loan application depending on the results (events) created by the subprocesses
(internal examination and external assessment).

Typical models of knowledge intensive processes are furthermore enriched with
information about data, knowledge, or skills that are required to carry out an activity
as well as information about the way specific knowledge is changed or produced
during an activity.

Intended Fields of Application

Process models applied as tools in systems analysis can support the identification of
information relevant for the detailed analysis of knowledge work. Different kinds
of information are revealed in different stages of the systems analysis. Business
process analysis for knowledge management can be systematized in three steps,
which are briefly described in the subsequent paragraphs. The order of the three
steps or stages can be adapted to specific circumstances and requirements of each
individual analysis case.

Step 1: Modeling and Analysis of Subprocesses

The first step comprises the modeling of the processes and the initial analysis of
individual processes. Issues of interest from the view point of knowledge manage-
ment are
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e The human skills, information, and knowledge needed to carry out a pro-
cess.

*  Communication and collaboration activities within a process.
e The data, information, or knowledge produced or changed within a process.

Identifying this kind of information helps to reveal communication and knowledge,
possibleresource conflicts between different activities in a process (e.g., overstraining
competent knowledge workers), aswell as barriers of communication and knowledge
work, such as media clashes.

Step 2: Conflicts and Synergies

The second step aims at revealing knowledge related synergies, resource conflicts,
or communication demands between activities of different processes. Therefore,
activities and subprocesses have to be identified that are similar either in terms of
the skills needed, resources used, or knowledge applied.

Connecting process steps, that occur in different business processes, with orga-
nizational units or roles carrying out this activity, can provide further important
information on knowledge work. Such an analysis can identify communication
needs, potential barriers of communication due to organisational borders, potential
for synergies through intensified collaboration, as well as competence or knowledge
monopolies.

Step 3: Communication and Knowledge Chains (optional)

Business process models typically focus on the creation of a good or service.
However, there are a number of communication processes that are not represented

Figure 4. Annotated model of a business process

media clash |

Mo, < aceounting > b’ y
= = i

| - 2a- f \ -Ta-

data not E | &a A application
communication == 3

plausible : sl rinad rejected
\

< accounting >

A\
L= — knowtedge Y LY
" == manopoly \
- e L 1
credit 25 \ « by technologies |
application \ - 50 A ;
iy Internal examination e s negative reply L 3
i hJ D > SE =7 ‘,"
:' ~3b- | == e i
application | R - i
: data plausivle | < accounting >
T 1 extemnal Yy > E >
spocific skils 1 assessment of =
1 craditworhingss Gl ¥ -Th-
T posilive reply ~6b- application
°"Jm“°na| il send confirmation Spproved
(knawiledge) borders.

Copyright © 2008, IGI Global. Copying or distributing in print or electronic forms without written permission
of IGI Global is prohibited.



100 Schauer & Schauer

by typical business process models. Hence, the third step focuses on the modeling
and analysis of process models depicting the communication chains and knowledge
evolution for particular fields of knowledge. Models of the knowledge flow can
serve to answer questions such as: Is the right knowledge delivered to the business
processes? Is newly created knowledge stored and distributed reasonably? Is critical
knowledge appropriately secured?

Figure 4 displays the loan application examination process annotated by different
aspects that are of interest for knowledge management.

Preliminary Assessment

Methods of business process analysis have proven to be an effective and efficient
tool for the detailed analysis of knowledge intensive business processes and the
knowledge flow within a company. Moreover, business process models are a fun-
damental perspective for business planning and control; hence, the models used for
knowledge management purposes have high prospects for reuse in the context of
other management tasks.

Additionally, business process models are an easy to understand and suitable
instrument for communication within the management domain. Only a relatively
short training period is necessary to become familiar with the notation and graphi-
cal elements of a business process modeling language. However, while business
process models are relatively easy to learn and understand by those educated and
experienced in the management domain, they are often not intuitively understood
by functionally specialized staff. Hence, dedicated training is needed when business
process models are to be used as instrument for staff participation.

Task Models

Often knowledge work includes a high variety of possible activities to be carried out
and the outcome is frequently open. Many forms of knowledge intensive work are
characterised asill-structured and highly dynamic in terms of the timely order. Typical
examples can be found in management and leadership functions or in research and
development. Due to this high level of contingency, knowledge intensive work is
oftenautonomously controlled by the knowledge workers themselves. Inmany cases
knowledge work is organized in nonrepetitive projects and carried out in team work
(e.g., research projects or software development processes) (Davenport & Prusak,
1998; Kock, McQueen, & Corner, 1997; Maier, Hadrich, & Peinl, 2005; Schreiber,
Akkermans, Anjewierden, de Hoog, Shadbolt, Van de Velde et al., 1999).

The unsettled character of weakly structured knowledge work is an obstacle for
planning and controlling. Management techniques, which are appropriate for routine
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business, are often not well-suited for the management of knowledge-intensive work.
Especially methods of business process modeling, which rely fundamentally on a
targeted control-flow structure, lack appropriate abstractions for describing the ill-
structured and open-ended elements of (knowledge) work (Remus, 2002; Schauer,
2007). Hence, specialized concepts are needed to effectively model, analyze, plan,
and control knowledge intensive work.

Modeling Concepts

Tasks are the prevailing modeling abstraction for planning and controlling weakly
or ill-structured processes. The typical form of modeling ill-structured work is to
start with one major task, which fulfils the primary (project) objective, and then to
gradually subdivide the task(s) and responsibilities in a tree structure, a so called
task breakdown structure. The best-known examples for task breakdown structures
are the well-known instruments for project planning: object breakdown structure
and work breakdown structure.

Despite the obvious suitability of the task concept for knowledge management and
despite its everyday use in planning knowledge management projects, so far, only
one specialized modeling technique for task modeling for knowledge management
has been developed. The modeling technique is part of Knowledge-MEMO, a mul-
tiperspective enterprise modeling method for knowledge management (Schauer,
2007). Figure 5 applies the Knowledge-MEMO notation to depict the task breakdown
structure of the “Building Blocks of Knowledge Management” (Probst, Raub, &
Romhardt, 2000), a widely known and often cited knowledge management frame-
work. Beside the tasks and their division in subtasks or super-tasks, the Knowledge-
MEMO notation also describes the kind of contribution of a subtask to a super-task
(e.g., operational, administrative, supporting, exception handling), which is vital
information for the analysis of task breakdown structures.

Intended Fields of Application

So far, task models have not been discussed explicitly as a tool for business analysis
inknowledge management literature. However, models of task breakdown structures
can be used for knowledge management purposes inaway similar to business process
models. The analysis of the task decomposition structure can provide information
analogue to business processes. The steps described above for systems analysis of
models of knowledge intensive business processes can be applied to task breakdown
structures as follows (Schauer, 2007):

Copyright © 2008, IGI Global. Copying or distributing in print or electronic forms without written permission
of IGI Global is prohibited.



102 Schauer & Schauer

e Step 1: Modeling and analysis of subtasks uncovers (1) skill, information,
and knowledge demands, (2) communication and collaboration activities, and
(3) the data, information, or knowledge produced or changed. This kind of
information helps to reveal possible resource conflicts between different tasks,
barriers of collaboration and knowledge work, or communication demands.

»  Step 2: The relation of similar tasks and the assessment of the organizational
distribution of responsibilities for similar tasks reveals indications for knowl-
edge related synergies, resource conflicts, or communication demands.

e Step 3: An optional analysis of communication tasks related to a certain field
of knowledge (e.g., communication tasks prescribed by the chain of command)
may reveal further information on the appropriateness and effectiveness of the
knowledge treatment.

Since the suggested steps for the analysis of task breakdown structures and busi-
ness process models are very similar and the respective modeling abstractions are
comparable, a joint analysis of task breakdown structures and business process
models is possible and, generally, advisable.

Figure 5. Task breakdown structure in Knowledge-MEMO notation
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Preliminary Assessment

Task breakdown structures are the prevailing instrument for modeling ill-structured
or weakly structured work. Since knowledge work often is ill-structured and open
in its outcomes, task breakdown structures are particularly suitable for modeling
knowledge work. While task breakdown structures and business process models
can be analyzed following the same principle steps, the analysis results differ in two
respects. First, a task-based analysis cannot yield outcomes, which directly result
from the sequence in which tasks/processes are carried out (e.g., media clashes).
Second, since task breakdown structures are used to model ill-structured knowledge
work, the task models developed in business practice are necessarily less precise
than business process models.

Enterprise Models

Knowledge management is a diverse management task and relates to various aspects
of business planning. Among others, the following business functions are related:
strategic planning, human resource management, organization, information systems
management, and managerial accounting. The complexity and diversity of the knowl-
edge management task suggests a holistic approach to knowledge management.

Modeling Concepts

Methodical support for holistic knowledge management requires supporting different
planning languages for different, relevant views on a company. Conceptual views
for knowledge management should at least include models of goals and strategies
of an enterprise, of its organizational structure, of the knowledge work (tasks and
processes), of skills and competencies of its personnel, as well as models of the IT
infrastructure. A holistic knowledge management approach should include not only
a set of model types (modeling languages) for the different perspectives. Due to
the interdependencies between the different aspects and perspectives in knowledge
management aforementioned, it is necessary to also provide for compatible concepts
and abstractions in the different views and model types. Modeling methods fulfilling
those requirements are subsumed under the term enterprise modeling.

Although the need for multiperspective enterprise modeling approaches for knowledge
management and multiperspective reference models for knowledge management,
respectively, have been discussed by several authors (e.g., Frank, 2002; Fettke &
Loos, 2002; Loucopoulos & Kavakli, 1999), so far no dedicated multiperspective
method for knowledge management is available in practice. Hence, we want to in-
troduce Knowledge-MEMO (Schauer, 2007), a multiperspective modeling method
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Figure 6. Knowledge-MEMO framework
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for knowledge management, which is still in a research state. Knowledge-MEMO is
a domain specific extension of the enterprise modeling multiperspective enterprise
modeling (MEMO) method (Frank, 1994, 1999, 2002a). Knowledge-MEMO provides
integrated modeling languages and guidelines for knowledge management and puts a
particular emphasis on the perspectives mentioned above: goals and strategies of an
enterprise, the organizational structure, skills and competencies of its personnel, and
IT infrastructure. Figure 6 shows the Knowledge-MEMO framework, comprising the
views MEMO and Knowledge-MEMO offer specialized modeling languages for.

Most information on Knowledge-MEMO is currently available in German language
only. However, an Internet portal on Knowledge-MEMO will be made available
in English language at www.knowledge-memo.org, providing language concepts,
process models, guides for applying the method, and experience reports.

Intended Fields of Application

Holistic knowledge management does not only require specialized modeling ab-
stractions but also particularly dedicated modeling guidelines (process models) for
analysisand planning. Knowledge-MEMO encompasses several interrelated process
models for analysis of knowledge work and the design of knowledge management
measures. The previously presented steps for the analysis of business process models
and task breakdown structures, including models of the organizational structure,
provide a compact overview of one Knowledge-MEMO process model.
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Preliminary Assessment

A methodical approach to holistic knowledge management requires analysing and
relating several differentconceptual views onacompany. Hence, usingamultiperspec-
tive enterprise modeling method is particularly suitable and strongly recommended
for holistic knowledge management. However, methods of multiperspective enter-
prise modeling for knowledge management are still in a—albeit mature—research
state. Thus, in contrast to all other presented modeling paradigms, tool support is
not yet available. Furthermore, while thorough evaluations of the language concepts
in practice are still under way, it is expected that understanding and using the vari-
ous modeling languages does require certain training in advance, in particular for
those users who are not educated in management and not experienced in conceptual
management instruments.

Formal Specifications (Ontologies)

Formalization is a prerequisite for computer support and automated reasoning. The
modeling abstractions discussed above are only informal or semiformal and, therefore,
only partly machine-readable. In order to specify computer behaviour and automated
knowledge processing the use of formal modeling languages is required.

Different forms of formal specifications can be relevant for knowledge management,
including database schemas, programming languages, or mathematical concepts
used in Operations Research. Despite the multiplicity of formal modeling concepts
relevant for knowledge management in principle, the knowledge management lit-
erature discusses mainly, more or less pars pro toto, ontologies. Hence, this section
focuses on ontologies. Nevertheless, most of the remarks can be applied to other
kinds of formal specifications for knowledge management as well.

Modeling Concepts

Anontology is a formally specified system of terms and relationships between terms.
Ontologies are intended to make terms (e.g., natural language terms) machine-read-
able. They are, thus, not primarily aimed at providing persons with an understanding
of a domain of interest. In contrast to semantic networks, which are also structures
(i.e., graphs) of terms and relationships, ontologies are formal specifications. The
meaning of a term described in an ontology is defined exclusively by the attributes
of the term’s specification and its—also formal—relationships to other terms.

Copyright © 2008, IGI Global. Copying or distributing in print or electronic forms without written permission
of IGI Global is prohibited.



106 Schauer & Schauer

Figure 7. Graphical specification of a person’s contact data in RDF (Manola &
Miller, 2004)
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Figure 8. XML-based specification of a person’s contact data in RDF (Manola &
Miller, 2004)

<?xml version="1.0"7>
<rdf:RDF xmins:rdf="http://www.w3.0rg/1999/02/22-rdf-syntax-ns#"
xmins:contact="http://www.w3.0rg/2000/10/swap/pim/contact#">

<contact:Person rdf:about="http://www.w3.org/People/EM/contact#me">
<contact:fullName>Eric Miller</contact:fullName>

<contact:mailbox rdf:resource="mailto.em@w3.org“/>
<contact:personalTitle>Dr.</contact:personalTitle>

</contact:Person>

</rdf:RDF>

There are different types of specification languages that can be used to describe
ontologies (e.g.. RDF, DAML+OIL, F-Logic, OWL, WSML, KIF). These languages
differ interms of the level of expressiveness and the abilities for automated reasoning.
Typical ontology specification languages used for knowledge management purposes

do not offer concepts to model dynamic behaviour; their semantic expressiveness
is similar to database schemas.
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Ontologies can be visualized as graphs. Figure 7 shows an example of the specifica-
tion of the contact data of a person displayed as a tree structure and in RDF-syntax,
respectively.

Ontologies are often of substantial size. Graphical models, as displayed in Figure 7,
quickly become too large to handle if several hundreds of terms are modelled. Figure
8 shows a representation of the model drawn in Figure 7 in a formally equivalent
XML-based notation.

Intended Fields of Application

In today’s practice successful business applications of ontologies are to a large
extent aimed at integrating different data sources. Within companies, for example,
ontologies are often used to specify interfaces for not-integrated information sys-
tems or heterogeneous data sources (Fensel, 2001; Sure, Staab, & Studer, 2002).
Ontologies are the formal basis of the Semantic Web. In the Semantic Web, formal
ontology-based specifications, for example, structures to describe contact information
on persons or biographical data, allow a standardized description of Web sites in a
machine-readable format. Search engines can take advantage of this more formal
description and, thus, return more precise results on user queries.

Preliminary Assessment

Formalization (e.g., via an ontology) includes significant advantages for knowledge
management. It allows computer support and automated reasoning on the models.
However, not every domain or problem is suitable for formalization. There are
two basic barriers to formalization to be thoroughly considered. (1) Formalization
of natural language terms is usually accompanied with simplification, disguising
ambiguities, or inaccuracies. Thus, the meaning of the original term is possibly
obscured in the reconstruction. For example, enterprise ontologies are aimed at re-
constructing terms of the technical language of the management domain. However,
enterprise ontology projects (e.g., Stader, 1996; Schreiber et al., 1999) have so far
only been successful if specifically trained researchers were involved. (2) Technical
languages tend to change over time, in particular, if technological innovations occur.
In order to be accepted by the users, the ontology has to be kept correct over time.
However, due to the detailed level of description building up and maintaining an
ontology is a very costly effort, in particular compared to the modeling techniques
discussed above.
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Comparison and Evaluation

While the presented modeling techniques propose different concepts and abstrac-
tions, the notations used to display the models are quite similar. Most techniques
suggest a graphical and net-like structure. In this way, the models are more intuitive
and faster to grasp than lengthy written text documents. All modeling techniques
for knowledge management are adaptations or extensions of general modeling
techniques from the management domain and—to a large extent—well known in
business practice. Such a close alignment with classic planning approaches seems
beneficial, because knowledge management can relatively easily be integrated in
existing enterprise planning processes.

Selecting suitable modeling techniques is an essential part in preparing for a knowl-
edge management initiative. The multiplicity of possible modeling abstractions,
however, makes this task a challenge on its own. In order to provide support for
the selection decision, we suggest a framework which includes evaluation criteria
related to concepts, fields of application, and modeling efforts and benefits. Table
1 provides an overview of the evaluation framework with a brief description of
each criterion.

The evaluation results for mapping techniques (semantic networks and knowledge
maps), conceptual models (business process models, task models, and enterprise
models), and ontologies are displayed in Table 2 and Table 3, respectively.

The modeling techniques are considerably different in terms of the concepts and
abstractions provided. Semantic networks and ontologies are not restricted to a
particular domain while all other modeling techniques are more or less restricted
(e.g., to knowledge sources and consumers or to well-structured processes).

The evaluation indicates that the level of formalization directly corresponds to
the required training effort; semantic networks and knowledge maps provide only
informal concepts, so that no specific user training is necessary. The conceptual
modeling techniques use semiformal abstractions and, thus, imply a moderate effort
for training (usually depending on the users’ experience with business management
terminology). Ontologies provide formal concepts. Hence, considerable training
effort is required for users to understand the abstractions and formal syntax of
ontology languages.

The analysis of the fields of application shows significant differences in terms of
typical objectives and usage scenarios. Semantic networks and ontologies primarily
aim at structuring terms of a domain. Knowledge maps, business process models,
task models, and enterprise models are more closely related to the specific processes
and tasks in business practice. While knowledge maps provide relatively simple
concepts, the conceptual modeling techniques support more complex abstractions.
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Table 1. Framework for comparing modeling techniques

aspect criterion description

domain areas of interest or domains that can be modelled
with the concepts provided

level of formalization possible values: formal, semiformal, informal
typical objectives and results that can be achieved by applying this

results technique, for example, structure of terms in a
domain

usage in business KM planning and analysis stages or tasks sup-

practice ported by this technique

tool support possibility of and/or need for tool support based

on the concepts

availability of tools for business practice

training effort training effort required to learn the language
concepts and application guidelines

possible values: none, moderate, considerable

effort for maintenance | effort required to adapt the developed models to
changes, for example, in terminology, over time

possible values: moderate, considerable, high
chances for reuse possibilities to use parts or adaptations of exist-
ing models for other purposes or in other con-
texts

possible values: high level of reuse, low level
of reuse

Of the three conceptual modeling techniques, enterprise models offer the most
complex and integrated abstractions and modeling languages. Hence, according
modeling techniques are best suited for holistically analysing an organization and
planning knowledge management measures. Because of their low level of formaliza-
tion, semantic networks and knowledge maps are suited for supporting group work
and staff participation in early stages of a knowledge management initiative. The
high level of formalization allows for using ontologies for formal specifications of
information systems.

Generally, tool support is possible for all modeling techniques. For most tech-
nigues—all except enterprise models—there are software tools available for usage
in business practice. The level of formalization and the complexity of the modeling
concepts directly relate to the recommendation of using dedicated modeling tools.
Structuring terms in semantic networks or developing a knowledge map can be done
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Table 2. Comparison of modeling abstractions for knowledge management (part
1)

Semantic Networks

Knowledge Maps

Business Process
Models

domain

not restricted to any
fixed domain

knowledge sources
and knowledge con-
sumers

well-structured busi-
Ness processes

level of formali-
zation

informal

informal

semiformal

Fields of application

typical objectives
and results

structuring terms in
an area of interest

informal overview of
knowledge sources
and consumers

analysis and (re)design
of processes

usage in business
practice

support for group
work in early plan-
ning stages

staff participation in
early stages of a KM
initiative

analysis and (re)design
of knowledge intensive
(business) processes

tool support and
usage

possible but not nec-
essary

possible but not nec-
essary

possible and recom-
mended

several tools for busi-
ness process analysis
available (not specifi-
cally for KM)

tools available for
specific types, for
example, mind maps
and concept maps
Modeling efforts and benefits

training effort none

effort for mainte- | moderate effort

nance

common graphical
tools are suitable

moderate effort
moderate to high ef-
fort, depending on how
extensive processes are
modelled

high level of reuse

none
moderate effort

chances for reuse | low level of reuse low level of reuse

with common graphical tools and does not require specific software. Conceptual
modeling techniques should be applied using a specialized tool that supports users
by providing graphical elements, by checking for model validity, and by allowing
for automated analysis. The high level of formalization requires the use of dedicated
software for developing and maintaining ontologies.

Structures and models developed with any modeling technique require acertain effort
for maintenance. This effort increases with a higher level of formalization and with
a higher level of complexity and integration of the modeling concepts. Thus, of the
conceptual modeling techniques, enterprise models require a relatively high effort
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Table 3. Comparison of modeling abstractions for knowledge management (part

2)
Task Models Enterprise Models Ontologies
Concepts
domain weakly or ill-structured different aspects of domain-neutral mod-
forms of labor businesses eling concepts
level of formali- semiformal semiformal formal

zation

Fields of application

typical objectives

task decomposition and

modeling businesses

formal specification

practice

of knowledge intensive
work

and results task allocation from different per- of terms
spectives
usage in business | analysis and (re)design holistic KM specifying interfaces

for heterogeneous
information systems
and/or data sources

tool support and
usage

possible and recom-
mended

project management task
tools available (no spe-
cific KM task tools)

possible and recom-
mended,

specific KM-tools
not yet available

possible and highly
recommended

several tools avail-
able

Modeling efforts and benefits

training effort

moderate effort

moderate effort

considerable effort

effort for mainte-
nance

moderate to high ef-
fort, depending on how
extensive tasks are
modelled

considerable to high
effort

high effort

chances for reuse

high level of reuse

high level of reuse

high level of reuse

for maintenance. As discussed above, formal ontologies entail significant cost for
maintaining the terminological structure. The effort for updating and maintaining
enterprise models and ontologies depends to a certain extent on the quality of the
supporting tools.

The meaning and interpretation of semantic networks and knowledge maps is only
to a very limited extent defined by the respective language concepts. Hence, the
meaning of such models highly depends on the specific development context, that
is, the interpretations and objectives of the respective group of participants. So, the
chances for reusing semantic networks or knowledge maps in a different context
or for different purposes are very limited. Because the modeling concepts of con-
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ceptual modeling techniques and ontologies are more clearly defined, such models
can be reused for different analysis and planning purposes or for the development
of further information systems.

Concluding Remarks

Knowledge management differs significantly from many other management func-
tions, that is, knowledge management is not a management task with a clear and
unambiguous goal, a well-bound domain, and a given process model. Knowledge
management embraces a variety of management activities and intersects with dif-
ferent standard management functions, including strategic management, human
resources, organizational planning, and information systems management.

This chapter presented a number of modeling techniques that are intended to sup-
port planning and documentation of strategic issues and operational measures for
knowledge management in different ways. Among other aspects, the techniques vary
in terms of the conceptual foundation, the level of formalization, and the domain
specificity. The comparative evaluation showed that the different modeling concepts
and guidelines are suited for different knowledge management tasks and help to
address different knowledge management challenges.

In practice, knowledge management might be implemented through individual initia-
tives and measures that can be supported, depending on the specific conditions and
requirements of each case, by one of the modeling techniques discussed. However,
establishing long-term and comprehensive knowledge management in a company
requires an integrated and holistic approach to modeling for knowledge manage-
ment. Hence, for any holistic knowledge management approach, multiperspective
modeling techniques that provide integrated language concepts for all views and
aspects relevant for knowledge work are recommended.
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Endnotes

! The notions of knowledge sources and knowledge resources differ in a subtle
way. Both terms are largely identical. However, organizational knowledge
sources, such as knowledge supplying companies, are usually not interpreted
as knowledge resources; parts of knowledge resources, such as a single docu-
ment in a document base, are usually not seen as knowledge sources.

2 The term knowledge map is differently used. In a broader, fairly contingent
meaning knowledge maps are equal to semantic networks. In this article the
term knowledge map is only used in its stricter sense.
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Chapter 1V

Classifying
Knowledge Maps:

Typologies and
Application Examples

Martin J. Eppler, University of Lugano (USI), Switzerland

Abstract

This chapter looks at graphic strategies to reference knowledge and how to make it
more accessible through interactive knowledge maps. It discusses pragmatic ways
of classifying knowledge maps to give an overview of their application contexts and
formats. In the chapter, we show where and how the term knowledge map has been
previously used and which criteria must be met in a sound and useful knowledge
map classification that can support knowledge management (KM) processes and
strategies. Various classification principles are presented and discussed. A table then
matches map formats to knowledge management purposes and knowledge-related
contents in order to serve as a selection and organizing framework. Examples of
some of the main types of knowledge maps are presented to illustrate the variety of
knowledge mapping present in the classification. The article concludes by discussing
its limitations and future research questions in the area of knowledge mapping.
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Introduction: Benefits of a Knowledge
Map Classification

An early step toward understanding any set of phenomena is to learn what kinds of
things there are in the set — to develop a taxonomy.

Herbert A. Simon

The main goal of this chapter is to provide an overview on the possible formats that
exist to reference knowledge graphically or in other words to map it. In the chapter
we assess knowledge maps as a useful tool for knowledge management (KM) and
discuss various application parameters, benefits, and risks of using knowledge
maps. We develop a systematic classification and show examples of various types
of knowledge maps. This can help in assessing the potential of knowledge maps
as useful elements of a comprehensive knowledge strategy. The following figure
outlines the key components of this chapter and highlights its main contributions,
namely eliciting quality criteria of a good classification, applying this approach to
structure the realm of knowledge maps, and structuring implementation aspects of
using knowledge mapping in knowledge management.

The advantages of visual representations for the field of knowledge management have
long been recognized and discussed (Eppler, 2002, 2003; Newbern & Dansereau,
1995; Sparrow, 1998; Vail, 1999; Wexler, 2001; Wurman, 2001) and include a better
overview, a faster access, and a more efficient and memorable representation and

Figure 1. Outline of the main topics of this chapter
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communication of knowledge assets (such as experts, practice documents, com-
munities, patents, etc.). Visual representations have also proved particularly useful
in eliciting (Hodgkinson, Maule, & Bown, 2004) or referencing implicit knowledge
(Meyer, 1991; Sparrow, 1998) and thus can help to make knowledge more widely
and easily available. The terms knowledge map (Eppler, 2002; Sparrow, 1998) or
knowledge mapping (Wexler, 2001) have been used to designate a wide variety of
approaches to organize and structure knowledge sources, knowledge application
steps, insightful concepts, expert networks, or communities of practice (Vail, 1999).
These varieties of knowledge maps have so far never been systematically classified

Table 1. An overview of four typical visualization genres

Format: Concept Map Mind Map Conceptual Visual Metaphor
Parameters: (A. Novak) (T. Buzan) Diagram (i.e, | (i.e., nature, objects,
UML) sports, stories)
Sample
thumbnail
represen- e
tation ,\\\
@ @ @
3 T
Definition A concept map Amind mapis | A conceptual A visual metaphor is
is a top-down a multicolored | diagram is a graphic structure
diagram showing and image systematic that uses the shape
the relation-ships centred radial depiction of a and elements of a
between concepts, diagram that situation, concept, | familiar natural or
including cross represents process, or human-made artefact
connections among | semantic application in or of an easily
concepts, and their | or other typified boxes recognizable activity
manifestations connections with specified or story to organize
(examples). between relationships, content meaningfully
portions typically based on | and use the
of learned a theory, visual associations with the
material. language, or metaphor to convey
model. additional meaning
about the content.
Main Show systematic Show Analyze a topic or | Organize content
function or relationships subtopics of situation through meaningfully and
benefit among subconcepts | a domain in a proven analytic convey main message
relating to one a creative framework. about it.
main concept. and seamless
manner.

continued on following page
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Format: Concept Map Mind Map Conceptual Visual Metaphor
Parameters: (A. Novak) (T. Buzan) Diagram (i, | (i, nature, objects,
UML) sports, stories)
Disadvantage | Difficult to Bound to Can be highly May be
represent hierarchic complex both in misinterpreted.
procedural structures. creation and in
knowledge. use.
Typical Classroom Personal note Slide Text book
application teaching, self taking and presentations, text | illustration, student
context study and revision | reviewing illustration, student | summary
exercises
Application Use it as a learning | Use it for Use it to structure Use it to memorize
Guidelines support tool for preanalytic a complex topic the key elements of
students, that is, idea jostles with the help a method or concept
to summarize or rapid note- of predefined by placing them
key course topics taking, or to categories. meaningfully within
or clarify the structure the a fitting graphic
elements and main contents metaphor that
examples of an of a course shares one or more
abstract concept. or topic properties with the
hierarchically. topic.
Employed Boxes/bubbles Central Labelled boxes Text within visual
graphic with text and topic bubble and arrows with structure, sometimes
elements labelled connector | and colored embedded text (if connected through
arrows (sub)branches needed: icons) arrows
with text above
branches,
pictograms
Core design Start with main Start with main | Label all boxes. Employ a visual
rules or concept (at the topic (center) Fill all boxes with | metaphor that has
guidelines top), and end and branch out | corresponding a strong and clear
with examples to subtopics, text. Larger main association
(bottom, without employ boxes designate that is related to the
circles); boxes/ pictograms more important conceptual domain
bubbles designate | and colors to information. that is mapped. Use
concepts, add additional a metaphor with
arrows represent meaning. Write clearly detectable
relationships; text above the areas.
include cross-links | branches.
among elements
Typical www.inspiration. www.mind WWW.Visio.com www.lets-focus.com
software com manager.com
package
supporting
the
visualization
format
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and compared in terms of their characteristics, unique features, or application param-
eters (for a first tentative classification see Eppler, 2002). So far, only the employed
visualization techniques have been classified and this is regardless of their use in
knowledge management. In Table 1, we give a sample overview of four frequently
used visualization technique genres that have already been applied in knowledge
management contexts, though not always as tools to reference or map knowledge
areas, carriers, assets, or sources.

There are numerous benefits that can be achieved through a classification of knowl-
edge maps. First, it can provide a descriptive overview of the domain (Bailey, 1994,
p. 12) and can function as an inventory or repository (ibid., p.13) like a structured
toolbox. In this way a classification can also become a problem solving heuristic
(Dherbey, 2005, p. 68) that relates possible mapping solutions to knowledge manage-
ment challenges. Thus, a classification reduces the complexity inherent in choosing
a knowledge map format for a particular application context. As a further benefit, a
map classification helps to recognize the similarities and differences among different
types of knowledge maps. It helps to compare different types of knowledge maps
along pertinent criteria. This can help in choosing a format of knowledge map for
a given knowledge strategy (i.e., a diagrammatic, hyperlinked knowledge source
map for a personalisation strategy). As a side-benefit of developing a classification,
one has to develop an exhaustive description of the variables that define a knowl-
edge map’s application context. Finally, a classification of knowledge maps may
also reveal new forms of knowledge maps that so far have not been applied. The
classification may systematically go beyond the current state-of-the-art practice of
knowledge mapping and show potential future formats.

Having listed the benefits that can be expected from a systematic classification of
knowledge maps, one should also note the potential disadvantages of this research
approach. Such disadvantages are the focus on description, rather than explana-
tion. Classification may lead to reification (Bailey, 1994, p. 15); that is to say to
pretend that an ideal archetype does exist, when it is merely hypothetical. Tied to
this criticism is the fact—relevant in many knowledge management application
contexts—that classifications tend to be rather static and difficult to adjust as a
domain changes and evolves.

These disadvantages lead to the recommendation that a classification system should
not just rely on one classification principle, but should propose various, alternative
classification criteria. Thus, we will propose different useful classification prin-
ciples to structure the domain of knowledge mapping. These principles can also be
used to analyze one’s knowledge strategy and see which map best fits the chosen
approach.
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Background: Criteria for
High-Quality Classifications

Classification lies at the heart of every scientific field. Classifications structure do-
mains of systematic inquiry and provide concepts for developing theories to identify
anomalies and to predict future research needs.

Lohse et al., 1994

Before examining existing classifications of knowledge maps and proposing our
own set of categories, we should briefly examine the general rules or criteria that
lead to valid and useful classifications. In this section we thus review the key re-
quirements discussed in classification and categorization literature (Bailey, 1994;
Bowker & Star, 1999; Dherbey, 2005; Lakoff, 1987; Minto, 1995; Wurman, 2001)
in order to apply this research method adequately. As a side-benefit, the resulting
quality criteria for classifications may also help knowledge managers in develop-
ing consistent and useful taxonomies for use in other areas (as in structuring the
contents of an intranet).

A classification, according to Bailey (1994), is the ordering of entities into groups
or classes on the basis of their similarity. Classifications minimize within-group
variance, and maximize between-group variance (Bowker & Star, 1999). In other
words, a classification should maximize the homogeneity within a group, as well
as the heterogeneity among groups, thus facilitating analysis, organization, and as-
sessment (Bailey, 1994). According to Bowker and Star (1999) classification can
also be described as a spatial-temporal segmentation of the world (or one aspect of
it). Taxonomies, as a special kind of classification, are tied to a purpose, and in the
context of this chapter, allocate the right type of knowledge map to the right type of
knowledge management problem. Bailey points out the difference between taxonomy
and typology: whereas a typology is conceptual, deductive and based on reasoning,
a taxonomy is empirical, inductive, and based on large sets that are examined and
grouped (Bailey, 1994, p. v). The classification proposed in this chapter is partly a
taxonomy derived from existing real life knowledge maps. In part, it is a typology,
as it aims to point out other possible forms of knowledge mapping that may not yet
have been applied in real-life contexts. A high-quality classification system that is
fit for use should be both consistent and manageable. Consequently it should meet
at least two sets of criteria, namely logic criteria and pragmatic criteria. In terms of
the logic or formal criteria that make a classification sound, the classification has to
have unique classificatory principles in operation which are not mixed at each level
of abstraction or hierarchy (Bailey, 1994; Minto, 1995; Wurman 2001). This will
ideally guarantee that the resulting categories are mutually exclusive (nonoverlap-
ping) (Minto, 1995), and that the classification system is complete (the categories are
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collectively exhaustive), meaning that there are no items in the domain that cannot be
assigned to a category (the classification is comprehensive). A classification should
capture the totality of phenomena supposedly contained within it. In our case, there
should not be knowledge maps that cannot be classified within the proposed system.
Furthermore, a good classification assigns items to groups based on objective and
stable attributes, so that there are no unclear category fits of particular items. The
labels for different groups (on a particular hierarchic level) are on the same level
of abstraction (ibid.); the classification should not mix specific (sub)groups with
very general ones. It should also be made explicit what lies beyond the categori-
zation scope and the boundaries of the classified domain or area should be clear
(i.e., one should give inclusion or exclusion criteria). With regard to the pragmatic
criteria that make a classification more ergonomic to use, one must pay attention to
self-explanatory informative category names, as well as take into account the total
number of categories that should not result in an overly heavy cognitive load for the
targeted users. The process of item attribution to a category is made easier if each
category has a typical representative, a so-called prototype member that can act as
a mnemonic device for the category and thus makes it more memorable (Lakoff,
1987). The granularity of the classification should be in line with its intended use
requirements (not more specific than actually needed). In summary, we can state
that an ideal (sound and useful) classification should have the following properties,
of which the first six are formal (or soundness) criteria and the subsequent four are
pragmatic (or usability) ones:

It consists of mutually exclusive categories (groups that do not overlap).

2. That are collectively exhaustive (i.e., together the groups cover the entire
classified domain).

3. Thatare based on stable and objective grouping criteria (in order to unequivo-
cally assign an item to a category in a classification).

4.  That have category names on a consistent level of abstraction (per hierarchic
level).

5. Based on one explicit, consistent, and informative classification principle per
level of hierarchy.

For a clearly specified and delineated topic area or domain.

7. Where the categories have self-explanatory, informative category names or
labels.

8.  And contain typical, representative (prototype) members for each group in the
classification.

9. Resulting in a well-organized system that does not overload the users as it
contains an adequate amount of groups that can still be managed by short-term
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memory (the granularity of the distinction does not exceed the level of detail
necessary for the envisioned task that the classification supports).

10. A system that is hence understandable and usable by the envisioned user
groups.

The ten criteria compiled above can provide guidelines for the assessment of current
knowledge map classifications and for the development of new classifications. The
former is presented in the next section, the latter in the subsequent section.

Prior Definitions and Typologies of Knowledge Maps

The map is the territory if people treat it as such.
Karl Weick

In this section, we review prior definitions and classifications of knowledge maps
and point out their limitations and the resulting need for new classifications. The
term knowledge map has so far been used in at least seven different scientific com-
munities: in education studies or in researching instructional methods, such as mind
maps, concept maps, and related graphic learning tools (Tergan & Keller, 2005);
in organization studies (Huff, 1999; Huff & Jenkins, 2002) and in requirements
engineering (Browne & Ramesh, 2002) where the term designates the elicited,
visualized mental models of managers or IT users; in decision analysis to elicit
crucial information (Bowne, Curley, & Benson, 1997); in information retrieval to
designate interactive search result displays and search result browsing interfaces
(Coyne, 1995); in decision support systems to designate, among other things, the
informative graphic rendering of decision variables (Smelcer & Carmel, 1997);
in artificial intelligence where it can designate the conceptual representation of
an expert domain (Gordon, 2000); and in the knowledge management community
(Burnett, lllingworth, & Webster, 2004; Vail, 1999). In the context of knowledge
management, a knowledge map generally designates an overview on a collection
of knowledge-related contents. A knowledge map typically consists of two main
parts: a ground or background layer which represents the context for the mapping,
and the individual elements that are mapped within this context. The elements
which are mapped onto such a shared context range from experts, project teams,
or communities of practice, to more explicit and codified forms of knowledge such
as white papers or articles, patents, lessons learned (e.g., after action reviews or
project debriefings), events (i.e., trainings), databases, or similar IT applications
such as expert systems or simulations. Knowledge maps group these elements to
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show their relationships, locations, or other attributes. Knowledge maps answer
questions such as: How do I find relevant knowledge? How can I judge its quality?
How can I make sense of its structure? How do I go about applying or developing
it? Definitions of knowledge maps that we have found in the literature follow this
logic. Vail (1999), for example, defines a knowledge map as follows:

A knowledge map is a visual display of captured information and relationships,
which enables the efficient communication and learning of knowledge by observ-
ers with differing backgrounds at multiple levels of detail. The individual items of
knowledge included insuch amap can be text, stories, graphics, models, or numbers.
[...] Knowledge mapping is defined as the process of associating items of informa-
tion or knowledge (preferably visually) in such a way that the mapping itself also
creates additional knowledge. (p. 10)

A more recent definition by Renukappa and Egbu (2004) also stresses relation-
ships, but adds the important element of maps referring also to tacit knowledge. It
also highlights the important notion of knowledge dynamics, next to knowledge
stores or repositories: “A knowledge map is a navigation aid to both explicit and
tacit knowledge, showing the importance and the relationships between knowledge
‘stores’ and the dynamics.”

According to Ernst and Young (Novins, 1997), to take a practitioner’s definition, a
knowledge map is a place to find the source of answers, a method and format for
collecting and communicating where knowledge resides and is lacking, typically
within an organization, a visual representation of the knowledge content areas.
Based on these typical definitions we can conclude that the minimal criteria for a
knowledge map are that it is a graphic overview and reference of knowledge-related
content that serves a knowledge management related purpose.

Let us next look at how this domain has been structured so far, that is, to say which
types of knowledge maps have already been distinguished. In knowledge manage-
ment, the classical cartographic map types (aimed at representing information about
a geographic territory) are less fruitful (Peterson, 1995). Eppler (2002) proposes a
simple knowledge map typology based on knowledge management tasks, namely
knowledge creation and development maps, knowledge identification maps, knowl-
edge assessment maps, and knowledge application maps. The main problem with
this classification is that it is not comprehensive, versatile, or precise enough to be
of general use in knowledge management.

A different, more abstract set of map categories is used by Anne S. Huff in her
anthologies on the topic of mapping strategic thought and knowledge (Huff, 1999;
Huff & Jenkins, 2002). In her mapping typology, she focuses on cognitive maps
and distinguishes the following map types: text and language analysis maps, clas-
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sification maps, network maps, conclusive maps, and schematic maps of cognitive
structures (Huff & Jenkins, 2002). The problem with this classification is that it is
not based on one consistent classification principle and not always applicable to
knowledge management.

Novins (1997) distinguishes among three types of knowledge maps, namely pointer
models (pointing to the correct source, usually a person), linkage models (adding
some metainformation on the sources), and solution models (relating knowledge
areastobusiness problems). Pointer models are knowledge source maps that typically
map experts. They can be geographic or organized by topic. Linkage models provide
more visual context on how the referenced knowledge can be used, for example, by
linking knowledge to a visualized business process. Still more metainformation on
the referenced knowledge is represented in solution models. In this type of dense
and informative map, descriptive and prescriptive elements are mixed. While this
is a useful categorization, its groups are not fully mutually exclusive and the clas-
sification only focuses on the main functions and content types of knowledge maps
and neglects other application parameters such as graphic format, scope, medium,
creation mode, or required skill level.

These existing classifications and distinctions are relevant, but they may be limiting
the potential of knowledge maps to too few areas. It may be beneficial to explore
new, alternative, and concurrent ways of classifying knowledge maps in order to
explore and extend their application potential beyond the currently implemented or
envisioned solutions. Developing multiple classification schemes may also improve
our understanding of the application parameters of different forms of knowledge
maps. Such new classifications—that strive to meet the ten categorization criteria
listed previously—are explored in the next section.

Classification Principles and Typologies for
Knowledge Maps

You do not understand anything, until you understand it in more than one way.
Marvin Minsky

In the study of taxonomies, there is a general rule that a classification should always
be based on key characteristics of its items, but—according to Bailey (1994)—there s
no proven rule to find these attributes (p. 2). Nevertheless, cognitive linguist George
Lakoftf provides insightful directions in his theory of categorization. A classification
according to Lakoff (1998) can be one of four types. These types are:
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1. Purposive: Categorizing by intended use; in our context, classifying maps by
the knowledge management purpose they serve.

2. Perceptual: Categorizing by common format/look; in our case, by the graphic
format of a knowledge map.

3. Functional: Categorizing by personal use or type of the content of the knowl-
edge map.

4. Motor-activity: Based on physical interaction with the content; in our case,
the medium or application context of a knowledge map.

These classification principles can also be found in seminal taxonomies of visual
representations. Shneiderman’s (1996) task by type taxonomy of visual representation
formats suggests both application purpose or functionality (task) and content (type)
as classification principles. Lohse, Biolsi, Walker, and Rueter (1994) conclude that
extant taxonomies of graphs and images in general are either functional, that is, by
purpose, or structural, that is, by graphic form, although there are also model-based
taxonomies (Chi, 2000; Tory & Mdller, 2002), as well as other possible classifica-
tion criteria, such as social context, or cognitive process (Blackwell & Engelhardt,
2002). An example of a functional taxonomy has been developed by Tufte (1990)
and structural classifications have been developed by Bertin (1994), Horn (1999),
and Rankin (1990). From these prior approaches we derive our primary knowledge
map classification principles, which are by purpose, by graphic form, by content,
by application level, and by creation mode. We believe that these classification
principles are relevant for a pragmatic taxonomy of knowledge maps as they all
relate to the actual application of knowledge maps. The pragmatic logic of these
classification principles can be illustrated (Wexler, 2001) by converting them into
questions or interrogatives. Choosing a particular type of knowledge map neces-
sitates answering a number of key questions, namely:

1. Which knowledge management purpose do I want to achieve with the map?
(the “why?” of the map)

2. Which kind of content about knowledge do I want to represent in the map?
(the “what?” of the map)

3. Who should use the map in which context or situation and at what level (the
“for whom?”” and “when?” of the map)

4. Which graphic form should be used and who can create the map in what way?
(the “how?”” and “who?” of the map)

While the purpose describes the knowledge management task supported by the
map (frequently tied to an application context), the content dimension describes
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the elements that are contained and referenced in a knowledge map. Usually, a
knowledge map contains only one kind of content, although there are maps that
contain information on experts, documents, communities, and databases in parallel.
Table 1 shows sample knowledge map types based on these primary classification
principles. The items in the open lists are intended to serve as illustrative examples
and not as exhaustive options.

Table 2. Knowledge map classifications

A. Classifying knowledge maps by intended purpose or KM process (why?):

1. Knowledge creation maps: Illustrate the planned steps to develop a certain (organizational)
competence or create new knowledge (i.e., a technology road map).

2. Knowledge assessment or audit maps: Illustrate the evaluation of certain knowledge assets
graphically for example by a 2x2 matrix (axes: current ability and future importance).

3. Knowledge identification maps: Provide a graphic overview on knowledge assets (experts,
patents, practices) and points to their locations/coordinates.

4. Knowledge development or acquisition maps/learning maps:
a) Learning overview and learning path maps
b) Learning content structure maps
c) Learning reviewing/repetition maps

5. Knowledge transfer, sharing, or communication maps: Show who transfers knowledge
to whom.

6. Knowledge application maps: Show which knowledge is necessary for carrying out certain
processes or steps in a single process.

7. Knowledge marketing maps: Can be used to signal competence to the public in a certain
domain.

B. Classifying maps by their content (what?):

By (digital and analogue) content formats:
Web sites (including blogs, portals, homepages)
Documents (including books)
Databases or repositories
Learning objects or online courses (or modules)

woh wbhd e

Other file formats (e.g., sketches, drawings)

I1. By content types:
1. Methods
2. Processes
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Table 2. continued

Experts (including groups)
Organizations/departments/institutions
Lessons learned/experiences

Skills and competencies

Concepts

Events

© ©®© N o g w

Patents
10.  Knowledge or communication flows or relationships

11.  Interests or knowledge needs

C. Classifying maps by the application level (who?):

1. Personal knowledge maps (visualizing one’s own skills or expert contacts [Burnett et al.,
2004; Eppler & Sukowski, 2000])

2. Dyadic knowledge map (to support knowledge creation, transfer, or assessment between
two people)

3. Team knowledge maps (visualize the skills present or needed in a project team, like the
T-matrix [Eppler and Sukowski, 2000])

Departmental knowledge maps
Community knowledge maps
Organizational knowledge maps

N o g s

Interorganizational/network knowledge maps

D. Classifying knowledge maps by graphic form (how?):
. Table-based format (e.g., Heng, 2001):
Person by skills table

Skill area by people table
People by documents

Hw e

Team by project experience table

I1. Diagrammatic format:
1. Structure diagrams
a) Venn diagram
b) Concentric circles (with or without segments)
c) Matrix (i.e., 2 by 2)
d) Network diagram
e) Mind map
f) Concept map (Tergan & Keller, 2005)

continued on following page
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g) Cognitive map (Huff & Jenkins, 2002)
h) Strategy map

i) Fishbone

Process diagrams (Galloway, 1994)

a)
b)
c)
d)
e)
f)
9
h)
i) \Value chain

j) Flight plan (Eppler & Sukowski, 2000)

Timeline

Swim lane chart
Flow chart

Event chain

Critical path method
Gantt chart

Cycle chart
Decision Tree

111 Cartographic format:

Geographic map: globe/continent/land/island/region
Informational map: park

Tube/metro (Burkhard & Meier, 2005) map
Galaxy/stars

Sea/ocean

I O o o

Building/architectural map

IV. Metaphoric format:
a) From the natural realm:
1. tree

2. iceberg

3. canyon

4. mountain

5. river

b) Man-made artefacts:
1. house

2. temple structure
3. radar screen

4. bridge

5. race track

continued on following page
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Table 2. continued

E. Classifying maps by their creation method (how? and who?)

1. Maps that are automatically and dynamically generated by the computer (such as self-
organizing maps [Kohonen, 2001]).

2. Maps that are semiautomatically generated (automatically assembled and then optimized
by analysts).

3. Maps that are designed once by domain and mapping experts and then used in the same

way by all users.

4. Maps that are iteratively created, modified, or extended by the map user(s) themselves
(community generated maps).

Other possible, but potentially less useful, stable, or objective classification principles
include the managerial application domain or functional area (e.g., maps for project
management, strategy, quality management, procurement, risk management, finance,
production, etc.), the amount of resources (time, money) associated with generating,
updating, or using a map, the required skill level of map users (from novice maps
to expert maps), the size of the map (10 entries vs. 10,000 entries), and the medium
of the map (i.e., paper, poster, or digital).

Having presented different possible classification principles and resulting typolo-
gies, we can now combine the most relevant ones into a matching matrix that can
serve as a first, generic selection guide for knowledge maps (that evidently requires
adaptation for specific application contexts). For this matrix, we chose the use of
the knowledge map in knowledge management (the knowledge management pro-
cess) as the dominant feature, as well as the format of the map and the level and
content type of the map (the former two as table axes, the later two as table entries).
These are considered to be the most relevant dimensions as they guide the actual
implementation process; knowledge content needs to be adequately represented in
a graphic format for a particular knowledge management process at a certain level.
In this sense, the following matrix can serve as a starting point and discussion tem-
plate for a deliberation on which kind of knowledge map may be useful for a given
knowledge management process or challenge.

The table represents the following reasoning (along seven KM processes). For the
creation of new knowledge, knowledge maps can help in the generation of new con-
cepts by representing emerging topics in cartographic maps, in diagrams, or through
visual metaphors (as well as through sketching not included in this classification).
While tables could be used in this phase, they might not represent a rich enough
structure to uncover new insights or elaborate concepts; they could, however, be used
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to highlight the possible combination of skills or concepts. To assess the knowledge
of experts, groups, or departments, one can employ (as in one example listed in this
article) simple tables. Cartographic maps cannot (because of their loose structure)
be easily used for ratings. Diagrams, such as matrices, however, can provide visual
ratings easily. Visual metaphors, finally, may be too playful and open for the task of
rating knowledge assets. To easily identify knowledge, tables usually do not provide
a concise overview. Cartographic, diagrammatic, or metaphoric maps can provide
richer means of overview in this case. In order to develop new knowledge or acquire
new knowledge through learning, one can rely on the didactic power of cartographic
learning maps (suchas trail maps outlining learning steps), diagrams (such as concept

Table 3. A possible matching matrix for knowledge map parameters

K Map Format | Table Il Diagrammatic 111 Cartographic 1V Metaphoric

Knowledge Management | Format | Format Format Format

Process/Purpose:

1. Creation of m,l,c m,l,c m,l,c
Knowledge 13 13 13

2. Assessmentor Audit | e, f,s e f,s
of Knowledge 15 15

3. Identification of m, e m,e, f fe f m, e, f
Knowledge 14 1.7 1.7 17

4. Development of M,S, C m,s, c m,s, c
Knowledge 17 1.7 1.7

5. Sharing, Transferring, | m m,l,cs f m,l,c s m,l,c, s
ﬁ‘r’l?wr'::g;at'on of 1oy 2.7 2.7 2.7

6.  Application of m, I, s m, 1, s m, I, s m, 1, s
Knowledge 17 17 17 1.7

7. Marketing of m,ec,s m,ec,s m,ec,s
Knowledge 4.7 4.7 47

Note. Knowledge Map Content Types:

m = methods (procedural knowledge, know-how)

€ = experts, organizations, groups, institutions and so forth. (know-who, knowledge carriers or sources)
| = lessons learned, and experiences (know-why)

¢ = concepts (declarative knowledge, know-what)

f=flows or relationships (i.e., communication flows, collaboration relations)

s = skills and competencies (i.e., capability maturity levels, expertise levels, core competencies, etc.)
Application Levels: 1= personal = dyadic, 3= team, 4= dept., 5. = community, 6 = org., 7. network
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maps or mind maps), or metaphoric maps that convey additional insights about the
content, or relate what is new to what is already known. This reasoning is equally
applicable to knowledge sharing maps, although in this case, tables may provide
a simple format to share or communicate the main steps of a method. The use or
application of knowledge can be supported by any of the above means: through
tables outlining sequential action steps and corresponding documents, concepts or
experts, as well as through cartographic trail maps, diagrammatic process maps, or
metaphoric depictions (i.e., a ladder or a road) that show how to accomplish a goal
by referencing concepts, documents, or experts. For the final knowledge manage-
ment task examined in this chapter, namely knowledge marketing, the attention
of the target group is a crucial element. In order to draw the attention of potential
clients to an organization’s methods, experts, concepts, or skills, novel, original, and
even surprising ways of representing the offered knowledge need to be employed.
Hence the table format may prove not to be attractive enough. There is, however, a
trade-off between map novelty and clarity that has to be managed.*

In this way the application parameters for a specific knowledge map can be system-
atically gathered for a specific application context. The reasoning outlined above
may, however, have to be adapted for specific application contexts. Depending on
the parameters defined in a knowledge strategy (such as knowledge management
processes, levels, or types of knowledge), the classification attributes may be adapted
accordingly.

Application Examples

To illustrate key types from these classifications, we provide real-life, interactive
online knowledge map examples in this section. In terms of purposes, the examples
include knowledge assessment, application, identification, marketing, and acquisi-
tion maps. In terms of content, they refer to experts, tools and methods, documents,
institutions, concepts, applications, and Web sites.

The maps range from the departmental to the interorganizational level. None of the
examples are automatically generated maps. As mentioned by Vail (1999), employ-
ing automatic mapping techniques (such as e-mail traffic or questionnaire-based
social network analysis software) foregoes the chance of using the collaborative
mapping process itself asacommunicative sense-making and identity- or consensus-
building process for the involved communities of practice. The knowledge maps
that are depicted in Figures 3, 4, and 7 can be viewed and explored interactively at
http://www.unisi.ch/knowledgedomainmap.htm.

Table 4 compares these seven examples in terms of their main parameters in order
to illustrate the represented spectrum of knowledge maps applied in our projects.
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The table reveals that several of the combinations from the matching table have
been implemented, but that there may be many other feasible combinations that
are still left to explore and that may provide tangible benefits for current and future
knowledge management challenges. Some of these challenges are discussed in the
following conclusion.

Figure 2. A table-based departmental knowledge assessment map of an IT consul-
tancy

Staff ERP CRM Intranet Technolagy LMS SPSS
Aesch, Felix L] |:| l:l
?Bmar. Andreas ] L]
Srenner, Otio |:’ L]
Deller, Max L] [
Ehrler, Andi ]
3 Gross, Pera l:' = D [il |§|
Ister, Tanja ] El
) F &

praclice leader size visualises lavel of experience

Figure 3. A diagrammatic, knowledge application map of medium-sized market
research firm (Eppler, 2003)
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Figure 4. An institution-centred diagrammatic knowledge identification map visual-
izing researchers in the area of e-learning

Figure 5. A Venn diagram-based knowledge identification map listing and structur-
ing institutions that have expertise in the area of health communication

Health

Communication
Research

Institutions

Institutes
from related
Areas

Public
Health
Institutions
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Figure 6. A metro-style knowledge identification map documenting the experiences,
experts, and documents of a three year project (Eppler, 2003)
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Figure 7. An animated, cartographic knowledge development map (learning path
or file rouge map) from the www.swissling.ch project (Armani & Rocci, 2003)
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Figure 8. Ametaphoric knowledge identification map of a European Research Center
(EJO = European Journalism Observatory)
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Table 4. A comparison among the seven maps using the parameters of the clas-

sification
KM Process Map Format | Map Mapping Level Main Benefits Industry
Content Context
1.Knowledge Table: domain | Experts Department Training Telecom
Assessment by expert planning, staff
allocation
2. Knowledge Diagram: Methods Organization Allocation of Market
Application cycle chart methods and Research &
and Knowledge tools along a Consulting
Marketing business process,
documentation
3.Knowledge Diagram: Experts Interorganizational | Highlighting University/
Identification concentric experts and Research &
circles contacts Development
4. Knowledge Diagram: Institutions | Interorganizational Highlighting University/
Identification Venn diagram experts and Research &
contacts, Development
fostering domain
understanding

continued on following page
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KM Process Map Map Content | Mapping Level | Main Benefits Industry
Format Context
5.Knowledge Carto- Experts, Inter- documentation Corporate-
Identification graphic: documents, organizational of knowledge University
under- applications, during a project | Collaboration
ground map Web sites,
databases,
publications
6. Knowledge | Carto- Concepts, Inter- Building University/
Development graphic: learning organizational knowledge e-learning
island map content/ about linguistic
modules theories through
an overview and
sequence
7. Knowledge Metaphor: Experts Inter- Identifying University-
Identification bridge organizational experts and Practice
contacts in a Collaboration
research domain
Conclusion

Sapientis est ordinare. It is the function of the wise man to order.

ARISTOTLE

In this chapter, we have made first steps towards a pragmatic—that is to say consistent
and useful—taxonomy of knowledge maps that can be used in devising knowledge
management solutions. Our approach has been based on rules and guidelines of
high quality classifications. As a main contribution, we have shown various ways in
which knowledge maps can be classified. The benefit of such multiple classification
principles lies in sensitizing managers and researchers for the application param-
eters and requirements of different knowledge maps formats. We have proposed a
tentative matching table that suggests how different map formats can be used for
different purposes and contents. The lack of empirical validation of this matching is
a weakness of this chapter, although the template was presented as a generic start-
ing point for application discussions, rather than a final result. Subsequent research
should nevertheless demonstrate through evaluation studies whether this matching
is indeed correct and under what circumstances.

Afurther open research question regards the development of prototypes for some of
the stipulated map types in different industry settings, including follow-up evalu-
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ations. Related to this question is another research endeavour, namely to match
knowledge map types with adequate information technology applications.? A final
open research route in this rich domain of inquiry concerns trade-offs among map
types present in the classification. While some knowledge map formats (such as
manually developed metaphoric expert identification maps or diagrammatic knowl-
edge structure maps) may be useful for communication purposes, they may not be
highly scaleable or easily maintainable. Identifying and analyzing such application
trade-offs in knowledge map types seems like a highly relevant future research area,
particularly in order to match generic knowledge strategies with fitting knowledge
map formats.

In conclusion, it thus seems that we have only begun to chart this intriguing research
territory in the knowledge management domain. There are many other feasible
visual strategies to improve the creation, transfer, application, or codification of
knowledge in organizations that are still to be discovered, developed, tried out,
and implemented.
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Internet Session: Visual-literacy.org — An Interactive
Course on Knowledge Visualization

http://www.visual-literacy.org

This site offers an interactive overview on more than a hundred visual methods that
can be used to represent knowledge graphically. It also hosts two demo tutorials on
visualization for knowledge management.

Interaction:

Correctly allocate visual formats to their application context. Rate examples of
knowledge maps. Explore a periodic table of visualization methods. Find other
real-life examples of the discussed formats online using Google or Alltheweb im-
age search.

Useful URLSs

1. Let’s Focus: A Tool to Generate Knowledge Maps , http://www.lets-focus.
com

2. Inspiration: ATool to Create Lively Knowledge Maps: http://www.inspiration.
com

3.  Examples of Academic Knowledge Maps: http://www.unisi.ch/knowledgedo-
mainmap.htm

4.  AlLarge Term-Oriented Knowledge Map Example: http://www.cognitiveover-
load.com/kmap.php

Further Readings

Eppler, M. (2006). Managing information quality (2" ed.). Springer.

Sparrow, J. (1998). The role of physical representations in knowledge elicitation.
Knowledge in organizations (pp. 51-78). Thousand Oaks: Sage.

Wurman, R.S. (1996). Information architects. Graphis Press. (includes a great pro-
cedural knowledge map from Roche’s new product approval process)
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Endnotes

! Chillimind (www.chillimind.de), a mobile commerce company, has marketed
its skills through an imaginative cartographic map of mobile commerce con-
cepts. Upon first glance, the map seems to depict an island. Only upon close
observation can one detect that it is actually a jostle of key technologies,
business models, and technical terms from the realm of mobile business. The
same holds true for KLM’s map for its alliance partners, outlining its partner-
ing strategy.

2 So far, we have used the following IT applications to manually create (which
implies maintainability issues) online interactive knowledge maps: www. lets-
focus.com, www.inspiration.com, www.visio.com, and www.mindmanager.
com. There are, however, also tools available that can automatically generate
knowledge maps, such as the solutions of Aurigin, Autonomy, or Semio, to
name but three suppliers.
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Chapter V

Knowledge Engines for
Critical Decision Support

Richard M. Adler, DecisionPath, Inc., USA

Abstract

Current knowledge capture and retention techniques tend to codify “what-is”” and
“whoknows’ more effectively than “how-to.”” Unfortunately, “how-to’” knowledge is
more directly actionable and indispensable for critical organizational activities such
as strategic analysis and decision making. Knowledge management (KM) theorists
often despair over “how-to” expertise as a form of tacit knowledge that is difficult
to articulate, much less transfer. We argue that tacit strategic performance-based
knowledge can often be captured and deployed effectively via frameworks that com-
bine scenario planning methods with ““what-if”” simulation. The key challenges are
two-fold: (1) modeling complex situational contexts, including known behavioral
dynamics; and (2) enabling knowledge workers to manipulate such models interac-
tively, to safely practice situational analysis and decision making, and learn from
virtual rather real mistakes. We illustrate our approach with example knowledge-
based decision support solutions and provide pointers to related literature.
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Introduction

Knowledge management (KM) targets the capture, codification, and dissemination of
knowledge across organizations to enhance value. In effect, KM aims to productize
and distribute knowledge as an explicit asset.

Knowledge capture and transfer across organizations can be accomplished by direct
person-to-person interactions. Examples include training, mentoring, discussions, and
other meetings. Knowledge can also be transferred indirectly, mediated by software
applications and communication technologies. Examples include passive systems
such as knowledge repositories, interactive applications such as expert systems and
intelligent search engines, and systems that coordinate collective interaction such
as collaborative workgroup spaces.

Within the framework of this book, these two approaches— call them personaliza-
tion and codification—delineate a spectrum of strategies for managing knowledge.
Organizations generally favor one strategy or the other to manage knowledge, driven
by affinities with their overall business model and competitive strategy, although
they often use the other in supporting roles (Hansen, Nohria, & Tierney, 1999).

This chapter introduces a methodology and supporting knowledge “engine” for
productizing and distributing performance-based knowledge. We specifically target
bodies of expertise required to perform strategic analysis and decision making as
exemplified by the following kinds of critical questions: What products and services
should we offer? With whom should we partner and how? How can we best defend
against adversaries and prepare for disasters? Where should we invest to improve
our strategic positioning for the future?

The knowledge that enables strategic reasoning is widely viewed, correctly, as
tacit content that is difficult to articulate, codify, and transfer. KM literature pays
relatively little attention to this kind of high-level, open-ended knowledge, despite
its obvious importance to organizational performance, growth, and security over
the long term. Consequently, strategic performance knowledge is often omitted
from formal knowledge strategies, or “managed,” at best, by defaulting to ad hoc
personalization transfer methods, since its capture in documents or less inert digital
forms seems problematic.

Contrary to this conventional wisdom, this chapter argues for a codification strat-
egy for explicitly managing organizational knowledge about strategic analysis
and decision making. We describe a generalized methodology and architecture for
capturing and packaging knowledge about strategic reasoning in rich interactive
software engines. These engines enable retention and sharing/dissemination of
critical strategic performance knowledge at levels that are not possible from direct
person-to-person transfer strategies.
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Our knowledge engine architecture consists of a software platform that supports
interactive modeling, “what-if” simulation, and analysis of complex situations
and decisions. This platform provides tools for capturing and deploying strategic
knowledge tailored to specific domains (e.g., the pharmaceutical industry, homeland
security) and types of critical problems (e.g., competitive marketing strategy, change
management, critical infrastructure preparedness). We describe a supporting model-
ing and decision-making methodology derived from scenario planning to help users
apply the codified domain knowledge to solve their strategic problems.

We call the resulting knowledge-based solutions virtual decision environments
(VDEs). VDE essentially provide low risk virtual “test drives,” helping knowledge
workers frame, explore, and compare alternate analyses, policies, strategies, or
plans involving complex environments and extended time frames. The benefits of
performance-based knowledge systems for strategic decision support include:

. Codifying, retaining, and maintaining best practices decision-making exper-
tise

*  Providing organization-wide availability to this expertise in actionable form

. Reducing exposure to risk (from unintended consequences)

. Improving uniformity, confidence, and consistency in critical decisions

Establishing baselines to drive continuous improvement in decision pro-
cesses

This chapter addresses the following objectives:

—_—

Define performance-based knowledge systems for critical decision support
(VDEs)

Illustrate VDE concepts viaexample decision support solutions in the disparate
domains of competitive marketing strategy and change management

no

3. Compare and contrast VDEs with other types of knowledge products, such as
knowledge repositories, expert, and case-based reasoning systems

4.  Describe the methodology and architecture of a generalized software platform
for domain-specific VDEs

Figure 1 depicts a summary topical framework for understanding this chapter.
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Figure 1. Summary framework for chapter
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Background

The KM literature has long distinguished between explicit and tacit knowledge
(Davenport & Prusak, 1998, Gherardi, 2006; HBR, 1998, Sackman, 1992; Zack,
1999). Broadly speaking, tacit knowledge encompasses open-ended “how-to” skills
that workers learn over extended periods of time though experience and practice.
Tacitknowledge tends to be complex and difficult to articulate, document, and teach.
In contrast, explicit knowledge, which broadly encompasses “what-is” and “who
knows,” tends to be simpler and easier to capture and transfer.

Moving beyond definitions, consensus breaks down on what can and should be done
to manage tacit knowledge. Some authors (e.g., Polyani, 1962; Tsoukas, 2005) take
the pessimistic stance that tacit knowledge is inherently “situated” and “ineffable”
and hence, not overtly manageable; at best, it can be observed in the process of
being applied to specific work tasks. More optimistic KM writers suggest various
ways that tacit knowledge can be converted to explicit knowledge (Nonaka, 1991;
Nonaka & Takeuchi, 1995) or otherwise transferred across individuals within an
organization (Ambrosini, 2003; Brown & Duguid, 1998; Bukowitz & Williams,
1999; Choo, 2006; Dixon, 2000; Roth & Kleiner, 1998; Wieck, 1995). The most
plausible transfer models include variations on narrative storytelling and immersion
(i.e., extended contact with experts).

One must look to the field of artificial intelligence (Al) for concerted development
of generalized methodologies and software frameworks for capturing and packaging

Copyright © 2008, 1GI Global. Copying or distributing in print or electronic forms without written permission
of IGI Global is prohibited.



Knowledge Engines for Critical Decision Support 147

tacit knowledge. The most relevant approaches here include expert systems (Baets,
1998; Gupta, Forgionne, & Mora 2006; Hayes-Roth, Waterman, & Lenat, 1983;
Turban, 1988) and case-based reasoning (CBR) systems (Kolodner, 1993), which
will be discussed later.

Equally important, Al researchers developed a rich set of techniques, tools, and
representation scheme for extracting and codifying tacitknowledge and tools (Brach-
man & Levesque, 1985; Ford & Bradshaw, 1993; Shapiro, 1992). Most notably,
protocol analysis employs structured interviews to elicit “compiled” knowledge
from experts as they work through specific problems (Ericsson & Simon, 1984). Al
knowledge acquisition techniques were adapted, in turn, from methods developed
for field sociology and linguistics (Egan, 1983; Samarin, 1967).

The literature on strategic decision making is voluminous. We restrict mention here
to several representative frameworks for managing long-term uncertainty across
business and military domains (Courtenay, Kirkland, & Viguerie, 1997; Davis,
2001; Day & Reibstein, 1997; De Geus, 1988; Gilad, 2006; Porter, 1980; Russo &
Schoemaker, 2001; Schoemaker, 2002).

Our VDE platform synthesizes work from three research areas. Our primary inspira-
tion derives from organic, experience-based theories of organizational learning (De
Geus, 1997; Senge, 1990). Second, we adopted—and extended—scenario planning
as a disciplined methodology for characterizing complex situations over strategic
time frames (Schwartz, 1991; Schoemaker, 2002; van der Heiden, 1996). Third, we
heavily exploited established modeling and simulation techniques for decision sup-
port (Schoemaker, 2002; Legna et al., 2006, Wagner, 2006). Specific sources here
include rule- and case-based reasoning systems (Hayes-Roth et al., 1983), system
dynamics (Senge, 1990; Sterman, 2000), stochastic (Monte Carlo) methods (Fish-
man, 1996); game theory (Axelrod, 1997), and agent-based and complex adaptive
systems (Auyang, 1998; Epstein & Axtell, 1996; Holland, 1995; Langton, 1995;
Waldrop, 1992).

Finally, we distinguish VVDEs from so-called electronic performance support systems
(Brown, 1996; Gery, 1991). These systems focus largely on workflow automation
and enabling work that is much less knowledge and skill intensive than strategic
problem solving. An advanced variant, just-in-time knowledge delivery (Davenport
& Glaser, 2002) proposes a more intelligent infrastructure, but a much less interac-
tive application of knowledge to perform work than VVDEs.

Virtual Decision Environments (VDES)

A test drive offers consumers a simple and effective means of experiencing what it
is like to own and operate vehicles prior to purchasing them. As such, a test drive
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reduces risks (of errors and unhappiness), thereby facilitating considered purchase
decisions. Analogously, a VDE helps organizations experience the consequences
of prospective critical decisions before executing them. In essence, a VDE helps
organizations practice making decisions safely and learn from inevitable mistakes
such as unintended consequences. VDEs reduce exposure to risk through more
thoroughly considered decisions and smoother execution.

Specifically, a VDE provides a framework for characterizing complex strategic
situations, framing prospective interventions, and evaluating the relative strengths
and weaknesses of those candidate strategies. Evaluations are driven by “what-if”
simulations: given an assumed plausible future in which the world evolves along
path X, VDEs project the likely outcome for an organization (and other relevant
parties) of executing candidate strategy Y. VDEs also incorporate analytic tools for
exploring projected outcomes: users compare projected values of domain-specific
performance metrics to assess the relative strengths and weaknesses of alternate
strategies.

VDEs are quintessential knowledge-based products. They provide users with ac-
tionable frameworks for modeling and analyzing complex situations and decisions.
Such frameworks embody previously tacitknowledge of expert strategists in specific
domains, such as the pharmaceutical industry, or cross-domain types of decisions,
such as managing organizational change or portfolios (e.g., of information technol-
ogy or security assets and investments).

The domain metamodel grounding a VDE embodies prescriptive knowledge; it
identifies what kinds of information must be collected in order to characterize
complex situations and decisions effectively, and how best to represent those data.
VDE metamodels also dictate (implicitly, by omission), what information is not
necessary. In today’s data saturated world of vast repositories and the World Wide
Web, such exclusions are highly valuable; they save substantial time, cost, and effort
to identify, gather, validate, maintain, and apply information that is not germane or
critical to a decision outcome (as per expert opinion).

Building upon situational models, VDE simulation frameworks provide an explicit
actionable methodology for decision support. Once users characterize their situ-
ational context for a pending decision, the VDE supports the following sequences
of tasks:

. Framing a set of plausible futures (i.e., assumptions that define alternate paths
along which current situations are expected to evolve).

. Formulating candidate strategies for intervening to shape those futures to better
align with organizational goals and objectives.

*  Projecting the likely outcomes of alternate strategies across the possible fu-
tures.
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*  Analyzingand comparing projected outcomes to identify the candidate strategy
that produces the best outcomes across target scenarios.

This heuristic methodology leads to robust decisions in real world strategic situa-
tions where exact knowledge, closed-form analytic methods and “optimal” solutions
are seldom available. Robustness in this context means that a strategy leaves the
organization well-situated despite imperfect knowledge of, and control over, both
the present and future.

In short, VDEs provide true knowledge-based decision support, which we define
as methods that actively enable and enhance decision-making processes. In this
respect, VDESs stand in clear contrast with business intelligence (BI) tools such as
datawarehouses and executive dashboards. Bl systems deliver, at best, timely access
to current status, historical performance, and possibly limited trending (assuming
limited kinds of change). That is, Bl drives situational awareness. While situational
awareness is clearly a critical prerequisite, it constitutes a passive input rather than
an active enabler to sound decision-making processes.

Finally, the world is rarely static after strategic decisions have been made. Environ-
ments continue their inexorable change, while interested parties, both internal and
external, react to those changes and to the results of one’s strategy as it is executed.
VDEs support active monitoring and management of these latter phases of strategic
decision “lifecycles;” organizations can periodically update initial scenarios to re-
flect currently available knowledge, and apply VDEs to reproject and reassess the
chosen decision. In this sense-and-response mode, a VDE revalidates the chosen
decision if it continues to produce attractive outcomes across updated scenarios.
If outcomes are not favorable, the VDE serves as an early warning system, help-
ing users to isolate divergences from earlier assumptions and to adapt (or replace)
strategies to address emerging problems.

Example VDE Solutions

To illustrate the concept of a VDE, we describe two representative decision support
systems (DSS). Each description highlights four features of a VDE:

The strategic problem of interest and deficiencies of existing approaches
The ontology of the domain decision model
The dominant situational dynamics

M w =

Analytic outputs-key performance metrics
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Both systems were implemented using our VDE platform, using knowledge acquisi-
tion techniques noted in the second section, along with design methods specific to
our platform. Principals from two management consulting firms, Strategic Decisions
Group and D.J. Koehn Consulting, supplied relevant domain expertise for competi-
tive drug marketing strategy (CDMS) and change, adaptation, and learning model
(CALM) VDEs, respectively.

Competitive Drug Marketing Strategy (CDMS)

After development costs, the second largest expense for pharmaceutical companies is
marketing and selling new drugs. Challenges include competition, declining returns
on marketing to doctors, uncertain returns from consumer advertising, price resis-
tance, and the shifting roles of consumers and physicians in buying decisions.

Many mathematical techniques exist for “optimizing” the mix of investments across
marketing channels to grow market share. Unfortunately, these methods generally
assume that strategies are executed in a world that is either static or dynamic, but
not adaptive. In reality, competitors quickly detect your strategy’s success and
modify their spending to counter your initiatives. Failing to anticipate the realities
of dynamic competition and adaptive counter-moves exposes organizations to seri-
ous risks such as wasted spending or destructive price wars.

Figure 2. CDMS VDE ontology
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Our CDMS VDE allows companies to model their drug (or drugs), the market in
which it competes, and prospective marketing mixes. It also exploits a drug com-
pany’s available business intelligence about how competitors respond to perceived
market changes.

The domain model for the CDMS VDE includes the following entity types: scenario,
economy, market, drug company, drug, strategy, and event. Markets depict the current
and potential target population for a class of drugs used to treat one or more medical
conditions. An example would be the U.S. market for proton pump inhibitor drugs
(e.g., Prevacid and Nexium), which are used to treat gastrointestinal disorders such
as acid reflux disease. Key attributes for drugs include order of market entry, time
on the market, price per prescription, branded vs. generic, number of adverse side
effects, and costs to produce. This ontology is depicted in Figure 2. Indents can be
interpreted as “contains” or “owns.”

Users specify candidate drug marketing strategies by specifying current drug prices
and spend rates in marketing channels (in $MM/month), and planned schedules for
changing prices and spend rates. Channels include direct to consumer (DTC) ads,
detailing and sampling to physicians, and payer rebates. Next, adaptive behaviors of
competitors are captured via declarative stimulus response rules. A simple example
follows: If Company-X’s market-share declines by Y% over N months, THEN (ex-
pect them) to increase DTC spending by Z% over 3 months. Users can also inject
potential disruptive events into scenarios, such as mergers of competitors or changes
in government drug payment policies 6 months hence.

The CDMS VDE simulates the likely outcomes of prospective marketing strategies
under different scenarios of market growth and competitor responses in two phases.
First, it projects market growth and changes in market share from market, drug, and
drug strategy inputs using a predictive model derived from historical market data
(Berndt, Bui, Reiley, & Urban, 1994). Next it applies the drug strategy decision
rules to model anticipated responses from competitors, the company of interest’s
counter-responses, and so on. These (meta)rules modify drug strategies for future
cycles and so on in a nondeterministic game theoretic simulation. Key performance
metrics include market share and complete drug financial projections, including
total revenue, net income before taxes, and net present value.

The CDMS VDE helps brand managers plan responses to market shifts expected
from drugs going off patent and the introduction of new branded or generic drugs
or events such as changes in regulation or government reimbursements. It can be
also be used to monitor and tune strategies on an ongoing basis as market conditions
change. Its unique contribution is to incorporate adaptive competitive behaviors
routinely observed in real world markets into strategic spend planning.
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Change, Adaptation, and Learning Model (CALM) VDE

Organizations often face transformational changes due to mergers, redesigned
business processes, or new enterprise software systems (Kotter, 1995). Such trans-
formations upset the status quo, causing employee uncertainty, fear, resistance, and
reduced focus and performance. Change management (CM) attempts to forestall
such disruptions through initiatives such as improving communications, modify-
ing workforce structures, and changing compensation schemes. Businesses spend
$50B on CM consulting annually, but report failure rates of over 70% (Pascale,
Millemann, & Gioja, 2000)!

Conventional CM methods focus tactically on specific impending changes, rather
than preparing strategically to face change on a continual basis. Standard CM prac-
tices also prescribe the kinds of mechanistic techniques used to manage projects
such as product development or systems integration. However, helping employees
cope with major work changes involves more than simply allocating resources and
careful scheduling; qualitative factors such as psychological, social, and cultural
dynamics must be addressed explicitly to ensure success.

Our CALM VDE for CM treats readiness to change as a persistent strategic issue
that requires an organic understanding of organizational dynamics and cognitive

Figure 3. CALM VDE ontology
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psychology to address effectively (Koehn & Adler, 2006). CALM allows users
to develop and test drive CM strategies. It does this by helping users to assess an
organization’s readiness to respond to change, identify a target readiness state likely
to ensure a successful transformation, define prospective transformation plans, and
project progress from the initial state towards that goal state under differentscenarios
about future conditions and alternate change enablement plans.

The CALM VDE’sontology includes scenarios, organizational units, changes, internal
and external forces, transformation plans, change initiatives, and events (cf. Figure
3). Change Initiatives depict the individual activities making up an organizational
strategy, such as targeted communication or training programs. Readiness to change
is assessed via a three-dimensional state space, whose axes measure infrastructure
capability, organizational and personal mindsets. Each dimension decomposes into
four to six metrics drawn from management theory, organizational, and cognitive
psychology. Example metrics include business process re-engineering capability,
infrastructure flexibility, leadership capacity to change, cultural alignment and
teaming, employee self-confidence, and emotional intelligence. These baselines
were selected for their coverage of change risk factors. Estimated values range
from 1 to 100.

CALM’s situational dynamics project the evolution of organizational readiness
over time under the influence of internal forces such as leadership and resources,
external forces such as economic conditions and competition, and a set of proposed
change initiatives making up a transformation plan. CALM’s goal is to help users
systematically devise and validate cost effective transformation plans thataddressall
of the metrics comprising the dimensions of change. Competing CM theories have
focused (until very recently) predominantly on metrics relating to infrastructure,
which we believe accounts for the high failure rates for CM efforts. Key performance
metrics in CALM include the measures comprising the three change dimensions
plus standard business metrics such as profitability and competitiveness.

CALM dynamics are based predominantly on system dynamics principles, which
are implemented using declarative causal “rules.” Environmental forces have a
magnitude. Rules trigger on magnitude changes, inducing induce proportional
changes to readiness components on a scale of -5 to +5. For example, improved
leadership causes incremental improvements to organizational mindset factors (e.g.,
+1to + 3). Change initiatives within a proposed transformation plan have projected
schedules, costs, and similar causal effects on readiness metrics. The scale allows
users to explore not only the impacts of carrying out initiatives successfully (i.e.,
positive effect values), but also the consequences of failures. CALM’s causal rules
incorporate latencies and durations of effects, and feedback effects typical of system
dynamics, along with relative weights for tuning purposes.

CALM provides a library of predefined forces and change initiatives to expedite
scenario and transformation plan construction. CM practitioners using CALM can
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alter library entities’ predefined assignments of causal influences by experts to fit
their particular organization, industry, and transformation. In addition, users can
add custom metrics to the dimensions of change and assign them causal effects.
Finally, as with the CMDS VDE, CALM can be used not simply to define and vali-
date change strategies in advance, but also through the execution lifecycle of that
plan, to monitor results and adapt chosen strategies as necessary. This is obviously
important given that organizational environments inevitably evolve and stakeholders
change their behaviors after the point of decision.

To the best of our knowledge, CALM is the first VDE/DSS to explicitly explore the
dynamics of organizations using organic “new science” paradigms.

VDEs Compared with Other (Intelligent) Decision
Support Systems

VDEs package strategic analytic expertise as a shareable best practices knowledge
product. How does VDE packaging compare with alternate knowledge products
such as repositories, expert, and CBR systems?

Repositories capture knowledge products that can be shared across organizations
to improve productivity of knowledge workers and quality and consistency of their
outputs. Organizational repositories include, variously: templates, in-progress, and
completed work products (e.g., proposals, case studies, reports, designs, and soft-
ware components); competitive intelligence; work instructions and process recipes;
decision or practice guidelines; and lessons learned from after action reviews.

Repository products may be annotated with metadata to facilitate search. They may
be coupled with a community of practice (COP) through groupware systems to
facilitate discussion and capture dialog of common interest. A repository contain-
ing a single knowledge product, such as a documented best practice, can deliver
substantial value to users (Wenger, 1998).

Knowledge repositories are largely passive and inert, in that users must take full
initiative to search for content, evaluate it for their purposes, and apply it to meet
their needs. For example, lessons learned for military decision support report on
what did and did not work (and why) in particular situations, recommend courses
of action, and perhaps supply context-dependent dos and don’ts. However, user
judgment is required to determine which lessons are relevant and how to adapt
them to the present situation.

Repositories may be enhanced via workflow engines, which automate standardized
processes that facilitate and guide the production, refinement, annotation, and certifi-
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cation of knowledge products. Repository engines primarily perform search as they
help locate relevant resources based on keywords specifying needs or interests.

Expert systems, in contrast, are more highly engineered and automated knowledge
products. They typically consist of a collection of conditional (if-then) rules that
codify specialized bodies of performance expertise such as medical diagnosis or
configuration planning for complex systems. Decision making is automated by a
rules engine, which prompts users for situational data via a series of questions,
which are determined dynamically by data-driven algorithms traversing the rule
base. Upon completing its interrogation and reasoning, the expert system produces
an answer, such as a diagnosis or recommended plan. Conclusions are typically
justified or explained via a trace of the sequence of rules that were fired during the
session. Expert systems require a critical mass of rules to deliver value.

Despite their promise and often impressive performance, expert systems never
achieved widespread adoption, hampered by the high costs and level of effort
required to build, validate, and maintain them. Rule-based systems are used most
commonlytoday in tactical rather than strategic settings to maintain and automatically
apply operational business logic such as criteria or constraints. Examples include
approving loans or insurance policies, configuring equipment, or avoiding adverse
interactions from combining prescription drugs.

CBR systemsessentially retrieve solutions from arepository of previously encountered
problems and proven strategies for resolving them. CBR knowledge architectures
revolve around defining salient sets of attributes for precedent situations and solu-
tions (i.e., past cases or “frames”) and populating a knowledge base with a suitably
rich set of precedent situations and responses. CBR systems incorporate two kinds
of knowledge engines: (a) interactive intelligent search facilities to identify cases
and strategies that resemble the user’s present problem; and (b) automated logic to
adapt selected solutions to reflect material differences between the user’s situation
and the selected case(s). Common CBE applications include intelligent assistance
for call center personnel, design, and planning.

VDEs differ from expert or CBR systems primarily with respect to target problems
and how they allocate knowledge and reasoning responsibilities between system and
user. Like CBR systems, VDEs capture expert knowledge in the form of predefined
frameworks (i.e., domain-specific “metamodels™) designed to capture available
knowledge about target situational contexts and candidate decisions. Also, much
as expert and CBR systems codify and automate tacit reasoning such as diagnosing
problems or adapting plans, VDEs codify situational dynamics and apply them to
project the evolution of situations given assumptions about the future and prospec-
tive intervention strategies.

However, expert and CBR systems generally target problems that are either static
or involve time only weakly (e.g., manipulating constraints for sequencing a set of
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actions). In contrast, the automated reasoning performed by VDEs focuses predomi-
nantly on projecting situational changes over time, driven, variously, by interacting
environmental forces, trends, and events. Mostimportantly, advanced VDEs explicitly
reason about adaptive (and goal-driven) behaviors of key actors as they sense and
respond to their evolving environment and to each other’s actions.

Strategic decision making is, for the most part, sufficiently open-ended and complex
to preclude closed-form analytic solutions or automated intelligent-constructive
problem solving. Accordingly, current VDEs do not aim to devise and validate solu-
tions autonomously as do expert and CBR systems; rather, they enable and enhance
strategic decision-making processes. As such, they offer knowledge-based decision
support rather than decision making.

Thus, VDEs presuppose end-users that are competent but likely nonexpert practi-
tioners in the chosen domain. Users must be able to characterize complex situations
and devise strategies, albeit supported by domain metamodels and libraries of pre-
defined and validated building blocks. They must also possess judgment and analytic
capabilities to interpret and evaluate outcomes by VDE simulation engines (or be
capable of being trained to do so). The potential user bases for VDEs are typically
much smaller than those for expert and CBR systems, but one would anticipate this
on a priori grounds given the innate complexity of strategic thinking.

In short, current VDESs package and deploy best practices strategic expertise in a
highly interactive format; they enhance and standardize performance by qualified
knowledge workers in highly complex tasks, rather than automating less complex
tasks.

Architecture of a VDE (Platform)

ForeTell® is a generalized platform for rapidly developing and deploying domain-
specific VDEs such as the two examples described above. We describe ForeTell’s
decision-support methodology and then briefly review the modeling, simulation,
and analysis frameworks and supporting graphical user interfaces (GUISs) it supplies
for domain-specific VDEs. The details of ForeTell’s tools for developing new VDEs
lie beyond the scope of this discussion.

ForeTell embodies and extends scenario planning, the leading methodology for
thinking strategically aboutthe future. Scenario planning helps organizations prepare
for critical decisions in highly uncertain and risk-intensive environments, typically
over years or decades. The technique was developed to support U.S. nuclear de-
fense strategists during the Cold War, and later refined for commercial use by oil
industry strategists.
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Traditional scenario planning employs facilitated discussions among leaders and
experts to identify the major forces driving the evolution of a target market (or so-
ciety). These forces are divided into relatively predictable trends and more volatile
uncertainties. The dominant uncertainties are projected to extremes (e.g., intensive
vs. limited regulation) and combined to frame alternate futures. The resulting
schematic futures are fleshed out using the remaining trends and uncertainties into
vivid scenarios that depict key actors, their strategic positions, and the prevailing
situational dynamics. Decision makers can then use these results as baselines or
targets for developing strategies to influence or respond to those scenarios for their
organizations’ advantage.

For example, oil companies use scenario planning to anticipate future energy needs,
price structures, and sociopolitical environments. They then plan long-term invest-
ments in energy assets, production technologies, and business models in order to
increase their likelihood of continued growth. Scenario planners at Royal Dutch
Shell actually anticipated the emergence of a Middle-East oil cartel, and positioned
their company successfully for the upheavals caused by OPEC. Similarly, military
strategists use scenario planning to help envisage future threats and alliances, and
then plan force structures and weapons and logistics systems to respond appropri-
ately. Despite its recognized value, scenario planning is not applied very broadly,
for two key reasons: difficulty and generality.

First, developing effective scenarios requires considerable knowledge and experi-
ence to focus on the issues of direct relevance while maintaining receptivity to the
unexpected. Because scenarios are so difficult to craft, organizations typically bring
in outside consultants to drive these exercises. Equally important, organizations
rarely revisit and update scenarios more frequently than every five years because
the process is costly, time consuming, and arduous.

Second scenarios paint possible futures rather broadly; they tend to focus on general
populations of market players rather than specific ones, except the most prominent
actors (e.g.,America, the FDA, industry giants). In addition, the dynamics of scenarios
are depicted with coarse granularity for obvious reasons. Imagine playing extended
chessgamesthat involve hundreds of distinct pieces, positions, and allowable moves.
Human beings are not very adept at thinking about combinations of complex forces
and player behaviors over time, a cognitive limitation that contributes strongly to
the law of unintended consequences.

Serious drawbacks result from scenario planning’s “50,000 foot” perspective. First,
scenarios are not “personalized”: they generally cannot answer the first obvious
question that decision makers ask, which is, “What will WE (and our stakeholders)
look like in this possible future?”

Second, scenarios are passive: they do not help assess HOW proposed interventions
such as plans, investments, or strategies will perform. (This follows, in part, from
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the first problem: if actors of interest are not depicted explicitly, their prospective
actions cannotbe either.) However, anticipating outcomes of prospective strategies is
precisely what is required to answer decision makers’ second key question, namely,
“What can we do to position ourselves for success in this future?”

In short, traditional scenario planning focuses on envisaging alternate futures rather
than defining and weighing strategic responses to them. While this produces a valuable
front-end framework for decision making, it provides little support for the process
of formulating actionable strategies and validating them across scenarios.

ForeTell extends scenario planning with modeling, “what-if” simulation, and analy-
sis software tools. In essence, ForeTell’s domain modeling framework personalizes
traditional scenarios by allowing users to populate them with specific actors of
interest, including their own organization and key stakeholders. It makes scenario
planning actionable by allowing users to explore and compare detailed projected
outcomes of prospective strategies across alternate plausible futures.

ForeTell mitigates the difficulties of developing scenarios in two ways. First, it
supports metamodels that codify experts’ domain-specific frameworks—static and
dynamic—for characterizing strategic situations. Second, it supports domain-specific
libraries of predefined building blocks which users can select and populate or adapt
to rapidly construct desired scenarios. These building blocks consist of templates
and specific (reusable) entities of interest. Templates consist of object classes that
depict relevant entity types, such as locations or other environmental “containers,”
goal-driven actors (individual and organizational), forces and events, and prospec-
tive strategies or actions. Entity templates define relevant descriptive attributes and
relationships, including performance metrics whose values enable users to evaluate
projected outcomes with respect to strengths and weaknesses.

Forexample, consider amanufacturer facing strategic production capacity decisions.
Entity types include markets, manufacturers (including competitors), customers,
products, and suppliers. Situational forces include: internal and industry-wide capac-
ity, cost structures, and productivity rates; demand; regulatory and trade policies;
and general economic conditions. Key metrics might include capital investment,
production capacity, turnaround time, cost per unit, operating costs, return on in-
vestment, and net present value. Candidate strategies might include expanding (or
closing) existing plants, building new plants, acquisitions, outsourcing, or time-
phased combinations of these alternatives. Actor behaviors would include possible
responses by competitors to expansion (or contraction) strategies.

ForeTell’s Scenario Editor provides a GUI for creating, editing, browsing, and
maintaining scenarios. Users create scenarios by “snapping together” and editing
instances of desired entity types. Entities can be created from scratch, copied from
libraries, or imported from data files or external databases. Users inspect and edit
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attribute values via standard GUI controls such as text boxes, sliders, lists, and
tables. Users can also annotate individual attribute values with metadata to facilitate
scenario maintenance, sharing, and “sense-making.” Metadata includes comments,
sources, and tags indicating fact vs. assumption and certainty level. To facilitate
“what-if” analyses, complete scenarios can be copied in their entirety; copies of a
baseline version can then be edited selectively to quickly define variant strategies
or alternate assumptions about forces, trends, events, and actor behaviors.

ForeTell’s Simulation Engine projects the evolution of situations described in
scenarios, using domain-specific dynamics. Typically, dynamics are a mixture of
“hard-wired” and user-defined behaviors tailored for particular VDEs and decision
domains. Users can customize dynamics by adding entities with relevant dynamics
into their scenarios, such as forces, events, or strategies, and by editing exposed
parameters onsuch entities (e.g., magnitudes and rates of trends, relative importance
of factors to a decision rule). ForeTell supports the following types of situational
dynamics:

*  Trends: Slowly varying, predictable changes in entity attributes such as rates
of population or economic growth.

. Events: Disruptive changes tied to specific points in (simulated) time. Events
can alter one or more attribute values for any entity type, reflecting spontane-
ous, exogenous changes; for example, Israel launches attacks on Palestinian
terrorists in Gaza in Month 7.

. Causality (hard-coded): Causal (system dynamic) rules that transparently
propagate effects from changes in entity attributes; for example, increases in
demand for oil increases its price, which increases income for oil-producing
nations.

. Causality (soft-coded): Causal rules defined on entity types such as forces.
These rules expose causal parameters, which users can tailor to fit their situa-
tion (e.g., latency, duration, feedback, and magnitudes of effects); for example,
an increase in anti-Western sentiment (force) causes increases in recruitment
rates by terrorist group.

*  Actorbehaviors: Process-oriented activities such as terrorist groups planning,
funding, and preparing to stage attacks. Acti