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Preface

Imagine Measure & Co, a two-person company creating optical measurement in-
struments for the graphical industry. Mark, the owner and founder of Measure & 
Co has a thorough background in measurement technology and has worked for 
years on his own. Lately, he has found a partner, Susan, who is experienced in 
commercial and marketing activities and takes care of customer relations and 
sales.  

Although Mark and Susan together possess much of the knowledge that is 
needed to run their company, it is by far not sufficient. They need to stay informed 
about new measurement technologies, changing customer demands, changes in the 
printing industry, and so on, and so on. Moreover, they have to make sure that this 
knowledge is kept within their company and that they can apply it as well; a job 
that is extremely challenging in their dynamic industry. Thus, for Mark and Susan, 
it is important to manage their knowledge.  

As this example shows, knowledge management (KM) is relevant for even an ex-
tremely small company like Measure & Co. Equally, or perhaps even more so, 
KM is relevant for thousands and thousands of other small and medium sized en-
terprises (SMEs) all around the globe. In particular, SMEs in high-tech areas, 
characterized by complex and dynamic environments, are affected. However, if 
we look around us in the literature on KM, we see that most of it has a strong fo-
cus on large or even very large multi-national companies. Much has been written 
on, for example, knowledge strategies, intra- and interdepartmental knowledge 
sharing, KM information systems, and on KM in dispersed organizations. To what 
extent does this apply to Measure & Co?  

We see the bias towards large firms also in the development of commercial KM 
solutions. How should Measure & Co make use of, for example, groupware, intra-
nets, data mining, semantic networks, knowledge maps, and content management 
systems? Yet, for Mark and Susan there remains knowledge to manage.  

This book addresses the challenges of managing knowledge in SMEs and in par-
ticularly those SMEs that operate in high-tech sectors. As illustrated in the exam-
ple of Measure & Co, these challenges are different than those for large compa-
nies, not the least because SMEs are much more dependent on their environment 
than many large companies. Therefore, this book introduces the concept of knowl-

edge integration (KI), which consists of the identification, acquisition, and utiliza-
tion of external knowledge. KI is different from KM in that it places much more 
emphasis on external knowledge than KM does.  

As good KM and KI ensure that high-quality knowledge is applied success-
fully, this book aims to provide knowledge that is both of high quality and appli-
cable. To this end, it provides many examples and cases from practice, but always 
with a thorough foundation in the literature. 



VI      Preface 

The book is not exclusively written for academics, nor is it exclusively written for 
practitioners. It rather aims at integrating both views. It is written by academics 
and practitioners together who attempted to learn from each other. As editors, we 
have extensively and successfully cooperated with the authors of the chapters in 
this book during a 3-year project ‘Knowledge Integration and Network eXpertise’ 
(KINX). This project was supported by the European Community under the 
“Competitive and Sustainable Growth” Programme.  

In an attempt to impart our experiences to a wider audience we decided to pub-
lish our findings in this book. Drawing on a theoretical basis, it presents concepts 
and instruments that are designed to help SMEs to cope with their problems in 
identifying, acquiring and using external knowledge. We hope that it contributes 
to fill the current gap in useful books for KM in SMEs. 

The editors 
Antonie Jetter 
Jeroen Kraaijenbrink 
Hans-Horst Schröder 
Fons Wijnhoven 
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1 Knowledge Management: More than a 

Buzzword 

Fons Wijnhoven 

University of Twente, Enschede, The Netherlands, a.b.j.m.wijnhoven@utwente.nl 

1.1 Introduction 

Knowledge management (KM) has become a major issue in academia and indus-
try in the last 30 years [16]. KM has at least three roots. 

1. Suppliers of information technology and academics in this field have developed 
opportunities of supporting knowledge reuse and knowledge creation by, for in-
stance, artificial intelligence, knowledge-based systems, and Internet applica-
tions [12, 20], 

2. Organization and human relations professionals and academics have recognized 
the need for academically challenging jobs and for using the opportunities of an 
increasingly highly educated work force in modern societies [2, 31, 32, 36] and  

3. Strategic management has recognized that, especially for firms in western so-
cieties, competition based on motivating people to work harder will not be ef-
fective and, instead, the optimal use of intellectual capabilities may be the best 
source for sustaining competitiveness in our global economy [2, 13, 28]. 

Consequently innovations in IT, organization, and organizational strategies jointly 
realize the development of knowledge management. The aimed-at knowledge lev-
erage [38] mostly cannot be done within a task unit, nor within an organization, 
but requires inter-organizational collaboration. This is particularly so for high-tech 
small and medium enterprises (SMEs), which need much advanced knowledge 
that, because of SMEs limited organization size, must to a far extent be identified 
and acquired from other organizations, and be finally internally used. These proc-
esses of external knowledge identification and acquisition, and internal utilization 
of external knowledge are what we name knowledge integration (KI) in this book. 

SMEs often suffer from a lack of resources - tangible resources, such as physical 
assets, as well as intangible ones, e.g., databases, property rights, and market 
power. Scarcity of resources also pertains to knowledge available internally at 
high-tech SMEs. Therefore, SMEs are under strong pressure to identify, acquire 
and use knowledge generated externally and, therefore, KI is a specific issue of 
KM by SMEs. This chapter gives theoretical and practical arguments as to why 
KM (and KI) are important to SMEs (Sect. 1.2), what we mean by KM (Sect. 1.3), 
and what we mean by knowledge (Sect. 1.4), particularly in the context of SMEs 
and KI (Sect. 1.5). It closes with an outline of the book’s structure (Sect. 1.6). 
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1.2 The Relevance of Knowledge Management for High- 
tech Small and Medium Sized Firms 

Knowledge management is particularly important to high-tech SMEs, because 
high-tech SMEs create most of their value-added by knowledge work, like engi-
neering, research, and new product development (NPD). Unfortunately, however, 
it is difficult to implement KM in SMEs, because SME-specific KM theories, 
methods and techniques are rare. Most of the current KM concepts have been de-
veloped in the context of large firms. This is illustrated by Table 1.1, which pre-
sents a few of the major KM concepts and their organization of origin. 

Table 1.1. KM concepts and their organizational roots 

KM concept Authors Organizational case studied 

Knowledge strategy [16] Boston Consulting Group, McKinsey, Dell 
computers 

Knowledge valuation [30] Skandia 
Knowledge creation [24] Matsushita 
Knowledge acquisition [15] Philips Electronics and Sony 
Knowledge sharing [10] CapGemini 
Knowledge information systems [17] Ericsson 

If KM and KI are so important to high-tech SMEs, two major questions come up 
for them: 

1. Can we move up into the knowledge management swing and be successful by 
working smart, or will we become the non-knowledge-based firm that has to 
succeed by working hard? 

2. If we want to pick up KM, how can we - as an SME - do this, given our limited 
resources? 

Most SMEs in western countries quickly found out that, with respect to question 
1, there is no alternative. An increasing level of production overcapacity and  
(Internet and telecom-based) globalization resulted in fierce competition that was 
not sustainable in high-wage countries. Consequently, becoming smart has be-
come the imperative for SMEs as well, and resulted in the occurrence of large 
numbers of high-tech SMEs in western countries. These high-tech SMEs have 
high capital investments, the profitability of which can only be achieved by highly 
educated professionals resulting in high salary costs per employee and the need to
invest heavily in personal learning and development. 

With respect to question 2, becoming smart has been achieved through business 
process reengineering, resulting in lean production [11, 43], as well as through su-
perb new product development processes (in high-tech firms), possibly for niche 
markets [8]. In NPD, SMEs always have to identify, acquire, and incorporate ex-
ternal knowledge. Consequently, for understanding KI by high-tech SMEs, a focus 
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on new product development as the KI context is more fertile than a focus on 
business process reengineering. 

1.3 Knowledge Management – What Is It About? 

Answering the question of what KM is about is difficult because 1) KM is often 
confused with competence management, 2) there are many different perspectives 
on management, each emphasizing different issues, and 3) KM, like other man-
agement areas, is a very broad category of activities ranging from strategic to op-
erational levels. 

1.3.1 Knowledge Management versus Competence Management 

Knowledge is regarded as the key production factor in the post-industrial society 
[4, 15, 28]. If knowledge is a unique competitive force, it is a core competence 
and provides an organisation with sustainable competitive advantage. Core com-
petencies, however, in addition to knowledge, may also include tangibles, e.g., 
land, money, installations, and buildings, and non-knowledge intangibles, like so-
cial networks, legal and infrastructural arrangements, power and influence. Fig. 
1.1 shows the conceptual relations between core competencies and knowledge. 

Core competencies 

Tangible assets like buildings, 
money, water, and land 

Intangible assets 

Knowledge: Understanding, 
information, skills 

Non knowledge intangibles 
like power, social relations, 
goodwill, laws 

Fig. 1.1. Relations between core competencies and knowledge. Adapted from [41].

1.3.2 Approaches to Knowledge Management 

A way to structure perspectives of knowledge management is to relate them to 
paradigms of knowledge and paradigms of social reality. The two major para-
digms of knowledge are subjectivism and objectivism [6, 24]. Subjectivism as-
sumes that knowledge is connected to an individual’s mind and has no objective 
law-like nature. In addition to people’s explicit views of the world, it is often even 
more important to grasp their tacit knowledge while trying to understand their be-
havior [31]. Alternatively, objectivism is interested in the (scientific) validity of 
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knowledge and the ability of explicating and formalizing it, possibly in manuals 
and information systems. Thus, the emphasis is on person-independent knowl-
edge, created by making the tacit knowledge explicit and documented. 

With respect to the nature of social reality, again, two main paradigms may be dis-
tinguished, one based on order and regulation, and a second one based on conflict 
and radical change. Knowledge management has an obvious role in both of them.  
In regulation, it can provide or help to define the solution to shared problems and 
increase organizational integration and efficiency. In radical change, knowledge 
management may be used as an instrument for outperforming competitors in the 
market place, as well as a source for internal power.  

Table 1.2 describes the four knowledge management perspectives that result from 
combining the perspectives on knowledge (epistemology) and social reality (on-
tology). The perspectives differ on the  
• basic definition of knowledge management (process and purpose), 
• basic requirements for knowledge management (data, views, etc.), 
• definition of knowledge actors (a group or an individual, a specific elite, all or-

ganization members or the organization), and 
• definition of the knowledge (that changes under the influence of learning).

Table 1.2. Perspectives for the study of knowledge management. Adapted from [41]. 

Ontology 
Order Conflict 

O
bj

ec
ti

vi
sm

 

Cybernetic perspective. 

• Knowledge management is discover-
ing objective reality. 

• Requires data and models. 
• Individualistic developing and test-

ing of knowledge. 
• Knowledge is about the production 

process (organizational technology). 

Scientific Management. 

• Knowledge management is used to 
change power relations. 

• Requires detecting sources of conflict, 
and latent dysfunctions. 

• Knowledge management is mainly 
done by the power elite. 

• Knowledge is the technology of domi-
nation. 

E
p

is
te

m
o

lo
g
y

 

S
ub

je
ct

iv
is

m
 

Soft Systems. 

• Knowledge management is about 
perceptions that motivate behaviour 
and about organizational change. 

• Requires feeling with 'reality', by soft 
modeling. 

• Individuals interacting in a specific 
social context (culture). 

• Knowledge is, e.g., work attitudes, 
collaboration, leadership, and under-
standing cause-effect relationships. 

Organization Development. 

• Knowledge management is about un-
derstanding dysfunctions caused by 
routine processes and problems of 
change. 

• Requires open communications, mu-
tual feelings of trust and willingness to 
change. 

• People interacting in a specific social 
setting (power relations). 

• Knowledge is about social and politi-
cal issues influencing organizational 
processes and thought. 
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1.3.3 Levels of Knowledge Management 

These approaches and issues can be organized by different levels of management. 
Gulick [14] defined management as the functional elements of the task of the ex-
ecutive. These elements are planning, control, financing, budgeting and reporting, 
organizing and staffing, coordinating and directing. Additionally, the executive 
tasks involve responsibility for operational management and information systems 
[22]. A major question is whether it is feasible to manage knowledge. Because it 
involves much person-dependent tacit knowledge and information, one may state 
that KM is the purposeful sum of human resource management and information 
management. If we group the general management concepts under the headings of 
strategic, tactical and operational management [3], we find the following workable 
list of KM activities.  

Strategic knowledge management: Knowledge management at this level is the 
definition of the organization’s knowledge architecture [15]. The organization’s 
knowledge architecture is a view on which “functionalities” will be offered to cus-
tomers over the next decade or so, on what new core competencies will be needed 
to create those benefits, and on how the customers' interface will have to change to 
allow customers to access those benefits most effectively [15: 107-108]. More 
concretely, a knowledge architecture is about the knowledge and information 
needed in the longer term, how this knowledge and information will be acquired 
and handled, and how effective use can be made of it. This means that knowledge 
and information policies and plans must be well in line with the organization’s 
ambitions and environments. Furthermore, within strategic knowledge manage-
ment, knowledge is evaluated on its strategic relevance, by stating which compe-
tencies should be given superior attention and what control policy is needed so 
that knowledge is defended against fraud and theft. This activity is called knowl-
edge control. 

Tactical knowledge management: Tactical management is concerned with the 
acquisition of resources, determination of plant locations, new product initiation, 
establishment and monitoring of budgets. At the tactical knowledge management 
level, general rules should be set for the handling of knowledge in terms of re-
sponsibilities, procedures, and means (motivational and financial). This involves 
organizing, financing and budgeting of knowledge management activities. 

Operational knowledge management: Operational management is concerned 
with the effective and efficient use of existing facilities and resources within given 
budget constraints. For knowledge management, this implies that concrete ways of 
developing, storing, disseminating, using (reusing) and adjusting of knowledge 
and information must be established, in line of course with the strategic and tacti-
cal outlines [1, 35]. 

The activities to be performed at each level are summarized in Fig. 1.2. 
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Strategic knowledge management 
 Knowledge policy & plan 
 Knowledge control 

Tactical knowledge management 
 Financing knowledge management 
 Organizing knowledge management

KM context: Ethical & organizational requirements and opportunities 

IT and human media for KM 

Operational knowledge management 
 Development & acquisition 
 Dissemination 
 Storage 
 Use and reuse 
 Maintenance 
 Unlearning & removal 

Fig. 1.2. A model of knowledge and information management. Adapted from [41].

Although Fig. 1.2 can easily be transformed to an interesting managerial structure 
for KM, much of what is presented therein is independent from the substance of 
knowledge. In addition, the KM model presented focuses upon internal organiza-
tion and, thus, needs to be extended to include the context of knowledge transfers 
between organizations. In our efforts to structure the field of KI, we therefore shall 
improve the KM model in two directions that are discussed in Sects. 1.3 and 1.4: 
1. To further specify what we mean by knowledge, 
2. To further develop the inter-organizational aspects of KM. 

1.4 What Aspects Are Related to Knowledge? 

To realize KI, one may approach the knowledge phenomenon from the angles of 
their identification and acquisition, as well as from the angle of knowledge utiliza-
tion. The identification and acquisition stages emphasize how knowledge is repre-
sented and possibly made explicit and person-independent because, the more 
knowledge is tacit and person-dependent, the more difficult it is to identify and to 
acquire the knowledge. This is what we call the content aspect of knowledge. Fur-
thermore, for the utilization of knowledge, its context is important. Company-
foreign knowledge - i.e., knowledge that is created at a company other than where 
it is used - is harder to apply than knowledge that originates from the same con-
text. In addition, knowledge in many ways is related to activities and process 
flows in and between organizations. This is so because knowledge is far from be-
ing a static entity but is under constant improvement or revision, and because 
knowledge exerts several roles in knowledge intensive business processes. Finally, 
KM employs human and information technological media for processes like 
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knowledge sharing, storage, and reuse. We shall explain these four aspects of 
knowledge (content, context, flows and media) step by step. 

1.4.1 Content in Knowledge Identification and Acquisition Processes 

Knowledge is frequently defined in relation to information and data. Table 1.3 
gives an impression of the diversity of interpretations of these three terms in the 
current literature. It shows that there is no unanimity on either of them, but the dis-
tinction between data, information and knowledge seems to be a very popular way 
of thinking about what it is what we want to identify and acquire in KI contexts. 
Because this book is on KI and not on information or computer science, the dis-
tinction between data and information is not as interesting as the distinction be-
tween different types of knowledge is. 

Table 1.3. Definitions of data, information, and knowledge (based on [34]) 

Data Information Knowledge Source 

Not yet interpreted 
symbols 

Data with meaning The ability to assign mean-
ing 

[37] 

Simple observations Data with relevance 
and purpose 

Valuable information from 
the human mind 

[9] 

A set of discrete facts A message meant to 
change the receiver’s 
perception 

Experience, values, insights, 
and contextual information 

[10] 

Text that does not 
answer questions to a 
particular problem 

Text that answers the 
questions who, what, 
or where 

Text that answers the ques-
tions why or how 

[27] 

Facts and messages Data vested with 
meaning 

Justified, true beliefs [7] 

Signs/carriers Representations with 
linguistic meaning 

Norms & values, explicit 
understanding, skills 

[41] 

Carriers of informa-
tion and knowledge 

Description carried by 
data 

Correlational and causal as-
sociations 

[18] 

- Facts organized to de-
scribe a situation or 
condition 

Truths, beliefs, perspectives, 
judgments, know-how and 
methodologies 

[40] 

- A flow of meaningful 
messages 

Commitments and beliefs 
created from these messages 

[24] 

The purpose of this book is to provide insights into and examples of KI processes, 
problems, and solutions for SMEs. A typology of knowledge that is useful for this 
purpose is the distinction between tacit, explicit, and latent knowledge. This ty-
pology is useful because these three types of knowledge require very different 
processes, involve different problems, and demand different solutions (see also 
Chap. 4 of this book). The distinction between tacit and explicit knowledge has 
been well described by the philosopher Polanyi who said that “we can know more 
than we can tell” [26: 4]. In short, the part that we can tell is the explicit part and 
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the part that we cannot tell is the tacit part of knowledge. Polanyi has stressed that 
knowledge always has both a tacit and an explicit dimension. For example, the 
knowledge represented in this book is explicit because it can be explained in detail 
in text, figures, and tables. However, the extent to which you as a reader are able 
to understand this book is what Polanyi would have called the tacit part of knowl-
edge. It is tacit since you cannot explain exactly why you understand it (or not). 
Just like Nonaka and Takeuchi did in the early 90s [23, 24], however, we treat 
these two dimensions as a distinct typology: there is tacit and explicit knowledge.  

While Polanyi, Nonaka, and Takeuchi have made the distinction between knowl-
edge that can and knowledge that cannot be expressed, their distinction is often 
confused with the distinction between knowledge that is and knowledge that is not

expressed (for example in documents). In this book, we distinguish three levels of 
explicitness of understanding or prehension in order to reflect this difference. The 
first type is tacit knowledge, which is not and cannot be expressed. The second 
type is explicit knowledge, which is expressed, or could be expressed without at-
tenuation. The third type is latent knowledge, which could be expressed, but is not 
because of inherent difficulties to express it without attenuation. The difficulties to 
express this knowledge without attenuation usually stem from the fact that this 
knowledge resides in the subconsciousness. 

Often, the distinction between tacit and explicit knowledge is equaled with the dis-
tinction between written up and not documented knowledge, or between represen-
tation and no representation. This is basically incorrect, because often documenta-
tion/representation of explicit knowledge is forgone, due to a lack of motivation or 
cost effectiveness. People may not convey what they know to others because that 
would result in a personal value reduction or the costs of knowledge documenta-
tion will not outweigh its value. This results in the combinations of understand-
ing/comprehension and representation (or information [33]), with related knowl-
edge types. These are given in Table 1.4: 

Table 1.4. Content: knowledge prehension and representation 

Representation 

  Not represented Represented 
Tacit Person-dependent skills; per-

sonal knowledge;  
-

Latent Shared informal norms and 
values (paradigms). 

Information about people with their per-
sonal knowledge (of course the personal 
knowledge stays personal, but the repre-
sentations of the people are feasible so that 
they can be found) 

C
o

m
p

re
h

en
si

o
n

 

Explicit Person-independent, non- 
documented shared knowl-
edge embracing explana-
tions, predictions and meth-
odologies 

Documented knowledge and information, 
i.e., representations of knowledge or of ob-
jects and events in reality that may be used 
for knowledge creation (potential knowl-
edge) 
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1.4.2 Utilization of Knowledge in Contexts 

Task and firm/industry setting are important contexts for knowledge and informa-
tion. Following this division, Nordhaug [25] distinguishes background knowledge, 
industry-based knowledge, intra-organizational knowledge, standard technical 
knowledge, technical trade knowledge, and unique knowledge, as shown in Table 
1.5.

Table 1.5. Knowledge and contexts. Adapted from [25]. 

Firm/industry specificity 

Low Medium High 
Low Background knowl-

edge 
Industry knowledge Intra organizational 

knowledge 

T
a

sk
 

sp
ec

if
ic

it
y

 

High Standard technical 
knowledge 

Technical trade 
knowledge 

Unique knowledge 

Background knowledge is general knowledge with often a significant tacit com-
ponent like individual literacy, knowledge of foreign languages and mathematics. 
Industry-based knowledge is relevant for role-related organizational activities and 
comprises, for instance, knowledge of the industry structure, its current state of 
development, the key individuals, networks and alliances. Intra-organizational 
knowledge is highly firm- and industry-specific, but not specific to organizational 
tasks or activities. This is firm-specific background knowledge and comprises, 
e.g., knowledge about organizational culture, communication channels, informal 
networks, organizational strategy and goals. Standard technical knowledge is task- 
specific and involves a wide range of operationally-oriented knowledge that is 
generally available to all actors, like financial and accounting practices, knowl-
edge of computer programming and software packages, knowledge of craft and 
engineering principles. Technical trade knowledge is task- and industry-specific, 
i.e., generally available among firms in an industry, like knowledge of automobile 
construction methods and knowledge of techniques for computer hardware con-
struction. Unique knowledge is specific across all dimensions. It consists, at the 
individual level, of self-knowledge and skills, and, at the organizational level, of 
unique organizational routines, production processes, and IT infrastructures. 

1.4.3 Knowledge Flows 

Many different knowledge flows can be recognized in organizations. Much of the 
KM literature, e.g., [10 and 18], focuses on the knowledge process, which consists 
of the development, maintenance, storage, dissemination and removal of knowl-
edge. From a KI perspective, this is too limited because the actual utilization of 
the knowledge in NPD processes gives the ultimate reason for KM activities. Con-
sequently, important knowledge flows exist between 1) the knowledge processes 
and the business use processes, and 2) within the business process between the dif-
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ferent business activities, like NPD activities and commercial activities. Also, 
managerial activities occur that guide how the knowledge flows in the knowledge 
processes and business processes take place and how knowledge flows between  
knowledge processes and business processes interact. Finally, an important role of 
management is to facilitate knowledge flows. We discern knowledge facilitation 
processes, covering the sub-processes of generating, exploiting and maintaining 
the supportive means, like funding, organization (including HRM policies and 
leadership), and information technological and human media. 

Fig. 1.3 (based on [29, 41]) gives some knowledge flows for knowledge manage-
ment, knowledge facilitation, knowledge processes, and business processes. It also 
describes what knowledge flows occur between these knowledge management ar-
eas. 

Knowledge management 
processes 

• Knowledge policy making

• Knowledge planning

• Knowledge valuation

• Knowledge control

Knowledge processes 

• Knowledge development 

• Knowledge maintenance 

• Knowledge storage 

• Knowledge dissemination 

• Knowledge removal & 
unlearning 

Business processes 

• Knowledge use and reuse in 
NPD

• Knowledge exploitation in 
commerce and production

Knowledge facilitation processes

• Knowledge organization

• Knowledge ICT support

• Knowledge leadership

• Knowledge funding

Management priorities & reporting

Knowledge offers & knowledge needs

Support offerings & support needs

Fig. 1.3. Classes of knowledge flows

1.4.4 Knowledge Media 

Basically we distinguish two knowledge media: human and information techno-
logical. Human media have been extensively discussed in the past and are summa-
rized in Table 1.6 with typical examples for their content. 
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Table 1.6. A list of human knowledge media and related content. Adapted from [39]. 

Human media Knowledge content 

Individual Professional skills; knowledge about evaluation criteria and results; 
explanations of procedures and decision rules; personal ethics and 
beliefs, performance criteria; individual routines 

Culture Schemes; stories; external communications; cultural routines; norms  
Business processes Task experiences; rules, procedures and technology; patents and 

prescriptions 
Structure Task divisions; hierarchy; social structure; formal structure; com-

munication structure 
Internal ecology Layout of shop floor; building architecture 
External ecology Client and market characteristics; competition profiles; list of 

knowledgeable people and organizations; technology of competitors 

Information technological media have been classified  in many ways. One type of 
classification describes what kind of applications and technologies are supportive 
of what knowledge processes; another type describes architectures of knowledge 
information systems. An example for the first is given in [5]. [21] gives an exam-
ple for the second type. Because [21]’s architecture is more informative, we pre-
sent it here in Fig. 1.4. The elements of the knowledge management software sys-
tems of Fig. 1.4 will not be discussed here in detail, but several of them are 
discussed further in Chaps. 5-10 of this book. 

VI Data and knowledge sources

information from sources like content management systems, e-learning 
systems, office information systems, data warehouses, Internet newsgroups, 
and external databases

V Infrastructure services
e.g. messaging, teleconferencing, information security services

IV Integration services 
e.g. taxonomies, knowledge structure, ontology, meta-data, directory services

II Personalization services:
personalized knowledge portals; profiling; push-services; knowledge portals

III Knowledge services

Discovery: 
e.g. searching 
& navigation

Publication: 
e.g. formats, 
structuring, (co)-
authoring 

Collaboration: 
e.g. community 
spaces, exper-
ience sharing

Learning: 
e.g. course 
management, 
tutoring

Participant (knowledge supplier, process actor or knowledge searcher)

I: Access services: 
authentication; translation and transformation for diverse users

Fig. 1.4. Classes of KM software 
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1.5 The Knowledge Integration Context 

The KM models developed so far by other authors do not explicitly consider the 
need for activities to go outside the firm and detect knowledge from other organi-
zations. Additionally, much is known in the KM literature on internal (hierarchical 
context) KM, but not so much is known about identifying, acquiring and using ex-
ternal knowledge. Sect. 1.4 explained that at least three types of KI contexts can 
be distinguished 1) identification, 2) acquisition, and 3) utilization context.  

The economic literature has extensively discussed two types of inter-
organizational exchange mechanisms which have high implications for how KM 
and KI happen: markets and networks [19, 42]. For market exchanges to work 
properly, the goods to be exchanged must be very precisely defined (that is, codi-
fied), prices act as communication mechanisms, and coordination is realized via 
the price mechanism. The actors involved must be fully independent and, if the 
existing exchange mechanism does not work properly (e.g., a buyer cannot find an 
existing supplier or the costs of negotiating prices are too high), brokers can be 
useful intermediaries. In the context of KI, this involves the exchange of explicit 
knowledge, such as knowledge documented in patents and software, or specified 
commercial services (e.g., accounting and legal and financial consultation). 

In the context of network exchanges, economic actors collaborate and, thus, are 
mutually beneficial to each other. The collaboration is mainly based on mutual 
trust and respect and, in such a situation, pricing is not needed (and, in addition, is 
a too expensive coordination mechanism, because it requires a lot of negotiations 
that obstruct effective collaborations). The network exchange context also enables 
the exchange of ambiguously and non-codified knowledge and, thus, enables the 
exchange of latent knowledge and the joint development of explicit and tacit 
knowledge in collaboration efforts. 

Both the market and the network exchange mechanism are radically different 
from the hierarchical context. Hierarchies for NPD may work sometimes in large 
firms but are mostly insufficient for SMEs, given the latter's limited knowledge 
resources. Table 1.7 summarizes the KI context variables and how these behave 
compared with hierarchical contexts. 

Table 1.7. Comparison of exchange models 

Context variables KI governance type 

Market Network Hierarchy 

Knowledge type Explicit Tacit, latent, explicit Tacit, latent, explicit 
Coordination Price mechanism Collaboration Supervision 
Formalization of ex-

change process 
High Low May be bureaucratic or 

based on authority 
Communication 

means 
Prices Relational Routines 

Network participant 
dependency 

Independent Interdependent Dependent  

Tone or climate Suspicion Mutual benefits Power 
Intermediation Broker Network facilitation Administration and 

communication offices 
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1.6 Outline of this Book 

This chapter gave a short introduction to the field of KM, and it stated that the 
identification, acquisition and use of external knowledge, particularly in the con-
texts of new product development, is a core aspect of KM for high-tech SMEs. We 
also reviewed the differences - but also the close relations - between knowledge 
and information, and distinguished three types of knowledge, i.e., tacit knowledge, 
latent knowledge, and explicit knowledge. The types of knowledge were related to 
their relevant contexts, flows, and media. These considerations resulted in a list of 
KM tasks at the strategic, tactical and operational level. Since all these tasks are 
probably too many for a single SME to organize in-house, SMEs have to gain 
most of their knowledge from the market or from their business networks, a KM 
field which this book terms knowledge integration (KI). There are various strate-
gies for SMEs to actively pursue knowledge management, in particular business 
and NPD process reengineering. Due to the importance of NPD for high-tech 
SMEs, this book has opted for the latter. Some core questions of KI from each of 
its knowledge aspects will be accentuated in the rest of this book: 

1. With respect to knowledge identification: How do you know what knowledge 
you need? 

2. With respect to knowledge acquisition: If you know what you need, how do 
you get it? 

3. With respect to knowledge utilization: How can you get the externally acquired 
knowledge to be used internally? 

4. With respect to the support of KI processes: What tools and techniques are 
available to help you identify, acquire and utilize external knowledge? 

This book will discuss all these questions with an emphasis on the last one, be-
cause the tools and techniques for KI will simultaneously help SMEs in answering 
the other ones. Before we are able to answer the last question, however, we need a 
firm understanding of the concept of knowledge integration and of the problems 
that occur in practice. Whereas the former is supplied in Chap. 2, the latter will be 
presented in Chap. 3 by reporting the results of an empirical investigation of KI in 
317 European SMEs. Chap. 4 analyzes what methods and techniques for KI are 
relevant, given different content, context, flows and media. From the onset of the 
KINX project that formed the basis for this book, the KINX consortium was aware 
of the fact that any “once and for all” answer to the question of what KI tools and 
techniques are appropriate for solving KI problems of SMEs would be inapt, be-
cause new problems will come up constantly and new KI solutions will be pro-
duced by software firms, consultants, researchers or who ever more. Conse-
quently, Chap. 4 is designed as a theoretical foundation for a portal, the KINX 
portal, that has the ability to integrate new problems and solutions, and to match 
them. This portal is further described in Chap. 11. The KINX consortium was also 
aware of the fact that, for successful KI, more is needed than knowledge alone; 
tangibles, such as financial support and supportive policies for SMEs also have to 
be addressed. This is done in Chap. 12. Chaps. 5-10 present the techniques and 
tools available for KI in high-tech SMEs. Their organization follows the structure 
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of KI activities developed in Chap. 2 and particularly in Chap. 4: Based on a short 
presentation of the theoretical background of each activity and an overview of the 
techniques and tools available for each activity, some new KI tools and techniques 
are described that have been developed and tested in real high-tech SMEs within 
the KINX project. Chap. 5 studies how latent knowledge can be elicited, and how 
representations of this knowledge type can be created that improve the possibili-
ties of knowledge application and knowledge transfer in the practical context of 
the German high-tech SME Cerobear. Chap. 6 describes a technique for reuse of 
elicited (explicit) knowledge, called knowledge mapping, in the context of another 
German high-tech SME, Aixtron. Chap. 7 describes how knowledge can be de-
tected from electronic sources on the Internet and what use a high-tech SME can 
make of knowledge retrieval tools in this connection. This chapter again is 
grounded on experiences of the high-tech SME Cerobear. Chap 8. analyses KI in a 
strategic context and describes a method to identify and acquire knowledge from 
the external context of an SME. This chapter builds on high-tech Israeli SME Op-
tibase’s experiences with a method for external knowledge collection to verify a 
company’s strategy by a method called Decision Validity Tracking. Chaps. 9 and 
10 focus on the human means for KI. Chap. 9 describes inter-organizational 
knowledge transfer in networks. That chapter specifically identifies the needs for 
multiple interactions in KI as a consequence of the cognitive distance between the 
actors that aim to integrate each other's knowledge. Chap. 10 describes incentive 
systems and their implementation to improve KI. It presents a new methodology 
to motivate employees to provide external knowledge that has been developed and 
tested in the German high-tech SME HEAD Acoustics.Chap. 13 completes the 
book by a review of what has been learned and a discussion of where KI for high-
tech SMEs may go. The structure of this book is summarized in Fig. 1.5. 

Fig. 1.5. Structure of this book.

Chap. 3 

KI problems 
survey

Chap. 4 

Solutions: tools & 
techniques for KI

Chap. 11 

KINX portal: matching of 
problems with solutions

Chap. 12 
KI supportive policies

Chap. 2 
KI concept

Chaps. 5-10 

Some KI solutions developed 
and tested in SME practices

Chap. 13 
Conclusions and discussion
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2.1 Introduction 

As indicated in Chap. 1, for high-tech SMEs, integrating and managing external 

knowledge is a vital aspect of knowledge management (KM). Moreover, it is not 
only necessary to manage knowledge, but there are several operational activities 
that are also relevant and challenging. To denote this difference with ‘normal’ 
KM, we use the term ‘Knowledge Integration’ (KI) instead of KM throughout this 
book. This chapter explains this concept of KI, which is summarized in Fig. 2.1. 
The chapter helps to understand the main concepts and dynamics of KI in high-
tech SMEs. As shown in Fig. 2.1, we concentrate on KI in new product develop-
ment (NPD). As we explain below, this is because this is one of the core processes 
of high-tech SMEs. While the focus of this whole book is on the middle part of 
Fig. 2.1, this chapter also explains the left and right parts for a better understand-
ing of the context in which this middle part is taking place. 

This chapter is organized as follows: Sect. 2.2 touches upon the specific charac-
teristics of high-tech SMEs. Consequently, Sect. 2.3 discusses the types of knowl-
edge that are used for NPD and the various sources from which this knowledge 
can be obtained. Sect. 2.4 elaborates on the KI activities that are executed to iden-
tify, acquire, and utilize this knowledge for the NPD process. Sect. 2.5 provides a 
discussion on problems that can occur during KI and types of solutions that exist. 
Finally, the chapter concludes with a summary and conclusions in Sect. 2.6. 

Fig. 2.1. KI model and overview of Chap. 2

         KI activities (2.4)      KI stages 
 (2.4) 

SME 
(2.2) 

Source (2.3) 

Knowledge 
(2.3)  KI problems (2.5)

 KI solutions (2.5) 

NPD
proc-
ess
(2.2)Match 

(2.5) 
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2.2 High-tech SMEs: Characteristics and Differences 

Although SMEs differ from large size enterprises (LSEs) by their size, it is not 
size per se that makes them different. The main effect of their smaller size is that 
SMEs have less economies of scale and fewer resources than LSEs. This gives 
them behavioural advantages (for example, rapid decision-making, flexibility, less 
strict regulations, governmental support, fast internal communication) rather than 
material advantages (for example, possessing research facilities, access to external 
capital, professional management, risk spreading) [22, 23]. These characteristics 
cause SMEs and LSEs to play different roles in society [14]:  

• Generation of new basic technology: LSEs (and universities) 
• Daring implementation in new product/market combinations: SMEs 
• Large scale, efficient production and distributions: LSEs 
• Adaptations for specialized or residual market niches: SMEs 

High-tech SMEs distinguish themselves from other SMEs in that they (a) employ 
more scientific and technically qualified people; (b) face considerably higher rates 
of product obsolescence; (c) invest larger sums in R&D; (d) focus on developing 
new products from new technology; and (e) rely more on rapid, efficient new 
product introductions [2, 7]. Therefore, one of their core processes is new product 

development (NPD), which can account for up to 85 % of the total cost of the 
product [19]. Process development is more likely to take place in LSEs, since it 
focuses on streamlining processes and cutting down production costs [6]. 

To understand NPD, it is useful to have a look at a few models of the NPD 
process.  The innovation adoption model of Rogers [21], which consists of six 
phases, is well known: (1) Identification of needs/problems; (2) research (basic 
and applied); (3) development; (4) commercialization; (5) diffusion and adoption; 
and (6) consequences. Since external knowledge for product development is 
mainly relevant in the first three stages, the latter stages are less relevant for this 
book. A model that focuses on the earlier stages of product development is Pahl & 
Beitz’s [18] engineering design model that discerns four stages: (1) planning and 
clarifying the task; (2) conceptual design; (3) embodiment design; and (4) detail 
design.  Cooper’s [3] model is also well known. It provides decision gates after 
each of the five phases of (1) preliminary analysis; (2) business case; (3) devel-
opment; (4) pilot study; and (5) launch and implementation.  

Although these models are very helpful for understanding NPD, they offer little 
insight into the type of knowledge that is needed. A three-stage model that is used 
by several others offers these insights [27, 10, 24, 1]. This model discerns a crea-
tive stage, a selection stage, and a design stage. These are defined as follows: 

• Creative stage or generation of options: in this stage, knowledge is collected to 
find product ideas, requirements, etc. This is a diverging stage in which broad 
and little specified knowledge plays an important role. 

• Selection of options: alternative options are specified, priorities and evaluation 
criteria are set and those options are selected that are most promising. This is a 
converging stage in which more specified and directed knowledge is needed. 



2 Knowledge Integration by SMEs – Framework      19 

• Design: when an option is chosen, design can go into more detail. This is a 
deepening stage in which detailed and very specific knowledge is crucial.  

The ordering of these stages should not imply that NPD is a linear process. In 
practice, the stages occur simultaneously and in various orders. 

Although we have distinguished high-tech SMEs from other organizations, we 
have to realize that SMEs are very diverse as well. The scope of this diversity be-
comes clear when we look at the official International Standard Industrial Classi-
fication (ISIC) of high-tech and low-tech industries (see Table 2.1). 

Table 2.1. Industry classification (source: OECD [16]) 

High-technology industries Medium-low-technology industries 

Aircraft and spacecraft Coke, refined petroleum and nuclear fuel 
Pharmaceuticals Rubber and plastic products 
Office, accounting, computing machinery Other non-metallic mineral products 
Radio, television, and communications 
equipment 

Fabricated metal products, except machin-
ery and equipment 

Medical, precision and optical instruments Basic metals 
Building and repairing of ships and boats 

Medium-high-technology industries Low-technology industries 

Electrical machinery and apparatus Other manufacturing and recycling 
Motor vehicles, trailers and semi-trailers Wood, pulp, paper, paper products, printing 

and publishing 
Chemicals excluding pharmaceuticals Food products, beverages and tobacco 
Railroad and transport equipment,  Textiles, leather and footwear 
Machinery and equipment  

Differences between individual SMEs will be large, for example, in terms of com-
pany size, age, and country. However, we are convinced that KI is relevant for all 
SMEs in the high-tech and medium-high-tech industries of Table 2.1. In Chap. 3 
we will see to what degree KI is different – or similar – for these various compa-
nies.   

2.3 Types and Sources of Knowledge 

The defining of knowledge is not trivial because, in the literature, there are as 
many definitions and typologies of knowledge as there are authors that write about 
it. It is also not value-free because every definition and typology is made for some 
reason, that is, it allows you to treat various types of knowledge differently.  

In Chap. 1, three types of knowledge were defined: tacit, explicit, and latent 
knowledge. This typology is useful because these three types of knowledge re-
quire very different KI processes, involve different problems, and ask for different 
solutions – as can be read throughout this book.  
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In addition to the general definitions and typologies of knowledge that were men-
tioned in Chap. 1, numerous definitions and typologies of knowledge exist in the 
NPD domain. We distinguish three main categories that are needed for NPD [17]: 
customer/market knowledge (requirements; what should the product do?), techno-
logical knowledge (design; what should  the product features be?), and organiza-
tional knowledge (process: how should the product be realized?). These are ex-
plained and exemplified in Table 2.2. 

Table 2.2. Typology of knowledge needed for NPD [based on 4] 

Type of NPD knowledge Example 
Customer / market knowledge 

Design criteria and specifications Understanding of user requirements, specifications 
New product ideas New product/market combinations 
Knowledge about the market  Trends, needs and demands of market segments 
Socio-economic knowledge Economic climate, cultural factors 
Governmental knowledge Legislation, political situations, policy changes 

Technological knowledge 

Scientific and engineering theory ‘Laws’ of nature, theoretical tools 
Technical process knowledge Required steps in specific chemical processes 
Properties of materials Properties of natural and artificial materials 
Design concepts Operating principles, normal configurations 
Design instrumentalities Judgment skills, ways of doing and thinking  
Design competence General and product-specific design competence 
Practical experience Best practices 
Experimental and test procedures Product testing procedures, computer simulation 
Research instrumentalities Ability to use experimental techniques and equipment 
Research competence General and specialized research competence 
Experimental and test data Results of test procedures 
Operating performance Performance of components or materials in pilots 

Organizational knowledge 

Knowledge of manufacturing  Ability to manufacture, capacity, logistics 
Production competence Competence in pilot production/scale-up 
Knowledge of support processes Management information, principles of organization 
Knowledge of knowledge Location and availability of particular knowledge 

As Table 2.2 shows, there is a lot of variety in the knowledge that is needed for 
NPD. For example, on the one hand, NPD requires long-term capabilities, such as 
design and research competences, while on the other hand; it also requires knowl-
edge that might just be collected instantaneously, like new product ideas or prop-
erties of a specific material.   

When we look at Table 2.2, it may seem that knowledge used in NPD is mainly 
explicit. However, the contrary is the case [15, 25]. It is even said that one core 
problem in NPD is the over-reliance on explicit rather than tacit knowledge [19]. 
We therefore stress that the knowledge inside the different categories of Table 2.2 
can be tacit, latent, or explicit and is even more likely to be tacit or latent than ex-
plicit.  
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The various types of knowledge come from a diverse set of sources, ranging from 
formal expert systems to informal chats with colleagues. These sources are often 
characterized by dichotomies, that is, by giving two extremes of a dimension. The 
most important of these dichotomies are listed below.   

A first dichotomy is the distinction between internal and external sources of 
knowledge. Internal sources are sources within a company’s boundaries. Exam-
ples are colleagues, personal archives, and intranets. External sources are sources 
outside a company’s boundaries. Mostly these sources belong to other organiza-
tions or individuals. Examples are the Internet, public libraries, and customers.  

A second dichotomy is the one between personal and impersonal sources. Per-
sonal sources refer to direct human contact and include family, friends, and close 
business associates. Impersonal sources are typically written and include trade 
publications, newspapers, and management information systems. This distinction 
resembles the distinction between oral and written sources of knowledge.  

A related but different dichotomy is the distinction between formal and infor-

mal sources of knowledge. Knowledge from formal sources is usually structured 
according to strict rules. Collecting knowledge from formal sources requires much 
expertise and is usually costly [13]. Examples of formal sources are conferences, 
journals, research centres, and universities. Examples of informal sources are con-
versations, colleagues, and other companies [9]. 

A final dichotomy is the distinction between nearby and remote sources. A core 
difference between the two types is that nearby sources can easily be visited and 
remote sources cannot. All conditions equal, knowledge transfer is harder from 
remote sources than from nearby sources. In some cases, knowledge can only be 
collected by someone being physically present at the source, because it is embed-
ded in the structure and processes of a company, or in the machines that are used 
[e.g. 26]. 

With respect to the sources of knowledge that SMEs use for NPD, it has repeat-
edly been shown that they use mainly knowledge of their close partners, such  as 
customers and suppliers, and that they prefer personal above impersonal sources, 
informal above formal sources, and internal above external sources [20, 8, 9, 11].  

To illustrate the diversity of sources of knowledge that SMEs use for their 
NPD, Table 2.3 shows a top-10 of sources ranked on their relative importance [9].  

Table 2.3. Sources of NPD knowledge [from 9] 

Rank Source 
1 Customer 
2 Specialized magazines  
3 Production employees 
4 Staff 
5 Suppliers 
6 Sellers 
7 Brochures and catalogues 
8 Industrial fairs 
9 Commercial fairs 

10 Business magazines 
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We find it remarkable that some sources fall outside of this top-10 and thus are 
less important than we might expect. For example, consultants appear at place 18, 
the board of directors at place 24, and universities even at place 26 in this ranking. 
Although these sources’ main role is to provide the SMEs with knowledge or in-
formation, it seems that they do not fulfil this role towards SMEs. 

2.4 KI Processes and Activities 

There are several processes for managing the various types of knowledge from the 
various sources described in Sect. 2.3. To understand these processes, it is useful 
to see their relation with the NPD process. This relation is depicted in Fig. 2.2, 
which zooms in on the relation between the KI activities, KI stages and the NPD 
process as they were depicted in Fig. 2.1.  

Fig. 2.2. The relation between NPD, KI, and knowledge activities  

Fig. 2.2 explains that the NPD process is supported by KI activities in three KI 
stages that are performed when there is sufficient motivation. We have defined 
NPD as the generation, selection, and design of new product( idea)s (see Sect. 
2.2). In order to execute the three NPD phases, developers need knowledge both 
from within their firm and from outside their firm in each NPD phase.  

The middle part of Fig. 2.2 demonstrates that this knowledge needs to be identi-
fied, acquired, and utilized in the NPD process. We have called the internal proc-
esses that are the focus of most of the KM literature utilization. Because external 
knowledge needs to be acquired before it can be utilized, a stage of acquisition 

(not necessarily commercial acquisition), that precedes the utilization stage, is in-
cluded in the model. Correspondingly, to acquire external knowledge it needs to 
be identified first. Acquisition is therefore preceded in the model by a stage of 
identification.A KI process can start in two different ways. Need-driven KI starts 
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with a need for certain knowledge. Consequently, companies will actively seek  to 
fulfil their need for knowledge. On the contrary, opportunity-driven KI does not 
start from a knowledge need (or gap), but from knowledge that is found acciden-
tally or by scanning the environment.   

The lower part of Fig. 2.2 illustrates that the identification, acquisition, and 
utilization of knowledge can be realized by eight KI activities, of which motiva-
tion supports the other seven activities. While Fig. 2.2 was already zooming in on 
the middle part of Fig. 2.1, we now further zoom in on the KI activities mentioned 
in Fig 2.2. These activities are explained below in what we have called the ‘KI 
Watermill model’ (see Fig. 2.3). Each of the activities is explained in more detail 
in Chaps. 4-10 of this book.  

Fig. 2.3.  The KI watermill model  

We define KI activities as those transactions or manipulations of knowledge 
where the knowledge is the object, not the result. For instance: finding, studying, 
and institutionalizing a new production process are all KI activities, but producing 
accordingly is not.  

This division into eight activities is a high-level division. Every activity aggre-
gates a set of sub-activities that uniquely fit other distinct conditions. This is fur-
ther described in Chap. 4. As depicted in Fig. 2.3, the rationale behind the follow-
ing categorization is that each knowledge type tolerates a different sort of activity 
and that people need to be motivated to execute any of them.  
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Activities for Latent Knowledge 

By definition, as long as the knowledge is latent, it can be used by its holder ex-
clusively (others can imitate him, but only blindly). Thus the only pertinent activ-
ity is to make it explicit by elicitation. For latent knowledge that remains latent, 
the KI activities are similar to those for tacit knowledge (see below). Elicitation is 
depicted by the dotted line in Fig. 2.3 and is defined as:  

• Elicitation: Explication of unarticulated latent knowledge or engendering new 
insight(s). If successfully performed, the knowledge in point becomes explicit.

Activities for Explicit Knowledge 

Explicit knowledge is the type of knowledge that is easiest to manipulate by the 
“classic” knowledge activities. To make it clear: only explicit knowledge can be 
acted upon directly. As for tacit or latent knowledge, only their outcomes are dis-
cernible. For example: when a firm detects a skilful designer, it is his or her mar-
vellous design that is explicitly detected, not the skill itself. The following activi-
ties are defined for explicit knowledge:  

• Codification: articulation and transit of explicit knowledge from a human 
source to any kind of media, either straightforward (e.g. plain text or model) or 
adapted (e.g. embedded in a work procedure). Once codified, the knowledge is 
detached from its source and independently transferable to others. 

• Detection: intended or accidental identification of useful explicit knowledge. 
• Assessment: Attaching credibility, value, significance or meaning to explicit 

knowledge, either actively or by omission (e.g. ignorance, unawareness). 
• Transfer of knowledge: addressed transit of explicit knowledge from a human 

source directly to other human(s). 

Activities for Tacit Knowledge 

Assuming that tacit knowledge is inexplicable whatsoever, the tacit realm is 
tightly delimited, allowing just two options. 

• Transfer of knowledge holder: making tacit knowledge available by reposition-
ing its source (human or an artifact that embodies the knowledge). 

• Nurturing: assisted recreation of tacit knowledge. 

Motivating Activities  

Strictly spoken, motivating is not a knowledge activity, but an enabler. However, 
we have included it in the KI Watermill model because it cannot be ignored, since 
motivation is a precondition for all the other activities: Motivating: prompting 
people to buy in and to apply knowledge activities intrinsically for their own good. 

The meaning and impact of these eight activities will be made clear throughout 
this book, starting with the next section. 
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2.5 KI Problems and Solutions 

A major challenge for companies is to recognize and solve problems they encoun-
ter during their work. The development of new products is not without problems. 
A considerable proportion of new products are not being developed in time, within 
costs, or meeting the original targets of quality and technical performance [5]. Al-
though there are many potential causes for these problems, part of them is un-
doubtedly caused by KI deficiencies, for example, by a failure to trace back 
knowledge that has been in the company.  

To illustrate the type of KI problems that can be encountered during NPD, Ta-
ble 2.4 (see next page) gives descriptions and examples of problems with each of 
the eight activities described in Sect. 2.4.  

For solving these problems, numerous amounts of solutions exist. There are tech-
niques, such as brainstorming and story telling, but also IT-based tools, such as 
search engines, databases and expert systems. A solution, as in  “we did such and 
such to solve this KI problem”, is just as valuable (or even more so) for SMEs as 
is “we used that particular technique to solve this KI-problem”. Since tacit and la-
tent knowledge seem to be more relevant for SMEs than explicit knowledge is 
(see Sect. 2.2), these more ‘soft’ solutions are most likely to be even more signifi-
cant for them.  

Solutions for KI problems are not only solutions when their vendors or original 
inventors have labelled them as such. On the contrary, every solution that can 
solve a KI problem can be labelled as a KI solution. For example, a project plan-
ning software tool is not designed to support KI. However, if such a tool appears 
to be of great value to an SME in, for example, their process of acquiring knowl-
edge from another company, it is in fact a KI solution. Rather than summarizing a 
number of solutions in this chapter, we have dedicated Chap. 4 of this book to de-
scribing  and classifying types of solutions that exist for the problems mentioned 
in Table 2.4. Moreover, Chaps. 5-10 provide detailed examples of practical solu-
tions for each of the eight problem types.   

No matter how simple or sophisticated some solutions are, the road from KI prob-
lems to KI solutions is a difficult one. Although by no means can we provide a 
clear-cut step-by-step guide for KI problem solving, there are three separate steps: 

1. Companies must identify and define a KI problem. After all, in order to look 
for solutions, they have to know what problem to solve.  

2. They have to search for an effective solution that is expected to solve their 
problem. This can be solutions that need to be customized or even completely 
developed for the company, but also commercial off-the-shelf solutions.  

3. This solution needs to be implemented and used in the company, after which it 
can be evaluated as to whether and to what extent it has solved the problem.  
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Table 2.4. Definitions and examples of problems with knowledge activities 

Activity Problems 

Elicitation Although it could be done, knowledge is not expressed to such a degree that 
it is understandable for others. 

Examples - Knowledge is not made explicit. 
- There is knowledge available somewhere, but it is ‘under the surface’. 
- There is a vague idea of what is going on, but it is not known exactly. 

Codifica-

tion 

Knowledge is not codified: there is explicit knowledge available, but it re-
sides within people and thus cannot be transferred independently of them. 

Examples - Although it could be written down, people do not do it. 
- It is hard to capture best practices into new procedures. 
- Knowledge cannot be shared without personal contact. 

Detection Knowledge that is needed in a certain situation or its source is not found. 

Examples - Not being able to find knowledge because it is scattered or hidden. 
- There is so much knowledge available that it is hard to stay informed. 
- Not knowing what sources are the best for certain knowledge. 

Assessment Being unable to assess the value, significance, or meaning of knowledge. 
Although available, it is not known what its use is or why it is needed. 

Examples - Having a lack of knowledge about the real advantages of new knowledge. 
- There are no criteria to evaluate the knowledge. 
- It is unclear whether knowledge/sources are reliable or complete.  

Transfer of 
knowledge  

Although it is known where relevant explicit knowledge can be found, for 
some reason it cannot be transferred from the source to the company. 

Examples - Being unaware of the fact that tacit knowledge is not transferable.  
- Substituting technological contact (e.g. the Internet) for human interface. 
- Lacking a shared platform by which knowledge can be transferred. 

Transfer of 
knowledge 
holder 

Not being able to transfer, hire, employ, or keep people with valuable 
knowledge within the company. 

Examples - Being unable to get personnel with the right skills or knowledge. 
- People with unique knowledge leaving the company.  
- Finding someone relevant, but being unable to get them to the company. 

Nurturing Not being able to provide knowledge that is highly based on experience. 
Examples - Knowledge of senior staff is hard to transfer to junior staff. 

- People are unable to express all the subtleties of their work. 
- Some people are indispensable: once they leave, their knowledge has gone. 

Motivation Although certain activities can be done, they are not done, because people 
are not motivated or willing to do them or not rewarded for doing them. 

Examples - Knowledge is not shared because it is considered too valuable to share. 
- People do not take the time to properly archive their knowledge. 
- Not-invented-here syndrome: unwillingness to use knowledge from others. 

The fact that the solution is to be implemented in the company means that it 
should not only fit the problem, but also the company and its strategy mode. Fit-
ting the company means that a solution has to be suitable for a high-tech SME, 
e.g. in terms of costs, ease of use, organisational fit, and maturity. There are three 
basic strategy modes for dealing with problems [12]: problem preventing, solving, 
and setting. When a problem preventing strategy is applied, a firm acts under the 
basic assumption that what was right for yesterday will be right for tomorrow as 
well. Problem solving is an evolutionary approach in which problems that appear 
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are solved as long as solutions are in line with the current situation in the com-
pany. Problem setting is more revolutionary and involves finding solutions to 
problems before they actually occur. The strategies and the criteria for SME suit-
ability are further explained in Chap. 4. Chap. 11 provides an example of how this 
problem-solution matching process can be supported by an Internet portal. 

2.6 Summary and Conclusions 

Chap. 1 has shown the importance of KM for SMEs and has explained why KM in 
SMEs is distinct from KM in large companies. That chapter has argued that one of 
the most striking differences is SMEs’ need to acquire and use external knowl-
edge. Consequently, in this chapter we have further specified the concept of 
‘knowledge integration’ (KI) and have provided a concise overview of KI theory 
that is relevant for SMEs. Of course, this overview is not complete. However, it 
defines and exemplifies the most important concepts, which are: 

• Types of knowledge:  there are three general types of knowledge (explicit, tacit, 
and latent) and three NPD-specific categories of knowledge (customer/market, 
technological, and organizational). 

• Sources of knowledge: these can be characterized by dichotomies (internal-
external, personal-impersonal, formal-informal, nearby-remote), and consist of 
a wide range of sources (including customers, suppliers, and fairs). 

• KI process: this consists of eight activities (elicitation, codification, detection, 
assessment, transfer of knowledge and knowledge holder, nurturing, motivat-
ing) that are used in three stages (identification, acquisition, utilization). 

• KI problems and solutions: there are KI problems and KI solutions associated 
with the eight knowledge activities and with the three KI strategy modes.  

With these theoretical elaborations on KI, a central question arises: How do SMEs 
execute KI in NPD practice? In order to answer that question, the next chapter 
discusses the results of an international survey on KI amongst high-tech SMEs. 
Subsequent chapters provide practical examples of specific parts of the models 
that were outlined in this chapter. At the end of the book (Chap. 13) we come back 
to this chapter and discuss how these concepts have been used in practical KI.  
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3.1 Introduction 

Chaps. 1 and 2 outlined the relevance and difference of KM for SMEs and dis-
cussed the concept of knowledge integration (KI). These chapters were based on 
theory in diverse settings. The crucial question that was dropped there was how 
high-tech SMEs conduct KI in their NPD practice. 

Existing studies are of limited use for answering this question for several rea-
sons. Firstly, while concentrating on knowledge identification and acquisition, 
they disregard the way knowledge is used within the company. Secondly, they pay 
little attention to the different types of knowledge that are needed during NPD. 
Thirdly, they do not accord the Internet the prominent position it deserves. 

This chapter addresses these deficiencies of existing research by reporting the 
findings of a systematic empirical investigation of KI for NPD in high-tech SMEs. 
The chapter is organized as follows. Sect. 3.2 discusses the research framework, 
followed by an explanation of method in Sect. 3.3. Sects. 3.4 and 3.5 present the 
results of our study, and in Sect. 3.6 we conclude and discuss its implications. 

3.2 Analysing KI in SMEs: Research Framework 

The framework used for this research is similar to the framework that was pre-
sented in Fig. 2.1 in Chap. 2. We have included a slightly adjusted version of this 
framework below in Fig. 3.1. The numbers refer to the sections in which the re-
sults on that particular part of the framework are presented.  

Fig. 3.1. Research framework for the empirical study  
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Since most of Fig. 3.1 was already introduced in Chap. 2, we will not repeat this 
below. However, we have made changes to the following topics: 

• Knowledge: Rather than asking respondents which types of knowledge they 
use, we asked them questions on source, KI process, KI problems, and KI solu-
tions for customer/market knowledge and for technological knowledge.  

• Match: In addition to asking respondents about KI in practice, we asked them 
for their opinion about a Web portal that would match KI problems with KI so-
lutions. Such a portal is described in Chap. 11.  

• KI stages: Chap. 2 mentioned three KI stages and eight knowledge activities. 
While most of this book concerns these activities, this chapter provides ‘sub-
processes’ of the three stages. In contrast to the activities, these subprocesses 
are directly related to one of the three stages. They are explained below. 

The identification stage consists of subprocesses concerned with locating relevant 
knowledge outside the organization. Central to this stage is the level of intrusive-
ness (pro-activeness) of the knowledge seeker and the knowledge source [1, 5, 3]. 
When the levels of intrusiveness of source and seeker are seen as dichotomies, 
four identification subprocesses are distinguished. The first subprocess (high in-
trusive seeker, low intrusive source) is intentional search. Here, a seeker seeks ac-
tively for knowledge outside the company, for example on the Internet. The sec-
ond subprocess (low-high) is unsolicited presentation of knowledge by the source. 
An example is the disseminating of knowledge on new technologies to potential 
partners. The third subprocess (low-low) is accidental discovery and occurs, for 
example, when a seeker browses the Internet without a particular knowledge need. 
The fourth subprocess (high-high) is irrelevant within this study because, depend-
ent on who is most intrusive, it will be similar to intentional search or unsolicited 
presentation. For example, when the seeker is most intrusive (i.e., he finds the 
source), he cannot assess whether the source has been intrusive or not.  

In the acquisition stage, knowledge is transferred from a source to a company. 
Based on possible carriers of knowledge, we distinguish six types of acquisition 
subprocesses. Firstly, knowledge that is codifiable can be represented and trans-
ferred in written form. Secondly, physical objects with embedded knowledge can 
be transferred. An NPD example is reverse engineering of competitors’ products 
[2]. Thirdly, the people that carry knowledge can be transferred by hiring or em-
ploying them [7]. Fourthly, people can transfer their knowledge in the form of oral 
and visual communication, for example in courses [6]. Fifthly, when knowledge is 
embedded in work processes, transfer of knowledge is possible by cooperation be-
tween source and recipient. Finally, when knowledge is embedded in the source 
organization’s structure or culture [cf. 14], it can be acquired by outsourcing a 
problem to the source and staying in contact. 

The utilization stage consists of the subprocesses in which obtained knowledge 
is processed internally in the organization. The first subprocess is application of
knowledge, in which knowledge is used for the situation it was acquired for. 
When knowledge is used for other purposes than it was acquired for, we call this 
knowledge reuse [11] or exploitation [9]. The third subprocess in this stage, stor-

age, makes sure that knowledge resides within the organization by storing it, for 
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example in archives. The fourth subprocess is that of diffusion, which is done by 
disseminating documents throughout an organization. The last process is the in-

ternalization of the knowledge. This is done by codifying tacit knowledge into ex-
plicit rules and instructions and by developing a fixed response to defined stimuli 
to simplify choice [10, 8]. These subprocesses are depicted in Figure 3.2.  

Fig. 3.2. Subprocesses of knowledge integration 

3.3 Research Method 

We followed a two-stage approach consisting of interviews and self-administered 
questionnaires, both conducted in Germany, Israel, the Netherlands, and Spain.   

An interview scheme was developed in an expert panel of academics and prac-
titioners. In the four countries, 33 interviews were done with NPD managers. They 
lasted between one hour and 2.5 hours. Sampling was based on convenience, but 
respondents covered companies of different countries, industries, and sizes.  

Survey: sample 

The selection of high-quality databases in each of the four countries that allowed 
selection on similar criteria was a challenge. Eventually, we selected Hoppenstedt 
(Germany), D&A HiTech Information Ltd. (Israel), Chamber of Commerce (the 
Netherlands), and AXESOR (Spain). We used the typology of SMEs that was 
given in Table 2.1 (Chap. 2) for the selection of a randomized sample of 1306 
SMEs that was stratified over country, size, and industry from these databases. 
SMEs were contacted by phone, were asked for a key informant, received a ques-
tionnaire, and were reminded twice if they did not respond.  

A total of 317 NPD managers responded, leading to a response rate of 24.3%, 
which is remarkably high for SME research [12]. Respondents’ profiles are given 
in Table 3.1. A comparison of respondents with non-respondents on industry, size, 
and company age showed no significant differences on industry. However, 
younger companies and companies with 10-49 employees were underrepresented, 
while companies with more than 100 employees were overrepresented. A com-
parison of early and late respondents on all variables showed no significant differ-
ences (p<0.05). Thus, substantial response bias seems unlikely.  
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Table 3.1. Individual and company profile of respondents  

Industry % Founded % # Employees %

Chemicals & chemical products 10.7 Before 1965 13.1 2-9 14.3 
Machinery & equipment 28.4 1966-1980 13.1 10-49 28.7 
Office machinery & computers 11.7 1981-1990 18.0 50-99 16.5 
Electrical machinery & apparatus 4.1 1991-1995 14.6 >=100 35.1 
Radio, TV, communic. equipm. 19.9 1996-1998 15.5 Missing 5.5 
Medical, precision, optical equipm. 12.6 1999-2001 16.2  
Motor vehicles, trailers  5.0 Missing 9.5  
Other transport equipment 3.2    
Missing 4.4 

Position % Field of expertise % Gender % 

Director/ manager 29.9 Customers and Markets 14.9 Male 85.4 
Manager/head R&D 37.8 Technology 33.5 Female 9.8 
Manager/head marketing 14.3 Both 45.7 Missing 4.9 
Other  12.8 Missing 5.8   
Missing 5.2     

Survey: questionnaire  

For operationalization, it is important to regard validity, reliability, and practical-
ity, of which the last concerns factors of economy, convenience, and interpretabil-
ity [4]. In particular for SMEs, practicality is important, because of their general 
lack of time and resources [13]. To illustrate: during the interviews, one NPD 
manager remarked that he, at times, receives up to ten questionnaires a week.  We 
preferred using existing scales because of their tested validity and reliability. 
However, a search in over 500 relevant articles did not yield any practical scales. 
Alternatively, we developed a new questionnaire together with targeted respon-
dents. Based on the interviews, a draft questionnaire was developed and discussed 
in the expert panel, before it was tested, improved, and translated double-blindly 
in the four national languages. Four pre-test rounds (draft, second draft, translated, 
and online version) were conducted before the final versions were ready in paper-
and-pencil and online format. The final questionnaire is included in the Appendix. 

3.4 Results 

This section answers the question of how SMEs conduct KI in their NPD practice 
by presenting the results on each of the variables of the framework of Figure 3.1. 
Where appropriate, we refer to the interviews for additional explanations.  
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3.4.1 NPD Process 

Respondents were asked to what extent they are dependent on external knowledge 
during NPD. Fig.3.3 indicates that the dependency is almost the same for all three 
NPD stages of idea generation, selection, and realization. Considering that all 
three means are lower than 3 (2.76, 2.66, and 2.73 respectively), perceived de-
pendency on external knowledge tends to be low rather than high.  
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Fig. 3.3. Dependency of external knowledge during three NPD stages 

In the interviews, we observed that the dependency on external knowledge was 
different for two NPD strategies: 1) push-strategy: SMEs pro-actively develop a 
product that is not tailored for a specific customer. 2) pull-strategy: SMEs develop 
their products based on a particular customer demand and in cooperation with that 
customer. For the push strategy, SMEs search actively for market and technologi-
cal knowledge, whereas for the pull strategy (which is more common) they are 
less active and depend more on their customers. Also, the dependence on external 
knowledge was reported to be lower for the pull strategy. 

3.4.2 Sources  

Three questions were asked on the type of sources that high-tech SMEs use when 
they search for knowledge for their NPD process. The most important sources for 
knowledge about customers and markets and about technology are depicted in Fig. 
3.4. It shows that customers (and to a lesser degree conferences) are the most im-
portant source for customer/market knowledge. For technological knowledge, re-
spondents rely on a broader range of sources, including suppliers, conferences, 
customers, magazines, and online sources. Fig. 3.4 also shows the crucial impor-
tance of personal sources, and, in particular, of the customer as a source of knowl-
edge (which is consistent with the pull strategy frequently pursued for NPD, see 
Sect. 3.4.1). It also shows that branch organizations – which are specifically 
founded to provide companies with relevant knowledge – are seen as the least im-
portant source for both technological and customer/market knowledge. 
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Fig. 3.4. Most important sources of information 

In the interviews, we made an additional observation that is consistent with these 
results. It appeared that SMEs apply an inside-out strategy when selecting sources: 
they start searching for knowledge within their firm; next, they contact their close 
network of suppliers, and customers; and, as a last step, they look at sources out-
side their close network, such as companies, research institutes, and magazines.   

The observation that companies seem to rely on a broader range of sources for 
technological knowledge is consistent with the results shown in Table 3.2. This 
table indicates that respondents use more different sources for technological 
knowledge than they do for customer/market knowledge. 

Table 3.2. Same or different sources of knowledge 

 Technology Customers/markets 
Mean (std dev) 3.05 (1.00) 2.90 (.92) 
Exactly the same 2.7 % 4.3 % 
(Fairly the same)a 23.8 % 18.0 % 
(Undecided) 31.7 % 35.1 % 
(Fairly different) 17.4 % 11.9 % 
Completely different 7.9 % 3.7 % 
aOnly the extreme values were given in the questionnaire 

Respondents were also asked about the location of their most important source of 
knowledge. Fig. 3.5 displays that, for both types of knowledge, the most important 
source is located in another country. We find this remarkable, because much re-
search shows the advantage of nearby sources as compared to remote sources.  
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Fig. 3.5.  Location of most important source

3.4.3 KI Process 

The results of either ends of Fig. 3.1 having been presented in the previous sec-
tion, this section addresses the KI process itself. Respondents were asked how of-
ten they conduct the various KI subprocesses in their company. Fig. 3.6 shows 
that, for virtually all subprocesses, the scores for technological knowledge are 
higher than for customer/market knowledge. This seems to imply that respondents 
pay more attention to technological knowledge than to customer/market knowl-
edge. This is also indicated by the difference between the overall means for both 
knowledge categories (3.01 for technological knowledge and 2.87 for cus-
tomer/market knowledge). For the identification stage, Fig. 3.6 demonstrates that 
most knowledge is found after a deliberate search. For customer/market knowl-
edge, accidental discovery seems to be somewhat more important than for techno-
logical knowledge. Additionally, we observed that analysing products is the most 
frequently applied way of acquiring knowledge for both knowledge categories, 
and receiving documents and files the second frequently applied way. On the other 
hand, outsourcing and employing external personnel appear to be less frequently 
applied ways of acquisition. For the utilization stage, we observed that respon-
dents apply the knowledge they have received and store and disseminate it for po-
tential reuse, but do not use it again frequently for other goals. 

The results from the interviews strongly support the results of Fig. 3.6, includ-
ing the relative importance of active search and the low use of outsourcing prob-
lems. One additional observation was made as well: KI is not perceived as being a 
process in itself. It is perceived as being indistinguishable from and interwoven 
with the NPD process. As a result, KI-related activities are performed ad hoc. 
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3.4.4 Problems 

In addition to questions on what sources they use and how they execute their KI 
activities, respondents were asked how easy it was for them to perform certain ac-
tivities. Fig 3.7 shows the results for these questions. 

Fig. 3.7. Ease of executing KI subprocesses 

In Fig 3.7, we see that, for almost all the subprocesses, it is slightly easier for re-
spondents to perform them for technological knowledge rather than for cus-
tomer/market knowledge. We would expect a bigger difference since most high-
tech SMEs' core competence lies in their technological expertise. It also can be 
seen that none of the three stages is considered to be substantially more difficult 
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than the others. However, when we compare the overall means for each of the 
stages, we observe a slight increase from identification (3.06), to acquisition 
(3.14), and utilization (3.30), which is a weak indicator that the early KI stage is 
more difficult than later stages. This observation is consistent with observations 
during the interviews, where identifying knowledge was mentioned as a main 
challenge.   

In the interviews, it also appeared that the SMEs are quite satisfied with their 
KI and that customer/market knowledge is more problematic for them than tech-
nological knowledge is. However, virtually each of the 33 respondents also men-
tioned problems, some of which were clear-cut and urgent and others more gen-
eral. A general problem that appeared was a lack of structure in their KI processes.  

3.4.5 Solutions 

A large number of solutions for KI problems exist. For some of these, we asked 
companies to indicate whether they used them and whether they were satisfied 
with them. The results indicate that companies above all use general methods, 
such as brainstorming, documenting and regular meetings (Fig. 3.8) and general 
software, such as search engines, e-mail, and catalogues (Fig. 3.9). The figures il-
lustrate that methods are used more frequently (1855 in total) than software 
(1451). Another difference is the larger spread of methods compared to the fre-
quent use of only a small set of software programs. The figures also show that 
most users of methods and software (M&S) are satisfied with them. When we look 
at the ratio of satisfied and unsatisfied users (right-hand columns of Figs. 3.8 and 
3.9), it appears that particularly e-mail is highly appreciated and that the few users 
of extranets and mind mapping software are also very satisfied with these.  

Fig. 3.8. Number of respondents that use certain methods and that are satisfied with them
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Fig. 3.9. Number of respondents that use a certain software and that are satisfied with it.

We also asked companies why they did not use more specific methods and soft-
ware in each KI stage. The aggregated results are shown in Fig. 3.10, which 
clearly indicates that not being aware of specific M&S is the most important rea-
son for not using them, in particular for technological knowledge.  

Fig. 3.10.  Reasons for not using specific methods and software more often 

3.4.6 Match 

Subsequently, we asked companies to spend a virtual budget of € 1000 on six po-
tential functions of a portal that would match KI problems with KI solutions. Fig. 
3.11 indicates that the function of providing access to a collection of methods and 
techniques is regarded as most important (25 %) compared to the others. 
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Finally, we asked respondents’ opinions about a few specific portal features by 
confronting them with four statements on which they could opinionate on a five-
point scale from 1 (strongly disagree) to 5 (strongly agree). The results are:  

• The portal’s administrator should check the information that is offered: 3.87 
• The portal should mention who provided the information that is offered: 4.36 
• The portal should be targeted at specific types of companies: 3.09 
• The portal should be in the user’s native language rather than in English: 2.43 

3.5 Differences between SMEs 

In Chap. 2, it was argued that high-tech SMEs are a diverse group of companies. 
In Sect. 3.4, we have presented the aggregated results for all companies. In this 
section, we look for differences between companies that vary in size and country.  

Regarding size, we compared four size classes (2-9, 10-49, 50-99, 100-499 em-
ployees). In general, most differences are not significant (Kruskal Wallis test, 
p=.05). However, there are a few significant differences. Larger companies 

• use more different sources,  
• use more methods and software, particularly for acquisition and utilization , 
• analyze products as a way of acquisition more often than smaller firms, 
• use the acquired knowledge more often for other goals than it was acquired for,  
• attach less importance to an administrator checking the KINX portal, and  
• had a higher response rate than smaller companies. 

Additionally, we compared the four countries in the same way as we compared the 
different size classes. Here, we found a lot of significant differences. This is illus-
trated in Table 3.3, which ranks the four countries on the variables for which the 
differences are significant.  
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Table 3.3. Differences between countries

 Customers/markets Technology 
Question/variable Low High Low High 

Dependency on external knowledge …        

… to generate ideas N I G E    

… to select ideas N G E I    

… to realize ideas     

Use of different external sources of knowledge  I E N G 

Coming across knowledge without looking for it E G I N 

Intentional search for knowledge G N E I N G E I 

Other organization presents knowledge unasked G N I E G I N E 

Receiving documents G N E I 

Analyzing products 
Hiring persons G N I E G N I E 

Attending a course 
Developing a product together E G I N    

Outsourcing a problem to a source 
Using knowledge for the goal it was acquired for G E N I G E N I 

Using knowledge for other goals E G N I E G N I 

Storing knowledge for potential reuse 
Disseminating knowledge to everybody concerned G N I E G N I E 

Making sure knowledge is internally available  
Easily find out what knowledge is needed 
Easily find the needed knowledge  E G N I 

Easily obtain knowledge when it is identified E G I N E N I G 

Easily gain ownership over knowledge 
Easily disseminate knowledge obtained 
Easily apply knowledge obtained  E N G I 

Easily integrate market & technological knowledge  E G N I E G N I 

Access to methods and software E I G N    

Access to information from suppliers     

Access to experiences of other companies     

Interactive communication with other companies     

Help with diagnosing problems I N G E    

Help with choosing suitable methods and software 
Administrator should check information on portal     

Want to know who provided information on portal N I G E    

Portal only useful if specific for companies like us     

Portal should be in own language I N E G    

= Not significant. 
N = the Netherlands, I = Israel, G = Germany, E = Spain = Not split into 2 knowledge fields.  

Although there is no unambiguous order in the scores of the countries, there are a 
number of remarkable differences. We discuss them by characterizing the different 
countries in comparison with the other countries:

• German companies  

• are moderately dependent upon external knowledge;  
• use different external sources most extensively; 
• identify, acquire, and utilize external knowledge least;  
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• find knowledge integration moderately easy;  
• need the functions “access to methods and software” and “help with diagnos-

ing problems” greatly; and  
• strongly prefer a portal in their national language. 

• Israeli companies

• are most dependent on external knowledge during idea selection of NPD;  
• use the same external sources most;  
• identify, acquire and, in particular, utilize external knowledge most;  
• find knowledge integration easiest;  
• need the functions “access to methods and software” and “help with diagnos-

ing problems” least; and  
• do not need a portal in their national language. 

• Dutch companies 

• have the lowest dependency on external knowledge;  
• make use of rather different sources of knowledge;  
• identify, acquire and utilize external knowledge moderately;  
• find knowledge integration moderately easy;  
• need the function ‘access to methods and software’ most; and  
• have a low need for a portal in their national language. 

• Spanish companies 

• are highly dependent on external sources;  
• make most extensive use of the same external sources of knowledge;  
• identify knowledge by unasked presentation most;  
• acquire knowledge by hiring persons most;  
• use least of the acquired knowledge;  
• find knowledge integration most difficult; and 
• need the function “access to methods and software” least and “help with di-

agnosing problems” most. 
• have a high need for a portal in their national language. 

Although the differences are significant, it is impossible to draw strong conclu-
sions about them, because the data come from four different samples. We did as 
much as possible to create similar samples in each of the four countries by using 
the same sampling procedure in each country, but we cannot exclude the possibil-
ity that differences are caused by different samples rather than different countries. 
However, since each of the samples was drawn randomly from a high-quality da-
tabase, we suspect that, despite different samples, the discussed differences reflect 
significant differences between countries as well. 

3.6 Conclusions and Implications 

Since the number of results presented in this chapter is large, summarizing them 
involves a loss of detail. We therefore suggest having a look at the individual ta-



42      Jeroen Kraaijenbrink, Aard Groen, Fons Wijnhoven 

bles and figures in order to find results that are most interesting. Nevertheless, we 
can conclude in very general terms that high-tech manufacturing SMEs 

• are, to a low to moderate extent, dependent of external knowledge all over the 
NPD process (Sect. 3.4.1). 

• use a limited number of external knowledge sources of which the most impor-
tant ones lie mainly outside of  their country and of which the most used are 
customers and suppliers (Sect. 3.4.2). 

• intentionally search for knowledge, acquire it by documents, files, and prod-
ucts, and apply it only for the goal they acquired it for, despite attempts to make 
it available for reuse. They execute most subprocesses more often for techno-
logical knowledge than they do for customer/market knowledge (Sect. 3.4.3).  

• find knowledge integration relatively easy, in particular for technological 
knowledge. However, they all have KI problems too, which they seem to accept 
as inevitable. Two of the most apparent problems are obtaining property rights 
and a lack of structure in their KI processes (Sect. 3.4.4).  

• use a number of general methods and software, like e-mail, search engines, and 
brainstorming and are also satisfied with them. They do not use more specific 
M&S because they are not aware of them or do not perceive a need for them 
(Sect. 3.4.5).  

• prefer a portal that simply gives them access to a collection of KI methods and 
software rather than providing all kinds of interactive features (Sect. 3.4.6). 

• differ between countries, but virtually not between size classes (Sect. 3.5).  

The results and conclusions of this chapter answer our question as to how SMEs 
conduct KI in their NPD practice. When we compare the results on the various 
parts of Fig. 3.1, we observe a consistent picture of KI in high-tech manufacturing 
SMEs. We find that it is very difficult for them to think in terms of KI. KI is not in 
their daily language and it is not a specific and separate process but part of the 
NPD process. They are also not very well aware of the KI problems that they do 
have and solutions that might exist for those problems. All respondents, however, 
recognize the importance of external knowledge, report problems that we have 
identified as KI problems, and find some general solutions for those problems. 
Thus, we conclude that the central issue seems to be SMEs' lack of awareness 
about the middle part of Fig 3.1: KI stages, KI problems, KI solutions, and ways 
to match problems and solutions.  

Consequently, the main challenge for KI is improving SMEs’ awareness of 
these aspects of KI. Because this chapter has shown that SMEs do not think in 
terms of KI stages, the remaining chapters of this book will also disregard KI 
stages and instead focus on KI activities that are not related to a specific stage. 
These activities were already mentioned in Chap. 2 (the ‘KI watermill’) and are 
further explained in the next chapter. Chaps. 5-10 provide detailed examples of 
implementations of solutions for problems with each of the KI activities. These 
examples help to better understand KI in practice and, as such, improve aware-
ness. Moreover, the KINX portal that is described in Chap. 11 is explicitly de-
signed to address the awareness problem.  
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Appendix: Questionnaire 

Questions 2-5a were differentiated in two types of knowledge: ‘customers/ mar-
kets’ and ‘technology’. For questions 1, 2c, 3, 4, and 5a, 5-point scales were used, 
ranging from not at all/never/strongly disagree to fully/always/strongly agree.  

1. NPD process: To what degree are you dependent on external knowledge in 
product development? 
a. For generating product ideas. 
b. For selecting one out of several product ideas. 
c. For realizing a selected product idea. 
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2. Sources:  

a. Knowledge can come from several external sources. Check the sources that 
are most important to you in your field(s) (multiple answers)  

a. Customer. 
b. Supplier. 
c. Other company than customer or supplier.  
d. Research institute, university.  
e. Branch organization, innovation centre.  
f. Fair, conference.  
g. Magazine, book.  
h. Database, Internet.  
i. Other (please specify).  

b. Where is the most important external source of knowledge in your field(s) 
located?

a. Same region as your company.  
b. Same country as your company.  
c. A different country from your company.  
d. Impossible to say. 

c. Do you use the same, or different external sources of knowledge for each 
product development process? 

3. KI process:  

a. There are several ways to find external knowledge. How often do the follow-
ing ways occur in your company?  

a. We come across knowledge without really looking for it. 
b. We intentionally search for knowledge.  
c. Another organization presents knowledge unasked. 

b. There are many ways to obtain knowledge if its source its known. How often 
do the following ways occur in your company? 

a. We receive documents or files from a source.  
b. We analyse products from a source. 
c. We hire or employ persons from a source.  
d. We attend a course given by a source. 
e. We develop a product together with a source.  
f. We outsource a problem to a source. 

c. Obtained knowledge can be used in several ways. How often do the follow-
ing ways occur in your company?  

a. We use it for the goal we acquired it for. 
b. We use it for other goals than we acquired it for. 
c. We store it for potential later use. 
d. We disseminate it to everybody concerned. 
e. We make sure that we have similar knowledge internally available 

next time.  
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4. Problems: Your company might find it easy or difficult to acquire external 
knowledge. To what extent do you agree or disagree with the following state-
ments about this?
a. We easily find out what knowledge we need.  
b. We easily find knowledge we need. 
c. We easily obtain knowledge when we know where it is.  
d. We easily gain ownership over knowledge.  
e. We easily disseminate obtained knowledge in our company. 
f. We easily apply obtained knowledge in our company.  
g. We easily integrate knowledge about markets with knowledge about tech-

nology. 
5. Solutions:  

a. Below, you will find a large number of methods and software programs. 
Please tick those that your company uses or has used regarding external 
knowledge. For those you use(d), please indicate whether you are satisfied. 

b. Which of the following reasons for not more often using specific methods of 
software applies to you?  

a. Not thought about it. 
b. There is no need for it.  
c. I am not aware of any. 
d. There are too many to choose from.  
e. They are too expensive. 
f. There are no suitable ones. 
g. Too complicated to learn to use them. 

6. Match: Below you find potential functions of a portal that matches KI prob-
lems with KI solutions. Suppose you have a budget of € 1.000. How would you 
spend your money? 
a. Access to methods and software that help you with acquiring external 

knowledge. 
b. Access to information about such methods and software, directly from their 

suppliers. 
c. Access to experiences that other companies have with such methods and 

software. 
d. Interactive communication with other companies about acquiring external 

knowledge.  
e. Help with diagnosing problems related to acquiring external knowledge. 
f. Help with choosing a suitable method or software for acquiring external 

knowledge.



4 Organizing the Toolbox - Typology and 

Alignment of KI Solutions 

Doron Faran1, Aharon Hauptman2, Yoel Raban2

1Net Knowledge Ltd., Karmiel, Israel (dfaran@yahoo.com) 
2 Interdisciplinary Center for Technology Analysis and Forecasting (ICTAF) at 
Tel-Aviv University, Israel (haupt@post.tau.ac.il, raban@post.tau.ac.il)

4.1 Introduction 

This is a true story about a fashion company; let us call it simply Fashion Inc. 
Among other events, Fashion Inc. faced a remarkable decrease in revenues which, 
in retrospect, was attributed to a tremendous shift in customers' tastes, that the 
company hadn't noticed. Undoubtedly, concluded the management, we have 
messed up with knowledge processing and should prevent its reoccurrence; the re-
action was to hire more talented salespersons and deploy them all over the mar-
ket1. Alas, such brilliant people soon attracted watchful headhunters, so desertion 
shortly became the next problem. The management did not stay passive; as a 
counteract they ordered the still-loyal salespersons to document their knowledge. 
But unenthusiastic enough, the stellar fellows did it offhandedly; it did not take 
long – just until the next crisis – before the “knowledge base” was considered use-
less and abandoned. 

The story goes on and on, but most probably we have made our point: unless 
well matched with the problem, any solution – as good as it may be – would at 
best do nothing (if not harm). The lesson? Carefully classify your problem before 
you select the proper means. In this chapter, we develop a comprehensive catego-
rization of KI problems/solutions and show how to distinguish among them. For 
example: the first step taken by Fashion Inc. was “transfer of knowledge holder” – 
an adequate means for tacit (hereinafter explained) knowledge; unfortunately, the 
knowledge at point was latent. Later, they applied “abstract codification” – effec-
tive for explicit knowledge only - whereas for latent knowledge “extracting elici-
tation” would have been appropriate. True, a little bit complicated; but such is 
knowledge – each knowledge type allows a distinct set of activities and leads to 
different solutions, and that is what is described below. 

Incidentally, the anecdote we started with is another KI technique, known as 
“story telling”. It is a lovely way to convey complicated knowledge in an intrigu-

                                                          
1 Chandrasekhar, R. The Case of Knowledge Management. Business Today, 22.10.1999 



48      Doron Faran, Aharon Hauptman, Yoel Raban  

ing and memorable manner; so if you have got the typology's complex idea, we 
might have succeeded in matching a solution to the problem. 
This chapter is organized as follows: in Sect. 4.2, we lay the ground with defini-
tions and principles that underpin the rest of this book. Sect. 4.3 provides the main 
body with thorough explanations and examples of each knowledge activity, ar-
ranged with respect to knowledge type. Then, in Sect. 4.4, we add another parame-
ter – the KI objective – and suggest three consistent alignments of activities to ad-
dress a desired strategy. Sect. 4.5 describes how SMEs may use suitability 
parameters in order to choose KI tools and techniques. The chapter ends with con-
clusions in Sect. 4.6. 

4.2 Definitions and Principles of the Typology 

As shown in the present chapter, numerous solutions exist for the problems en-
countered by SMEs in their Knowledge Integration processes. These solutions are 
categorized by their support of the fundamental (generic) KI activities, which were 
defined in Sect. 2.4 and are explained in more detail hereinafter. Broadly speak-
ing, these solutions can be divided into two different groups: (a) specific KI soft-
ware tools, which we hereinafter call simply “tools” for short (for example, soft-
ware for document management), and (b) KI techniques (for example, 
“Community of Practice”). 

The term “technique” is usually understood as some systematic procedure by 
which a certain (complex) task is accomplished. It is closely related to the term 
“method”. In some definitions, the two terms are quite synonymous2. Other defini-
tions assert that a method is a “higher-level” entity rather than a technique. For 
example, according to Bemelmans (quoted by [12]) a method is “a way of think-
ing and acting when approaching a scientific or practical problem” while a tech-
nique is “the specification of the method and its transfer to application”.  

We will not go deeply into these semantic subtleties, and at the moment we pre-
fer to take a pragmatic approach: we label every means for KI that is not (inher-
ently) IT-dependent as “technique”. Naturally, there are KI techniques that are not 
inherently IT-dependent but can be assisted or enhanced by IT tools. For example, 
a “community of practice” can exist in a company without using computers and 

                                                          
2 The Cambridge dictionary defines Method as “a particular way of doing something” and 

Technique as “a way of doing an activity which needs skill”. According to the Merriam 
Webster online dictionary, a Method is (1) a way, technique, or process of or for doing 
something (2) a body of skills or techniques. According to the online dictionary Yourdic-
tionary.com, a Method is “the procedures and techniques characteristic of a particular 
discipline or field of knowledge” (one of several definitions), and one of its definitions of 
Technique is “A method used in dealing with something: approach, attack, course, line, 
modus operandi, plan, procedure, tack” 
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communications, but it can be significantly supported and enhanced by using 
computer networks and suitable software.  

Yet we will show later (in Sect. 4.4) that appropriate selection and application of 
the KI solutions require a guiding frame, which we call “KI strategy” – a con-
certed application of means towards a certain objective. This could be viewed as 
the “higher level” entity, namely the method (“way of thinking”) mentioned be-
fore, which envelops the KI techniques and tools and makes them meaningful. 

Principles of the Typology  

In the scholarly literature, there are several options to categorize KI means (a 
shortcut for Tools and Techniques), which we skip for practical reasons. However, 
we reviewed the typologies suggested so far and found some weaknesses in ad-
dressing the following requirements: 

• Uniform problems-solutions classification: however significant each by itself 
is, unless there is a common denominator, one would find it difficult to match. 
Our preferred approach was to adopt a common classification for solutions and 
problems, so that matching one with the other would be more straightforward. 
This approach proved particularly useful in the design of the diagnosis module 
of the KINX portal (Chap. 11). 

• Comprehensiveness: the typology must encompass the entire KI cycle over all 
the types of knowledge, which most researchers regard as twofold (tacit or ex-
plicit). As explained in chapter 2 and in this chapter, we distinguish between 
three by adding the latent type. Further, we found that the knowledge type de-
termines the classification. 

• Independency of process order: the KI three-stage division (identification, ac-
quisition and utilization - see Chap. 2) is helpful for illustration purposes but 
too broad for fine classification. Unlike many who aligned the problems along 
the process (implying that each stage carries unique problems), we saw their re-
lations as web-like, or many-to-many (see Fig. 2.2.). Thus, we looked for an-
other determinant as a criterion. 

Taken together, these requirements called for another approach; we concluded that 
knowledge integration activities (KIA) would satisfy. KI activities are those trans-
actions or manipulations of knowledge (e.g., telling, publishing or acquiring), 
where the knowledge is the object, not the result. For instance: to find, study and 
institutionalize a new production process are all KI activities, but to produce ac-
cordingly is not. Instead of theorizing hypothetical classes, we collected available 
tools and techniques from the field and asked ourselves which problems they ad-
dress. Then, inductively, we identified the factors and the dependencies between 
them in this order: barrier, knowledge type and knowledge activity (see Fig. 2.3. 
in Chap. 2 – “The Watermill Model”): 

1. Barrier: what impedes the KI process; choices are either attitude – that people 
do not want to buy in, or skills – that people do not know how to. 

2. Knowledge type: what knowledge is in point, out of three types: 
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2.1 Explicitknowledge that can be articulated without attenuation. Written knowl-
edge is explicit by definition, but not vice versa (knowledge can be explicit 
even if not yet articulated). 

2.2 Tacit: knowledge that cannot be articulated whatsoever, but can be experi-
enced (what Collins [4] calls “embodied knowledge”). 

2.3 Latent: explicable (but not explicit) knowledge that is either applied in back-
of-mind or exists in potential (i.e., no new knowledge is required for its mate-
rialization). In some instances (e.g., Nonaka [15]), it is regarded as a sub-type 
of tacit knowledge but certainly deserves a separate attribution. 

3. Knowledge activity: what is done upon the knowledge? We shall elaborate this 
criterion in Section 4.3. 

Fig. 4.1 below projects the “Watermill Model” in the diagnosis order. The KI ac-
tivities are explained in more detail in the next section. 

Problem/ 

solution

Attitude Skills

Latent Explicit Tacit

Elicitation Codification

Detection

Assessment

Transfer of 

Knowledge

Nurturing

Transfer of 

Knowledge 

Holder

Motivating

Barrier

Knowledge Type

Knowledge Activity

Fig. 4.1. Problems/solutions classification in the diagnosis order 

4.3 Typology of KI Tools and Techniques 

In Chap. 2, we distinguished eight KIA categories in a first-order division; here, 
we apply a finer subdivision, driven by varying distinguishers (many for some ac-
tivities, few or none for others). To make things more vivid, we provide, next to 
each term, examples of corresponding tools and techniques and describe them in 
brief. Where italic letters, followed by an asterisk (*) are used, further explana-
tions are available in the KINX portal (see Chap. 11).  
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4.3.1 Activities for Latent Knowledge 

Latent knowledge should receive the most attention, since on the one hand it is 
highly prevalent but on the other it is susceptible to loss [13]. By definition, as 
long as the knowledge is latent, it can be used by its holder exclusively (others can 
imitate him or her, but only blindly). What can be done in this case is Elicitation:
explication of unarticulated latent knowledge or engendering new insight(s). If 
successfully performed, the knowledge in question becomes explicit. 

Latent knowledge has two shapes. One is the expert's knowledge, usually car-
ried out in back-of-mind [5]; it is not uncommon to ask an expert after-the-act how 
(or why) he or she did what they did and to get a shrug as an answer. We tend to 
call it intuition or gut feeling but, actually, the expert applies a schema [10, 18] 
unconsciously. The other shape of latent knowledge is the question-that-has-
never-been-asked: something that we could have known had we faced the neces-
sity; as that appears, we do not need new knowledge but rather an extra thought (a 
famous joke tells about a child who had been considered  mute until his sixth 
birthday, when suddenly he asked for salt at dinner. To his parents, who wondered 
why he had kept silent this far, he answered: “I did not need anything”). New 
stimuli or unfamiliar occasions are a common cause for such a need. However, 
each form of latent knowledge requires different activity. 

To disclose expert knowledge, we use Extraction: unilateral elicitation by an 
expert; even when supported or stimulated by others, the source is sole and the 
flow is unidirectional. The yielded knowledge is not new – it was applied before, 
but in a back-of-mind manner. An example of a related technique is the laddering 

interview*3: asking the expert a series of consecutive Why's to unveil his reason-
ing structure. Consider this: 

− “Why did you choose this material?” (In, say, an NPD process).  
− “I thought it would be more efficient.” 
− “And why is it more efficient?” 
− “Because it glues faster.” 
− “And why is faster gluing important?” 

And so on and so forth. For the unprecedented question, we turn to Cross-

fertilization: multilateral elicitation among counterparts, where none has any ad-
vantage over the others and all gain new insights through mutual stimulation. The 
yielded knowledge has potentially existed – it does not stem from new knowledge 
but from deeper inquiry of the already existing. 

The most popular technique for this case is brainstorming*, which is actually 
an umbrella term for a variety of nuances such as Bohm Dialogue4 (a group dis-
cussion characterized by extraordinary openness, acceptance and tolerance, as 

                                                          
3 An asterisk (*) indicates that the solution is described in detail in the KINX portal (see 

chap. 11). For this solution in particular, see also chap. 5. 
4 From IBM Systems Journal (2001, 40, 4): "The knowledge management puzzle: Human 

and social factors in knowledge management". 
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criticism is contained) or the devil's advocate (to think counter-intuitively). A nice 
instance of the latter is the “stance swap” game, where people are assigned to rep-
resent an idea opposed to theirs; there is nothing like that to provoke a fresh 
thought! 

4.3.2 Activities for Explicit Knowledge 

Explicit knowledge is the easiest to manipulate by the “classic” knowledge activi-
ties – “classic” as they have been associated with knowledge management since its 
very inception. In some sense, their over-popularity is detrimental (like in the case 
study we mentioned above) when – as the coin under the streetlight - applied too 
simplistically or for the wrong knowledge type. That is the very reason why we 
suggest the following subtle subdivision, taking into account a wide array of vari-
ables. Consider the case of Michael, a savvy R&D engineer in a high-tech com-
pany: 

It was on a flight when I chatted with the nice lady next to me; she worked for 

X (a company in a totally different industry) and talked about a new material 

they have developed and how, and doubtlessly was very proud. It meant noth-

ing to me but suddenly I recalled that staff meeting where Dave, from the other 

project, mentioned some difficulties they'd faced. “My Goodness” I thought, 
“doesn't the process this lady dwells on resemble Dave's?”. Back at the office 

I e-mailed Dave the story. His team examined the details, gathered some more 

from magazines and successfully implemented a similar process. They also 

documented their lessons, so now other teams can share their experience. 

What a coincidence! Or is it? Not really: this little story demonstrates four activi-
ties that, if well implemented, will render such a coincidence commonplace. These 
are: detection (in the form of discovery), transfer (twice – continuous broadcast

and ad hoc personal), assessment (value, significance or meaning) and codifica-
tion (abstraction) – all appropriate for explicit knowledge under different condi-
tions. We have already mentioned that KIA are not compliant with any certain or-
der, thus the following alignment is arbitrary. 

Codification 

The knowledge you are obtaining from these pages at this moment is codified; the 
book you are holding is the exclusive medium between us – we do not know each 
other and we cannot control the way you receive the knowledge or use it. On your 
side, you lack the opportunity to direct us towards your special interest, but it is 
your advantage that you can read it at your convenience. So, what is codified 
knowledge? Codification is defined here as the articulation and transit of explicit 
knowledge from a human source to any kind of media, either straightforward (e.g., 
plain text or model) or adapted (e.g., embedded in a work procedure). Once codi-
fied, the knowledge is detached from its source and independently transferable to 
others. 
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The keyword in this definition is “detached” [20], and that is the critical differ-
entiator between codification and transfer. Under some circumstances, it can be 
very efficient, mainly when the knowledge is context-independent and repeatable; 
unfortunately, that is not always the case. In some exaggeration, by codifying her 
or his knowledge, the owner “excesses” her- or himself – which drives an under-
standable discouragement (consider Fashion Inc.). The benefit of the knowledge 
consumer, on the other hand, is not guaranteed as well: he or she is exclusively 
accountable for the knowledge application. Beyond the prime question of whether 
to codify at all, one should select the proper codification style: 

1. Embedding: codifying (hard-coding) knowledge into machines or software ap-
plications, thus annulling any discretion of whether to apply that knowledge. 

This type is appropriate when the knowledge is highly mature and no deviation is 
expected (or welcomed); Simon [18] called it “programmable decisions”. For in-
stance, in a workflow* software tool, we may conclude in advance that three days 
are whatsoever enough for an incumbent to approve a request, and if he or she 
passes up, the next step will automatically be activated. Or in an inventory man-
agement system, we may predefine a threshold under which a purchase order is is-
sued instantaneously. It is clear enough how such procedures may increase effi-
ciency and enhance control [14] but at the same time entail rigidity. 

2. Prescribing: codifying knowledge in a strictly guiding manner (“how-to”), like 
manual, procedure, rule, prescription, recipe, etc., which makes it applicable 
unbeknownst to the background rationale. Still (unlike embedding), the knowl-
edge's application is subject to a human's compliance. 

This codification is a hybrid style: a distinct rule for one but a call for discretion 
for the other. When is it desirable? Where the knowledge is applicable in similar 
situations, yet not identical; in other words, the knowledge is incomplete. A repre-
sentative example of this style is best practices*: a horizontal distribution of 
proven operating procedures that were established (or tested) locally. In a more re-
strictive manner (i.e., a partial practice) they are named “tips”. 

3. Structuring: here, the meta-knowledge (i.e., knowledge about knowledge) is the 
object, rather than the knowledge itself. By framing, classifying, ordering and 
interrelating concepts and/or terms, a knowledge domain is constructed under a 
shared language. 

A keywords tree in a repository (e.g., a document management* system) is a typi-
cal example. Note the difference: to construct knowledge structure is a codifica-

tion activity, whilst to use this structure it is detection (explained hereinafter). 

4. Abstracting: codifying knowledge in a form of theory, idea, reason, etc., that 
answers the “why” question, thus interpretation and modification are required 
for its usage. Examples of resulting “products” are lessons learned, research 
conclusions, commentary. 

As with this book, such a style does not tell you what to do (or how to do it); 
rather, it explains the “why” or - as in Michael's story - just draws upon one's ex-
perience. In that story's sense, it could be useful to apply the learning history* [11] 
technique: an authentic outline of an event, accompanied by the insights of each 
involved party; it remains for the reader to infer the analogous. 
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Some combination may also apply; for instance, keywords added to free-text 
documents. While the knowledge within is abstracted, the meta-knowledge (i.e., 
the keywords) is structured – which makes detection (cf.) easier. 

In Fig. 4.2, we schematize the inefficiency and ineffectiveness zones of codify-
ing knowledge (borrowed, with adaptation, from Bohn's [1] idea “Stages of 
Knowledge”). Efficiency is gained when applicable knowledge is reused, avoiding 
the “reinvent the wheel” phenomenon. Effectiveness is contributed by reflective 
adjustment of the knowledge to the need. The vertical axis – “level of similarity” – 
represents how similar the occasions are in which the knowledge is applied. 
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Fig. 4.2. The inefficiency and ineffectiveness zones of codification (the diagonal is sym-
bolic, not precise). Freely adapted from Bohn [1] 

Detection 

When Michael encountered the new knowledge, he performed Detection, which is 
intended or accidental identification of useful explicit knowledge. In essence, 
there are three basic paths to do so, factored across two dimensions of the knowl-
edge-seeker relation: (1) Is it known to be needed? (2) Is its location determined? 
This multiple choice yields three sub-activities, summarized in Table 4.1. 

In addition, the knowledge itself (regardless of the seeker) has another attribu-
tion: it may be either codified or non-codified (but still explicit). This segmenta-
tion doubles the above threefold division, since different means support each of 
the six. Some examples: 

For retrieval of codified knowledge, taxonomy* would be useful; it is a method 
of arranging knowledge in a predefined, structured order that is shared (i.e., the 
order) across the organization. The documented knowledge is then stored under 
the proper entry. 
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Table 4.1. Detection subdivision by the known a priori 

Known prior to detection Subactivity Description No

Need Location   
1 Yes Yes Retrieval Need-driven detection of knowledge at 

a predefined location (direct access). 
2 Yes No Search Need-driven detection of knowledge, 

the location of which is unknown in 
advance. 

3 No No Browse/ 
Discovery 

Opportunity-driven, by-chance detec-
tion of knowledge, the location of 
which is unknown in advance. 

In order to retrieve non-codified knowledge (perhaps because it is context-
sensitive or rapidly changes; see [8]), one should locate the knower; for that, in-
ternal yellow pages* could assist. It is a directory of who-knows-what, intended to 
be followed by direct contact with the knowledge owner. Indeed, yellow pages is 
often panned as a naïve and empty solution that can hardly reflect one's richness of 
knowledge, but for the less intimate medium (or larger) companies, it may provide 
a clue. 

Search for codified knowledge is quite synonymous with Internet (or intranet) 
search engines. The problem associated with them, that of low hits ratio, can be al-
leviated by means such as ontology*5 – a sort of knowledge map to guide a finer-
tuned search. Another aid is a directory, like in Google or Yahoo!. 

In search of non-codified knowledge, the ultimate target is, again, the knower – 
only that now she or he is not identified beforehand. The well-known community 
of practice* (CoP) technique can be helpful; indeed, the question “who knows…” 
is quite popular in such forums. Similarly effective are simple social ties – to 
reach a source through a mutual friend, e.g.. 

Means for discovery are rare or trivial or both; however, we must stress that 
they do nothing unless the discovered knowledge meets – as with Michael - a con-
text, even if tenuous. We deliberately use the term “context” and not “need”: 
shared context (or mutual awareness) among group members enables one to rec-
ognize knowledge as helpful even if that knowledge has never been heard of and, 
thus, no need was explicitly stated (we will return to this point later in Sect. 4.4). 

One means for discovery of codified knowledge is to subscribe to newsletters*

from sites of interest; once you check a broad pertaining area, you will receive pe-
riodical updates which you might further investigate. Another tactic – trivial, as 
we warned, but effective – is to keep watching the leading magazines in one's 
field. 

As for Search for non-codified knowledge, our advice is as simple as visiting 
fairs, chatting, membership in professional associations and the like. In short, ap-
ply all the activities that constitute environmental scanning. 

                                                          
5 See also Chap. 7. 
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Assessment 

Imagine that you encounter some revolutionary wisdom, something that totally 
contradicts whatever you have known about the topic in question. Would you 
abandon your old knowledge and embrace the new one? Not an easy question, for 
sure. Regardless of your answer, you must have gone through two quandaries (in 
that order or another): first, is this knowledge significant for me? And second, is it 
credible? This, in short, is the essence of the Assessment activity. It rests upon the 
paradigm that there is not a single truth and many questions are open-ended. The 
definition is: attaching credibility, value, significance or meaning to explicit 
knowledge, either actively or by omission (e.g., ignorance, unawareness). 

To be specific, credibility concerns weighting the sources of knowledge. The 
algorithm used by Google exemplifies the point of tool-assisted credibility as-
sessment: results are rated on popularity basis – the more links from other sites, 
the higher the rating. Quite similar, and common in academic research, is the 
count of quotations (citation index) – assuming that such a measure is available. 
Professional intelligence organizations, that diligently track their sources' reports, 
perform periodical sources evaluation in hindsight, so the next piece of informa-
tion can be judged accordingly. A good credibility process pays off when one 
faces equivocality or lacks corroborative indications – and of course to guide the 
collection effort a priori. 

The second aspect of assessment is value, significance or meaning: evaluating 
the knowledge itself. Trusting the knowledge source is just the half-way; still, even 
if the source is a hundred percent credible, you may ask: so what? What difference 
does it make for me? History is rife with misjudgments of meaning (among the 
most curious are: “But what... is it good for?” - Engineer at the Advanced Com-
puting Systems Division of IBM, 1968, commenting on the microchip, or “This 
'telephone' has too many shortcomings to be seriously considered as a means of 
communication. The device is inherently of no value to us.” - Western Union's in-
ternal memo, 1876). Sure, wisdom after the fact is always easier; but – without 
full guarantee – some techniques may make the evaluation more than a guess. 

One technique, which is described in detail in chapter 8, is the DVT – a system-
atic and systemic identification of driving forces to be focused on. Another is the 
Knowledge SWOT Analysis [19], which highlights the gaps between the currently 
possessed and the required knowledge in order to attain a strategic leap. The 
Knowledge Tree [1] suggests a systematic dissection of the firm's process (from 
input to output) into its particles, each is scored for knowledge level; conse-
quently, the weakest links are exposed for further investigation. 

Needless to say, full coverage is a Utopia; luck and intuition (the latter is actu-
ally latent knowledge) still have a role. But the intelligent organization should not 
rely on them solely. 

Transfer of Knowledge 

Once the knowledge exists (after elicited or detected, and assessed), the next con-
cern is to make it available where needed. Under some circumstances, the right 
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way to do so is by Transfer of knowledge: addressed transit of explicit knowledge 
from a human source directly to other human(s). What circumstances? Unlike 
codification, in transfer, the knowledge and the knower are tightly coupled; possi-
ble reasons are high context-sensitivity that requires delicate adaptation, questions 
of mutual trustworthiness or the source's wish to control the transmission. To be 
sure: when one writes down a message and selectively addresses some certain ad-
dressee(s), it is – although written – transfer, not codification; the selection as well 
as the tailored concoction make the difference. 

Transfer of knowledge is subdivided twice, upon two dimensions: frequency 
and audience, and thus totals four forms. Table 4.2 summarizes the distinctions 
and the conditions in which each type of transfer is appropriate. 

Table 4.2. Forms of knowledge transfer and their appropriateness 

Frequency 

Continuous 

(On-going, routine, pro-
cedural) 

Ad hoc 

(Upon request) 

Broadcast 

From one to many (gen-
erally-defined audience, 
like entire company or 
sector) or from many to 
one (few) 

Knowledge is changed in 
a constant rate and con-
cerns a common interest. 

Knowledge is changed 
continuously and con-
cerns a common interest. 

A
u

d
ie

n
ce

 

Personal 

From one (few) to one 
(few), individually se-
lected 

A mutual accomplish-
ment depends on constant 
knowledge flow among 
distinct individuals. 

An occasional need and 
motive shared by distinct 
individuals. 

Transfer of knowledge is not restricted to intra-organizational relations; rather, as 
Chap. 3 suggests, a great deal of knowledge is sourced from the outside. The rep-
resentative tools and techniques we list below are independent of the organiza-
tion's boundaries. 

For broadcast-continuous transfer, an organization may hold periodical gather-

ings and newsletters or encourage its staff to participate in communities of prac-

tice. Besides the knowledge per se, such involvement has a motivating effect (cf.). 
Sending people to courses or professional conferences are examples of broadcast-
ad hoc transfer, and also typify cross-organizational collaboration. Another, quite 
different means, is to survey a group's opinion (employees, customers, etc.); here, 
the ratio is reversed as many inform the few. 

Personal-continuous transfer is more reciprocal by nature. Innovative projects, 
for instance, may employ cross-functional teams, where varied competencies are 
compounded to achieve “knowledge fusion”. Stand-up meetings* – related to the 
agile management school – ensures mutual awareness across fragmented teams 
and counteract the “silo” phenomenon. Do you remember Michael's so-
meaningful flashback (“suddenly I recalled that staff meeting where Dave, from 
the other project, mentioned some difficulties they'd faced”)? We bet there it was 
where he had heard it. 
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Nowhere else is the human side of knowledge work as dominant as it is in per-

sonal-ad hoc transfer. The peer assist technique, used at BP [2, 6], is a fine exam-
ple: people share their expertise with others upon request, regardless of their direct 
benefit (a matter of culture, for sure). Or the ancient face-to-face meeting, irre-
placeable by any modern communication, to yield a vital knowledge exchange. 

4.3.3 Activities for Tacit Knowledge 

Not much is doable with tacit knowledge, given its inherent properties. Actually, 
the list is as limited as twofold. The first activity is Nurturing: assisted recreation 
of tacit knowledge. Before the industrial revolution, craftsmen gained their skills 
through a long period of apprenticeship, where they imitated and re-experienced 
their master craftsman´s knowledge. Despite technological progress, some talents 
still require the same process (over certain innate capabilities); such as design, art, 
manual work, and – though different – emotional intelligence. Apprenticeship is 
laborious, long and expensive, since it requires significant co-working.  

Alternatively, companies may consider the Transfer of knowledge holder: mak-
ing tacit knowledge available by repositioning its source (human or an artifact that 
embodies the knowledge). Outsourcing, for example, may compensate for lack of 
knowledge without extra overheads. Another way of transferring a knowledge 
holder is hiring or enlisting an expert.  

But, you may ask, aren't detection or assessment – arguably exclusive for explicit 
knowledge – applied for the expert's locating? Make no mistake: only explicit 
knowledge can be acted upon directly. As for tacit (or latent) knowledge, only 
their outcomes are discernible. For example: when a firm detects a skilful de-
signer, that is the marvellous design which is explicitly detected and not her or his 
skill. 

4.3.4 Motivating Activities 

Motivation, as the Watermill model illustrates (see Chap. 2), propels the whole 
wheel and, hence, is a necessity. But it is not unintentionally external: while we 
define KI activities as acting upon the knowledge, motivating means affecting the 
human. For that reason, many of them are as good for general purposes as for KI. 
What falls under this category anyway? In short, all that is Motivating: prompting 
people to buy in and to apply knowledge activities intrinsically for their own good 
(which, obviously, should match this of the organization). 

We divide this wide field into two subclasses, based on the criterion of direct-
ness: either the means are direct (incentives) or indirect (enablers). Incentives ac-
tively encourage involvement and are directly linked to performance. A classic 
example is the Golden Banana Award* – attributed to the history of HP and stand-
ing for a symbolic reward in return for knowledge contribution (named after a 
Hewlett-Packard engineer who surprised his manager with an inventive solution 
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he had found to a long-lasting challenge. The surprised manager quickly groped 
around his desk for some item to acknowledge the accomplishment and ended up 
handing the employee a banana from his lunch with the words, “Well done. Con-
gratulations!” Soon after, the Golden Banana Award became a prestigious symbol 
of honor6). Another application is to just demonstrate recognition in public. More 
formal are the inclusion of knowledge contribution in performance appraisal or 
monetary rewards. 

Enablers remove obstacles but are indifferent to their exploitation. Examples 
are collective ownership – mutual responsibility for some achievement, or knowl-

edge fair – an organized opportunity to present new ideas. More in general, toler-
ant acceptance of innocent failure or collaborative spirit expresses knowledge-
favour culture, whereas good access to external knowledge (by infrastructure, 
budgets, etc.) relieves the burden. By that, we covered the entire spectrum of KI 
activities. The question remains of how to apply them coherently, which is ad-
dressed by a broader term – methodology. 

4.4 Knowledge Integration Strategies 

Knowledge is a resource – some even suggest the most essential – and as any 
other resource (human resources, capital, etc.) its management does not stand 
alone but should serve the attainment of the subject organization's goals; a tight 
correlation must be kept between the overall and the KI strategies. Thus, stating 
both is the starting point of a KI initiative. 

What is KI strategy? It is a concerted application of means and habits, inspired 
by a proper spirit, towards a common end7. Along this chapter, we implied several 
times that some knowledge activities are juxtaposed to others, thus requiring inte-
gration. For example, one may try to retrieve till one's fingers are ossified - but in 
vain, unless a strict knowledge structure exists. Many KM initiatives have failed 
due to scattered implementation of tools and techniques, all one can lay. In this 
section, we suggest three main modes of knowledge integration; each applies a 
distinct set of activities (with some overlaps) that render a coherent and synergic 
outcome. 

It is extremely important to note that a single organization does not necessarily 
mean a single mode. Rather, more than one mode may coexist simultaneously in 
separate parts (notice, for instance, the differences between the R&D and the lo-
gistics departments in an industrial company). Thus, the mode and its derived 
methods should be adjusted carefully per unit. 

                                                          
6 This popular anecdote is widely cited in myriad sources, origin unknown.(typeset too big) 
7 Elaborating about strategy in general is beyond our purpose. The interested reader can 

find a leading reference in [16]. 
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As a discerning criterion between the modes, we use the concept of problem8,
which is a challenge, an interruption or an unanswered question that impedes the 
regular gear of doing; in other words, it requires a decision. On that basis, we can 
post three KI strategies9:

Static Strategy (problem preventing): the firm acts under the basic assumption 
that what was right for yesterday will be right for tomorrow as well; knowledge is 
mature and stable. Thus the optimal way is to maintain the present and avoid any 
variations. The main – often exclusive – measure is efficiency. This state is domi-
nated by what Simon [18] has coined “programmable decision” – decisions for 
which results are completely anticipated, or semi programmable decisions – those 
decisions for which the considerations that have to be taken into account are like-
wise predefined. Indeed, such a case (especially the former) calls for intensive 
automation; hence, embedding is mostly appropriate. Semi-programmable deci-
sions are supported by firm prescribing of knowledge that is accessed via re-

trieval. Further distribution is assisted by broadcast-ad hoc transfer (courses, 
workshops and the like) where guidelines are instilled. Exploitation of the long-
lasting knowledge is realized through extraction or nurturing – probably the 
strongest form of continuation. Assessment is needless, since no new knowledge 
is expected. Detection is eliminated to a great extent, as knowledge is automati-
cally pushed in. This mode emblematizes the path from “core competencies” to 
“core rigidities” or from experience to stickiness. It is not necessarily wrong, as 
long as one eye watches for disruptions (the DVT in chap. 8 suggests just that). 

Evolving Strategy (problem solving) : here, the change is evolutionary and con-
fined to clear knowledge domain(s). Variations (or innovations, if you wish) are 
welcome as long as they converge, so there are advances - only step-by-step and 
along a bright trajectory; to sustain, as labeled by Christensen [3]. Conspicuously, 
the need for new knowledge precedes its identification. In this mode, cross-

fertilization is common, complemented by personal-continuous transfer (which 
together form the team organization). Since the knowledge domain is familiar, 
structuring of meta-knowledge and search are useful – and less, but still, retrieval.
As for assessment, value, significance or meaning are cornerstones in forming 
preferences, whereas credibility is not so critical since the trustworthy sources are 
well known. Regarding transfer, because the need is predefined, personal mode - 
mostly in the form of personal-continuous - prevails. Still, personal-ad hoc is also 
used for solving local problems. In the case that the knowledge in point is tacit, 
transfer of knowledge holder is employed to bridge knowledge gaps. 

Revolutionary Strategy (problem setting) : now we deal with revolution – abso-
lutely new knowledge, opportunity-driven and serendipitous. Indeed, in this mode, 
KI is more about forgetting than retaining knowledge [7, 9]. The ideal is not regu-

                                                          
8 The term "problem" may confuse as, along this book, it was vastly regarded to? as? 

knowledge problems. We use it here to comply with the canonical literature, where it is 
akin to deviation or discontinuity.

9 This classification integrates several points of view, although none is identical. We skip 
an educated, referenced discussion due to its length. 



4 Organizing the Toolbox - Typology and Alignment of KI Solutions      61 

lar (incremental) innovation (more of the same), but (radical) breakthrough inno-
vation; examples are rare, but striking: Polaroid, South West and eBay10 come to 
mind. For that to happen, one relies on two bases: broad context and perpetual dis-
covery. Thus, the most important activity is browse/discovery, backed by broad-
cast-continuous transfer to assure shared context (broadcast transfer is default 
since no specific need is recognized – and consequently no unique addressee). 
Also credibility is significant, since no direct references are available for assess-
ment; here, value, significance or meaning are secondary. Abstracting is the only 
way of codification, which allows free interpretation from others. And in order to 
intercept external opportunities, one should watch around – which is what broad-
cast-ad hoc transfer suggests11.

Table 4.3 summarizes the appropriate activities under each mode. Note that we 
skipped motivating activities: for Problem Preventing it is negligible, since knowl-
edge is actually compelled; for the rest it is equally imperious. 

Table 4.3. Modes (strategies) of knowledge integration activities per each line are ordered 
by significance 

                                                          
10 Polaroid invented the instant photo camera, South West reinvented the airline industry 

with cheap flights and eBay gave a new meaning to the auction concept. 
11 It may sound weird that the same activity fits so unalike strategies, as it is ascribed to 

Problem Preventing as well, but the orientation is totally different: there, it is a vehicle 
for exploitation and, here, for exploration (like conferences).  

Problem Setting Problem Solving Problem Preventing 

Elicitation  Cross-fertilization Extraction 

Codification Abstracting Structuring Embedding 
Prescribing 

Detection Browse/Discovery  Search, Retrieval Retrieval 

Assessment Credibility is para-
mount; value, sig-
nificance or meaning 
are secondary 

Value, significance 
or meaning  

Transfer of 

knowledge 

Broadcast-
continuous, Broad-
cast-ad hoc 

Personal-continuous, 
Personal-ad hoc 

Broadcast-ad hoc 

Nurturing   Nurturing

Transfer of 

knowledge 

holder 

 Transfer of knowl-
edge holder 
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4.5 SME Suitability 

The analysis in previous paragraphs is general, and may be applicable to different 
types of organizations. When we focus on KI in SMEs, we need to add the dimen-
sion of suitability. SME suitability refers to the suitability of KI solutions (tech-
niques and tools) to the specific needs of NPD-performing SMEs. There are sev-
eral distinct differences between SMEs and larger enterprises. SMEs have less 
economies of scale and fewer resources than larger enterprises. Other disadvan-
tages of many SMEs include lack of formal skills (managerial and technical), in-
ability to spread risks and access external capital. On the other hand, SMEs may 
have some advantages, such as less bureaucracy, more flexibility and rapid deci-
sion-making (for a more extensive discussion see Sect. 2.2 in Chap. 2). Suitability 
criteria fall into four groups: cost, ease of use, organizational fit and maturity.  

Cost of purchase is applied only to tools, since using KI techniques generally 
does not require an outright payment to a vendor. For tools, cost of purchase is a 
critical criterion. For techniques, instead of cost of purchase there may be other 
critical criteria such as assimilation time.  

Ease of use includes three criteria: assimilation time, simplicity and required ef-
fort. Assimilation time measures the time required to fully utilize the technique or 
the tool.  Simplicity characterizes the skill level needed to use the technique or 
tool, and ranges from special skills (such as programming skills, in case of tools) 
to no skills at all. Once assimilated, a technique/tool might require different levels 
of efforts for routine operation. Some solutions may require a dedicated effort on 
an individual, departmental or company-wide level. Others may easily become 
part of the daily routines.  

Organizational fit includes two criteria: scalability and sensibility to organiza-
tional culture. Scalability measures the capability of a solution to function in 
smaller and larger organizations. In some cases, KI techniques and tools are func-
tioning well in smaller organizations, but cannot be scaled up to function in larger 
ones. In other cases, techniques and tools can work effectively in small as well as 
in larger organizations. Sensibility to organizational culture relates to the fit be-
tween the solutions and the culture of the SME. In some organizational cultures, it 
is a difficult task to introduce new techniques or tools. Brainstorming, for exam-
ple, requires that participants can speak freely without being intimidated by their 
superiors. In many organizations, including SMEs, this is not always the case. 

Maturity of techniques and tools is represented by industry acceptance (or ex-
perience). For tools, acceptance ranges from “limited use” to “industry standard”. 
For techniques, the scale ranges from “new” to “common practice”. 

4.6 Conclusions 

In this chapter, we provided an extensive framework for KI implementation; to-
gether with the previous chapters it draws a solid line from problems diagnosis to 
solution implementation and from theory to practice. Along this way, the complex 
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KI issue was disintegrated according to barriers, knowledge types and knowledge 
activities and then reintegrated to form coherent KI strategies. The message is 
clear: unless carefully matched to strategy and problems, KI efforts will all but 
dissipate. 
At this point we can check whether we met the requirements we had set at the be-
ginning of this chapter: uniform problems-solutions classification, comprehen-
siveness and independence of process order. For the first, the framework indeed 
enables one to precisely pinpoint the deficient piece of the KI initiative and to turn 
straightforwardly to a proper solution; further, the three strategic groupings that 
we have suggested enable one to set up a coherent combination, rather than iso-
lated, loosely-coupled techniques. The second was achieved by covering all the 
three knowledge types and the entire spectrum of what is doable on them. The ful-
fillment of the third requirement was expressed throughout the text in several in-
stances, as, for example, the detection-assessment interchangeable order.  

The right order to proceed is strategy-first: determine the goal KI should but-
tress, and only afterwards pave the way of implementation. Once the strategy is 
settled on, the time is right to tune it with appropriate activities (although for di-
dactic reasons, we reversed this order). But whatever your starting point is, all the 
factors we have passed through are of necessity. 
The following chapters will be organized according to KI activities in the water-
mill model, as depicted in Fig.4.3. 

Fig. 4.3. Organisation of the next chapters according to the watermill model 

All the chapters will start with a broad overview of general KI means for each ac-
tivity and then discuss recent developments, which result from the KINX project 
and are each illustrated by case studies. They will also explain why the recent de-
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velopments are suitable for SMEs. This will give valuable guidance for practitio-
ners.  

However, when practitioners encounter a specific KI problem, they need help 
in analyzing the KI activities affected, in understanding the KI solutions that are 
presently available and in selecting the right ones for their specific situation (using 
operationalized suitability criteria) – this is what the KINX portal will deal with, 
which is introduced in Chap. 11. 
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5.1 Motivation and Introduction 

The activity of elicitation – the explication of unarticulated latent knowledge that 
the knowledge owner might not even be fully aware of – is an important first step 
for many knowledge activities, such as codification and transfer of knowledge. 
Elicitation requires that people are conscious of and successfully express their 
knowledge and that their expressions are adequately represented and interpreted. 
Cognitive psychologists have long been interested in learning and have therefore 
developed methods to research what people know (knowledge contents), how their 
knowledge is organized in the human brain (knowledge structures) and how con-
tent and structure change in the course of time. Though many of the research 
methods they use have been adopted in other areas (e.g., marketing, managerial 
cognition, expert system design), they are still relatively unknown in the field of 
knowledge management (KM). Furthermore, some elicitation methods that have 
originated in psychology are applied in KM with very little consideration for their 
theoretical background and application domains. Consequently, the knowledge 
that is captured in KM practice is sometimes only an insufficient representation of 
expert knowledge. 

This chapter will briefly discuss the psychological perspective on knowledge 
elicitation, and its value for knowledge management (Sect. 5.2), before it presents 
elicitation methods for three distinct steps in the elicitation process (identification 
of experts, activation and capture; interpretation and documentation) in Sect. 5.3. 
In Sect. 5.4 it will then present a case study of a high-tech SME that has applied 
the elicitation techniques of episodic interviews and free word association for 
building ontologies for knowledge search and retrieval.  

5.2 A Psychological Perspective on Knowledge Elicitation 

5.2.1 Theoretical Background 

Many researchers in cognitive psychology are primarily interested in the structures 
of knowledge in the human brain. It is widely accepted that the brain follows the 
principle of cognitive economy and organizes related knowledge content in struc-
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tures that can be easily accessed and processed as an entity. Elicitation results 
(e.g., the speed and order of a test person’s statements) are used to infer these 
structures [9].  

Models of knowledge structures vary greatly. One very influential idea of 
knowledge organization, e.g., grounds on the notion that de-contextualized knowl-
edge about facts – so-called semantic knowledge (e.g., historical data, the mem-
bers of the European Union, the differentiating characteristics of mammals) – is 
organized in network structures. These knowledge structures consist of verbal 
concepts and propositions about them and are usually represented through graphs, 
with concepts being the nodes and relations being the edges. The sentences “A 
tree is a plant”, “Plants need sunlight”, “Oaks are trees” for example, contain four 
concepts (tree, plant, sunlight, oaks) that are linked through the relations “is a”, 
“need”, and “are”. In the case of hierarchical knowledge structures, superordi-
nates, such as “plants”, represent abstract concepts with few characteristics. Con-
cepts of a sub-class (e.g., oaks) have detailed individual characteristics as well as 
all the attributes of the superordinates (e.g., “oaks need sunlight since they are 
specifications of plants”) [2, 9]. 

Concept hierarchies and networks are models for the organization of semantic 
knowledge but cannot capture “autobiographical”, so-called episodic knowledge

about past events (e.g., a visit to an Italian restaurant). This type of knowledge is 
assumed to be organized in complex mental constructs, which are used to encode 
general knowledge (e.g., What happens in a restaurant? Who are the focal people? 
What is the usual order of events?) and can be applied in a specific situation. 
When someone reads the restaurant critique “When my bill arrived, I was pleas-
antly surprised that prices were very reasonable” he or she uses their mental con-
struct (also schema, frame, script) about restaurants in general to infer that, in this 
particular case, the bill was brought by the waiter and that the food probably did 
not cost several hundred Euros [2].  

The way in which the brain organizes knowledge is far from being fully under-
stood and many competing models are discussed in the literature. It is, however, 
widely agreed upon that the brain uses different organizing principle for different 
types of knowledge. Consequently, there is no one-size-fits-all elicitation tech-
nique that can capture all aspects of knowledge [2, 7, 9]. Table 5.1 gives an over-
view of three common groups of elicitation techniques that are used in cognitive 
research [7].  

None of these broadly described techniques is relevant for only one type of 
knowledge. Semantic knowledge and the structures in which it is organized, for 
example, can be researched by asking people to sort concepts (e.g., to sort pictures 
of plants) but also by probing and asking questions about concepts (e.g., “Is an 
oak a tree?”). To overcome the limitations of single approaches and to validate re-
sults, psychologists often combine different elicitation techniques. They, for ex-
ample, first ask test persons to sort objects and then ask them to verbalize every-
thing that comes to mind about and within a specific category [7].  

Furthermore, elicitation techniques are usually combined with means to “acti-
vate” knowledge in order to transfer it from the long-term memory of the human 
brain, where it is stored, to the short-term memory, where it is processed [7]. 
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Table 5.1. Elicitation techniques (based on [7])

Technique  Processing of results Problems & Concerns 

Thinking aloud 

Test persons are 
asked to express 
everything that 
comes to  mind 
while solving a 
problem. Expres-
sions should be 
spontaneous. The 
flow of thought is 
not interrupted by 
the researcher, who 
documents every-
thing the test person 
says in writing, on 
tape or on film. 

Knowledge structures are in-
ferred from the sequence of 
statements. Processing takes 
place in two steps: 
Pre-processing: the content of 
tapes and videos is put in writ-
ing. Texts are structured to 
show the sequence of topics 
covered. Vocabulary is stan-
dardized. 
Text-coding: coding rules are 
defined and applied to attrib-
ute statements from the text to 
different categories. To ensure 
objectivity, usually different 
persons code the same text.  

Thinking-aloud protocols of the 
same test person in the same 
situation can vary greatly and of-
ten contain thoughts that are not 
relevant for the problem-solving 
process. It seems that the tech-
nique does not capture all of the 
knowledge nor does it capture  
only the knowledge that is 
needed for problem-solving. 
Ensuring objectivity of text cod-
ing (e.g., through the use of stan-
dard vocabularies and independ-
ent coding by different 
researchers) is time-consuming 
and considered to be problematic.  

Sorting 

Test persons are 
asked to group stim-
uli (e.g., note cards 
with words) in order 
to build categories 
of related objects. 

Sorting results are visualized 
in network-like structures. 
Processing includes the analy-
sis of these structures (e.g., 
closeness and centrality of 
concepts) as well as the com-
parison of different structures 
(e.g., sorting results of experts 
and novices). 

Sorting techniques vary: sorting 
objects and categories can be 
predefined by the researcher or 
created by the test persons. Cate-
gories can be strict (one category 
per object, clear-cut boundaries) 
or fuzzy (objects belong to more 
than one category, varying de-
grees of membership). Categories 
can be hierarchically organized 
or all on the same level, etc. 
Since sorting exercises are labo-
ratory situations, the validity of 
the inferred knowledge structures 
is often challenged.  

Probing 

Test persons are in-
terviewed off-line 
(after they have 
solved a problem), 
online (during prob-
lem-solving) or in-
dependent of a spe-
cific learning 
situation.  

Either pre-existing models of 
knowledge structures are 
tested through interviews or 
knowledge structures are in-
ferred from interview results. 
Processing hereby depends on 
the probing technique. An-
swers to open questions and 
semi-structured interviews are 
usually processed in a way 
similar to thinking-aloud pro-
tocols. Structured interviews 
can be assessed using quanti-
tative techniques. 

Probing can deliver rich and de-
tailed knowledge structures. A 
key problem is the choice of a 
suitable interview technique that 
is understood by the test person 
and does not distort results. A 
multitude of techniques exist, 
such as structured interviews, ad-
vising (test person explains a 
topic to a novice in the field), and 
DOE (Demonstrate-Observe-
Explain; test persons predict and 
explain system behaviour ).  
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After knowledge has been made accessible through activation, knowledge con-
tents are captured, e.g., by thinking aloud, by answering questions or by writing on 
note cards. Afterwards, different sorting and mapping techniques are applied to 
find out about the hierarchical order, links and interdependencies between ele-
ments of the knowledge content in order to elicit the knowledge structure. The 
three steps of knowledge elicitation – activation, elicitation of knowledge content 
and structuring of knowledge contents – are not always strictly separated. It is, 
however, assumed that this sequential approach reduces the cognitive demands on 
the expert and lowers the risk of mistakes [1]. 

5.2.2 Relevance for Knowledge Management 

As can be inferred from the problems and concerns described in Table 5.1, the 
choice of an elicitation technique can greatly impact and possibly distort results, 
which is why many studies in cognitive research are restricted to very small 
knowledge areas (e.g. an expert’s knowledge of chess constellations) that can be 
fully researched with carefully selected, multiple research designs. As a conse-
quence, the ‘ecological validity’ of these laboratory experiments and their appli-
cability in real-world (KM) applications is put in doubt. On first sight, KM never-
theless simply accepts the concepts and theories of psychology: e.g., semantic 
networks are used in knowledge maps and many user interfaces of knowledge por-
tals to browse and navigate. They are, furthermore, core to some information re-
trieval methods in the form of taxonomies, topic maps and ontologies1. A more 
thorough analysis, however, reveals distinct differences between the two fields: 

Cognitive psychology researches how humans interpret sensory input and use it 
to solve problems, how their memory works, and how knowledge is organized in 
the brain. To do so, psychologists analyze knowledge and knowledge processes of 
individuals. Usually, it is not important to them whether their research objects’ 
knowledge is true, plausible, widely accepted and useful for other individuals. Of-
ten, the knowledge itself is unimportant (e.g. chess constellations, attributes of 
furniture in different rooms) and only under research, because test persons are 
readily available and research designs can be kept simple.  

In contrast, KM always aims at capturing knowledge of importance to make it 
accessible and applicable to a larger group of people. This means that the knowl-
edge domain under research is usually more complex than in many research de-
signs in cognitive psychology. On the other hand, KM is typically not interested in 
the in-depth elicitation of individual knowledge structures but needs to capture 
and present only the most important aspects of a broad domain. Theoretical con-
cepts from psychology, such as the idea of semantic nets, are therefore often used 
in a somewhat metaphoric sense: when KM practitioners use them, they usually 
do not assume that they are a correct representation of the memory of a knowl-
edgeable individual, let alone the shared content of the brains of the many people 
who use them – they are too generic, simple and organized for this. However, they 
                                                          
1 see Chap. 6 and Chap. 7 
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resemble the knowledge structure of people to some extent and it is this resem-
blance that makes them useful for navigation and search.  

When the knowledge structures used in KM do not reflect the knowledge of peo-
ple from the field – when for example, terms are used that no one understands or 
when topics are grouped counterintuitively – they are useless. Nevertheless, there 
is almost no hint in KM literature of how the knowledge for semantic nets, knowl-
edge maps, micro articles, lessons learned, etc., should be generated to make sure 
that they reach beyond an ad hoc verbalisation of individual ideas and, indeed, 
capture the useful and valid knowledge that they are intended to codify. Even 
more strikingly, KM literature rarely discusses whose knowledge should be codi-
fied and how experts could be recognized. Knowledge management practice could 
therefore clearly benefit from the theory-driven rigor and thoroughness of psycho-
logical knowledge research, even though the detailed investigation of individual 
knowledge and knowledge structures are clearly not at the core of the discipline. 
With this in mind, the following sections will discuss practical aspects and solu-
tions for knowledge elicitation, thus answering the question of what KM can and 
should learn from cognitive psychology. 

5.3 Elicitation in Practice  

5.3.1 Identification of Experts 

The first step in knowledge elicitation is the identification of the people whose 
knowledge is to be captured. Usually, they are referred to as experts, though the 
term can be misleading. In the strict sense of the word, experts are people with 
substantially more experience than average in a relatively small field of expertise, 
such as fault analysis in a technical system that the expert has known for years. 
Because of their tremendous experience, experts only need a little information to 
analyze a problem and to choose the matching solution from the cases they have 
accumulated in their memories. Problem-solving by these experts is, therefore, 
almost automatic and often experts are not even fully aware of how they have 
solved a particular problem [6]. These “real” experts are usually well-known in an 
organization and are, therefore, relatively easy to identify.  

In many cases, however, this type of expertise does not exist: despite experi-
ence, a lawyer does not “semi-automatically” negotiate a contract and an engineer 
does not intuitively choose the right component for a product he or she designs. 
Instead, they both apply domain specific knowledge on law and engineering that 
can (and usually has) been captured in books and university classes as well as con-
text-specific knowledge of company goals, the behaviour of contract partners, the 
use environment of a new product, existing production facilities, etc. [5].When the 
knowledge in question is as broad as this, it can be difficult to identify experts, be-
cause many people have some amount of knowledge.  

One solution for identifying experts is to seek the advice of people who depend 
on expert knowledge: they can, for example, be asked to give five names of people 
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that they consider experts in the field and possibly also rank them. By comparing 
the names on different people’s lists, experts often become obvious. Furthermore, 
people can be asked how often they consult different people on a list. People who 
are often consulted clearly have something to share and might qualify as experts. 
This approach can be systemized, using organizational network analysis [10]. 

When a potential expert is identified, his or her ability and motivation to share 
knowledge have to be carefully considered: 

• Ability can be a problem when language barriers exist, when experts exten-
sively use technical jargon and when organisational problems (distance, lack 
of time) occur. Lack of ability, furthermore, often occurs with “real” experts 
with automated problem-solving who sometimes cannot fully articulate the 
approach that they use [6].  

• Lack of motivation is highly problematic, when experts fear that they might lo-
se prestige and power by sharing knowledge or make themselves obsolete. 
Also, the expert needs to benefit from sharing knowledge, e.g., through recog-
nition, through the satisfaction of being considered an expert or through future 
ease of work [6].  

As a consequence, not everybody who has relevant knowledge is a suitable partner 
for knowledge elicitation – sometimes the expert with the greatest knowledge is 
not the top choice but a more accessible, better motivated or less specialized per-
son should be asked.  

5.3.2 Activation and Capture of Knowledge 

As pointed out before, only knowledge in the short-term memory can be elicited. 
It would therefore not be wise to start a knowledge elicitation session by asking an 
expert to name or write down everything he or she knows. Rather, the knowledge 
of interest needs to be activated with the help of stimuli, such as models, photo-
graphs, role plays, etc. The choice of stimuli depends on the objective of knowl-
edge elicitation: when knowledge about the meaning and relationship of terms is 
to be activated (e.g., in order to build semantic nets), note cards with words and 
phrases may be used as stimulus. When experts are expected to reflect about prac-
tical knowledge (e.g., about how to operate a machine) a stimulus can be created 
by giving the expert practical tasks that require this knowledge [7]. In so-called 
episodic interviews, experts are repeatedly asked to share stories and events – so 
called episodes – from their lives (“Please tell us about a situation where the proc-
ess really turned critical…”; “Do you remember a situation where the customer 
was really satisfied?….) that trigger the memory and serve as a starting point for 
further investigation [3].  

After activation, the expert has to express his knowledge in an interpretable and 
comprehensive manner. Observation-based approaches, such as thinking aloud, 
leave the expert more or less with the possible drawback that the expert’s com-
ments might not refer to the knowledge area in question but deal with different 
topics as well as with emotions. Rather than letting ideas run freely, some tech-
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niques, such as advising novices and “Demonstrate-Observe-Explain” (DOE) (see 
Table 5.1), are applied in order to structure the thought process.  

While observation techniques leave the broadness and depth of the elicitation 
result almost exclusively up to the expert, interviews are a means of strongly fo-
cusing on specific aspects of his or her knowledge. Needless to say, the quality of 
an interview greatly depends on the interviewer and the questions that person asks. 
LaFrance describes probing activities with two dimensions: forms of knowledge 
that are investigated (e.g., scripts, metaphors, rules-of-thumb) and types of inter-
view questions (e.g., “grand tour questions”, questions about categories, cross-
checking questions), which capture different aspects of knowledge. Grand tour 
questions, for example, cast a wide net over the knowledge domain (e.g., “Could 
you describe the kinds of things that key account managers do?”), while questions 
about categories (“When you told me about your work, you were talking about 
key account managers. Is this a specific type of manager? How does it differ from 
other managing functions?”) clarify the meaning and organization of concepts. 
LaFrance suggests the use of a so-called “knowledge acquisition grid” – a generic 
table that organizes forms of knowledge and types of questions – to support inter-
viewers in preparing questionnaires, documenting answers during the interview 
and identifying knowledge aspects and question types that have not yet been cov-
ered [8].  

In order to ensure the validity of the knowledge capture, cross-checking ques-
tions are important. They can fulfil different tasks, ranging from simply summa-
rizing the experts’ opinions (“Did I get this right: you believe that customers 
should only have one person to talk to within the sales organization?…”) to evok-
ing conflicting views (e.g., “Let me play devil’s advocate in response to your story 
about the need to involve the key account manager. What if you did not – would it 
really upset the customer?”). The quality and validity of the elicitation process can 
furthermore be improved when the expert feels well-informed about the elicitation 
process, feels that he or she is being taken seriously as a partner and trusts the in-
terviewer [3, 7, 8].  

5.3.3 Knowledge Interpretation and Documentation 

Protocols, audio tapes and films capture data about knowledge that still have to be 
processed before the underlying knowledge can be documented. Researchers in 
cognitive psychology usually employ elaborate methods that attempt to reduce 
subjectivity of this translation to a minimum, such as text coding (see Table 5.1) 
and quantitative measures (e.g., word frequencies, answers on item scales), while 
knowledge engineers, who design expert systems, and strategists tend to employ 
more qualitative approaches and accept higher levels of subjectivity of results.  

The way in which data is processed and documented obviously depends on the 
purpose of the elicitation process and the elicitation method that has been chosen: 

• When the elicited knowledge is intended for the rule base of an expert system, 
it is often documented in production systems, i.e., a set of “if-then rules”. 
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• When knowledge is used to structure a knowledge domain for navigation (e.g., 
to design knowledge maps – see Chap. 6), the resulting documentation consists 
of tree-structures and network diagrams. 

• When knowledge about causality is elicited, causal maps are used to document 
the elicitation results. 

Fig. 5.1 shows different ways of documenting elicitation results as described by 
Huff [4] Some of these forms of documentations are usually referred to as knowl-
edge maps (within dotted line, also see Chap. 6) while others are less visual and 
provide little or no spatial information. In general, documentations that are based 
on simple models of cognition (e.g., concept hierarchies to capture semantic 
knowledge), and that are easy to use and to interpret, only have a very limited ex-
planatory range. Visualizations of cognitive frames, schemes and linguistic codes 
give very broad views on individual (episodic) knowledge. They do, however, re-
quire a good deal of interpretation through the researcher and are therefore costly 
to produce and especially prone to misinterpretations [4]. 
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Fig. 5.1. Documentation and interpretation of elicitation results, based on [4] 

5.4 Implementation Experience  

The preceding paragraphs have outlined approaches to knowledge elicitation that 
are common in psychological research (and neighbouring disciplines) but so far 
have only rarely found their way into knowledge management literature and prac-
tice. To KM practitioners, especially in SMEs, this might not come as a surprise. 
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They could rightfully point out that their company does not employ an experi-
enced cognitive psychologist for elicitation purposes or does not use any kind of 
facilitator for knowledge elicitation but simply asks experts to jot down what they 
know. Furthermore, many of the described methods are rather complicated, while 
business practice demands  approaches that are simple, quick and have low re-
source demands.  

The following section describes the application of different psychological elici-
tation techniques in a high-tech SME that encounters time and resource constraints 
that are typical for this company type. It thus challenges the view that knowledge 
elicitation techniques are too complicated, time-consuming, and expensive for 
SMEs. The SME of the case study, CEROBEAR GmbH, is a producer of high-
tech bearings that are used in a variety of demanding and very different use envi-
ronments, such as racing cars, NASA space shuttles, semiconductor machinery, 
and the food industry. The purpose of the elicitation exercise was to build an on-
tology about CEROBEAR’s customers that could be used to identify possible new 
application fields and customers on the Internet. The use of the ontology for Web 
intelligence is described in Chap. 7, while the knowledge elicitation necessary for 
ontology building is covered in this chapter. 

The research described was two-fold: (1) the systematic use of psychological 
knowledge elicitation techniques was to be tested for feasibility, applicability in an 
SME setting, time demands, possible improvements etc. and (2) the ontology that 
was derived through a systematic approach was to be compared with an ad hoc on-
tology that was created without any methodological support. The following para-
graphs describe the systematic approach. 

5.4.1 Identification of Experts at CEROBEAR 

Since CEROBEAR offers mainly customized products, the company’s sales force 
and marketing group consists of highly qualified engineers, who not only know 
their present and similar future customers but who are also able to assess potential 
new product application domains. Nine members of the group, which is subdi-
vided into teams in accordance with the different customer groups, were therefore 
considered to be experts in the knowledge domains of interest (customers and new 
applications/markets) and were included in the elicitation exercise. To ensure their 
co-operation, they were informed about the objectives of the research project prior 
to the elicitation sessions. All individual interview sessions took place on one day, 
thus reducing time demands for travel, preparation and general organization to a 
minimum. 

5.4.2 Activation and Capture: Free Association & Episodic Interviews 

In order to activate expert knowledge, free word association [3] was employed: 
for a short time span of about 5-8 minutes experts were asked to name everything 
that came to  mind when describing CEROBEAR’s customers and their needs. 
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Response times were relatively slow at first – possibly because of a feeling of in-
hibition – but the speed and number of responses soon increased. The exercise re-
sulted in a list of 6 (minimum) to 10 (maximum) items, such as “…can be divided 
into racing cars and future industries”, “…should be grouped according to their 
needs”, “…ask for different types of bearings”.  

In a second step episodic interviews were administered that were intended to 
capture experience about past events, as well as individual expectations. Typical 
interview questions were: “When you look back at the time when you joined the 
company, what happened the first time you contacted a customer? What has 
changed in the meantime?”; “What did your working day look like yesterday?”; 
“How do you think a customer would describe the product?”. Also, topics ad-
dressed in the free word association exercise were elaborated on. Asking for epi-
sodes of individual experience proved to trigger many responses and great inter-
ests of the experts. Interviews lasted about 20 minutes and were recorded on tape. 

5.4.3 Interpretation and Documentation: Building an Ontology 

The objective of the elicitation process was the construction of an ontology to be 
used in a software tool. The software thus provided a template for knowledge 
documentation: knowledge had to be captured in a graph of concepts and relations 
(see Chap. 7). A multi-step process was employed to achieve this objective: 

1. Interview transcripts were searched for topics that a) had been mentioned in the 
free word association sessions and b) were mentioned by all or most of the ex-
perts. These topics were considered to be key elements of the ontology and 
were marked in the interview transcripts. 

2. Desk research (thesauri, internet, engineering and marketing publications) was 
employed to identify synonyms and related words for key elements of the on-
tology.  

3. A preliminary ontology was designed and presented to two of the experts at 
CEROBEAR. They made suggestions for improvements that were used to mod-
ify the ontology. The new and improved ontology was again evaluated and 
modified by the experts. In the third and final feedback cycle, the ontology was 
presented to some of the other experts who commented that they were able to 
find their sales team and activities easily. A comparison between the first and 
the final ontology showed that the number of concepts and links had substan-
tially decreased, but that also information had been added that was only hinted 
at during the interviews but not discussed in detail: it became obvious that dif-
ferent groups of customers (e.g., space industry, racing cars) generally ask for 
different types of products (e.g., hybrid bearings, ceramic bearings). The ontol-
ogy was extended to answer the question “which customer has bought which 
product type?” 

The final ontology was employed in the software tool (see Chap. 7) and provided 
substantially better results than the ad hoc ontology that was developed without 
the use of psychological methods.  
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5.5 Discussion and Conclusions 

The case study at CEROBEAR has followed the three elicitation steps well-known 
in cognitive research – identification of experts, activation and capture and inter-
pretation/documentation – and has applied elicitation methods, that are not com-
monly applied in KM, to build a company specific ontology about customers and 
markets. Results were promising: a knowledge search that was based on the de-
veloped ontology delivered better results than standard search engines did and by 
far exceeded the results that were achieved with an unsystematically elicited, ad 
hoc ontology. Also, acceptance for both the methods and the results was high: 
CEROBEAR uses the newly developed ontology to restructure its website in order 
to make it more easily accessible for potential customers.  

The total efforts necessary for the elicitation process, however, are still unclear. 
While interview times could be limited to less than 30 minutes per expert, consid-
erable time was needed for feedback loops and improvements. Now that the multi-
step approach for ontology-building has been designed and tested, feedback cycles 
in new ontology projects can probably be substantially shorter, but future research 
is needed for reliable data.  

Another possible problem is the fact that the elicitation process requires a fa-
cilitator, such as the researcher in the case study. SMEs will need some guidance 
in identifying suitable facilitators within their company, such as employees with 
good communication and analytical skills or relevant education (e.g., in qualitative 
(market) research or in (job) interviewing techniques). This does, however, not 
pose unsolvable problems.  
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6.1 Introduction 

Knowledge codification takes place when knowledge is written down in books 
and manuals, stored on films (e.g., instructional videos) or embedded in everyday 
work procedures or software (e.g., diagnosis software, expert systems). These me-
dia are widely used and serve the purpose of  articulating, transferring and storing 
explicit human knowledge. Knowledge maps, in contrast, do not attempt to codify 
the knowledge itself, but rather to codify “knowledge about the knowledge”. Like 
geographical maps, they guide the way and help to find knowledge, either in the 
form of knowledgeable people and experts or in the form of knowledge media. 
Furthermore, knowledge maps are used to structure a knowledge domain in order 
to provide a shared understanding and common vocabulary and to preserve meta-
knowledge about a topic.  

The following chapter will briefly discuss means and objectives of knowledge 
codification in general and then focus on knowledge maps in particular. Knowl-
edge maps can be differentiated according to their purpose: while some maps cod-
ify knowledge to provide means for knowledge detection, others are used to sup-
port knowledge assessment. These aspects will be discussed in Sect. 6.2. 
Knowledge maps, furthermore, differ in the knowledge contents they codify (e.g., 
causal knowledge, knowledge about knowledge sources), which will be explained 
in Sect. 6.3. Sect. 6.4 introduces the case of a high-tech SME that has successfully 
used a newly developed knowledge mapping approach to analyse its knowledge 
flows in new product development and has subsequently used an intranet knowl-
edge application map to codify its processes for easy navigation. The chapter 
closes with a discussion of the results in Sect. 6.5. 

6.2 Knowledge Codification and Knowledge Maps 

As discussed in Chap. 4, knowledge codification  is the process by which explicit 
knowledge is detached from its source and put in a state in which it can easily be 
transferred via different media, such as software or books. Different types of codi-
fication can be differentiated: knowledge can be embedded in machines or soft-
ware (e.g., robots, workflow software) or codified in detailed process descriptions 
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and manuals, that prescribe how knowledge should be used. Though in varying 
degrees, both approaches efficiently ensure that the same knowledge is applied in 
all similar occasions (e.g., in reoccurring production steps or to answer standard 
questions in a call centre). Embedding and prescribing, however, can be problem-
atic when new situations occur. In these cases, the type of knowledge codification 
employed needs to leave room for reflection and adjustment of the codified 
knowledge to new needs. Knowledge structures, which represent the elements and 
interrelations of a particular knowledge domain, rather than its detailed content, 
and learning histories, which explain why a particular event has occurred, are ex-
amples of such abstract, relatively context-independent types of codification. They 
leave it up to the knowledge user to see analogies between situations that are not 
completely similar and to adjust the knowledge accordingly.1

Knowledge maps are visual representations of “knowledge about knowledge”, 
rather than of the knowledge itself [5, 6, 20]. They, for example, point towards 
experts that have knowledge, rather than codifying the expert knowledge. Often, 
geographical maps are therefore used as a metaphor for knowledge maps: they 
provide abstract models of a domain that simplify a complex reality (e.g., a moun-
tainside), downsize it to the important aspects, add relevant information (e.g., 
about the months in which mountain passes are open) and thus help to find loca-
tions and the paths that lead to them. Knowledge maps basically serve the same 
purpose: they help to detect the sources of knowledge and information (e.g., peo-
ple, databases) and structure the knowledge landscape by representing the ele-
ments and structural links of knowledge domains. As is the case with geographic 
maps, this requires that someone – the cartographer – knows and understands the 
knowledge territory that is codified in the map. The map is useful if  the cartogra-
pher understands the knowledge domain and successfully translates it into the map 
and if  the territory - the context in which the map is used - is relatively stable and 
does not change during map use. 

In many cases, however, knowledge domains are instable: because of shifting 
business environments (e.g., new markets, technological progress), formerly im-
portant knowledge can lose its relevance, while new knowledge becomes impor-
tant. Knowledge maps can be employed to analyse shifting knowledge territories 
by codifying the different individual views or “mental models” people have about 
reality. These models can be transferred to other people, assessed, updated, and 
improved, subsequently leading to increasingly adequate shared mental models of 
reality [19]. This view of knowledge maps as means to codify mental models and 
support knowledge assessment is shared by researchers in the field of managerial 
cognition, who investigate the mental maps (or, cognitive maps) of decision-

                                                          
1 The different types of knowledge codification have been characterized in Chap. 4 as em-

bedding (hard-wiring knowledge e.g., in software), prescribing (giving “how-to” instruc-
tions, e.g., in manuals), structuring (framing, classifying and ordering knowledge ele-
ments, e.g., in keyword trees), and abstracting (developing hypotheses and theories about 
events, e.g., in learning histories). They all depend on the existence of explicit knowledge 
that can be obtained through elicitation (see Chap. 5) 
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makers [1, 8]. Mental maps hereby contain the subjective knowledge that manag-
ers have and use, such as their knowledge of the general business environment, the 
future evolution of technologies or the probable moves of a competitor [8]. 
The two different objectives of employing knowledge maps have some implica-
tions for the way in which knowledge is codified in them: 

• When maps are intended for knowledge detection, they focus on efficient (re-) 
use of knowledge in a knowledge domain that is considered to be well under-
stood. The resulting maps therefore tend to be context dependent and to leave 
relatively little room for re-interpretation of reality and adaptation to new situa-
tions. When, for example, a knowledge application map instructs an employee 
on  what knowledge to use or yellow pages point towards expert knowledge, 
these maps imply that it is the knowledge on the map that is relevant for the 
company. The importance of knowledge that is not codified in the maps might 
be missed. Knowledge maps for detection should, therefore, ideally only be 
codified after the knowledge territory has been thoroughly analysed, possibly 
with the help of knowledge maps for assessment. Furthermore, they should be 
designed in a way that leaves maximum room for questioning the map without 
losing  its efficiency in knowledge (re-)use. 

• Knowledge maps that codify different world views show “snapshots” of the 
perception of a knowledge domain, including its key elements, boundaries, in-
fluencing factors, and structural and dynamical properties, at a given time. The 
resulting maps, for example,  visualize cause-and-effect relations, driving 
forces, and strategy roadmaps (also see Chap. 8). Since these maps tend to be 
abstract, they demand a good deal of interpretation, analogy-building and trans-
fer from the map user before they can be applied – the knowledge codified in 
them might, therefore, be applied quite differently by different persons. They 
could, for example,  derive  different strategies for dealing  with changes in a 
business environment that is codified in the map. The maps are thus able to 
provide a starting point for (re-)defining the knowledge territory, but do not 
give answers to how knowledge should be used.  

Mapmakers need to clearly focus on one of the two objectives of codifying 
knowledge in knowledge maps to make sure they serve their intended purpose. 

6.3 Types of Knowledge Maps 

The last section has emphasized that all knowledge maps codify “knowledge 
about knowledge” but with different intentions. The underlying purpose of a 
knowledge map, however, is not easily recognizable by the map user, since many 
types of knowledge maps can be and are applied for both purposes: a visual de-
scription of knowledge flows in a given situation can, for example,  be descriptive, 
with the purpose of assessing the knowledge domain or prescriptive with the in-
tention of instructing map users on how to apply knowledge. The following sec-
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tions will, therefore, briefly present examples of four commonly known types of 
knowledge maps and will discuss what type of knowledge they codify and how 
this relates to assessment and/or detection. Some of these maps resemble the visu-
alizations of knowledge elicitation results that are described in Chap. 5. Indeed, 
many knowledge maps have originated as models of the human memory in cogni-
tive psychology. Today, however, they are only loosely linked to their origins and 
are not considered to represent the way in which knowledge is organized in peo-
ple’s brains but understood as practical tools of knowledge management.  

6.3.1 Hierarchical or Radial Knowledge Structure Maps: Concept 

Maps and Mind Maps  

Hierarchical knowledge structure maps are strongly related to psychological mod-
els that are grounded  on the notion that the human brain organizes semantic 
knowledge in networks or hierarchies of concepts and propositions (see Chap. 5). 
Often, these models are depicted as graphs, with nodes (mostly visualized as bub-
bles or squares) that represent the concepts and edges that stand for propositions.  

Concept maps provide one model for the hierarchical organization of knowl-
edge: top-level concepts are abstract with few characteristics. Concepts on the lev-
els below have detailed individual traits, as well as all the characteristic of the su-
perordinate concept. The propositions between concepts are described verbally 
and can represent any type of relation (“is part of”, “influences”, “can determine”, 
“maybe disturbs”, etc.) [14]. Concept maps have been extensively used in educa-
tion to provide orientation about the structure of courses, textbooks and single lec-
tures and to check the knowledge level of students by comparing the concept maps 
they draw (or that can be inferred from their statements) with a concept map that 
represents the teaching objectives. Most importantly, they are said to facilitate 
learning by providing students with the means to externalise, question and im-
prove their individual mental models [14].  

A similar approach, though with a slightly different theoretical background, is 
mind mapping. Mind maps, too, consist of concepts that are linked through propo-
sitions. They are, however, radially organized. The mapping process starts with a 
key topic in the centre of the map. More specific concepts are added to the map by 
drawing lines that branch from the central concept. These concepts are again ex-
panded outward into branches and sub-branches. In the resulting mind map, the 
most specific aspects of the key concept are, therefore, at the edge of the map, the 
more general ones in its centre [3].  

As is the case with concept maps, mind maps can simply be built with paper 
and pencil, but software packages are available. They make it possible to use con-
cept and mind maps not only to codify, communicate and gain clarity about a 
knowledge domain, but also to provide access to knowledge resources (e.g., docu-
ments, software applications, contact data of experts) that cover a specific knowl-
edge domain [5]. Ramesh and Tiwana [15], for example, use concept maps to 
model and store team knowledge in a software system for collaborative product 
development.  



6 Codification – Knowledge Maps      81 

6.3.2 Networked Knowledge Structure Maps: Causal Maps 

Causal mapping is characterized as a technique “for linking strategic thinking and 
acting, helping make sense of complex problems, and communicating to oneself 
and others what might be done about them” [3]. The outcomes of the mapping ex-
ercise, so-called ”causal maps”, codify knowledge about cause and effects. They 
are digraphs that consist of nodes (“concepts“) and edges (“arrows”) that represent 
causality.  

Fig. 6.1 (below) shows the positive and negative causal links (black and dotted 
lines) between environmental forces (white boxes) and the desired characteristics 
(dark boxes) of a specific technology (laser diode pumped Nd-YAG lasers). The 
example is taken from a case study and reflects the mental model of a technology 
manager [10]. It has been generated in order to investigate the possible future 
availability (or non-availability) and attractiveness of a particular product technol-
ogy. One of the desired attributes of the new product technology is “high pulse 
energy”. It is, among others, causally influenced by the “total demand for YAG-
Laser”. When this concept increases, the concept “high pulse energies” increases 
as well. Furthermore, the concept “price degression through competition” is caus-
ally decreased. 
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Fig. 6.1. Causal map of environmental forces and characteristics of a technology [10] 

Causal maps are widely used to capture complex mental models of individuals, to 
provide a starting point for strategic business analysis [2] and to visualize systems 
for modelling and simulation design [17]. They are referred to by different names, 
such as “cognitive maps” [1], “oval maps” (for collectively generated causal maps 
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[2]) “influence diagrams”, and “patterns of interactions” [18]. Other than concept 
and mind maps, causal maps encode dynamic behaviour (“something happens be-
cause and after something else has happened”). Because of map complexity, oc-
currence of feedback loops and the possible compensation of incoming arrows 
with different signs, causal behaviour is not easily inferred from maps [1]. A vari-
ety of approaches have been developed to analyse the structure and the underlying 
dynamics of causal maps, such as Vester’s “paper computer” [18] or a Fuzzy 
Cognitive Map (FCM)-based action support system suggested by Jetter [9, 10, 16]. 
The latter translates the mental models of product development experts into FCM 
models and thus makes them computable to support product planning and design 
decisions. Cause maps are also at the core of the decision-validity tracking ap-
proach suggested by Faran in Chap. 8. As can be inferred from these applications, 
causal maps are mainly used to support knowledge assessment, rather than knowl-
edge detection. 

6.3.3 Knowledge Source Maps 

Knowledge source maps, sometimes also referred to as knowledge carrier maps, 
can be interpreted as organizational charts that do not depict functions, responsi-
bility and hierarchy, but expertise. They help to detect experts in a specific knowl-
edge domain so that managers can find people for their teams, as well as advisors 
for particular problems that cannot be solved within the team [4, 5].  
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Fig. 6.2 shows a simple knowledge source map for a multimedia company that of-
fers and develops three different product groups (websites, stand-alone systems, 
such as terminals and CD-ROMs/DVDs – see concentric circles). Relevant fields 
of expertise are depicted as sectors of the circles (graphic design, animation, data-
base design, project management, server technologies). The names of the experts 
are placed according to their expertise: Jason Myers, for example is an expert in 
project management (regardless of the product), while Mike Hill has expertise in 
project management and database design for Web applications. Additional infor-
mation can be coded in the map, such as the fact that three people (Ute Lamp, Ina 
Poehl and Max Hitz) are freelancers. Knowledge source maps can be extended 
through so-called “yellow pages” or “blue pages” that contain information on the 
individual internal experts (yellow pages) or external experts (blue pages), such as 
name, photo and contact data, position, fields and level of expertise (e.g., true ex-
pert, some experience, novice), membership in professional organizations, and 
personal interests [4, 6].  

Knowledge source maps point towards the location of explicit, as well as tacit 
knowledge and are clearly intended for detection purposes. When knowledge 
about the expertise of employees is available, it can, however, also be used to as-
sess capabilities in given knowledge domains. For example, in the map above, it 
becomes obvious that the company has no expert knowledge of database design 
for the domains of stand-alone multimedia terminals and CDs/DVDs. Results of 
this assessment can be used to optimise the structure of project teams (e.g., no re-
dundancies, all important knowledge domains covered) as well as to support hu-
man resource management in planning training programs and career paths and 
systematic knowledge retention. [5]. 

6.3.4 Knowledge Flow Maps 

Knowledge flow maps - sometimes also referred to as knowledge application 
maps - show the order in which knowledge resources are and should be used. 
They are, basically, representations of knowledge-intensive business processes 
that are supplemented by visualizations of the information and knowledge that is 
needed to handle specific steps of the process [5]. Fig. 6.3 shows a process flow 
chart for a routine business process.  
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Fig. 6.3. Process flow and knowledge flow map (adapted from [7])

One process step (“assess credit worthiness”) is considered to be knowledge-
intensive and, therefore, is  supported by a knowledge flow map. The latter shows 
sub-processes of the process step (e.g., find similar cases in case base; find expert; 
document the case history) and the knowledge resources needed for these steps 
(electronic case base, expert) [7]. Sub-processes, such as “find expert” can be di-
vided even further into process steps such as “define search context”, “search yel-
low pages”, and “assess expertise” [7]. In contrast to this great level of detail, Ep-
pler presents a knowledge application map of a market research company that 
covers the firm’s value chain in only four process steps that are supported by a 
large variety of specific methods (e.g., interview techniques, statistical analysis) 
[5].

The “correct” level of detail is determined by the intended use of the knowl-
edge application map. The map described by Eppler only presents procedural 
knowledge and leaves it fully up to the user to decide what process step he or she 
is currently in or which one of the offered methods should be used. In contrast to 
this “pull” approach, Kang et al. [11] and Hinkelmann et al. [7] suggest the use of 
knowledge flow maps in workflow management systems that control the execu-
tion of business processes, “push” knowledge resources towards users in accor-
dance with their process needs and also guide the storage of results (for a discus-
sion of “pull” and “push” strategies, see Chap. 3). Needless to say,  for this type of 
application, knowledge flow maps have to give very fine-grained descriptions of 
activities and knowledge resources.  

Knowledge flow maps can be used to codify and support knowledge assess-
ment, as well as to detect relevant knowledge, as will be demonstrated by the fol-
lowing case study of a high-tech SME that has successfully employed a mapping 
technique to analyze its knowledge flows and has codified and communicated its 
improved process in an intranet knowledge application map.  
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6.4 Case Study: Knowledge Maps to Improve NPD 

AIXTRON2 is a relatively large SME with approx. 400 employees worldwide. The 
company develops manufacturing equipment for the production of semi-
conductors. It serves specialty needs in this extremely dynamic and volatile mar-
ket through highly innovative products. Product development is a core process in 
which the re-use of formerly acquired experience and the creation of new knowl-
edge have to be carefully balanced.  

At the start of the case study, new product development at AIXTRON had, for 
some time, been organized around a so-called “development and qualification or-
der”(DQO) – a procedure, supported by paper documents, that guides the devel-
opment process from kick-off to final documentation of development results. 
Though the process was generally accepted because it provides structure and 
transparency, some problems existed: the DQO could only capture some aspects 
of the necessary knowledge, such as the final test results for an accepted new de-
velopment, but not the test results for those developments that did not meet the re-
quirements. It was, therefore, possible that the same unsuccessful development ef-
forts were repeated again in different projects. Also, a lot of knowledge was 
documented in media (e.g., database for quality management, project management 
software) that were not part of the DQO documentation or “hidden” in e-mail 
communication, memos and minutes of meetings. Electronic file storage did not 
always follow a transparent and consistent system, making it difficult to find 
documents. The forms of the DQO furthermore contained some information that 
was only necessary for some people (e.g., quality management) - nevertheless the 
complete set of forms including attachments was passed around, making the proc-
ess difficult to handle and time-consuming. 

Using the DQO as a starting point, AIXTRON therefore decided to analyse its 
knowledge flows in new product development (NPD) in order to come up with an 
improved process. 

6.4.1 Process Assessment 

The purpose of the process assessment step was twofold: it should be investigated 
(1) whether all relevant knowledge (and only relevant knowledge!) was codified, 
stored and made accessible in AIXTRON’s NPD process and (2) which methods 
and media were used and could possibly be improved. 

In a first step, 11 people were interviewed, who were involved in NPD in dif-
ferent functional areas and on different hierarchical levels. The exploratory inter-
views lasted between 1.5 and 2.5 hours and surfaced a multitude of information on 
problem fields, concerns and ideas for improvement, as well as contrasting views 
about processes and the suitability of the media in use. In many cases, interview-
ees also addressed topics outside the scope of the DQO. To structure  the multi-
                                                          
2 www.aixtron.com 
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tude of information, an abstract, but nevertheless easy-to-comprehend map visu-
alization of knowledge flows, was created, which served as the basis for discus-
sions [12, 13].  

The smallest element of all knowledge flows is the transfer of knowledge be-
tween a sender and a receiver. Senders and receivers can, for example, be single 
persons, teams, organizational units, databases, and files. Once a receiver has ob-
tained knowledge (e.g., a sales person has learnt about a specific product require-
ment from a customer), he or she can serve as a sender by transferring this knowl-
edge to other receivers (e.g., a product developer). 

Thus, chains of knowledge transfers can be built that capture the knowledge 
flows within and between organizational units in processes, such as AIXTRON’s 
NPD process (see Fig. 6.4): The process starts with knowledge transfer activity 
100 (“project initiation”) which can trigger different types of development (activ-
ity 21x) from the creation of a new machine concept (activity 211) to a simple 
change order (activity 214). All knowledge transfers are described in detail 
through the template presented in Fig. 6.4 for the case of knowledge transfer activ-
ity 221. Results of the design process are transferred to manufacturing and service 
with transfer activity 250. 

Fig. 6.4. Top-level knowledge transfer map for AIXTRON’s NPD 

The sender-receiver model of knowledge transfer can be applied on different lev-
els of analysis: in Fig. 6.4 it is used to describe knowledge transfers between func-
tional areas but it can also be used to represent detailed knowledge transfers 
within one design team or an individual’s knowledge transfers. Since the map 
looks the same for all levels of aggregation, it is relatively easy to employ and can 
serve as a basis for discussion. Furthermore, it supports process improvement by 
facilitating the use of heuristics. Among others, the map can be used to identify 

• knowledge dumps (e.g., receivers, such as databases, that receive knowledge 
but are rarely sending it anywhere), 
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• inadequate communication methods (e.g., the attempt to transfer tacit knowl-
edge, such as experience, with written documents), 

• people and divisions who do not communicate (lack of paths), 
• parallel stream knowledge transfers (different paths between the same senders 

and receivers) that can lead to costly redundancies and problems with different 
versions of the same knowledge, and  

• single paths of knowledge transfers that would break if the senders/receivers 
involved were to  disappear (in the case of people: e.g., retirement). 

In the case of AIXTRON, the knowledge mapping exercise yielded a variety of 
suggestions for small process improvement (e.g., the use of a database, that was 
already being used in one department, in another department), as well as to a few 
key findings:  

• The knowledge transfer between functional areas was not as transparent to 
some employees as originally assumed – they were sometimes not fully aware 
of what  other departments did with the knowledge they provided. 

• File storage was a key problem, because the storage in project folders made it 
difficult to search for files using other criteria (e.g., same technological solution 
regardless of the project). The often criticized apparent “lack of discipline” in 
storing electronic files only once in the most up-to-date version in project fold-
ers could partially be attributed to a lack of know-how about where to store 
documents.  

• Though sometimes questioned because of its complexity, the DQO proved to 
be a powerful approach to ensure transparency and communicate responsibili-
ties within the NPD process. However, access should be more customized to 
make sure that people do not have to handle documents that they do not need 
for their everyday work. 

• Every project creates knowledge about the duration of specific development 
tasks that can be valuable for future time and cost estimates. However, this 
knowledge was not codified with  a sufficient level of detail. 

To solve the problems identified through the mapping exercise, AIXTRON de-
signed an intranet-based knowledge application map. 

6.4.2 Improved Processes: AIXTRON’s Knowledge Application Map 

The knowledge application or process map designed by AIXTRON is based on the 
former hardcopy versions of the DQO. The forms are published on the intranet 
and supplemented by a large number of additional functions: 

• The entire DQO flow is visualized and explained on intranet pages and in sup-
plementary documents, which can be downloaded. Documents, databases, soft-
ware applications etc., are accessible on the DQO intranet page that covers the 
development step that they are used for. Documents created within the DQO-
system are automatically stored without the user having to make decisions how 
and where to store them. 
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• All DQOs are registered and can be viewed using different search and sorting 
criteria, such as keywords, project number, development stage or release status, 
and responsible persons and departments.  

• Depending on their roles and responsibilities, users are given access to different 
documents, thus only dealing with documents they really need. 

• Comments, as well as acknowledgment and approval of development steps and 
changes, take place electronically. An e-mail system informs the individuals 
involved in the process.  

The process map is implemented in a trial version currently under test. Acceptance 
among the users is high. Based on preliminary results, AIXTRON expects a sub-
stantial reduction of the time it needs to process a DQO, as well as an improved 
intra- and inter-project knowledge transfer. For the final version, additional func-
tionalities are planned, such as integration of a project control system that gathers 
information on the time spent on different development activities.  

6.5 Discussion and Conclusion  

This chapter has discussed knowledge maps as means to codify “knowledge about 
knowledge” and has pointed out two distinct objectives of any mapping exercise –
(1) codification of knowledge with the intention to assess reality in order to iden-
tify relevant knowledge and to improve processes and (2) codification of “naviga-
tional” knowledge to improve the map-based detection of knowledge. Naviga-
tional knowledge maps are only useful when they point towards knowledge 
sources, such as people and databases that contain relevant knowledge, when they 
represent knowledge domains correctly and when they capture and prescribe 
knowledge processes that “make sense”. Consequently, knowledge assessment 
should always take place prior to the creation of knowledge maps for detection.  

This two-step approach – first codification with the purpose of assessment, then 
codification in a “navigational” knowledge application map – is at the core of the 
case study presented in this article. The case thus demonstrates that the knowledge 
integration activity “codification” is not isolated, but relies on successful elicita-
tion of knowledge through interviews (also see Chap. 5) and also touches upon the 
knowledge activities of assessment and detection.  

The newly developed knowledge mapping approach applied in the assessment 
stage of the case study proved to be a powerful means for the codification of dif-
ferent views on the NPD process under investigation. Its relative simplicity and 
the scalable level of detail made the map manageable for people with different 
backgrounds. Throughout the study, people actively employed the “language” – 
the different symbols – of the map to make suggestions, such as additional process 
steps. An alternative interview approach, in which interviewees draw the map 
themselves and explain it to the interviewer,  is thus feasible. This could reduce 
the strain on the facilitator of the mapping exercise, which will most likely be a 
bottleneck in SMEs, where no researcher is present to adopt this role. Suggestions 
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for process improvements were often expressed in the interviews already, but the 
map-based heuristics used to analyze knowledge processes, such as the search for 
redundancies or knowledge dumps, nevertheless were helpful: They offered alter-
native views on established processes and hinted at additional improvements.  

In the case of AIXTRON, the assessment indicated the need for an intranet 
knowledge application map. Process analyses in other situations will most cer-
tainly yield different results and could, for example,  demonstrate the need for an-
other type of knowledge maps (e.g., knowledge source maps and yellow pages), 
other means of codification and communication or changes in knowledge cultures. 
The knowledge application map should, therefore, not be considered an inevitable 
result of the mapping exercise. Furthermore, it is presently still in a trial phase.  

Though preliminary results are promising for AIXTRON, it is quite obvious 
that the solution will not suit the needs of all SMEs, especially since AIXTRON 
has developed the technical platform of the DQO –process map in-house and has 
thus come up with a solution that, at best, is applicable for larger SMEs with 
strong IT departments. Among the many reasons for not choosing existing com-
mercial solutions, one was dominant: existing software packages – workflow sys-
tems, product data management systems, content management systems and other – 
were inadequate because they failed to provide both  process orientation and 
enough flexibility to deal with a non-routine process, such as NPD. Future re-
search, but especially development efforts in the commercial domain, are neces-
sary to solve these problems. 
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7.1 Introduction 

The need for external knowledge is growing continuously: in particular, compa-
nies which are acting in knowledge intensive fields have to be informed about 
their environment. The World Wide Web (WWW) can be a valuable source for 
the detection of external knowledge since it offers a large variety of information. 
The huge amount of information that is available on the Web can hardly be meas-
ured1 [3, 10, 13, 17]. The central characteristics of the WWW with respect to 
knowledge detection are that the access to information is not dependent on time or 
place and that the information offered is supposed to be always up-to-date [13]. 

In spite of these advantages, knowledge detection on the WWW suffers from 
problems. Information from the WWW is ill-structured and cannot be accessed di-
rectly, so that a satisfaction of the individual demand for knowledge by using 
common keyword-based search engines (e.g. Google)2 is often inefficient and in-
effective [8]. The users often “drown” in a mass of so-called hits and the informa-
tion cannot be turned into knowledge, because the output cannot get processed 
further. The information meeting the user’s need has to be filtered out of the huge 
amount of data returned to be turned into knowledge [17]. An additional screening 
of the hits is time consuming and does not guarantee that the user’s information 
demand is satisfied [12]. This chapter is structured as follows: Sect. 7.2 provides 
an overview of currently used information retrieval (IR) systems for knowledge 
detection. In Sect. 7.3, one of these, ontology, is applied in a real life case. The 
chapter closes with a conclusion and discussion (Sect. 7.4).   

7.2 IR Systems for Knowledge Detection 

Knowledge detection can be subdivided into need-driven and opportunity-driven, 
by-chance detection of knowledge (see Chap. 2). Need-driven knowledge detec-

                                                          
1 Baeza-Yates, Ribeiro-Neto (1999), p. 367: in 1999, the amount of textual data available 

on the Web was estimated to be in the order of one terabyte. 
2 www.google.com 
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tion includes ”retrieval”, referring to knowledge detection at a predefined location, 
as well as “search”, the detection of knowledge whose location is unknown in ad-
vance. “Browse/discovery” is an activitity for opportunity-driven, by-chance de-
tection of knowledge whose location is unknown in advance.3 Information Re-
trieval (IR) was originally employed for locating or relocating scientific literature 
in large document inventories [8]. Driven by the development of modern informa-
tion and communication technologies and, in particular, by the WWW, the area of 
activity of IR systems, however, has expanded. Whereas originally, the term IR 
systems referred to systems which were confined to need-driven detection of 
knowledge at a predefined location, thereby providing direct access to knowledge, 
modern IR systems, in addition to classical retrieval, also include search and 
browsing /discovery. Thus, need-, as well as opportunity-driven knowledge detec-
tion may be implemented by modern IR systems [17]. In addition to performing 
the knowledge detection activities of retrieving, searching and browsing, modern 
IR systems represent, organize and store information and make it accessible [1]. 
They are not restricted to textual documents, but also cover visual and auditory 
items [15].4

Filing of documents is done by classification and indexing, by which the 
knowledge items are transformed to a searchable data structure. Either the full text 
of the knowledge item can be indexed, which is called total document or full text 
indexing, or the item can be represented by keywords, so-called ''index terms''. In-
dexing can be done manually, automatically or semi-automatically. Due to the de-
velopment of computers with increasing processing power and memory, nowadays 
indexing is usually carried out automatically. Access to knowledge is realized by 
queries that are formulated by the user. Matching of queries and knowledge items 
can be carried out using several methods that will be discussed in the following 
section [19].  

7.2.1  Traditional IR Search Methods 

The Boolean retrieval, the vector space model and the probabilistic retrieval are 
the classical matching methods in IR. Whereas Boolean retrieval is based on set 
theory, probabilistic retrieval is based on formal probability theory; the vector 
space model employs statistical methods. When the classical methods of IR are 
used, documents are represented by index terms.  

A Boolean search checks whether a defined condition is met or not without 
admitting any deflection from the condition specified. Concerning the search for 
documents, Boolean retrieval checks if an index term is contained in the document 
or not; it rests on the assumption that the documents browsed are either relevant or 
not [1, 8]. A query is formulated with Boolean expressions which follow an ex-
actly defined semantic. Several search arguments can be connected with the Boo-

                                                          
3 please refer to Chap. 4 of this book 
4 in the literature, the term “document” is used for all kinds of information items 
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lean operators such as AND (intersection), OR (set union) and NOT (exclusion 
union) [20]. 

In contrast to Boolean retrieval, the vector –space model acts on the assumption 
that a partial matching is admissible. This is achieved by assigning non-binary 
weights to index terms in documents as well as in user queries so that their impor-
tance concerning the description of a document can be expressed. The documents, 
as well as the user queries, are represented by vectors [8, 15]. As a result of the 
description of documents and queries through vectors with real-valued entries, the 
documents which are most similar to the query can be determined in the collection 
of documents.5 Through the calculation of the degree of similarity, not only exact 
matchings – as in the Boolean retrieval – but also partial matchings are considered 
[1, 17]. 

The probabilistic model of IR is based on the idea of estimating  the probability 
that a document is relevant for a user’s query [17]. For the calculation of this 
probability, formal probability theory is applied [15]. The documents are ranked in 
order of decreasing probability of relevance to the user [7]. 

7.2.2  Information Retrieval and the WWW 

The WWW contains a tremendous amount of online knowledge items which do 
not follow a consistent definition and structure. Knowledge items may differ with 
respect to their format, length, distribution, quality and up-to-dateness [1, 8]. Con-
cerning the satisfaction of an individual user's  knowledge demands on the WWW,  
two methods in particular are well known: (Web) directories and search engines 
[1, 8, 17]. 

(Web) directories are hierarchical classification systems for the arrangement of 
information. They support the opportunity-driven, by-chance detection of knowl-
edge because the user can browse through the categories, which are often subdi-
vided into (sub)classes, and make use of the links offered there to get to the 
knowledge which satisfies his or her needs, as well as need-driven search by offer-
ing a search function. The topical placement of the knowledge offered in catego-
ries is usually done manually by editors who also check knowledge, provided by a 
variety of sources, for its quality [1, 8]. 

In contrast to the manual indexing employed for the creation of Web directo-
ries, search engines perform indexing automatically without additional human 
checks. The knowledge items to be indexed are detected by specific programmes – 
so-called ”robots”, ”crawlers” or ”spiders” – on the WWW and indexed [6]. The 
Web content is regularly scanned so that the index stays up-to-date. All indexed 
knowledge items, which can range from single words up to complete documents, 
are filed in a database. Users formulate a query by entering a single or a series of 
buzzword(s) which may be linked, e.g., by Boolean operators [1, 6]. The results 
usually are presented to the user via the user interface in form of a ranking list. 

                                                          
5 for details please refer to Baeza-Yates/ Ribeiro-Neto, 1999, pp. 27 - 30. 



94      Dina Franzen        

Ranking methods which are used by search engines often make use of the number 
of hyperlinks which refer to a certain website as a measure of relevance [1, 8]. 

Search engines also may be meta-search engines. These systems offer the pos-
sibility to the user to have his or her query processed by several search engines in 
parallel. The search results are presented to the user altogether [6, 8]. 

7.2.3 New Impulses in IR Systems

The amount of knowledge stored and made available electronically has grown 
tremendously due to the availability of the WWW on the one hand, and the price 
decrease and concurrent performance increase of computers since the mid-nineties 
on the other hand [1, 13]. In order to cope with the new challenges, IR systems 
have extended their capabilities. 

Since documents and queries are normally expressed in natural language, the 
development of natural –language processing systems for the analysis of docu-
ments has been an important step towards meeting the human need for knowledge 
acquisition through IR systems [17, 19]. Knowledge detection based on keywords 
is often of rather low quality because either the user’s query context is poorly rep-
resented or the keywords generated to represent a document fail to summarize its 
semantic content [1].  

Whereas syntactic approaches for language processing which employed statis-
tical approaches were  the focus of research during the eighties, today the chal-
lenge of such systems is language processing on the semantic level. 

The goal here is to improve the results of knowledge detection, especially their 
quality, and at the same time to reduce the number of irrelevant hits in the set of 
results by taking into account the semantic context within the matching process, 
thus including the meaning of words [9, 14]. Human language processing that 
models a part of the human thinking process, makes great demands on the knowl-
edge base which lays the ground for the system [17]. In order to model natural lan-
guage, methods and techniques are required that are able to represent human 
knowledge, so that the process of matching queries and knowledge items provides 
results that meet the knowledge demand of the IR system user. 

To represent knowledge, Computer-based Artificial Intelligence (AI) uses the 
model of human language processing by Collins and Quillian [4], which is based 
on the assumption that human knowledge and memory consist of an associative 
network of terms, known as Semantic Network. A semantic network is a formal 
model which consists of concepts and relations and is represented through a gen-
eralized graph which consists of nodes and edges. The nodes describe concepts 
(e.g. objects, events, actions) which are linked through edges representing rela-
tions [11]. The definition of relations and the way of crosslinking items is not 
standardized. Semantic networks serve to represent  natural language knowledge 
and are derived from associative networks taken from cognitive psychology [11]. 
A commonly known semantic network is WordNet, which organizes words by 
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concepts (e.g., word meanings) and uses homonymity, synonymity, hyponymity6

and the like, as a semantical relationship between words [17]. Fig. 7.1 shows a 
semantic network for the representation of a bicycle: 

Fig. 7.1. Semantic network for a bicycle [17] 

Thesauri 

One of the variants of semantic networks is the thesaurus. A thesaurus covers 
words, terms and expressions of a certain domain and describes the connections 
among them. It is an arranged “treasury of words“. A controlled vocabulary forms 
the basis of a thesaurus within IR. The vocabulary, which is at the bottom of the 
knowledge domain, is defined with the objective of avoiding  ambiguity and dif-
ferent spellings, which can occur when uncontrolled vocabulary or the whole band 
width of natural language is used [8, 17, 19]. A given knowledge domain (e.g., bi-
cycle) is characterized and represented as precisely as possible through unambigu-
ous definition of items which are called descriptors. The definition of links be-
tween items supports the indexing of documents and improves the specification of 
the query specified by the user of an IR system. A thesaurus is particularly used 
for the disambiguation of a knowledge domain, not for its structuring and sys-
tematisation [2, 8, 17, 19]. The ISO standards 2788:1986 (guidelines for the estab-
lishment and development for monolingual thesauri) and 5964:1985 (guidelines 
for the estabishment and development of multilingual thesauri) may be used for 
the construction of a thesaurus [17].7

Topic Maps 

A more sophisticated model for the representation of a semantic network is that of  
topic maps. They enable the development of knowledge structures and aim to im-

                                                          
6  A word that is conceptually included within the definition of another word (e.g., rose is a 

hyponym of flower) 
7 www.iso.org 
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prove  search and navigation processes concerning a knowledge domain, e.g., via 
the WWW. Topic maps consist of so-called “topics” as the smallest entity of the 
model (e.g., persons, locations), ”associations” (relations between topics) and “oc-
currences” (instances of or documents about topics). Topic maps are standardized 
by the ISO standard 13250 (specification of syntaxes that describe the possible 
expressions in a topic map). In contrast to thesauri, they aim at structuring and 
systemating a knowledge domain [21]. 

Ontologies 

Another, more formalized alternative for the realization of semantic networks is 
that of ontologies. The term ”ontology” originates from philosophy, where it is the 
discipline that deals with the nature and organization of being. In computer sci-
ence, ”..an ontology refers to an engineering artefact, constituted by a specific vo-
cabulary used to describe a certain reality, plus a set of explicit assumptions re-
garding the intended meaning of the vocabulary” [16]. Ontologies promise to 
support a shared and common understanding of a specific knowledge domain that 
can be communicated between people and computer-based systems [5, 18]. An 
ontology aims at capturing a specific knowledge domain. Furthermore, ontologies 
provide a commonly agreed vocabulary by defining the basic terms and relations 
of a domain’s vocabulary and by providing the rules for using the terms and rela-
tions. [16]. 

7.3  Implementation at a High-tech SME 

7.3.1  The High-tech SME: CEROBEAR 

CEROBEAR is an SME producing ceramic bearings. Operating in a highly dy-
namic environment, the company is confronted with fast changes. The company 
sees new potentials on the WWW for the detection of external knowledge because 
of its worldwide accessibility. The company’s problem is how to detect knowl-
edge about potential customers on the one hand, and about potential suppliers on 
the other hand. CEROBEAR’s main goal in this context is to find new customers 
who may need its specific products. Furthermore, the company is interested in 
finding certified suppliers for some of its business units. When using common 
search engines to meet the company’s knowledge requirements, CEROBEAR has 
come across several problems: the search engines do not deliver results in line 
with CEROBEAR’s knowledge requirements and the further screening process of 
the results obtained via search engines is very time-consuming. 

The main problem for the company arises from the common search engines'  
search strategy: they only search single buzzwords and do not consider a com-
pany’s whole vocabulary of concepts. CEROBEAR is aware of the knowledge the 
WWW may provide, but has no suitable method for accessing  the knowledge the 
company needs.



7 Detection – Electronic Knowledge Retrieval      97 

7.3.2 Focus: Development of a Customer-Specific Ontology 

The objective at CEROBEAR was to improve WWW-based detection of knowl-
edge about customers and suppliers through the use of ontologies. Ontologies rep-
resent the company-specific vocabulary (”concepts”) of a knowledge domain and 
the relations between the concepts. They are said to have the potential to improve 
the quality of WWW-based knowledge detection, because the search process is 
not based on single words or a sequence of words, but on the company’s associa-
tive network of knowledge. Ontologies “enrich” the queries with additional 
knowledge about the relevant knowledge domain and thus enable the search en-
gine to consider meanings of words in specific contexts, as well as related words. 

The use of ontologies involves technical, as well as human aspects: technolo-
gies for ontology-based search are currently under development and are being, at a 
progressive rate, integrated into knowledge management systems and intranet so-
lutions, but are still far from having reached a “stable phase”. At the beginning of 
the project, some systems, however, were already commercially available. The 
human aspects were only poorly researched: little was known about how to effi-
ciently build ontologies (especially in the context of SMEs) and how useful these 
ontologies might be in supporting knowledge acquisition from the WWW. 

The KINX approach was to use commercially available software for ontology 
building and ontology-based search as a platform, on the basis of which it was 
possible to evaluate 

• how latent domain knowledge that experts and experienced employees have 
gained in their daily work should best be elicited, 

• how this knowledge can best be translated into an ontology, 
• whether ontology-based knowledge detection is more effective than traditional 

search methods. 

Work in this project involved two areas: first of all, an ontology-based software 
had to be selected from the different commercially available products as well as 
from programs under development in universities and research groups. It was de-
cided to choose L4 from Moresophy, a four-layered tool consisting of an analysis 
process and three modules: a document indexing function, a support tool for 
graphical concept modelling and a navigation function for internal and exter-
nal/WWW-based knowledge detection. It thus supplies the platform necessary to 
model and use ontologies. 

Furthermore, means to elicit and capture latent knowledge about specific 
knowledge domains had to be identified, evaluated and applied. These activities 
were genuinely human-oriented and used, among others, concepts and techniques 
from cognitive psychology.8

After the selection of software and a thorough assessment and pre-test of psy-
chological and other elicitation techniques, a customer-specific ontology was cre-

                                                          
8  Please refer to Chap. 5 of this book 
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ated and the result was presented to CEROBEAR. This gave rise to further re-
finements before the ontology could be finalized: 

Fig. 7.2. Extraction of the semantic network developed at CEROBEAR 

7.3.3  Results and Evaluation 

During the search process, which is initiated by entering a query, the software 
considers the underlying ontology. The hits are presented, as usual, in the form of 
a ranking list. In order to evaluate the results of the ontology-based search, the L4 
based search was compared with Google, because this is the most widely used 
search engine. Queries formulated by CEROBEAR employees were entered in L4 
as well as in Google. L4 and Google searched through a collection of documents 
that were evaluated prior to the search by CEROBEAR employees with respect to 
their relevance for answering the queries. Since the relevance of the documents 
was known, precision and recall, the basic measures used for the evaluation of 
search strategies, could be calculated for both search strategies. Recall is the ratio 
of the number of relevant documents retrieved to the total number of relevant 
documents in the database, whereas precision is the ratio of the number of relevant 
documents retrieved to the total number of documents retrieved. They are usually 
expressed as a percentage [1, 15, 19]. 

The values of precision and recall for six queries with Google and L4 (given in 
Table 7.1) show that, in five of the six cases, L4 provided better recall results than 
Google; one recall is identical with Google's. In three cases, the precision of L4 is 
better than that of Google, two results for precision are identical and in only one 
case did Google provide results with higher precision than L4. The results demon-
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strate that an ontology-based knowledge detection approach provides better search 
results than a common search engine (Google) and thus better meets the user’s 
knowledge needs. 

Table 7.1. Recall and precision of L4 and Google

 L4 Google 

 Recall Precision Recall Precision 

Case 1 0 0 0 0
Case 2 0,22222 1 0,0020 1 
Case 3 0,13333 0,66666 0 0
Case 4 0,4 0,33333 0,4 1
Case 5 0,03 1 0 0
Case 6 0,04545 1 0 0

7.4  Discussion and Conclusion  

Ontology-based search has great potential for improving  WWW knowledge de-
tection: In contrast to common search engines (Google), an ontology enables an 
associative search process that does not only search for single buzzwords, but con-
siders a company’s specific vocabulary of concepts. It thus improves the quality of 
search results. 

A survey of the state-of-the-art of ontology-based software shows that the tech-
nology is still rapidly evolving. The technology is increasingly able to meet 
SMEs’ requirements in terms of price, infrastructure requirements and ease of use, 
though some development is still needed. In the following years, the bottleneck of 
ontology-based search in SMEs, therefore, will not be software, but the ability to 
efficiently create and update valuable ontologies without the help of costly con-
sultants. 

The research shows that ontologies should not be built ad hoc, e.g., solely by 
the knowledge engineer, but should be generated in a systematic process.9 Such a 
multi-step process has been successfully developed in the KINX project. The 
process was tested and applied in an SME that encounters ressource problems 
typical for small and medium companies (availability of key persons, only very 
few experts - and these always very busy -, scarce time and concern for topics that 
lay outside everyday work, little prior knowledge about ontologies, etc.). There-
fore, the approach presented may be suitable for many other SMEs, as well. 

                                                          
9 Within the project it could be shown that a model based on knowledge that was elicited by 

using psychological methods provides better search results than a model based knowl-
edge that was elicited without using psychological methods. 

“The ontology-based approach provided better search results than a common search -
engine! It really supported the structuring and defining of specific knowledge domains a  t

our company.”  CEROBEAR Representative
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8.1 Introduction 

The knowledge integration (KI) process, depicted in Chap. 2, consists of three 
stages: identification, acquisition and utilization – definitely in this order, as each 
stage presupposes its former. Clearly, then, right identification determines the ef-
fectiveness of the entire process since – as in any value chain – the pendulum's 
principle works: a small deviation at the outset causes a huge shift down the road.  

Identification is mainly actualized through two knowledge activities: assess-

ment and detection, in that order or the other. In this chapter, we deal with assess-
ment, which – despite its centrality – is hardly regarded in the KM literature; 
worse, even when it is, implicitness reigns supreme or the issue is left ambiguous1.
Indeed, few make the effort to decipher – even to themselves – how assessment 
has been done; most often it is regarded as a “black box” behind the KM stage. In 
order to close this gap, we draw upon cognitive and information2 science for theo-
retical ground and mainly upon the business strategy literature for more practical 
aspects. The chapter is proceeding from a broad theoretical perspective to specific 
devices and is structured as follows: Sect. 8.2 defines the term and introduces its 
conceptual elements; Sect. 8.3 lays out a theoretical framework by cross-
referencing three information paradigms, which we then use to classify available 
assessment techniques and to explore deficiencies; in Sect. 8.4, we address the gap 
by presenting the KINX-outcome method – the DVT, and Sect. 8.5 evaluates the 
experimental implementation of this method throughout the project, backed by the 
user's firsthand evidence. In Sect. 8.6, we conclude and tie the assessment frame-
work to KM strategies.  

                                                          
1
 A typical example: Davenport [3:49-52] posits the “what-to-focus-on” question as first 

and foremost among information (see footnote 2) strategy's considerations, but notwith-
standing, avoids any detailed discussion on “how-to” work it out. 

2
 Since assessment of knowledge and of information are identical from any practical aspect, 

we refer to both interchangeably along this chapter. 
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8.2 What Is Knowledge Assessment? 

Assessment, in our view, attributes the merits of relevancy and worthiness to a 
piece of knowledge, which are derived from the meaning and significance of that 
knowledge and result in attention. This general definition may be clarified by the 
typical problems associated with improper assessment (as listed in Chap. 2), like: 
“lack of knowledge about the real advantages of new knowledge”, “there are no 
criteria to evaluate the knowledge” or “unclear whether knowledge/sources are re-
liable, complete, or trustworthy”. To be sure, we eliminate the notion of economic 
valuation (akin to intellectual capital) from the scope of this discussion3. More to 
the point, assessment addresses two distinct questions: (a) What knowledge does 
one need? And (b) Once noticed, what significance does this knowledge have?  

These questions are consistent with the distinction (made in Chap. 2, Sect. 2.4) 
between need-driven and opportunity-driven identification, respectively. They 
also dictate the activities' order along the identification stage: assessment precedes 
detection in the former while vice versa in the latter. 

An example might be a good starting point. This one [13], demonstrating op-
portunity-driven knowledge assessment, is about IBM (not exactly an SME, but 
the lesson is nevertheless valid). In 1994, shortly before the Internet boom, IBM 
was the official technology sponsor of the Winter Olympics in Norway, responsi-
ble for collecting and displaying all the results. David Grossman, a midlevel IBM 
programmer, watched the games on his TV and was proud to see his employer's 
logo on the screen. Less satisfied was he to discover, after turning to his computer 
and surfing the Web, that those results had been copied and distributed all over the 
net under the banner of… Sun Microsystems. At that time, the Internet was un-
heard of at IBM, which was still  mainly corporation-orientated. Grossman was 
smart enough to assess its relevance, and fortunately succeeded to convince a 
higher-ranked executive that jumping on the fledgling Internet wagon was an im-
perative for IBM. To make a long story short, this minded freak caused the giant 
to turn around and to make the Internet its flagship, all because of this momentary 
enlightenment. 

This fascinating story encapsulates all the elements of assessment – meaning, 
significance, relevancy, worthiness and attention. The million-euro question is: 
should it remain occasional, depending on healthy gut feeling, or can it be institu-
tionalized? Obviously we shall try to prove the latter. 

                                                          
3
 What is exactly eliminated is the conversion of the knowledge value to financial meas-

ures, derived from its assessment. 
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8.3 Critical Analysis of Assessment Practices 

8.3.1 Theoretical Background and Practical Framework 

In the Watermill Model (Chap. 4), we subdivided the assessment activity into two 
classes: (a) credibility and (b) value, meaning and significance (hereinafter mean-

ing, for short). This practical classification can be projected on a theoretical dis-
tinction between two prominent paradigms: information-centric vs. user-centric, or 
– the other side of the same token – objectivism against subjectivism, respectively 
[6]. Both regard assessment as an interaction between information and a user, but 
from opposing points of view: the former centers on the information whilst the lat-
ter on the user. Very briefly, the objectivist paradigm considers information “to be 
something objective in the external reality” [1]. Regarding information as a 
“thing”, humans and information are viewed as two separate entities; information, 
therefore, exists by itself and trueness is one of its inherent attributes. On the other 
hand, the subjectivist paradigm identifies meaning exclusively with the user 
[4:68–69, 6, 16]; and instead of assuming information to be already “there”, it fo-
cuses on the cognitive process of evoking information needs. This process is de-
picted, for example, by the sense-making model [5] as a triangle of situation-gap-
use, where each information's use instance is a time-space unique (situational), de-
termined upon the specifics of a particular gap. A gap in this context is wherever 
the user loses the thread of sense-making due to a disruption. So – back to our 
practical subdivision – since credibility refers to the knowledge itself (regardless 
of its usefulness) and meaning is user-specific, the analogy to objectivism and 
subjectivism (respectively) is obvious. 

But this is not the whole picture: against the shared fundamental of both these 
paradigms – that knowledge and the knower are two separate constituents – a third 
paradigm calls for a totally different viewpoint: the hermeneutic4 paradigm argues 
that instead of viewing people via information's lens or vice versa, they are both 
interwoven in the same world; thus information is neither an object, transferred 
from source to receiver, nor a subjective representation, but an existential dimen-
sion of being or “the articulation of a prior pragmatic understanding of a common 
shared world”, which is called pre-understanding [2]. The idea of pre-
understanding relies on several disciplines and is a cornerstone of the paradigm. In 
brief, it is the model of reality that has been carved in the mind through life-time 
experience and demarcates its horizon. Pre-understanding comprises, according to 
one observation [18], cognitive, social and emotional elements; by another [19], 
albeit differently entitled, it is more about rooted habits and mental routines. The 
antidote for pre-understanding captivity is openness which, according to the para-
digm, is achievable through a spiral series of self-questioning in order to unlock 
the mental confinement and to discover “new horizons” (where horizon means the 
restricted view enabled by the pre-understanding lens) [2]. Based on these para-

                                                          
4
 The term "hermeneutics" originally relates to the  interpretation of the Scriptures, but  has 

been used later for interpretative and explanatory research in general. 
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digms, we suggest an extended, threefold framework to categorize assessment 
practices, which is summarized in Table 8.1. The right-hand column, titled 
“Counter pre-understanding”, is aimed at discovering these “new horizons”. 

8.3.2 Alignment of Available Practices 

As this framework demonstrates, no practices are available under the counter pre-
understanding category – a void we intend to address. But before that, some criti-
cal explanations are given about each of the presented groups to clarify what is ac-
tually missing. 

Table 8.1. Framework for assessment practices

Information-

centric 

User-centric Counter pre-

understanding 

Grounding para-

digm 

Objectivist Subjectivist Hermeneutic 

Useful for Credibility Meaning Openness 

Driven by a Opportunity Situational need Self-enforced need 

Groups of avail-

able practices 

Experts survey 
Relation-based 
(networked) tech-
niques 

Gap analysis 
Issue management 

--Empty-- 

a Equivalent to the criteria what-question-is-answered and order-in-identification-stage – 
see Sect. 8.1.

Information-centric Assessment 

As implied by its name, techniques in this category address the knowledge already 
existent and are widely used in macro-level instances or for basic research [14]. 
The experts' survey group, where experts are asked to assess knowledge (e.g., 
“peers review”), is older and more commonly used, chiefly in basic research. It 
has some vulnerabilities, such as scarcity of domain experts or biases [10], but is 
nevertheless popular – most likely because of the lack of better alternatives [14]. 
The less developed relation-based techniques (also called retrospective or network 
approaches – ibid) assess knowledge by analyzing relations among pieces of 
knowledge, for example, cite indexing or mutual terms analysis [14]. 

Above all, the information-centric type of techniques is criticized for low us-
ability, from two aspects. One is the distance of scholars from real-world interest; 
the second is the ambiguous link between the knowledge and its implications, 
which is too often unbridgeable from decision-makers' points of view. Goshal & 
Westney [12] found it a main obstacle for business managers' effective informa-
tion use. 
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User-centric Assessment 

In this category, the focus turns to needs, thus – contrary to the former – assess-
ment precedes the knowledge; also, its purposefulness makes it much more busi-
ness-oriented, however, in two very different contexts. The gap analysis perspec-
tive presupposes distinct goals with a strict plan to attain them; the goals – held 
constant – provide the yardstick for the user to distinguish what is known from 
what is needed and target the remainder [20]. This assessment style, much liken-
ing control, is a natural companion to planning-mode strategy5 [17, 20]. In con-
trast, issue management is a wide umbrella-term that complements the adaptive 
mode (see footnote 5) and goes hand-in-hand with foresight. The idea is to iden-
tify issues as early as possible; issues are emerging changes that “the organization 
must respond to… and may reasonably expect to exert some influence” [9:252], 
which may become either opportunity or threat. Once identified, knowledge con-
cerning their emergence is focused [9:252–268].  

The user-centric techniques for knowledge assessment have been criticized 
twofold: once for issues' misunderstanding and then for languid information re-
quests. The former, much more difficult to overcome, is a sheer consequence of 
the aforementioned pre-understanding phenomenon by which the “issues” are fil-
tered [21]. The latter is empirically evidenced: managers at all levels are ineffec-
tive askers [12, 15]. As we noted earlier, the counter pre-understanding category 
remained unchallenged by current assessment practices. This hole we wish to ad-
dress by a new method, depicted below. 

8.4 The Decision-Validity-Tracking (DVT) Method 

A brief reminder: the hermeneutic paradigm assaults the other information para-
digms for being confined to pre-understanding, which restricts the perceivable 
problems and consequently the information search. The reflection of this limita-
tion on strategy in general, and that of business in particular, is management's in-
ability to anticipate, sense and identify potentially problematic discontinuities, 
specifically where they emerge gradually [7:21–38].  

Whereas the user-centric techniques aim at serving the decision-making process 
(and their contribution is measured alike), the DVT method takes place after the 
(strategic) decision has been made. It counteracts the common threat of inertia that 

                                                          
5
 Mintzberg [17] observes three strategic modes: (a) planning – "systematic attainment of 

goals stated in precise, quantitative terms"; (b) adaptive – flexible goals that are incre-
mentally adjusted to address an uncertain environment, and (c) entrepreneurial – "active 
search for new opportunities" and "dramatic leaps forward in the face of uncertainty". 
The user-centric category encompasses modes (a) and (b) as for both the need is prede-
fined, whilst (c) calls for the missing techniques that apply the hermeneutic paradigm. 
Mintzberg's classification underlies the three KM strategies we suggested in chapter 4, to 
which we will return in the concluding section.  
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is so prevalent in organizations, assuming that even if the decision was justifiable 
upon taking, it is not necessarily so along its life span. As the name of the method 
implies, it tracks the decision's validity (see Fig. 8.1), acting on the assumptions: 
(a) that people can anticipate only what they already know [11:22–37], and (b) 
that they pay the utmost attention to information that directly answers their ex-
plicit questions [8]. It is apparently paradoxical: how can one ask about the yet 
unknown6? The answer is a bit counterintuitive: by looking after the foreseeable 
but intentionally trying to refute it; as long as the refutation fails, the knowledge is 
revalidated. 

1.

Mental Model 

Explication

2. Scenarios

3. Indicators
Strategic Decision-

Making

4. Validation

Fig. 8.1. The DVT four-step process in the strategic thinking context 

Considering all these impediments, the method follows the four steps shown in 
Fig. 8.1, all of which – except for step 4 – involve the organization's management 
through a series of brainstorming. While the method consists of several well-
known techniques, its novelty is in the way they are bundled. It is supported by 
dedicated software along the entire process. Below we elaborate the steps, each il-
lustrated by the proper screenshot of that software (for confidentiality reasons the 
labels are fictitious, but reasonable):  

1. Mental model explication: the most difficult and elusive in the process, this 
step qualifies the entire implementation. Its goal is to elicit (cf.) the participants' 
hidden assumptions (or mental model) regarding the environment in which the 
organization operates and to reach a shared representation of it. Since mental 
models are by and large about causality, it is a causality map that represents the 
model (see Chap. 6). An example is given in Fig. 8.2. 

The model is a set of driving forces – external, interrelated variables that destine 
the organization and its mission at large. An effort is made to break out of the 
                                                          
6

Note the difference between "uncertain" and "unknown": the former refers to a range of 
identified (future) possibilities that which of them will materialize is uncertain; the latter 
means that the possibility itself is inconceivable. 
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firm-centric familiar, pre-determined envelope of first-order constituents and to 
identify farther industry-level influencers; also, only dynamic forces are taken into 
account (for instance: pace of deregulation). Interrelations are notated by arrows 
from cause to effect, as either positive or negative relation (where positive (nega-
tive) relation means that if one force increases the affected force increases (de-
creases), too). In addition, truisms (postulates) that are not cause-and-effect ex-
pressions (like “hardware is always a step ahead of software”) may explain some 
relations. Finally, within the model's frame, a distinction may be established be-
tween primary forces – those that affect but are not affected – and other forces. 

Fig. 8.2. Mental model map. The arrow marked A represents a positive relation, whereas B 
represents a negative relation (explained above). 

2. Scenario construction (hypothesizing): now there is a subset of primary 
forces that, by assumption, determine the potential future directions – as long as 
the model is valid. Apparently each primary force has endless nuances to de-
velop, so in order to simplify only two forces – the most uncertain and influen-
tial – are singled out and the spectrum is reduced to increase/decrease extremes 
(compared to the present); the remaining primary forces are held constant in the 
most reasonable direction (increase/as-is/decrease). The four resulting scenarios 
(two primary forces by two directions), thus, are different realizations of the 
same model (which is the refined representation of the pre-understanding), each 
subject to other planning assumptions (see Fig. 8.3 for an example). 
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What, then, is the hypothesis? That if the model is (and remains) valid, and if the 
planning assumptions materialize, than one and only one scenario may be real-
ized7. From now on, the goal is to reject the hypothesis – and if that happens – to 
retest the entire model altogether; that way, the aspired requirements of openness, 
horizon-widening questions and from-known-to-unknown-reflection [2] are met. 

Fig. 8.3. Scenarios and planning assumptions 

3. Determination of indicators: in this step, each scenario is dissected into dis-
cernible facts – and only facts, to prevent misinterpretation – that, if observed, 
indicate (or negate) the emergence of this specific scenario; for instance: 
“higher than 5% increase in sales of product X (total industry), year over year”. 
Actually, this step embodies the purest form of assessment in the process since 
it generates the information needs. The indicators become a target for surveil-
lance by any legitimate means (see Fig. 8.4). 

                                                          
7 The notion of properly-done scenarios is that all of them are feasible in foresight but each 

excludes the others upon materializing. 
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An important imperative is to select only indicators with discriminatory power, 
meaning to include only those indicators that can distinctively tell one scenario 
from the others. It is also recommended to assign weights for each indicator-
scenario coupling8, which helps to evaluate the scenarios' likelihood. 

Fig. 8.4. Scenario-related indicators 

4. Validation: unlike the previous steps, that are passed once (per process) and 
are consecutive, the fourth is repetitive. Periodically (once or twice a year, de-
pends on the stability of the industry), the indicators' status is checked and 
scored9. The result is the scenario’s likelihood: which, if any, scenario is in line 
with the evolving reality. As mentioned before, each scenario assumes a differ-
ent state of the driving forces, thus, in any case, other than one likely scenario 
the hypothesis (i.e., the model) is rejected. Fig. 8.5 exemplifies a “benign” case, 
as only one scenario (the upper one) is likely. 

                                                          
8

We use three ranks: high, medium or low. For arithmetic computation, they are scored as 
3, 2, or 1 (respectively), positive if the indicator verifies the scenario and negative if it 
negates. 

9
We use a six-rank scale: highly regressing, regressing, constant, advancing, highly ad-
vancing and completed, which – for arithmetic computation – are scored from (-2) to 3, 
respectively. 
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Fig. 8.5. Validation by cross-scenario analysis, following the indicators' tracking 

8.5 Lessons Learned from the Implementation at 
Optibase 

We conducted an experimental implementation with our project's partner, Opti-
base10, a high-tech manufacturing SME in the video-streaming industry. The im-
plementation process consisted of two phases: one of prior information collection 
and another of active intervention (by applying the DVT method). Comparing the 
state before the DVT implementation (phase 1) and the situation afterwards pro-
vided valuable insights into the method's effects.  

Phase I 

The first phase included in-depth interviews with four key employees, in which 
we studied how knowledge needs have been assessed in the past. The main find-
ings from these interviews are as follows: 

                                                          
10

Optibase, based in Herzlia, Israel, is a high-tech manufacturing SME in the video-
streaming industry. For more details, see www.optibase.com.  
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• Rather than to information needs, interviewees referred to information sources 
or to what decision the information was needed for. 

• Knowledge needs, if expressed at all, almost exclusively alluded to planning 
assumptions (for instance, “market X will increase”); assumptions underlying 
mental models were not challenged. 

• Interviewees were overwhelmed by information overload, arising from the 
mass of fragmented stimuli and resulting in an overvaluation of quantitative 
and repetitive items. 

In summary, knowledge assessment was clearly restricted by a predefined horizon. 
The dominant issue-management assessment approach fitted well the adaptive 
strategic mode (see footnote 5) employed. There was a permanent worry about 
“black holes” – that is, unquestioned areas – yet it was perceived as an immanent 
constraint. These observations are consistent with previous theoretical and empiri-
cal findings [5, 7]. 

Phase II 

In this phase, we implemented the DVT method in two separate strategic business 
units (SBU). Each implementation involved about five 3-hour brainstorming ses-
sions with 4–5 executives each. Approximately three sessions were devoted to 
model explication, one for the scenario construction and one for indicators deter-
mination. The findings at both units were quite similar, and are summarized be-
low: 
• The models consisted of 9–12 driv-

ing forces and 2–3 postulates each, 
less than half of which had been 
identified in phase 1 (thus not scru-
tinized). In contrast, most of those 
forces that had been stated before 
were now eliminated.  

• The four scenarios that emanated 
from the model clearly demon-
strated the pre-understanding limi-
tation: as one participant wit-
nessed, they matched exactly the 
previous market life-cycle –
implying that the strategic mental 
model was an authentic duplication 
of the past.  

• The number of indicators – the 
“cornerstones” of information 
needs – decreased from an order of 
magnitude of “tens” to about 10 in 
each SBU. 

Optibase Strategic Thinking 

Optibase´s business in the Video-over-IP 
innovative world is characterized by continu-
ous changes due to fluctuating customer 
needs, new technologies and many other 
forces that a medium-sized, high-tech com-
pany is affected by; strategic adaptation 
therefore is vital. The way Optibase looked at 
its environment was very subjective. There-
fore, it had to be validated continuously to 
make sure that the model was still correct. 

Optibase´s top management got many 
new ideas from implementing the DVT 
method, such as revealing some hidden as-
sumptions or how to define Optibase's busi-
ness environment in a less straightforward 
manner. The final outcome will be used in 
the years ahead for strategy validation.  

The DVT method has benefited Optibase 
for the short term by generating common 
concepts and common understanding of top 
management's thoughts and assumptions. 
Tracking the DVT indicators may shield Opti-
base against unexpected surprises. 
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In summary, the exercise evidenced how powerful pre-understanding was, both 
through framing the present perception and through inhibiting doubts – a hurdle 
that scenarios by themselves did not overcome. The method clearly hones atten-
tion to information needs through diminishing quantity and enhancing quality, as 
well as by knowledge explication and sharing. The encouragement of openness 
with its positive side-effects upon strategic planning which may arise from model 
validation in the long run still has to be demonstrated. Table 8.2 summarizes the 
DVT contribution. 

Table 8.2. The DVT contribution 

Before After 

Driving forces “Tens” 9-12 

Mental model Unconscious Explicit, visual 

Common understanding Implicit, assumed Shared, assured 

Knowledge preservation Gone with leaving em-
ployees  

Stored, inheritable 

Espoused scenarios One 16 (reduced to 4) 

Strategic information needs Innumerable About 10 clear topics 

Surveillance Scattered, occasional Focused, systematic 

Sources Others´ (e.g. market-
research companies) judg-
ment 

Facts 

8.6 Conclusions 

Assessment is about ascribing relevancy and sense to knowledge, either before 
having it (to guide detection) or while at hand (for use). Three different paradigms 
attempt to explain how it happens – one focuses on the knowledge, another on the 
user and his or her subjectivism, and the third sees both the user and the knowl-
edge interwoven so that they define each other. The latter – the hermeneutic para-
digm – argues that a dedicated effort is required to break out of one's knowledge 
shield (named pre-understanding) in order to discover new horizons. The method 
we have developed is a trial to take this advice. 

The effect of the DVT (Table 8.2) was remarkable in two aspects: improved 
strategic thinking and focused information needs. Regarding strategic thinking, the 
process formalized the dynamic approach that formerly had been latent, but un-
doubtedly in use. Needless to say, it is much more adequate for such a turbulent 
market. Concerning information needs, the impact was clear, measurable and im-
mediate in both elucidation and mutual explication. Furthermore – and in line with 
our main goal – the method placed the hidden layer of basic assumptions on the 
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surface and made it accessible to analyses. Strikingly illuminative in this sense 
was the boundedness manifested by the scenario exercise which, traditionally, is 
regarded as a mind-opener but failed to break out of the box. 

The practice also reaffirmed the theory, with all three paradigms reflected in 
one phase or another. Before our intervention, we can identify both the informa-
tion-centric and the user-centric approaches. The former, associated with the for-
mal planning mode, was demonstrated by the almost desperate wish to find the 
single true answer; the latter, prevalent in the actual adaptive mode, echoed the 
sense-making model by emphasizing help (sources) rather than needs, as men-
tioned in phase 1's findings. The spiral questioning process we experienced with 
the DVT and its consequences represent the hermeneutic paradigm and shed light 
on the burden of pre-understanding.  

Now we can close the loop and couple KI activities with tools and techniques 
that fit different strategies. A reminder: we practically divided knowledge assess-
ment into two sub-activities – one of judging credibility and another of ascribing 
value, meaning and significance. In chapter 4, we suggested a threefold frame-
work for KM strategy – static, evolutionary and revolutionary; and here (in Sect. 
8.3.2) we reviewed available groups of practices. How do they all match each 
other? 

Credibility refers to knowledge per se, user- (and strategy-) independent; for 
that both experts' survey and relation-based (networked) techniques, entitled in-
formation-centric, are commensurate. In contrast, value, meaning and significance 
are user-specific; hence the user-centric approach is most adequate. Here, strategy 
is definitely a factor: the control-oriented gap-analysis techniques match the static, 
whilst the problem-solving-oriented issue-management practices go hand-in-hand 
with the evolutionary strategy. For the revolutionary strategy, which we have 
found unaddressed from a knowledge assessment perspective, we proposed the 
hermeneutic-inspired DVT. 

Our real-life experiment with Optibase highlighted the difficulties faced by ex-
ecutives in a dynamic and information-swamped environment, and how systematic 
assessment can alleviate this stress. We still have to watch whether the DVT 
method contributes to openness in the long term. 
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9.1 Introduction 

This chapter presents material on knowledge transfer activities aiming at knowl-
edge integration. As discussed in Chap. 2, the latter involves a process of identify-
ing, acquiring and using external knowledge. New product-developing small firms 
often need external knowledge due to the staff deficiencies and specialisation of 
these firms (see Chap. 1). In earlier chapters, it was shown that knowledge integra-
tion may be achieved by transferring explicit knowledge, and/or knowledge hold-
ers and that nurturing this process is important. This chapter shows that differ-
ences in knowledge and experience between a firm in need of external knowledge 
and the supplier of this knowledge are both a main source of advantage of knowl-
edge transfer, as well as a barrier to successful transfer. It will be shown that, even 
if one knows which knowledge is needed, and where this knowledge is, an inten-
sive process is needed to successfully implement external knowledge in an NPD 
process. 

The structure of the chapter follows this logic. The theoretical part (Sect. 9.2) 
shows that, considering the nature of knowledge and structures of networks espe-
cially in NPD processes, knowledge transfer involves methods of network man-
agement. The role of interaction in networks and the concept of absorptive capac-
ity are described and ways to overcome these difficulties are outlined in the last 
part of the theory. The second part of the chapter (Sect. 9.3) describes the WAP 
case in which mechanisms of network-based knowledge transfer are illustrated. 
Conclusions for practice and research implications conclude this chapter 

9.2 Theory on Knowledge Transfer in NPD Processes 

In this part, a theoretical approach to the role of knowledge characteristics in rela-
tion to interactions in networks is discussed. Some backgrounds are described 
from innovation adoption theory, knowledge management and network theory 
(Sect. 9.2.1). This provides the basis for a discussion of the role of cognitive dis-
tance and network characteristics in effective knowledge transfer. In Sect. 9.2.2, 
some consequences of the theory are described. 
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9.2.1 The Character of Knowledge and Networks in Transfer 

Processes 

The goals of knowledge integration in NPD processes is to find and use external 
knowledge in order to improve the knowledge base, which is an important re-
source for NPD. The typical character of external knowledge for such purposes is 
that this knowledge does not automatically fit into the existing knowledge base. 
Therefore, it could be seen as an adoption of innovation in itself. In the domain of 
innovation adoption research, Gatignon & Robertson [2] pointed out that actors 
with a high propensity for innovation decide and learn in a different way than 
“non-innovators” do. This implies that knowledge integration processes involving 
firms with a different innovation culture, which will often be the case, involve dif-
ferent types of learning processes. Furthermore, knowledge in learning processes 
is often not easily made explicit for the actor. Michael Polanyi’s [12] concept of 
‘tacit knowledge’, implying that individuals know more than they can explain (for 
details see Chaps. 1 and 4), offers insights into why firms with the same kind of 
information about an innovation neither necessarily behave in the same way [8, 9] 
nor communicate easily. The interpretation of information in communication con-
cerning knowledge integration depends upon cognitive skills built up in earlier in-
teractions with other actors and other contexts of the actors involved. This is re-
ferred to as know-how: “accumulated practical skill or expertise that allows one to 
do something smoothly and efficiently”. Know-how is a part of a firm's  value-
system, defining more or less acceptable/possible (changes in) behaviour. It is of-
ten assumed that ‘blue-print’ information about an innovation would be applicable 
in most cases, but it might not fit into the firm´s know-how. In that case, the cog-
nitive distance between the firm´s know-how and the cognitive skills necessary to 
adopt this new knowledge is too large and the innovation is rejected. In Rogers’ 
[13] words, compatibility in relation to current practice in the adopting unit is rela-
tively low. The important aspect here is that one has to assess the knowledge 
available in the firm to explain or predict whether an innovation is compatible 
with this situation. Or in other words: Is the firm able to realize the adaptations 
necessary to adopt an innovation? Cohen & Levinthal [1] developed the concept 
of ‘absorptive capacity’ to indicate the ability of a firm to adapt to new knowl-
edge. It can be measured by employees´ levels of education and vocational train-
ing and experience with (new) technology [5]. Higher levels of education in a firm 
increase formal, documented explicit knowledge, while experience with modern 
technology and vocational training tends to include a large amount of tacit knowl-
edge. Taken together they indicate the absorptive capacity of a firm. 

Nooteboom [9, 10] discussed the importance of specialization for knowledge 
creation and noticed that specialization leads to higher value creation in the spe-
cialized area. As many NPD processes involve more then one specialized area, 
normally several specializations are combined. Furthermore, if knowledge is for a 
large part developed in a situation-specific and path-dependent way, then in order 
not to miss  other relevant knowledge development paths, one needs comple-
mentary cognitive competence from outside partners. For several reasons, small 
firms are more situation-specific than large ones, so that this requirement applies 
especially to small firms.
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Now consider the notion of "cognitive distance" as a generalized notion of dis-
tance, with cognitive "proximity" as its inverse. Cognitive proximity enables un-
derstanding. But there must also be novelty, and hence sufficient cognitive dis-
tance, since otherwise the knowledge is redundant: nothing new is learned. If we 
specify effectiveness of communication as the (mathematical) product of commu-
nicability and novelty, learning is most effective at a distance which is neither too 
large nor too small, as illustrated in Fig. 9.1.

Fig. 9.1. Effectiveness of knowledge transfer 

9.2.3 Some Consequences of Cognitive Distance for Networking of 

Small Firms 

As shown above, specialisation of collaboration partners affects the effectiveness 
of collaboration in NPD processes. Moderate cognitive distance is presumably 
most productive for knowledge transfer. Whenever firms, however, need relatively 
new forms of knowledge in their NPD processes, implying that the cognitive dis-
tance is large, transfer of knowledge is difficult. Typical examples are found in 
university-industry interaction when firms integrate scientific knowledge into their 
NPD processes. Due to the high specialisation necessary for contributing to the 
advancement of science, scientific knowledge tends to be ill-suited for practical, 
often multi-disciplinary questions of firms - a problem usually referred to as non-
fit of fundamental research to product-market related problems. Indeed, the cogni-
tive distance between fundamental research and market application is mostly very 
large, but still it can be necessary to use such knowledge in a firm’s R&D proc-
esses to generate more radical new products.  

An attractive means to solve problems created by a large cognitive distance is 
interactive networking. The work of Granovetter [3, 4] in network theory shows 
how important “weak and strong ties” are in these circumstances. A weak tie ex-
ists when the frequency of contact and intensity of (knowledge) exchange is low. 
Often, the function of a weak tie is to link developments in two groups, bringing 
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something new, a novelty, into the discussion of each group. In order to bridge 
large cognitive distances, weak ties, however, have to be enhanced to strong ties. 
This may be achieved by employing the process of maieutics, or intellectual mid-
wifery, going back to Socrates who was a master in this: He discussed extensively 
with his students on complex issues until they came to a shared insight. In the 
knowledge integration process, the collaborating partners discuss in the same way 
extensively to make their own implicit knowledge explicit for each other (called 
"externalization" by Nonaka & Takeuchi [9]). When large cognitive distances ex-
ist, adoption of novel technology by small firms often requires maieutics. For 
firms with low levels of knowledge, this requires information sources that are able 
to communicate on an appropriate level of abstraction and with which one can in-
teract intensively. 

Collaboration between organisations with different ways of specialisation also 
supports the idea that more heterogeneous networks, in which different types of 
organisations, like academic institutes, large firms, small firms, knowledge-
intensive firms and very market-oriented firms collaborate, form more viable clus-
ters of new product development. This network perspective is underpinned by the 
principle of specialisation outlined above.

The importance of networks for small firms is further enhanced by the fact that 
they cannot afford specialist staff support in legal, technical, environmental, and 
personnel affairs: the problem of "staff deficiency". This is due to economies of 
scale: Specialist staff would not be sufficiently employed to yield viable utiliza-
tion of the fixed capacity that the staff represents. Thus, for smaller firms, there is 
a need to acquire such intelligence from the outside. Such reliance on external in-
telligence requires both competence and intentional trust [7]. Competence trust 
stands for the belief that the outside source of advice is competent not only in a 
narrow, technical sense, but also able to judge the viability of technology in the 
context of the small firm's priorities and in view of the specifics of the firm´s his-
tory. Intentional trust means that the advisor has no axe to grind, and will fairly 
and objectively take the firm's interest to heart and give disinterested advice. In 
Klein Woolthuis’ study it was shown that trust is created by interacting. This way, 
actors learn to understand each other’s position in the knowledge chain and ways 
of behaving in collaborative processes. For example, if a partner is very much fo-
cussed on contracts for distributing future risks, costs or profits, most collabora-
tive relations break up before the problems are solved. On the other hand, when in 
the beginning of the process much attention is paid to making a plan contract, in 
which goals and an outline of scheduled activities of the future collaboration are 
described, this facilitates the process in a positive way (see [7]).  
The analysis can be used to predict what kinds of sources by what types of firms 
will be used for what kinds of knowledge. Family and friends are cognitively close 
and merit intentional trust, but often their knowledge is more or less redundant, 
and their competence is often limited. But when the latter restrictions do not ap-
ply, they will be a preferred source. Colleagues are cognitively close while possi-
bly making available important non-redundant knowledge, but to the extent that 
colleagues are also competitors, intentional trust is limited. They will be a pre-
ferred source when the subject of exchange is less sensitive to competition. Local 
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accountants and local branches of banks tend to be both cognitively and geo-
graphically close and are perceived as competent and trustworthy. Therefore, they 
are expected to be frequently used sources. Trade or craft associations may also be 
competent and trustworthy, but their cognitive distance is generally larger (of 
course, some trade organisations have consultants who are cognitively close). 
Suppliers of technology should clearly be important sources of information in 
adoption, provided that they achieve sufficient cognitive proximity. Governmental 
institutions may be perceived to be trustworthy, but are often not very competent 
and not very advanced, thus generally cognitively very distant, and therefore also 
hard to communicate with (see Fig. 9.1.). In cases where knowledge exchange is 
necessary, for example in implementing new policies, this is a difficult hurdle to 
take. 

9.3 The WAP Project, an Example of Knowledge Transfer 
in a Network 

University-industry interaction (UII) can take many forms. Recently in Twente, 
the university, intermediary parties and industrial actors have co-operated in a pro-
ject aimed at providing (potential) entrepreneurs with information that might lead 
to the recognition and exploitation of new business opportunities in the field of in-
formation and communication technology. This chapter focuses on one of the 
technologies that was promoted during this project, namely Wireless Application 
Protocol (WAP) technology as an example of collaboration for knowledge trans-
fer, where cognitive distances between partners are large. The case shows that, in 
a situation where something really new is present, and actors do not know each 
other very well (so initial trust levels are low), the application of the principle of 
maieutics facilitates knowledge transfer to a certain extent in NPD processes.  

9.3.1 Context of the Project  

The WAP project is part of a larger project called Transuniverseel. Transuniver-
seel is one of the university-industry-interaction programmes (UII) of the Univer-
sity of Twente. The Liaison Group of the University of Twente (LG) and a large 
telecom firm initiated this programme. The project provides the opportunity to ex-
periment with new forms of UII in a high-technology context, specifically in the 
ICT sector.  The partners jointly formulated the main goal of the programme as 
follows: To stimulate knowledge-intensive entrepreneurial activities in the field of 

ICT, in the region of Twente by means of technology transfer between the Univer-

sity of Twente, intermediary parties and companies and (potential) entrepreneurs.
WAP stands for Wireless Application Protocol; it is an open, global standard 

that empowers model users with wireless devices to easily access information or 
business services instantly (WAP-forum, 2000). The basic technology for WAP 
has been developed by commercial organisations. At the start of the project 
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(March 2000), the number of applications that had been developed on the basis of 
this technology was limited. However, even then it was obvious that it could offer 
opportunities for both firms active in the telecom sector (including providers and 
developers of handheld devices) and WAP-page designers, as well as for any other 
business that wants to interact with both internal and external partners in new 
ways. Those already involved in WAP-related activities indicated that WAP could 
be seen as the first step towards Mobile Commerce.  

At the start of the WAP project, the general public (consumers and entrepre-
neurs) in the Netherlands was not yet very familiar with WAP technology and ex-
isting applications. Even fewer people were aware of business opportunities (for 
instance, in the form of new types of applications) it would offer for them or their 
company. What is important to note, is the fact that WAP is not a business oppor-
tunity in itself. The technology should be seen rather as a source of ideas from 
which business opportunities can be developed. This means that (potential) entre-
preneurs had to be provided with more information about the technology than 
would be necessary with a ready-to-use type of innovation. Consequently, the 
technology transfer process had to start with the first element of the innovation 
adoption process (dissemination of knowledge) and had to complete as many steps 
as possible. As the timeframe of the project was limited, it was not expected that 
entrepreneurs would attain the implementation stage at the end of the WAP pro-
ject.  

Nine different actors were involved in the WAP project as a project team that 
can be classified as belonging to one of three basic groups: 

1. actors originating from the University of Twente: the Liaison Group, depart-
ment of marketing, strategy and entrepreneurship (MSE), Center for Telematics 
and Information Technology (CTIT, a large research institute) and the Univer-
sity Student Enterprise (USE) 

2. intermediary actors: the regional development agency (OOM), ICTwente, and 
Technology circle Twente (TKT), which is an association of high tech firms in 
the region 

3. commercial actors (firms): a large telecom firm (which will be called Commer-
cial actor 1) and a large technical consultancy firm (which will be called Com-
mercial actor 2) 

Apart from the project team, the WAP project also included a large number of 
knowledge receivers who will be called the target group of the project. The target 
group included three groups of actors: 

1. existing SMEs considering new product development in this area 
2. student entrepreneurs (already in business) 
3. potential entrepreneurs (both student and professional entrepreneurs) 

Seen from the theoretical perspective described above, it is clear that this was a 
rather heterogeneous network of collaborative partners. Furthermore, most actors 
had, at best, weak ties which each other. Some of the individuals knew each other, 
but on the institutional level, this network process was the first effort at collabora-
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tion. So one would expect that much intensive interaction is necessary for bridging 
these cognitive distances for a productive collaboration. 

9.3.3 Knowledge Transfer Mechanisms 

In the WAP project, we distinguish between three broad categories of activities  

1. information transfer from project team to the target group  
2. providing testing facilities for interested entrepreneurs 
3. setting up networks or forming clusters. 

Each of these categories of activities will be discussed in the next three sections. 

Ad 1. Information Transfer 

In the WAP project, several of the methods of information transfer described in 
Chap. 4 of this book were used. In particular, two types of activities were under-
taken to transfer knowledge from the project team to the target group: information 
meetings and publications. 

The WAP project started with a large information meeting. This event was 
jointly organised by the Liaison Group, OOM, ICTwente and USE. During this 
meeting, about 200 participants (including members of the project team) were in-
troduced to the technology by several presentations. The presenters were well ac-
quainted with the technology through their field of business (technology trend 
watching and telecommunication). These presentations aimed at raising awareness 
and explaining the basics of the technology. After the presentation, a panel discus-
sion took place during which members of the target group could ask questions. 
Both activities could not transcend tacit knowledge borders or bridge large cogni-
tive distances. This reflects the primary function of “weak ties”, as proposed by 
Granovetter. Interested people only get a short glance at what might be possible 
with the new WAP technology. It does not require intensive interaction, but it 
might arouse awareness and interest. 

The second step was to involve interested persons in more intensive interaction. 
Thus, after the large-scale meeting, two smaller-scale workshops were organised 
during which more information regarding technological aspects was provided. 
About 15 individuals (both professional and student entrepreneurs) participated in 
these workshops. Here, the typical maieutics approach was followed. In-depth dis-
cussions where people interact with each other in a profound way were initiated, 
leading to more in-depth understanding including externalisation of tacit knowl-
edge.  

Another means used was information dissemination through the Internet. A 
large number of publications on the latest developments in the technology were 
gathered and publicised on a web site devoted entirely to WAP. These publica-
tions consisted of new paper articles in both popular and scientific journals. Re-
gional or national WAP-related activities (organised under the Transuniverseel 
programme or by others) were also announced on this web site. This mechanism, 
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too, serves to create awareness; only specialists in the technology, however, are 
able to read the academic journals on this topical area. Although the novelty level 
is high, and potential use might be of high value, communicability is rather low. 
Since the potential knowledge gap jeopardizes the effectiveness of this form of 
knowledge transfer, additional interactive ways of communications  also have to 
be available. 

Commercial actor 1 and Commercial actor 2 furthermore installed a WAP-
forum on the Internet, open to questions from the target group. During the first 
three months of the project, it became obvious that this forum did not have suffi-
cient added value because most public information about WAP can be found at 
other official WAP sites from companies and governmental bodies. Entrepreneurs, 
who have very specific technical information requests or want to discuss potential 
opportunities, would use direct (face-to-face) communication with the specialists 
of the companies, rather than through the more impersonal and less interactive 
IUnternet. Again maieutics serve as a process to bridge cognitive distance.  

Ad 2. Testing Facilities  

One step further in the knowledge transfer chain is offering the possibility to learn 
by doing: In order to offer entrepreneurs, that were already interested in either us-
ing or developing WAP based applications, a possibility to test their ideas and pre-
liminary services, several facilities were offered. These testing facilities consisted 
of a server and a gateway, provided by Commercial actor 2 and a WAP telephone. 
The facilities were located at the USE premises. In practice, these facilities were 
only used for demonstrations during the information meetings; furthermore, stu-
dents used the infrastructure informally. The use of these facilities by regional 
NPD performing SMEs, however, was one step too far in this stage of knowledge 
development. Also, not being able to use the facilities at their own premises con-
tributed to the low utilization rate. This might be related to low trust levels: Using 
testing facilities outside ones own “house” might result in leakages of ideas to 
competitors. It is also possible that the staff deficit problem caused their low utili-
sation: Testing involves time-intensive processes and requires a high degree of 
know-how on design of testing procedures. Anecdotal evidence showed that both 
problems of limited trust and staff deficits did occur for some of the potential us-
ers.  

Ad 3. Networking Activities 

Besides offering a possibility for informal networking during the information 
meetings, more formal attempts to develop a network or cluster were initiated as 
well. First, TKT contacted a number of participants from the target group that had 
indicated (on the questionnaire) that they were interested in such a cluster. How-
ever, at that time, most participants considered it too early to set up the cluster. 
The reason for this hesitance seemed to be that the participants did not see directly 
a business idea in the new technological possibilities, or they did not yet know  
what they could do with the relative unknown participants in the project. The first 
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problem is probably a consequence of too little knowledge of the technology, 
whereas the second issue is most likely related to trust issues.  

At the same time, one of the students working for USE in the project became 
interested in WAP technology himself. With the help of investor organisations, he 
set up a more informal network of people interested in the technology. His efforts 
were more successful since they resulted in a cluster consisting of about twenty 
entrepreneurs. This cluster met several times to discuss their commercial activities 
that were related to WAP and Wireless in general. The entrepreneurs were willing 
to co-operate if this could lead to commercial profits. After some time, however, 
the meetings became less frequent. Yet, after a while, they tried to breathe new 
life into the cluster with some success. Again, close interaction in a diverse group 
rendered results. 

The student entrepreneurs proved to be more willing to share ideas and to co-
operate with others than the professional firms were. A good example can be 
found in the workshops. No professional entrepreneur or firm was interested in  
participating  in workshops aimed at idea generation, because they “did not want 
to give away good information or ideas to potential competitors”. This is rather 
surprising in view of the fact that, at project start, the market for WAP technology 
was still in the pre-competitive stage. The student entrepreneurs, on the other 
hand, believed that, because of the innovative character of the technology, enough 
business opportunities could exist for everyone.  

At a later stage however, it became clear that a group of entrepreneurs was 
eventually interested in co-operation. Trust had apparently developed to such a 
level that co-operation in NPD became a feasible process. 

The WAP project has resulted in the creation of two new ventures: WAP5 and 
Yucat. Both firms have been founded by student entrepreneurs. As Schumpeter al-
ready observed, newcomers  are often more open to radical new possibilities, so 
maybe the students are the typical Schumpeterian entrepreneurs.  

Interestingly, the founders of WAP5 have been closely involved in the WAP 
project. They were working for USE as student assistants and were responsible for 
several practical issues in the WAP project. Before the project, these students were 
not very familiar with WAP technology and had no plans to start a business ven-
ture. Therefore, it can safely be concluded that the establishment of this new firm 
is a direct result of intensive interactions which these students had during the 
course of the project. The firm started in June 2000 and is presently involved in 
the contract-development of WAP-based services. Yucat was founded several 
weeks after WAP5. The founders were not involved in the project team. They par-
ticipated, however, in several meetings and frequently interacted with members 
from USE (especially with the founders of WAP5). They indicated that the fact 
that another firm had already started gave them confidence that a market would 
exist for WAP-based firms. In network research, this imitation process is attrib-
uted to direct interactions between a leading actor and a fast follower. 
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9.4 Conclusions

The theory section of this chapter showed that knowledge transfer can rarely be 
done by a sort of “box shifting” process. Especially for NPD processes in SME 
knowledge transfer, considerable cognitive distance has to be overcome. If there is 
not much difference in the cognitive positions of the actors in the transfer process, 
the learning effect tends to be small, normally resulting in a knowledge transfer 
process of low effectiveness. However, when cognitive distance is very large, the 
potential of learning something new is big, but difficult to realize. In this situation, 
as well as in the situation where cognitive distance is moderate, knowledge trans-
fer processes often have to involve “maieutics”: Intensive interaction is needed to 
enhance the product creation process with knowledge from external actors. In 
network theory terms, relatively strong ties (frequent and intense interactions) 
have to be developed to be able to construct the NPD process using the dissimilar 
knowledge sources. 

In the case described, several of the knowledge transfer mechanisms were used. 
The experience from this case illustrates that knowledge transfer in a relative new 
technological area is not a matter of simply shifting a box of knowledge. It rather 
involves a complex process of initiating interest using mechanisms of creating 
“weak ties” between potential innovators in a network, as done here with large- 
scale meetings. This was followed by small-scale events in which interested per-
sons were educated about possibilities in their own context. In addition, for bridg-
ing the cognitive gap the principle of maieutics was used by creating a cluster of 
product development and providing an infrastructure for testing. This infrastruc-
ture, however, was used most intensely by “stand alone” student companies set up 
by students who were intensively involved in the project - again an example of 
maieutics: a knowledge transfer effect based on intensive interaction. 

IT means to enhance this are important in several ways. As shown in the case 
described, Internet sources may be used for making information on the new WAP 
protocol accessible. From this analysis it seems, however, very important to also 
allow for interactivity and possibility for face-to-face discussions. Furthermore, 
alignment of knowledge transfer with strategic positions of the actors involved 
seems to be an important factor for success of transfer activities. 

For closing the gap between university and SMEs, intermediary actors can play 
a fruitful role. Not only in the literal role of transfer offices, but also by generating 
heterogeneous networks in which the ultimate cognitive distance is reduced by 
multiple actors on the scale from fundamental knowledge providers over demon-
strators of principles to knowledge integrators in market-oriented product devel-
opment processes. In finding such partners, a portal such as the KINX portal (see 
Chap. 11) could play an important role diminishing geographic distances for first 
contacts on a subject of knowledge management, and enabling the creation of new 
networks of collaborative NPD across Europe. This chapter has illustrated that, af-
ter taking this first step, more intensive social interaction is called for to transform 
initial knowledge transfer by the portal into concrete new knowledge co-
production processes by organisations aiming at new product development. The 
old practice of Socrates of stimulating learning processes by “maieutics” has noth-
ing lost of its power.  
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10.1 Introduction 

The management of knowledge as a central factor of production can only be suc-
cessful if it considers company employees as individual knowledge carriers. This 
proves to be a challenge to the employees' normal perception of roles and tasks 
and can meet with numerous hurdles, like a lack of awareness for the relevance of 
knowledge, the attitude that “knowledge is power” or the opinion that “knowledge 
management is too time-consuming” [2]. The objective of incentive systems for 
knowledge management is to help to tackle hurdles like these and to support cer-
tain behaviour patterns (e.g., the sharing of knowledge). 

An incentive system consists of all incentives consciously offered, or rather all 
consciously devised incentive tools that support behaviour patterns that promote 
corporate goals [16]. Incentives may be intrinsic or extrinsic. The former are, al-
most without exception, immaterial. They are closely linked to the work (or the 
task) and its definition: The work (or the task) itself or the results directly obtained 
from it are an incentive and offer satisfaction per se [10]. Assigning tasks and 
specification of behavioural norms are particularly relevant for intrinsic incentives 
[10]. Extrinsic incentives are linked to the achievement of certain work (or task) 
goals and relate to rewards or goals that are not directly connected to the work (or 
to the task) and/or to the work (or to the task) goals. They may be immaterial or 
material. Immaterial extrinsic incentives comprise, above all, social incentives and 
incentives associated with career advancement and training [9]. Material incen-
tives may be subdivided into monetary incentives or direct financial remuneration, 
e.g., fixed salary, social benefits, bonuses, commission and profit participation, 
and non-monetary or indirect financial remuneration, such as company car and 
company housing. 

This article deals with the design (Sect. 10.2) and implementation (Sect. 10.3) 
of incentive systems for knowledge management in SMEs and how they are con-
cretised for the provision of employee knowledge. The insights are elaborated and 
extended by a case study at HEAD Acoustics (Sect. 10.4). 
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10.2 Design Areas of Incentive Systems for Knowledge 
Provision 

When an SME has decided to design an incentive system for knowledge manage-
ment, it has to define (1) knowledge management goals, (2) the areas on which the 
incentive system should concentrate, (3) incentive tools, and (4) the measures for 
the evaluation of employee performance in providing relevant knowledge (Fig. 
10.1).1

Fig. 10.1. Design areas of incentive systems 

10.2.1 Definition of Knowledge Goals  

Knowledge goals are fundamental to incentive systems for knowledge manage-
ment in SMEs. SMEs have to formulate dedicated knowledge goals and integrate 
them into the goal hierarchy of the company before an incentive system for 
knowledge provision can be designed. Employees should participate in this proc-
ess.  

In order to find out what kind of employee knowledge is strategically important 
for the company, SMEs have to determine future and long-term knowledge re-
quirements of the company. Strategic knowledge goals must be defined that relate, 
for example, to the development of certain core competences or to the access to 
new areas of technology. 

The transformation of strategic into operative knowledge goals makes it possi-
ble to show the application-orientation of knowledge goals and their compatibility 

                                                          
1 See here also general requirements concerning incentive systems (e.g., [16]). 
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with other company goals and to activate their concrete implementation [13]. Op-
erative knowledge goals should be precisely formulated so that they can be di-
rectly pursued [12].  

10.2.2 Definition of the Application Area  

The definition of the application area of an incentive system for knowledge provi-
sion by employees is fundamental. The departments as well as the employees to be 
included have to be defined on the basis of the established goals. [1] In SMEs, in 
particular the service, support, sales, marketing, purchasing/procurement and de-
velopment departments have contact with manifold knowledge, mostly customer 
knowledge. They are likely to be involved in the definition of knowledge goals 
and, thus, in an incentive system for knowledge provision.  

An ideal incentive system for knowledge provision in SMEs is not confined to 
executives only, but involves all employees in the areas concerned . Hierarchical 
levels are irrelevant for knowledge provision. It is the knowledge of each em-
ployee that counts. 

10.2.3 Definition of Incentive Tools  

Information, communication/feedback and participation are fundamental to moti-
vating knowledge provision and will be referred to in the following as “basic in-
centives”: 

• Incentive tools which provide the incentive information are, e.g., informative 
events, brochures, notices and information e-mails on particular knowledge top-
ics.

• Examples of incentive tools which provide communication/feedback are regu-
lar staff meetings, staff appraisal and feedback/reflection circles. Managerial 
style also impacts upon motivation via the communication/feedback incentive.  

• Incentive tools which offer the participation incentive for knowledge provision 
include all those tools which allow employee participation in decision-making 
relating to knowledge management, particularly participation in target agree-
ments, employee surveys and staff meetings. Managerial styles that emphasize 
participation also offer the participation incentive.  

• Incentive tools which offer the appreciation/awards incentive for knowledge 
provision are multi-faceted and range from expert presentations by employees 
with significant contributions to the organizational knowledge pool, and vari-
able income parts (bonus and provision) and promotion opportunities to 
awards, such as “knowledge contribution of the month” or the “knowledge em-
ployee of the month”. 

Furthermore, appreciation/awards also have strong incentive effects [14]. They 
may be offered for extraordinary achievements [18]. 
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10.2.4 Measurement and Evaluation of Employee Performance  

Another important decision-making area regarding the design of incentive systems 
for knowledge provision is the measurement and evaluation of employee perform-
ance. For this purpose, indicators are needed. In general, employee performance 
can be measured and evaluated by a single indicator for performance or by several 
indicators that may be interlinked [1]. With regard to knowledge provision in the 
context of knowledge management, usually however, single indicators of per-
formance do not suffice. The goals agreed upon for knowledge provision provide 
the standards for measuring employee performance in knowledge provision [16]. 

Design and implementation of incentive systems have to be tailored to the spe-
cific needs of each company. If the company has established, for example, that a 
specific part of knowledge management involves difficulties, it may focus its in-
centive system on that particular part. 

10.3 Implementation of Incentive Systems 

Experience shows that success or failure in the introduction process is due to the 
design of the introduction process rather than to the systematics of the system 
[11]. The implementation of incentive systems for knowledge management in 
SMEs can be split into four phases: analysis of the status-quo, development and 
elaboration of the concept, system introduction and system checking (Fig. 10.2). 

Fig. 10.2. Implementation phases of incentive systems 

10.3.1 Analysis of the Status-quo  

The analysis of the status-quo is a core element of the implementation of incentive 
systems for knowledge provision in SMEs – irrespective of the type of incentive 
system employed [6]. It should begin with the discussion and definition of strate-
gic and operative goals for knowledge provision and the determination of the in-
centive system´s area of application. The primary goal of the status-quo analysis is 
the identification of the conditions for knowledge provision by employees prior to 
system implementation. Business processes in the application area of the system 
have to be identified and analysed, in particular from the perspective of knowl-
edge provision by employees. To this end, process flow charts and in-depth and 
detailed interviews may be employed. Employees should always participate in the 
process of identification of opportunities for the improvement of knowledge pro-
vision. 
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Operative goals for knowledge provision can be defined with the aid of a top-
down approach: Strategic knowledge goals are derived from strategic corporate 
goals and are transformed into operative goals for knowledge provision. 

The definition of strategic knowledge goals requires thorough analyses of the 
strategic corporate goals with regard to knowledge aspects. The future and long-
term need for knowledge in SMEs – in order to reach the strategic enterprise goals 
– has to be determined. Above all, relevant customers and markets – both actual 
and potential – and those abilities and competences of the company, which are 
needed both now and in the future, have to be analyzed carefully. 

The transformation of strategic into operative goals for knowledge provision 
includes mapping strategic knowledge goals to corresponding target groups and 
time schemes on the operative level, matching the operative goals for knowledge 
provision with the existing conventional operative goals and finally assigning the 
operative goals for knowledge provision, which were established for a certain 
area, to projects, work groups and individuals. [13] 

The application area of the incentive system is defined by allocating target 
groups to knowledge goals. Since in SMEs, the service, support, sales, marketing, 
purchasing/procurement and development departments are usually in touch with 
manifold knowledge, these departments form the backbone of incentive systems 
for knowledge provision in SMEs.  

The question of whether all employees in these departments should be included 
in an incentive system for knowledge provision can only be answered by evaluat-
ing the requirements for simplicity and profitability such a system has to meet 
[16]. The fewer areas and the less employees that are included in an incentive sys-
tem, the lower the administration effort of the system will be. Furthermore, simple 
and easily administrable incentive systems promote the profitability of the system.  

If the implementation of an incentive system starts from base zero, the analysis 
of the status-quo includes identification of the central business processes within 
the application area of the incentive system. Furthermore, these processes have to 
be analysed with respect to knowledge provision, Generally, the analysis of a 
process starts with its decomposition into single tasks and the identification of 
their operational sequence [15]. 

Many different systems which make knowledge available – such as folders, 
files on hard disks and databases, but also individual persons or groups – have to 
be analysed in this context. Forms of communication, forms of reports and ways 
of reporting should be analysed from the perspective of knowledge provision. 
Moreover, it should be checked what other tools (employee suggestion schemes, 
employee journals, etc.) exist in the company to motivate employees to make their 
knowledge public. 

A general (rough) survey on business processes and potential incentive tools for 
knowledge provision may be provided by simple process flow charts; showing the 
breakdown of a process into tasks and their flows and visualizing each possible 
action [7]. The result of the process analysis using process flow charts is an over-
view of processes and, most importantly, of potential incentive tools for knowl-
edge provision in the processes.  
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Existing incentives for knowledge provision can be analysed by means of the 
defined operative goals for knowledge provision, the process flow charts and in-
depth and detailed interviews. It should be verified for each operative goal for 
knowledge provision whether the three basic incentives for knowledge provision 
are adequately provided for by potential incentive tools supporting the pursuit of 
that goal. Opportunities for the improvement of knowledge provision through in-
centives or incentive tools arise whenever at least one of the three basic incentives 
(information, communication/feedback and participation) for knowledge provision 
are not (sufficiently) provided for by the existing incentive tools. Furthermore, 
opportunities for additional appreciation/awards incentives rewarding special 
achievements in knowledge provision have to be uncovered on a one-by-one basis. 

10.3.2 Concept Development and Elaboration  

Based on the analysis of the status-quo, the concept for the incentive system is de-
veloped and elaborated. The process analysis of the status-quo analysis provides 
the direction for the development and elaboration of the concept. 

The development and elaboration of incentive tools starts with those opportuni-
ties which have been identified in the analysis of potential incentive tools on the 
basis of process flow charts and in-depth, detailed interviews. Though it begins 
with identifying single opportunities, however, the design of incentive tools is 
governed by a holistic perspective, taking into account potential interactions be-
tween single tools. The design process has to be tailored to the specific needs and 
conditions of each company [6] and should explicitly integrate the employees us-
ing employee surveys. Cost-benefit analyses are helpful for providing a formal 
evaluation of alternative incentive tools for a specific improvement opportunity.  

Presently not available basic incentives for the operative goals of knowledge 
provision are the starting points for the improvement of knowledge provision in 
SMEs; they are complemented by improvement opportunities identified by em-
ployee surveys. When selecting specific incentive tools, general requirements for 
incentive systems have to be observed. Above all, in addition to the potential 
benefits, the corresponding costs of each incentive (tool) have to be considered 
[16]. Potential company priorities with regard to different operative goals for 
knowledge provision also have to be taken into account. 
Each company has to determine individually what incentive tools it wants to apply 
to exploit the opportunities identified for improving knowledge provision [5]. The 
design of incentive tools has to take into account the company´s situation – incen-
tive tools have to be tailored to the needs of each company. Table 10.1. presents 
incentive tools which are listed frequently in the knowledge management literature 
and their effects on the four basic incentives as well as on the additional incentive 
“appreciation/awards”. Depending on its improvement opportunities, a company 
may select incentive tools from Table 10.1 and adjust them for the pursuit of the 
corresponding goals for knowledge provision; alternatively, it may establish simi-
lar company-specific incentive tools. 



10 Motivating – Incentive Systems for Knowledge Provision      133 

Table 10.1. Incentive tools and their incentive evaluation for knowledge provision2

In
fo

rm
at

io
n 

C
om

m
un

ic
a-

ti
on

/ F
ee

d-
ba

ck
 

P
ar

ti
ci

pa
ti

on
 

A
pp

re
ci

at
io

n/
 

A
w

ar
ds

 

“Pass on what you know and let the company grow” (Al-
lotment of Points for achievements in knowledge manage-
ment to colleagues at work) 

- +++ ++ +++ 

Suggestion schemes  - +++ ++ +++ 

Workshops concerning special knowledge topics  +++ +++ + - 

Regular meetings concerning important knowledge topics  +++ +++ + - 

Communities of practice in the context of knowledge man-
agement 

+ +++ +++ - 

Kick-off event for knowledge management  +++ ++ + - 

Public recognition of contributions to knowledge manage-
ment by superiors  

- +++ - +++ 

Yellow pages, knowledge maps +++ - - ++(+)

Job rotation in the context of knowledge management +++ + + - 

(Advanced) Training in the context of knowledge man-
agement 

+++ ++ - - 

Information events for special knowledge topics  +++ + - (+) - 

Expert presentations of employees who contributed con-
siderably to the organisational knowledge pool 

- + - +++ 

Notice displaying the names of those persons excelling in 
knowledge management  

- + - +++ 

Mention of persons performing far above average in 
knowledge management in the company journal 

- + - +++ 

Nomination of the “knowledge contribution of the week”  - + - +++ 

Public recognition of special achievements and knowledge 
awards, for example “knowledge worker of the month” 

- + - +++ 

Linkage of frequent of contributions to knowledge man-
agement to career opportunities 

- + - +++ 

Accentuation of knowledge management support by the 
management  

+++ - - - 

Information systems to support knowledge management  +++ - - - 

Information on basic knowledge topics in the company 
journal or special brochures 

+++ - - - 

Notices or info emails (newsletters) with information about 
specific knowledge topics  

+++ - - - 

Attractive work contents and environments with respect to 
knowledge management 

- - +++ - 

                                                          
2 In Table 10.1, only tendencies of incentive impacts are indicated: „+++“ = very high in-

centive impact, „++“ = high incentive impact, „+“ = incentive impact“, „-“ = no incentive 
impact. Agreement on objectives, staff meetings and employee surveys are not stated 
again as incentive tools in Table 10.1 because they are already taken care of in the im-
plementation of an incentive system for knowledge provision.  
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When selecting individual incentive tools, it has to take into account that incentive 
tools may affect several improvement opportunities simultaneously. Since the 
measurement and evaluation of employee performance in the context of knowl-
edge management are complex, such an evaluation in SMEs should not only con-
sider results, but also behaviour. Therefore, the evaluation, on the one hand, 
should be implemented via the compilation of the individual contributions towards 
the achievement of the agreed objectives for knowledge provision within the 
framework of an ex-post result evaluation. On the other hand, the evaluation 
should also be implemented via the consideration of the estimated quality of the 
performance behaviour during the pursuit of the agreed objectives for knowledge 
provision within the framework of an ex-post behaviour evaluation [16]. 

10.3.3 System Introduction  

The output of concept development is a preliminary plan for the realisation or the 
introduction of the incentive system. Even with flawless and context-fitting con-
cepts, however, system introduction is no “self-runner” but has to be systemati-
cally supported [17]. 

Within the framework of a context-orientated approach, the implementation of 
an incentive system for knowledge provision should pursue the following goals 
regarding the employees involved: information on new or modified incentive 
tools, command of the skills required for the new or modified incentive tools (e.g., 
database application skills), preparedness to (passively) modify one's behaviour  – 
knowledge provision has to be accepted and supported by the employees – and 
preparedness to (actively) take on the role of knowledge provider [6]. Information 
and communication, qualification and motivation tools can support these goals in 
the introduction phase [17].  

10.3.4 System Checking 

The effectiveness and efficiency of an incentive system for knowledge provision 
should be examined following implementation. The specific goals of an incentive 
system for knowledge provision and the (company-prioritised) requirements of the 
system can be used as starting points for the effectiveness evaluation. If incentive 
tools are used in different areas, an internal benchmarking may provide evidence 
of their effectiveness [3]. In order to monitor the effectiveness of incentive system 
projects, acceptance indicators, such as the results of employee surveys or feed-
back circles with superiors may be used [6]. 

 The evaluation of the (economic) efficiency of an incentive system for knowl-
edge provision involves substantial problems, because the influence of operational 
incentive systems on the economic success of a company is always partial and in-
direct and, ultimately, diffuse [8]. Therefore, incentive systems share a similar for-
tune with organisational structures and leadership concepts or further training pro-
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grammes, the economic efficiency of which can also rarely be measured exactly, 
but at best be plausibly justified [8]. 

As a matter of principle, incentive systems for knowledge provision should not 
only be checked immediately after implementation, but also later on at regular in-
tervals. Strategic knowledge goals and operative goals for knowledge provision 
should be regularly monitored, since they are subject to change. The application 
areas of an incentive system for knowledge provision can be checked against these 
goals. If the operative goals for knowledge provision have changed, it should be 
checked, with the help of up-to-date process flow charts and in-depth interviews, 
whether new “incentive opportunities” [4] have turned up. Also, a modification to 
the measurement and evaluation of employee performance may be necessary as a 
consequence of changes in knowledge goals.  

10.4 Case Study at HEAD Acoustics 

Within the KINX project, an incentive system for knowledge provision by em-
ployees was designed and implemented at HEAD Acoustics, a German high-tech 
SME. Following a brief description of the company and the objectives of the pro-
ject, design and implementation of the incentive system at HEAD Acoustics are 
discussed. 

10.4.1 HEAD Acoustics and the Focus of the Project  

HEAD Acoustics is an internationally operating SME with more than 100 em-
ployees worldwide, developing, producing and distributing hard- and software in 
the acoustics industry. The relatively young SME consists of the mother company 
in Germany and subsidiaries in America, France and Japan. The project was car-
ried out at the mother company in Germany, at which around 80 of the more than 
100 employees work. 

The success of the SME is highly dependent on its knowledge. A main knowl-
edge source is the knowledge of its customers. Through their close customer con-
tacts, the employees of HEAD acoustics acquire knowledge of individual cus-
tomer wishes in addition to customer knowledge concerning markets, competitors 
or technical developments. This knowledge, however, is not automatically pro-
vided to the entire company and, therefore, cannot always be used by other em-
ployees. The provision of this knowledge is essential for the development depart-
ment in particular. As it does not directly communicate with customers, it is 
dependent on the provision of this knowledge by other company employees. 

The status-quo analysis, which was conducted in cooperation with the com-
pany, resulted in the following problem formulation: How can we improve the 
flow of knowledge, especially of customer knowledge, to the development de-
partment? Apparently the provision of the multifaceted knowledge of the employ-
ees had to be specifically stimulated. The motivation of employees to provide their 
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knowledge, in particular customer knowledge, should be stimulated by incentives, 
or rather incentive tools. Thus, the concrete project objective was to design and 
implement an incentive system for the provision of knowledge, in particular cus-
tomer knowledge. 

10.4.2 Results  

Results of the analysis of the status-quo  

The overall aim of the analysis of the status-quo at HEAD Acoustics was the iden-
tification of opportunities for the improvement of knowledge provision.  

In a workshop for the managers and department heads, the strategic goals of the 
company were discussed and knowledge aspects investigated. Participants decided 
to focus on external knowledge aspects because, among other things, the company 
operates primarily in high-tech industries and is therefore confronted with a very 
dynamic environment. The discussions in this meeting showed that, for the com-
petitiveness and the long-term success of the company, it is becoming increasingly 
important to acquire trend information concerning technological developments, 
which is crucial for the early identification of trend breaks and new trends. Fur-
thermore, it became obvious that, for the achievement of the strategic company 
goal “customer orientation”, it is crucial to acquire customer knowledge and to 
disseminate it in the company, in order to influence product development and 
modifications. Consequently, two strategic knowledge goals were finally defined: 
“acquisition of trend information” and “acquisition of customer knowledge”. 

These strategic knowledge goals were then allocated to departments. The stra-
tegic knowledge goal “acquisition of trend information” turned out to be particu-
larly relevant to the development and the sales departments. The strategic knowl-
edge goal “acquisition of customer knowledge” was particularly relevant to the 
development, sales, service and support departments. Afterwards, in interviews 
and workshops with employees and the managers of the corresponding depart-
ments, the knowledge goals allocated to each department were discussed and sub-
sequently transformed into one or more operative goals for knowledge provision 
in the corresponding departments. Figure 10.3 shows the knowledge goal pyramid 
that evolved in the SME. 

Since the development, sales, support and service departments were responsible 
for the achievement of the knowledge goals, these departments were selected as 
the application areas of the incentive system for knowledge provision. Further-
more, it was decided that all employees in these departments should be involved. 

Afterwards, the department heads in the application areas of the incentive sys-
tem were required in interviews to reflect on their main internal department activi-
ties. These activities were then discussed with the department heads and, in this 
way, the main business processes in the application areas were identified. Finally, 
analyses of the business processes and especially of the actual - primarily multi-
departmental - incentive tools for knowledge provision in the participating de-
partments were made. The process analyses resulted in the compilation of process 
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mappings, which were carefully checked and finally validated in workshops, and 
to the identification of opportunities for the improvement of knowledge provision. 
These were discussed in a workshop and supplemented by an employee survey. 
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Fig. 10.3. Strategic knowledge goals and operative goals for knowledge provision in the 
company 

At HEAD Acoustics, several opportunities for the improvement of knowledge 
provision were finally identified. It was decided to prioritise both of the improve-
ment opportunities which had been identified in the development department - 
“regular research and analysis of knowledge concerning new technologies” and 
“collection of new product suggestions and product modifications (own and cus-
tomers')'' - and the improvement opportunity identified in the employee survey -“a 
multi-departmental Intranet for information on knowledge goals”. 

Results of the concept development and elaboration: In the concept develop-
ment and elaboration phase at HEAD acoustics, first of all company-specific web 
sites were conceptualised – an incentive tool, which above all supports the infor-
mation, communication/feedback and participation incentives aiming at the know 
ledge goal “regular research and analysis of knowledge of new technologies” (first 
improvement opportunity in the development department) and the communica-
tion/feedback and participation incentives aiming at the knowledge goal “collec-
tion of - own and customers' - new product suggestions and product modifica-
tions” (second improvement opportunity in the development department). In a 
meeting, in which these incentive tools were presented and discussed with the 
managers and the head of the development department, participants decided to 
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give priority to the “simplicity” and “cost effectiveness” requirements of the in-
centive system. Furthermore, the focus was to be placed primarily on incentive 
tools that support the (immaterial) basic incentives. 

The technical concept development and elaboration of the so-called “knowl-
edge web sites” were realized by the Chair for Business Administration, with fo-
cus on Technology and Innovation Management at RWTH Aachen University. 
The contents regarding knowledge management and knowledge goals were devel-
oped by the author; following the principle “Turn the employees involved into 
participants”, all other contents were gathered or developed by employees of 
HEAD Acoustics. 

The knowledge web sites consist of five areas: “knowledge management and 
knowledge goals”, “knowledge about technologies”, “knowledge about the com-
petition”, “knowledge on the Internet” and “product creation process”. The area 
“knowledge management and knowledge goals” serves to provide information on 
knowledge management and knowledge goals. Three further areas of the knowl-
edge web sites were designed to support the information, communication/feedback 
and participation incentives relating to the knowledge goal “regular research and 
analysis of knowledge concerning new technologies” (first improvement opportu-
nity in the development department). The area “knowledge about technologies” 
contains basic knowledge, such as information on technologies used, research pro-
jects, etc. In the area “knowledge about the competition”, Internet links to coop-
eration partners, competitors and to different markets of the company are offered. 
The area “knowledge on the Internet” includes further interesting Internet links for 
the company, for example, links to fairs/exhibitions, developer information or 
hardware news. To provide the participation and communication/feedback incen-
tives, input options for comments are incorporated in these areas which are evalu-
ated, and feedback is given by the development department or the research de-
partment head. In addition, it was suggested to the management of the company 
that the communication/feedback, participation and appreciation/awards incen-
tives should be supported by regular discussion circles and/or by a discussion fo-
rum as part of the internal knowledge web sites. The decision concerning this sug-
gestion was postponed to a later stage of expansion of the system. 

The fifth area of the knowledge web sites, “product creation process”, supports 
the information and communication/feedback incentives relating to the knowledge 
goal “collection of new product suggestions and product modifications (own and 
customers')”. In this area, the function of the “product steering committee” is de-
scribed, its process flow is illustrated, example suggestions are presented and ex-
ample subjects are provided. Moreover, the template for product suggestions and 
product modifications is provided and suggestion hand-ins are asked for. Due to 
security considerations, the management of the company objected to a “direct 
suggestion” input option on the Intranet. To support the communication/feedback 
incentive, the names of the persons who have recently handed in suggestions are 
listed and thanks are given to them. The names of the persons whose ideas are fol-
lowed up are underlined. 

In addition to the construction of the internal web sites, the employee perform-
ance measurement and evaluation system in the company was analyzed. The crite-
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ria-orientated performance assessment form used in the company stems from the 
1990s, and was analysed in a workshop together with the department heads. All 
participants agreed that knowledge aspects were totally missing in this form. They 
decided, therefore, not only to update and improve the form, but also to enhance it 
with knowledge aspects and general goals, particularly knowledge goals, so that it 
could be used for the determination of knowledge objectives and the correspond-
ing measurement and evaluation of employee performance. 

Together with the department heads, it was decided to evaluate not only knowl-
edge provision but also knowledge acquisition. Therefore, attributes and criteria 
for these two knowledge aspects were discussed and included. Voluntary informa-
tion acquisition, trend awareness/market observation, ideas and suggestions, 
breadth of interest areas and candidness are the criteria that were finally agreed 
upon with regard to “knowledge acquisition”. Accurate documentation, internal 
departmental collaboration, multi-departmental exchange of information, willing-
ness to discuss and far-sightedness are the respective evaluation criteria for 
“knowledge provision”.  

Results of system introduction  

The updated and enhanced performance evaluation form with the additional 
knowledge objectives was forwarded to the superior staff members responsible for 
its use in the forthcoming staff meetings. Concerning the implementation of the 
internal knowledge web sites, e-mails were sent in advance to the employees in-
volved, providing notice of the internal knowledge web sites and their introduc-
tion. Several employees, that had participated in the construction of the internal 
knowledge web sites, were provided with ongoing information about the project 
status and the forthcoming implementation. The web master of the knowledge web 
sites was trained for the forthcoming new tasks.  

Results of the system check  

Since the developed incentive system focuses upon improvement opportunities 
and since opportunities for the improvement of knowledge provision by incentives 
occurred primarily in the development department, it was considered to conduct 
initial evaluations of the incentive system with regard to its effectiveness and effi-
ciency in this department.  

The knowledge and, in particular, the behaviour of the employees with respect 
to knowledge activities, particularly knowledge provision, were observed before 
and after the introduction of the incentive system, in order to find out whether the 
incentive system had impacted knowledge management/provision or not. For this 
purpose, a semi-standardised interview with a questionnaire was conducted with 
almost all employees of the development department before and one month after 
the introduction of the internal knowledge web sites. In addition, three months af-
ter the introduction of the knowledge web sites, a feedback discussion was con-
ducted with the head of the development department. They showed an increase in 
the awareness of the relevance and motivation for knowledge management in gen-
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eral and an increased consciousness of the relevance of knowledge acquisition and 
provision in particular. 

10.5 Summary and Conclusion 

This chapter has discussed the design and implementation of incentive systems for 
knowledge management, in particular for knowledge provision in SMEs. It has ar-
gued that there are four central design areas for incentive systems: definition of 
knowledge goals, determination of application area, selection of incentive tools 
and measurement and evaluation of employee performance. Furthermore, it was 
argued that the implementation of incentive systems for knowledge management 
in SMEs may be divided into four main phases: status-quo analysis, concept de-
velopment and elaboration, system introduction and system checking.  

The design and the implementation of an incentive system for knowledge pro-
vision at HEAD Acoustics gave evidence of the importance of the design areas 
and the support through the definition of implementation phases. The experience 
at HEAD acoustics evidences that the involvement of all employees potentially af-
fected by the incentive system in the implementation phase analysis of the status-
quo is crucial for the overall acceptance of the system. 
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11.1 Introduction

The knowledge integration process having been clarified in Chap. 2, Chap. 3 
described types of problems that high-tech SMEs have with KI in their new 
product development processes (NPD). Following that, Chap. 4 defined families 
of solutions related to these problems, and Chaps. 5-10 described the KI problems 
and solutions matches in practice. In chapter 1, though, we stated that any attempt 
at being complete with respect to these problems, solutions, and matches will fail, 
given the almost unlimited list of potential problems and solutions that may exist 
in reality. Consequently, this chapter describes the development of a portal that 
will enable the constant submission of new problems and solutions, and the 
development of the matching of both. The ambitions of the portal are described in 
the following six points: 

• Informing SMEs, consultants, researchers and others about KI problems and 
solutions for NPD processes of high-tech SMEs. 

• Helping SMEs in their process of identifying and defining the problems they 
encounter with knowledge integration in the NPD context. 

• Matching available solutions and problems. By matching their problems with 
solutions, the KI portal limits the efforts the SMEs have to make searching for 
an appropriate solution to their problem. The portal will, therefore, (partly) fill 
in the gap between solution developers and users (SMEs). 

• Providing additional information about solutions so that problem owners can 
make informed decisions on adopting and using the solutions offered. 

• Providing a platform to exchange experiences, feelings, ideas and views on KI. 
• Improving problem identification and problem classification, developing new 

solutions and improving existing ones, as well as improving the matching 
mechanism between problems and solutions.  

Thus, the portal is not just another KI tool or solution, but an informative platform 
on KI. Like most information services [5, 9, 10], the portal links people who have 
problems and questions on the one hand with resources (including people) that 
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have solutions and answers on the other hand, in either a direct or indirect way. 
The direct way consists of a forum in which people can discuss problems, 
solutions, and experiences with regard to KI in the NPD context of high-tech 
SMEs. This gives many opportunities to exchange latent knowledge. The indirect 
way consists of the exchange of information, like problem and solution 
descriptions, and a mechanism that matches both, thereby enabling the exchange 
of explicit and represented knowledge on KI. The matching mechanism selects 
and shows the most appropriate solution(s) for a given problem. Additionally, the 
portal gives meta-information about these solutions, e.g., information on 
documented experiences and information on suitability and use of the solution(s). 

The portal, which can be accessed at kinx.socintec.com, is divided into three 
different areas (see Fig. 11.1 for the entrance page). The first area is the public 

view with general information that can be accessed by any portal visitor. The main 
goal of this area is to give the visitor a clear idea of what kind of services and 
information can be found on the portal. This area was designed, taking into 
account the characteristics of web users. If the user registers, then she or he can 
access the private area, where specific and more informative sections are 
available, and more intensive and customised interactions between problem 
owners and solutions are possible. Finally, the portal has an administrator area,
which is only accessible to Socintec employees, who maintain and edit the portal. 
In the administrator area, Socintec decides what to offer to public or private area 
users. 

Fig. 11.1. General view of the KINX portal 
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This chapter will first describe, in a general way, the elements of an information 
service in Sect. 11.2, to further sharpen what the current KINX portal consists of. 
Due to the multiplicity of its functions, the portal in its present state has a highly 
elaborated process model. The elements of this process model are described in 
Sect. 11.3. Sect. 11.4 describes some of the major challenges that were 
encountered in the portal development, especially with regard to the matching 
mechanism. Finally, Sect. 11.5 draws  conclusions with regard to the ambitions set 
forth at the beginning of the project. 

11.2 Information Services and Scope of the KINX Portal 

A basic problem of the information society is not a lack of information, but rather 
the opposite: information overload [4, 6], which is further intensified by the 
Internet through its overabundance of information supply. However, some 
information goods are scarce, because owners may be unwilling to share them [2] 
or because they may not be interested in investing highly in presence on the 
Internet or on intranets (e.g., because of privacy and security reasons). Information 
services try to bridge these supply and demand gaps in order to increase 
information value for their clients, who are both information suppliers and 
information users. An information service can do this by 1) processing, creating 
and delivering content according to specific client needs, so that the data become 
meaningful information for the services’ client, 2) delivering additional use

features to increase the value experience for information users, and 3) realising a 
stream of revenues for the information-goods supplier and the information service 
owners. 

These three aspects of an information service (content, use value and revenue) 
need concrete specifications to make an information service a success. These 
specifications are mostly done in three design layers. Design layers define 
different layers of decomposition from abstract notions of a system to its 
realization in concrete organizational and technical means [7]. Academics in the 
electronic commerce field distinguish business models, process models, and 
organizational and technical infrastructures as different layers of abstraction of an 
e-commerce system [3, 8]. A business model describes the method of doing 
business in a certain industry or society [3, 8], and answers the question of what is 
delivered to whom in return for what. The value proposition includes what content

and use features are delivered to whom for what in return. The business revenue

model explains what revenues can be collected from customers and other actors 
(e.g., sponsors) involved. These patterns may govern how content is handled, how 
clients gain use values from them, and how the content providers and information 
services gain revenues to keep them sufficiently motivated to submit content and 
services, thus setting the frame for the pertinent process models. 

To realize the business and process models, information, organizational 
structures, and information technology are needed. The technical components 
consist of the hardware, data communication networks, software platforms, and 



146      Charo Elorietta, Juan Pedro Lopez, Fons Wijnhoven 

the system's services infrastructure (comprising items like security, database 
management, applications development, applications operations and maintenance, 
disaster and recovery planning).  

The information consists of the data available and accessible, the organization 
of these data and resources, and information needed to update the content. The 
organizational structure consists of the list of responsibilities, the division of tasks 
among employees and contractors, and coordination principles. Informational, 
organisational, and information technological together form the infrastructure [1] 
of an information service.  

The three aspects (content, use facilitation, and revenue) and the three design 
layers of an information service (business, process, and infrastructure) constitute, 
in total, nine classes of design constructs for information services (see Fig. 11.2). 
The KINX consortium has developed most of the insights needed for a successful 
information service, though the revenue collection is not yet fully developed, as 
the portal is still sponsored by the EU and cross-subsidized by Socintec’s 
consulting incomes. Thus, because the infrastructure and the business model are 
mainly a Socintec internal issue, we focus on the business process model in Sect. 
11.3. The business model and the remaining infrastructure issues are only shortly 
discussed in Sect. 11.5 as topics to be developed in the future. Sect. 11.4 discusses 
a few of the major development challenges that the project group faced. 

Content Use features RevenueAspect
Layer

Business

Process

Infrastructure

CB

CP (Sect. 11.3.1 +

11.3.3)

CI RI

RP

UI

RBUB

UP (Sect. 11.3.2 +

11.3.3)

Fig. 11.2. Information service design classes and related sections of this article 

11.3 Knowledge Integration Portal Description 

Fig. 11.3 gives an overview of the activities that the KINX portal performs to 
realize matches between KI tools and techniques suppliers and KI problem 
owners. As described in Sect. 11.1, the KINX portal has three different domains: 

• A public area through which external KI problem owners and KI solution 
providers can browse to find out what the KINX portal is all about. The 
solution owners can also submit content ((meta-)information on their solutions) 
via the public area to the portal. 

• A private area in which problem owners can interact with the portal to generate 
a problem diagnosis and potential solution. 
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• An administrator (Socintec) area that performs activities to increase the value 
of the portal. These activities consist of the admission of the problem owner to 
the private area, maintenance and development of the diagnostic questionnaire, 
maintenance and development of the classification of problems, evaluation of 
information from solution owners, classification of these solutions in relation to 
problems areas, development and maintenance of the matching rules, 
management of the forum, and possibly creating new insights from the forum to 
improve the matching rules and publish successful experiences from the 
matching activities and forum to the public area (if the problem owners 
involved agree). 
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11.3.1 The KINX Portal Public Area 

The public area of the KINX portal holds information that can be accessed by any 
portal visitor without registration. The public area is divided into the following 
subsections: 

• General description of the portal 
• Common KI problems 
• List of KI solutions 
• Successful experiences 

The main goal of the public area section is to show at a glance the kind of 
information that the visitor can find on the site. The idea of this section is to get 
the visitors' attention, and invite them to ask for registration to the private area. 

The description or the home page acts as a welcome page to the portal. On this 
page, there appears a basic explanation of the services and contents that a user can 
find on the KINX portal. The Home link is always visible on the right upper part 
of the screen, along with the ‘Contact’ link, the ‘Help’ link, and the ‘About KINX’ 
link (in the public area only). The ‘Contact’ page contains localisation data about 
the company responsible for the KINX portal. It is also stated that the KINX 
portal is the outcome of a project funded by the European Commission. The 
‘About KINX’ page contains a description of the project’s goals and its main 
contributions. Finally, the Help link opens a pop-up window with a text describing 
the contents of the portal section visited by the user. This help information is also 
shown in the right column of the screen, in order to guide the user through the 
current section. 

The ‘common KI problems’ section presents some aggregated tabular and 
graphical data obtained by the analysis of the daily data gathered by the portal. 
This aggregation includes - arranged by companies` economic sector - data about 
the type of problems found in each sector. The goal of this section is to show 
general information that can be extracted from the database in order to 
demonstrate the capabilities and the benefits of the KINX portal beyond the 
provision of customized solutions for KI problems. 

The KINX portal holds detailed information about different tools and/or 
techniques related to Knowledge Integration. An information template supplies 
information on more than 40 KI solutions, which are used as suggestions to solve 
the problems recognised as user problems. This template is structured in two 
levels, one of which contains basic, the other one  detailed information about the 
given solution. The information fields defined for each solution on the first level 
are (see Fig. 11.4): 

• Name: a short name assigned to the solution, which is used when solutions for a 
given problem are listed and a text search over all available solutions is 
performed 

• Type: used to distinguish between tools or techniques or both 
• Concise Description: a two-line description of the solution, which is returned as 

a result of a text search over all available solutions 
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• Basic Description: a detailed description (several paragraphs) of the solution  
that is shown when the user asks for information about a solution 

• Related Solutions: a set of links to related solutions in the database. 

Fig. 11.4. Solutions information window on the KINX portal 

The information fields defined for each solution on the second level are (see Fig. 
11.5): 

• More Details: This section contains more concise information formed by 
several paragraphs about the solution found in the first level. 

• Implementation: This section provides information about the application of the 
given solution. 

• Case Study: A situation where the given solution has been applied is described. 
• Suitability: Data about the implementation time, the price and the maturity of 

the solution is provided 
• References: A list with available web links or other information references are 

provided in this section. 

The List of Solutions section also allows for a text search through the text fields 
defined for the available solutions. To see the details of each of the solutions, the 
user simply clicks on the corresponding title, and the previously described pop-up 
windows will be shown. By clicking the links shown in the result list, the pop-up 
windows with the previously described information for each solution are shown. 
Furthermore, an Advanced Search section is available, by which more detailed 
search conditions can be stated. The criteria that can be used to filter the available 
solutions are the same as the ones defined for the Suitability subsection of the 
solutions information window. 
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Fig. 11.5. Second level of solutions descriptions on the KINX portal 

The section on Successful Histories contains examples of problems detected with 
the help of the portal including success stories about proposed solutions and 
characteristics (description and suitability features) of these solutions. These 
examples are selected by the portal administrator from among the ones made 
available by portal registered visitors. This means that the user must explicitly 
permit the use of the problem definitions stated when using the KINX portal. 
None of the examples presented will show the company name or person that stated 
the problem, unless the corresponding user has given explicit permission. The 
main goal of this section is to show casual visitors the capabilities of the KINX 
portal by presenting some of the real interactions performed by registered users. 

11.3.2 The Private Area 

A registered visitor of the KINX portal is called a Basic User (to differentiate him 
or her from the administrator). This registered visitor can interact with the portal 
to define a specific problem and obtain the most appropriate solution(s) for 
solving  it. The main sections for this kind of user are the ‘In progress problem 
definitions’ and the ‘Diagnosis’ sections. In the first step, the provided 
questionnaire must be answered to allow the identification of the most relevant 
problems present in the user’s organisation. The next step is to get a diagnostic 
about potential problems. In a final step, several solutions (techniques and/or 
tools) (for definitions and distinctions, see Chap. 4) will be provided along with 
their relevance for the problem at hand. A Basic User can also see a report with 
information about his or her previously stated problems, solutions offered by the 
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portal or aggregate non-confidential data about the rest of the users, that interact 
with the system (but only aggregate data). A Basic User can configure the portal 
so as not to share information about some or every previously executed problem 
identification process(es) and its/their result(s). Part of this data would then be 
used to build the Successful experiences public subsection. 

The Diagnosis section is designed to assist the user in defining his or her  KI 
problem. This process is divided into the following steps: 
• State your problem 
• Diagnosis 
• Solutions 
• Suitability 
• Contact  

The lateral menu (see Fig. 11.6), appearing on the left-hand side of the browser 
window when the user visits the Diagnosis section, serves to ease navigation 
across these different sections. Each step can be accessed at any given moment. 

Fig. 11.6. Start of problem diagnosis in the KINX portal private area 

State your problem: This is the initial step of the problem definition process. Here, 
a name is given to provide a unique identifier for the data that is going to be 
supplied. This name will be used later to return to the process. As mentioned 
before, each problem definition is called a run or execution. 

Questionnaire: The portal has several information resources; one of them is the 
questionnaire. The questionnaire has been carefully designed to enable detection 
of the KI problem of the user’s organisation. The user has to answer several 
questions (a variable number depending on the answers given). For each question, 
he or she can state how important the question is for his or her specific situation. 
For this purpose, a relevance box is provided on the upper right hand side of the 
screen. Above each question there are two progress bars: the first bar with the size 
of the questionnaire and the number of remaining questions, the second bar with 
the number of answered questions, that can be used to navigate across answered 
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questions (see Fig. 11.7). Answers provided can be modified at any given 
moment. 

Fig. 11.7. The questionnaire progress bar for diagnosis on the private area 

Diagnosis: The submission of information can be interrupted at any point in order 
to get a problem analysis on the basis of the information supplied so far. The 
portal analyses the answers given thitherto and provides a description of the 
problems detected with possible causes. To get a diagnosis, it is not necessary to 
complete the entire questionnaire - the portal will do its best with the answers 
provided (see Fig. 11.8). 

Fig. 11.8. Diagnosis result in the KINX portal private area 
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Solutions: The answers to the questionnaire are also used by the KINX portal to 
search for the best available solution (tool and/or technique) in order to solve the 
recognized problem. Again, it is not necessary  to answer the complete 
questionnaire to get solutions: Solutions are provided on the basis of partial 
information as well. They are listed with the relevance of the solution concerning 
its capability to help in solving the identified problem (see Fig. 11.9.). 

Fig. 11.9. List of solutions proposed after diagnosis on the private area 

At present, the KINX portal contains detailed information about  more than 40 
solutions (tools and/or techniques), that can be proposed as solutions for the 
previously categorized problems; it is intended to enlarge the set of potential 
solutions whenever new ones become available. Detailed information about  each 
solution can be accessed from the Solutions list by clicking on the name of the 
desired element. This information is presented using the same structure as the one 
described in the List of Solutions section of the public portal area. 

Suitability: The last step in the process is the suitability section, where all 
suggested solutions are compared according to the different parameters. In the first 
view, solutions are compared according to implementation costs and ease of use. 
This information is shown in a tabular format (see Fig. 11.10). 

A registered user can see here a complete list of previous problem definitions he 
or she has stated on the KINX site. The Personal Reports section (see Fig. 11.11) 
includes different reports about previous interactions of the user with the KINX 
site. These reports include data of the problems detected and the solutions 
proposed, as well as tables comparing different solutions and problems. The main 
goal of these reports is to serve as interaction summaries for the user of the KINX 
portal. The report can be printed or stored in a file for further analysis by the user. 
These reports can be useful to compare results offered by the portal for different 
problems. The user will be asked whether a personal report may be used as input 
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to build the content of public sections such as ‘Successful experiences’ and 
‘Common problems’. 

Fig. 11.10. Solution suitability information on the KINX portal private area 

Fig. 11.11. Personal reports generation on the KINX portal private area 
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One of the most important tools included on the portal is a discussion forum. This 
forum allows the users of the KINX portal to share experiences, knowledge, 
comments and feelings regarding KI problems. A forum is formed by one or more 
discussions, each related to a specific subject selected by the portal administrator. 
It allows for the posting and reading of messages related to the subject of the 
respective discussion. To be able to access the forum section, the user must pass 
through a registration process. This registration is needed to include the identity of 
the writer with the corresponding messages. Username and password of the forum 
differ from those necessary for access to the private area of the KINX portal. 

11.3.3 The Administration Area 

In the administration area, functions for the daily maintenance and operation of 
the portal are provided. The various functions include: 

• Portal Content Snapshot: This option facilitates storage of (parts of) the data 
contained on the database portal. This file contains the questions and answers 
for the questionnaire, and the data for all the runs performed by the users. 

• Load a new questionnaire for the portal. Using a predefined format in an MS 
Excel file, it is possible to change the set of questions (the order in which they 
are presented and the associated weights to state their importance) presented by 
the portal. Questions and problems are characterized by a set of features or 
variables (for example, the way in which information is codified) previously 
defined and identified. 

• Load new problem definitions. New problem descriptions, and the way they are 
characterized by a set of predefined features, can be loaded into the portal to be 
used in the problem identification stage. For this purpose, a preformatted MS 
Excel file must be used. 

• Load new solution descriptions. New solution descriptions can be loaded using 
an MS Access file. If the content of this database is stored as text files, this 
subsection allows the loading of these text files onto the portal database. In this 
way, the process of updating the content related to the information regarding 
solutions is automatic, without the need of  specialised staff intervention. 

An overview of the questionnaire, of the problem descriptions, and of the KI 
solutions as of March 2005, is given in Chap. 4 of this book. The matching of 
problems and solutions proceeds as follows: First of all, using the questionnaire, 
the internal logic of the portal will score the problem for each of the KI activities. 
This conforms to what we call the vector in the problem space. This information 
representation structure is termed the Vector Space Model, commonly used to 
represent content for information retrieval purposes (see Chap. 7). Once the 
problem vector has been constructed, the portal will use a set of rules to transform 
it into two different spaces: 

• the diagnosis space, used to communicate the interpretation of the problem to 
the user, and 
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• the solution space, used to construct the list of suitable solutions 

This means, that - starting from the set of problems identified - a matrix is 
constructed to obtain a universe of vectors. The coordinates of these vectors in a 
multidimensional space indicate how well each solution and each diagnosis option 
fit to a specific problem. Using a mathematical standard function for measuring 
the distances between the needs and the possible solutions, the best set(s) of 
solutions and the most suitable diagnoses are identified. 

11.4 Portal Development Process 

The portal’s implementation started with the design of a zero level demonstrator in 
order to understand the product and clarify some specific issues regarding user-
interfaces for problem description/self-diagnosis. The experts discussed and 
developed a reference model of Knowledge Integration for SMEs departing from 
the conclusions of Chap. 2. The purpose was to develop a preliminary tool in 
Microsoft Access 2000 to understand the complexity of the product and to test the 
ideas of the portal with some Spanish companies.  

Taking into account the discussions regarding the diagnosis implementation, a 
non-functional prototype was designed. This first prototype consisted of a set of 
Microsoft PowerPoint slides, that were built according to the portal´s future 
appearance. After approval of the non-functional prototype, real web 
implementation began. To realize the final version of the portal, three preliminary 
prototypes were released. Every release of the portal was thoroughly tested, both 
by internal members of the KINX project, and by external people specifically 
contacted for the task of testing the prototypes. The testing process was structured 
around the following aspects: 

• User reaction 
• Need for explanations and content 
• What more details will be needed 
• Needs for navigation and structure (including questionnaire) 
• Design 
• Other comments 

One of the key findings of the testing process was that the portal cannot replace 
“human contact”. In accordance with the modularity philosophy of the portal’s 
design, for each prototype all the sections were revisited, in order to improve them 
in the next releases of the portal. One of the sections that was changed most was 
the internal logic of the portal, thus attempting to come close to the best possible 
solution for scoring a questionnaire of variable length. The main problems faced 
in the development of the matching algorithm were two: 

• First of all, the questionnaire is not of a fixed length, and the user may leave it 
at any time, or even change answers to questions previously answered. 
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• Secondly, the scoring system had to cope with balancing weighted scores of the 
individual KI activities to compute a correct score for the whole questionnaire. 

The latter problem was solved through simulation in Excel and through a scoring 
system based on average scores and independent weights assigned to each 
question. The calculation process self-balances the scores into a canonical form 
that is used to transfer the problem vector into the diagnosis and solutions spaces. 

11.5 Conclusions and Discussion 

In summary, the KINX portal - being developed as an information service - 
delivers a compendium of KI problems and solutions to improve the NPD process 
of SMEs, and facilitates the matching of KI solutions with problems and vice 
versa. With respect to the ambitions of the portal defined in the beginning of this 
chapter, the following conclusions can be drawn: 

• Informing SMEs, consultants, researchers and others about KI problems and 
solutions for NPD processes of high-tech SMEs: This is realized by the 
browsing opportunities in the public area of the portal. Socintec acts as editor 
and reviewer for what is submitted by solution owners. 

• Helping SMEs in their process of identifying and defining the problems they 
encounter with knowledge integration in the NPD context: This is realized in 
the private area of the portal through the problem articulation that the 
questionnaire offers and the KI diagnostic reports that are delivered to the 
users. 

• Matching available solutions and problems: By matching their problems with 
solutions, the KI portal limits the efforts the SMEs have to make searching for 
an appropriate solution to their problem. The portal will, therefore, (partly) fill 
in the gap between solution developers and users (SMEs). A problem-solution 
matching mechanism is offered and maintained by Socintec. 

• Providing additional information about solutions so that problem owners can 
make informed decisions on adopting and using solutions offered: An 
important part of this is the SME suitability of KI solutions that is indicated by 
the portal. Furthermore, extensive descriptions of the solutions offered and 
detailed case studies of their application guarantee that users are able to judge 
the solutions’ adequacy. 

• Providing a platform to exchange experiences, feelings, ideas and views on KI: 
The portal offers a forum for problems owners, solutions owners, and others 
with experiences and expertise in KI for SMEs. Socintec acts as a facilitator for 
this forum. 

These results have been discussed with a representative group of users. In these 
discussions, the following points for future directions have been mentioned: 

• a global collection, evaluation and improvement of KI problems and solutions; 
• a framework and context for coherent KI diagnosis and solution finding; 
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• a way of integrating different KI initiatives in an organization; 
• a practical method to measure KI progress in time; 
• a tool for communicating about KI with organization members and increasing 

their motivation and propensity to change when needed; 
• the facilitating  of benchmarking and transferring of best practices of KI in new 

process development processes; 
• a way for establishing external and internal KI reference points. 

An information service in its best shape develops on the basis of its interactions 
with its environment. For the Kinx portal, this involves constant monitoring of 
what problem owners do and what they want, and what new opportunities are 
offered by solution suppliers. Additionally, currently only investments by the EU 
and Socintec itself are implemented as part of the revenue model of the portal. 
After the completion of the KINX project, the EU sponsorship will terminate, and 
other options for  sponsorships or payments will have to be considered to give the 
KINX portal the longer term resources needed to make it as important as it should 
be. Such a revenue model should be based on a consideration of the stakeholders 
around this portal and their ability and willingness to invest or pay. These 
stakeholders may be basic users who need external aid, advanced users (like 
consultants) who may be interested in using the portal and in  submitting solution 
(meta-)information, and KI researchers. An appropriate business model will lay 
the foundations for a good organizational and information technological 
infrastructure. 
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12.1 Introduction 

SMEs are widely recognized as an important source of GNP growth in many 
countries. Yet, SMEs are largely dependent on external competencies in order to 
successfully carry out innovation processes. In a recent OECD report [14], net-
working and clusters were described to be a key enabler for the success of SMEs. 
The report calls for increasing the participation of SMEs in research networks and 
supporting the emergence and maintenance of innovative clusters.  

European governments and the European Commission operate a varied mix of 
innovation support measures for SMEs. Most of these measures were not designed 
to specifically support Knowledge Integration (KI). However, some of these 
measures are more tuned to the special needs of SMEs in the area of KI. 

As shown in Chap. 3, KI is not utilised to the maximum potential in SMEs due 
to lack of awareness and skills. KI is an important enabler of NPD processes in 
SMEs. Therefore, it deserves more governmental policy development efforts.  

This chapter characterises KI support measures that are available to SMEs in 
Europe. We start with explaining why it is important to support KI in SMEs (Sect. 
12.2). We then describe profiles of representative KI support measures in Euro-
pean countries (Sect. 12.3), evaluate their effectiveness (Sects. 12.4 and 12.5) and 
conclude with some recommendations (Sect. 12.6).  

12.2 Reasons for Supporting KI in SMEs 

Why should governments support knowledge integration activities? In general, 
governmental industrial policy is said to be justified when there are market fail-
ures that prevent certain desirable economic activities from materializing. In eco-
nomics theory, market failure can take the form of externalities, market power, in-
formation problems and public goods. The most widely accepted rationale for 
public action is externalities in R&D and knowledge creation. The social return on 
investment in R&D and knowledge creation is larger than the private return since 
new knowledge is added to a global (or national) pool that is publicly available 
[9]. This argument is valid for explicit knowledge. An important enabler for indus-
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trial innovation, however, is tacit and latent knowledge, hands-on knowledge that 
is not being codified in innovation processes.  
More recent studies take into account “stickiness” of knowledge and stress the im-
portance of encouraging networking and collaborations between firms (Chap. 
9).The importance of networks to SMEs and their public support has been shown 
in many studies [7]. Some authors, furthermore, distinguish between networks and 
clusters where the former are defined as “relationships connecting actors that are 
cooperating in order to acquire resources they may not themselves possess” and 
the latter as a “geographic concentration of interconnected companies and institu-
tions in a particular field” [6]. These authors also note that spatial proximity facili-
tates knowledge transfer and spillovers, including knowledge that is tacit. A recent 
summary paper [5] on innovation policy reaches the following conclusions: 

• Technological co-operation and collaboration among firms is essential. One of 
the reasons for that is that a large part of the knowledge needed in innovation 
processes is tacit, and can be transferred only through social interactions. Col-
laborations should be supported in order to capture the social return on R&D. 

• Innovative firms draw largely on the science system. Public authorities, there-
fore, should foster the links between industrial R&D and the science system. 
The tacit knowledge argument is applicable here, too; an important mechanism 
through which technology is transferred from science to industries is knowl-
edge integration. 

Fig. 12.1. Possible links between support measures, KI and NPD processes in SMEs 

The above diagram shows the linkage between support measures and NPD proc-
esses in SMEs: Support measures have an impact on the performance of KI activi-
ties inside SMEs which, in turn, impacts on the NPD processes in SMEs (for a 
more detailed discussion of this relationship, see Chap. 2). Thus, policy support 
measures can be evaluated by their possible impact on the various KI activities. 
The following section will therefore categorize existing support measures and will 
discuss how they support specific KI activities, such as detection, codification, 
elicitation, and assessment. 

12.3 Profiles of KI Support Measures for SMEs  

There are several distinct groups of support measures for knowledge-intensive 
SMEs: 

• Technology transfer from science to SMEs. These are programs that are aimed 
at encouraging the unilateral transfer of knowledge from universities and sci-

Support Meas-
ures for Innova-
tion in SMEs 

Knowledge Integra-
tion Activities in 
SMEs 

NPD Proc-
esses in 
SMEs 
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ence institutions to SMEs. These programmes sometimes include a subsidy 
element intended to advance the academic research to a point where SMEs can 
exploit and commercialize it.  

• Competence development. These programmes aim at improving the compe-
tence and knowledge of SMEs, including unilateral transfer of knowledge 
through training, consultancy and mentoring.  

• Mobility. These are programmes designed to improve personnel exchange be-
tween industry and universities or research institutions.. 

• Regional clustering. These programmes include various support elements in-
tended to foster collaborations between different types of organizations in a cer-
tain geographic region. Generally, SMEs are an important part of such clusters. 
In some cases, these programmes also subsidize collaborative R&D.  

• Collaborative R&D. These programmes support R&D cooperations between 
SMEs and RTD performers. The idea is to harness the research power of larger 
RTD performers (large companies, universities) to the benefit of SMEs. 

• Knowledge sharing networks. These programmes enable cost sharing of 
knowledge, which is - such as knowledge from extensive market research - not 
accessible for individual SMEs. 

• Knowledge brokers. These are intermediaries assisting SMEs in finding tech-
nology that suits their needs.  

The legitimacy of supporting knowledge integration as part of the innovation 
process was already mentioned in the first section. The question is which of the 
varied KI activities should be supported. Are all KI activities equally important? 
Do they have similar impact on the NPD process? These are difficult questions, 
since there is very little research evidence with respect to tying KI activities to the 
NPD process and to their scientific and commercial results.  

Indeed, we cannot say with certainty which KI activities should be supported 
by specific measures, and which activities may be left unsupported. There is a 
growing awareness that tacit and latent knowledge are important to R&D (or 
NPD), and that codification of latent knowledge is a cost-benefit issue [3]. The 
importance of knowledge elicitation in developing new products is also well 
documented. Ethnographic techniques are gaining popularity among marketing 
professionals as a way of eliciting latent customer's knowledge [8]. All KI activi-
ties could be important to SMEs in different phases in their NPD processes. It is 
therefore important to classify existing support measures for innovation processes 
in SMEs according to their contribution to the KI activities.  

In Table 12.1, we develop a mapping mechanism of innovation support meas-
ures to KI activities (described in Chap. 4). For each KI activity, we suggest a pos-
sible function of supportive policy measure, and then add representative support 
measures from different European countries1. It should be noted, however, that 

                                                          
1 The information has been taken from TrendChart Innovation Policy in Europe 

(http://trendchart.cordis.lu/index.cfm) that provides policy makers and managers of inno-
vation support schemes with summarized information and statistics on innovation poli-
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some support measures may be mapped into several KI activities, but only the 
most important one is depicted in Table 12.1.  

Table 12.1. Mapping KI activities to innovation support measures 

KI activity Main functions of support 
measures 

Representative support  
measures 

Detection Assistance in locating external 
knowledge  

Knowledge brokers (Syntens – 
the Netherlands, Patent Infor-
mation Centres – Germany, 
TUFF - Sweden) 

Codification Promoting the codification of 
external knowledge 

Technology codification and 
transfer from universities (GTS 
– Denmark, Technology Clinic 
- Finland) 

Transfer Assisting in transfer of external 
knowledge, such as subsidizing 
market research 

Training (KeBB – the Nether-
lands), knowledge sharing 
(ILTAM – Israel, Techinform – 
Austria, TOP - Germany) 

Assessment Assisting the assessment of ex-
ternal knowledge 

Consultants (SKO - the Nether-
lands), knowledge brokers (Ex-
port Institute – Israel) 

Elicitation Assisting in elicitation of exter-
nal latent knowledge 

Clustering (VINNVAXT – 
Sweden, CoEs - Finland), col-
laborative R&D (Tekes Tech-
nology Programmes – Finland) 

Nurturing Promoting nurturing of tacit ex-
ternal knowledge 

Mentoring (PLATO - Belgium) 

Transfer owner Assistance in recruiting or out-
sourcing external knowledge 
owners  

Recruitment and mobility me-
chanisms (CORTECHS – 
France, Knowledge Transfer 
Partnerships - UK) 

Support measures that encourage SMEs in detection or location of external 
knowledge are manifold and usually provided by knowledge brokers. The knowl-
edge-brokers' main asset is “knowledge about knowledge”. They close the gap be-
tween knowledge needs of SMEs and knowledge owners in research institutions 
and large companies. Representative examples of knowledge brokers are Syntens2

(the Netherlands), Patent Information Centres3 (Germany), and TUFF4 (Sweden). 
Syntens is a network of regional centres which provide support and advice to 
SMEs on technology and innovation. The Patent Information Centres provide ac-
cess to scientific and technological information that is contained within patents, 

                                                                                                                                    
cies, performances and trends in member states, and supports the exchange of good prac-
tice in this area. 

2 www.syntens.nl 
3 www.patentinformation.de 
4 Operated by VINNOVA - http://publiceng.vinnova.se 
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registered designs and trademarks for firms and private inventors. The TUFF pro-
gramme encourages trade in technological services between public R&D technol-
ogy providers and groups of SMEs. It stimulates SME demand by supporting fea-
sibility studies, inter-firm networking, and co-operative projects. 

There are many instances where external knowledge has to be codified prior to 
its use in SMEs. In such cases, external knowledge owners (such as universities 
and research centres) and SME personnel have to codify the knowledge, and they 
can be assisted by specific support measures. Representative support measures 
that promote the codification of external knowledge are GTS5 (Denmark) and 
Technology Clinics6 (Finland). The 11 institutes making up the GTS network de-
velop and communicate technologically-based knowledge to SMEs and other or-
ganizations. By selling consultancy services and acting as co-operation partner, 
GTS helps companies to gain access to research. The Technology Clinics carry 
out technology transfer from research institutes and universities to SMEs. The 
main goal of the initiative is to promote adaptation of specified technologies for 
problem solving in SMEs in order to exploit new technological opportunities and 
to raise awareness of external R&D resources. 

Governments assist SMEs' transfer of explicit external knowledge by various 
support measures, such as KeBB7 (the Netherlands), ILTAM8 (Israel), Techin-
form9 (Austria) and TOP (Germany). KeBB promotes knowledge transfer between 
vocational training organizations and SMEs. Its objective is to initiate a continu-
ous process of knowledge transfer. ILTAM's (Israeli Users' Association of Ad-
vanced Technologies in Electronics) aim is to support and encourage knowledge 
sharing on the latest technological breakthroughs developed in Israel and abroad 
among its members. This is achieved by establishing working groups of experts of 
the same discipline from different companies, who meet and exchange informa-
tion, discuss common problems and ideas, and share knowledge between the par-
ticipants. Techinform offers access to thousands of databases on diverse topics, 
such as state-of-the-art technologies, patent and industrial design surveys, indus-
trial design, trade-mark rights, information on legal status and activities of firms 
and information on suppliers. The TOP programme provides support for knowl-
edge exchange, learning and co-operation among companies. Managers from 
SMEs are invited to leading firms in a certain field of technology to learn how 
these organize their innovation processes. They can discuss different approaches 
and learn from the experience of the leaders in the field. 

Support measures promoting the assessment of external knowledge usually in-
volve consultants (SKO10 – the Netherlands) or knowledge brokers (Export Insti-

                                                          
5 www.teknologiportalen.dk/EN/ 
6 www.tekes.fi/eng  
7 Operated by Senter – www.senter.nl  
8 www.iltam.org  
9 www.techinform.at 
10 Operated by Senter – www.senter.nl 
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tute11 – Israel). Assessment includes activities to determine the credibility of 
knowledge sources, and activities to assess the value of knowledge. Knowledge 
brokers can help SMEs in determining the credibility of external knowledge 
sources. The Export Institute provides SMEs with competitive intelligence ser-
vices, including assessment of external knowledge sources by experts. The SKO 
measure subsidizes the employment of external knowledge carriers (graduates 
from universities or technical colleges) for the elaboration of innovation plans 
comprising organization, market, product and/or process. 

In the latent and tacit knowledge domains, support measures have to help 
SMEs in making external knowledge more accessible. This can be achieved 
through different types of collaborative R&D schemes, in particular networks, 
partnerships and clusters, as a recent OECD study stated [13]. Collaborative R&D 
schemes particularly assist SMEs in the elicitation of external knowledge. Meas-
ures to support collaborative R&D encourage SMEs, large companies and science 
institutions to share innovative resources for the development of new products. 
Sharing resources with large companies and science institutions enables SMEs to 
extract knowledge from external experts and engage in cross fertilization activi-
ties. Resource sharing is also part of clustering support measures, although cluster-
ing requires some extent of geographical proximity, which is an important enabler 
for nurturing external tacit knowledge by SMEs, as some scholars note [6].

Tekes Technology Programmess12 are a representative example of collaborative 
R&D support measures. They are used to promote development in specific sectors 
of technology or industry, and to pass on the research results to the business com-
munity. The technology programmes are planned in cooperation with companies, 
research institutes, and Tekes. The duration of the programmes ranges from three 
to five years. Tekes usually finances about half of the costs of programmes, and 
about 50 of the total funds go to SMEs.  

An example of clustering support measures is Sweden's VINNVAXT13 (Re-
gional growth through dynamic innovation systems). The concept behind the pro-
gramme is the promotion of effective cooperation between companies, research 
and development organizations and the political system within each region, with 
the aim of developing dynamic and globally competitive regional innovation sys-
tems. VINNOVA (Swedish Agency for Innovation Systems) offers support for 
process management and competence development in that specific area. The Cen-
tre of Expertise Programme14 (CoEs, Finland) aims at increasing co-operation be-
tween research centres and local companies. There are 14 regional Centres of Ex-
pertise and two nation-wide networks carrying out the programme. The 
programme focuses on selected fields of expertise which are considered to be in-
ternationally competitive. One aim is to convey the latest information and know-
how to SMEs. The Centres usually base their activities on the services provided by 

                                                          
11 http://www.export.gov.il/eng/ 
12 www.tekes.fi/eng 
13 Operated by VINNOVA - http://publiceng.vinnova.se 
14 www.oske.net/in_english 
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Technology Centres, including project management, marketing, technology trans-
fer, business incubators, patenting, etc. 
Another type of support measure that promotes nurturing of external tacit knowl-
edge is mentoring. PLATO15 is a programme of parenthood or mentoring for 
SMEs, where large enterprises assist, both collectively and individually, smaller 
firms in the latter's  innovation processes. 

A different approach of exploiting external tacit knowledge comprises transfer-

ring external knowledge owners to SMEs, assistance in recruiting external knowl-
edge owners or outsourcing. There are numerous support measures for mobility 
and recruitment of personnel by SMEs, such as CORTECHS (France) and Knowl-
edge Transfer Partnerships (UK). CORTECHS contributes to the mobility of re-
searchers by supporting the recruitment of a technician, for one year, for the initia-
tion of an innovation project. Knowledge Transfer Partnerships increase 
interactions between universities and companies. Graduates are recruited to work 
in a company for two years on a strategically important project in close coopera-
tion with a university. They enjoy enhanced career development benefits, while 
the SME and the university learn to collaborate. France has similar support meas-
ures for young PhDs (CIFRE) from which, over its lifetime, more than 6,000 PhD 
candidates have benefitted. Both CORTECHS and CIFRE are operated by An-
var16.

12.4 Usage of Selected KI Support Measures 

The usage of support measures by innovative SMEs in the EU is very limited, as 
the findings of Innobarometer 2004 [4], presented in Table 12.1, show: 15% of 
smaller (20-500 employees) EU companies received public assistance or subsidies 
for R&D, 17% obtained public support for training their staff, and only 7 % were 
supported for collaborative R&D. 

Table 12.2. Support measures utilization rate in the EU according to Innobarometer 2004

Support measure EU25 average utili-

zation rate 

Users rating measure as “cru-

cial” 

Training 17% 9.6% 
R&D 15% 23% 
Market research 14% 4.5% 
Knowledge networks 13% 12.4% 
External advice 10% 11.7% 
Collaborative R&D 7% 40.1% 

When asked whether a particular programme was crucial to the development of at 
least one of their innovations, 40% of the companies stated that collaborative 

                                                          
15 www.plato.be 
16 www.anvar.fr 
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R&D support was crucial to their innovative activities. Thus, collaborative R&D 
is regarded as crucial to innovation by more companies than traditional support for 
R&D (40% and 23%) is.  

The KINX empirical study (see Chap. 3) consisted of 33 in-depth interviews with 
NPD managers in 19 SMEs, followed by a large scale questionnaire-based survey 
with actual participation of 317 SMEs in Germany, the Netherlands, Spain and Is-
rael. Policy-related questions are described in Fig. 12.2. 

It may be concluded that - although awareness of support measures is generally 
high - usage is limited: Only 13% of SMEs use subsidization measures for hiring 
personnel. Twenty-nine per cent use subsidization schemes for collaborative 
R&D, and 18% use measures for subsidized knowledge acquisition. 
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Fig. 12.2. Knowledge of, use of and satisfaction with governmental KI measures 

Utilization rate of KI policy measures in SMEs is contingent on many factors. In 
larger companies, utilization rates are generally higher: Only 21% of smaller 
SMEs (2-9 employees) in the total sample use measures for R&D collaborations, 
compared to 38% in larger SMEs. The type of production processes employed is 
another significant factor determining usage of KI policy measures. Among SMEs 
with make-to-stock production, the utilization rate of R&D collaboration schemes 
is 42%, compared with only 22% in SMEs with make-to-order production. 

12.5 The Effectiveness of KI Support Measures 

The effectiveness of KI support measures may be defined as the overall contribu-
tion to the success of innovation processes of SMEs. An objective evaluation of 
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effectiveness is impossible due to limited empirical studies on the topic. We will 
therefore have to resort to a subjective evaluation of effectiveness. In assessing ef-
fectiveness, we shall consider several factors, such as utilization rate by SMEs, 
satisfaction levels of users, and experts' opinions, provided that such data exists. 
There are several groups of support measures, such as cluster programmes, col-
laborative R&D, mobility programmes, etc., which we have mapped in Sect. 12.3 
to knowledge activities (Table 12.1). We shall compare support measures within 
groups, because they serve similar needs of SMEs, but not between groups. For 
each group, we present one or more support measures that are effective according 
to our judgment. Short descriptions of the support measures can be found in Sect. 
12.3.

Detection supported by knowledge brokers: Knowledge brokers play an impor-
tant role in catering to the knowledge needs of SMEs. There are several forms of 
knowledge brokering support measures, but not many can claim such a wide-
spread acceptance as Syntens: This network of support centers assists some 20,000 
SMEs by matching technology needs with technology suppliers. Furthermore, 
Syntens promotes the creation and development of industrial micro-clusters of 
SMEs that are jointly developing new products. 

Codification supported by technology transfer: Industry Science Relationships 
(ISRs) in several countries were recently benchmarked by the OECD [12]. A 
comparison of ISR indicators for 10 countries showed that some countries outper-
formed others. Finland, for example, leads in several indicators, including the 
share of innovative manufacturing companies cooperating with universities (47%). 
From the numerous support measures for ISR, GTS (Denmark) certainly is one of 
the more successful ones: About a quarter of Danish small companies (with less 
than 50 employees) used the service, according to a survey held in 1998, and 55% 
of them were very satisfied. The mission of the GTS institutes is to convert 
knowledge to value. They accomplish this by working in the borderland between 
business, science, education and public authorities. The GTS institutes are close to 
the customers and base their services on their customers´ requirements. Customer- 
driven services make the GTS unique and distinguish them from other ISRs. An 
evaluation of the 14 GTS institutes states that “GTS institutes have managed ef-
fectively to convert their government grants into technological service at a high 
level of competence to the benefit of trade and industry and of society in gen-
eral”17.

Knowledge transfer supported by education & training: Training support 
measures tailored specifically to SMEs are rather scarce in Europe. KeBB (the 
Netherlands) assists SMEs in acquiring knowledge from vocational training or-
ganizations. KeBB aims at developing and implementing innovative educational 
tools, including ICT, for knowledge transfer between companies and vocational 
training institutions. This programme finances defined knowledge transfer projects 
that improve education and harmonize it with developments at companies. The fo-

                                                          
17 Combined performance accounts for 14 GTS institutes - 

www.videnskabsministeriet.dk/fsk/publ/2000/performance1999/all_eng.html#usefullness 
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cus of such projects is to initiate a continuous process of knowledge exchange, not 
a one-off effort. Projects must be carried out in partnerships that include at least 
one regional training centre and a company with a direct interest in the availability 
of well-educated workers with intermediate vocational qualifications. KeBB is dif-
ferentiated from other education & training programmes in that it encourages vo-
cational training centers to tailor their services to the needs of groups of SMEs. 
All regional educational centers have taken part in the programme and, in most of 
the projects, the results were successfully implemented. 

Knowledge transfer supported by knowledge sharing networks: There are sev-
eral benefits arising from cooperation between SMEs, such as economies of scale 
and economies of scope, sharing of costs and risks, improved ability to deal with 
complexity and flexibility and efficiency in knowledge management [11]. ILTAM 
is a good example of knowledge sharing support measures: It supports knowledge 
sharing among its members, about 85 high-tech companies in the field of electron-
ics, which own the association and pay membership fees in addition to govern-
mental financial support. ILTAM organizes about 40 meetings a year with top ex-
perts in electronics from Israel and abroad, and has an advanced information 
centre. The association also functions as a community of practice with forums in 
several areas.  

Knowledge elicitation supported by collaborative R&D: In general, collabora-
tive R&D programmes involve players from universities and industry, including 
SMEs. Tekes Technology Programmes (Finland) include 2000-3000 companies 
and 800 research units. SMEs are getting almost half of the total funds of Tekes. 
Internationalization is an important factor of the programmes' success, since it is 
believed to have a positive impact on competitiveness. Thirty-seven per cent  of 
the projects involve international cooperation [16]. Other important success fac-
tors of the programme are the bottom-up and top-down planning process, coopera-
tion with all stakeholders in the planning and implementation phases, high motiva-
tion and trust among participants, and the willingness to share experience and 
open dialogue and emphasis on networking and cooperation in R&D projects18.

Knowledge nurturing supported by cluster programmes: There are cluster pro-
grammes in almost every European country, with a large variety of support 
mechanisms. Finland's Centre of Expertise (CoEs) programme has contributed to 
the creation of 290 new high-tech firms in 1994-1998 [10]; it is probably one of 
the most productive programmes. Another effective cluster programme is Cluster-
land Upper Austria. The programme provides funding for innovative projects per-
formed in specific clusters, thus upgrading local SMEs to? suppliers of larger 
firms. At present 1,646 companies (85% of which are SMEs), R&D bodies and 
educational institutes participate in the eight inter-branch clusters. An evaluation 
of the programme, carried out in 2001 [15], states that “The initiatives have 
proved to be effective and the results have been persistent and noticeable. They 

                                                          
18 Taken from a presentation by Dr. K. Tilli in a workshop on benchmarking national and 

regional policies in support of the competitiveness of the ICT sector; 12 November 2004, 
Brussels  
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have produced a marked integrative effect on the economy of Upper Austria and 
have also contributed greatly towards increased self-confidence”. Three ingredi-
ents are believed to be the key to the programme's success; generous financial 
provision, predictability and political restraint. 

Transfer of knowledge owners supported by mobility schemes: Schemes for en-
couraging mobility of researchers and experts between universities, large compa-
nies and SMEs are prevalent in most countries. According to a recent survey of 
the OECD [12], such schemes seem to work well for a relatively long time, par-
ticularly in France and the UK. CORTECHS (France), for example, has grown 
from 190 technicians mobilized in 1990 to 370 technicians mobilized in 1999. 
CIFRE (France) has placed more than 6,000 PhD candidates over its entire life-
time. Furthermore, a comparative analysis of mobility schemes [1] found that 80% 
of participating enterprises claimed to have benefited from the CIFRE scheme, in 
particular in terms of increased expertise in conducting in-house research projects. 
Retention of PhDs after termination of the contract is relatively high at around 
75%. Table 12.3 summarizes the main findings about the effectiveness of KI sup-
port measures: 

Table 12.3. Characterization of effective KI support measures 

KI activity and 
programme 

Examples of pro-
gramme 

Indicator for success 
of programme 

Focus of the pro-
gramme 

Detection sup-
ported by 
knowledge 
brokers 

Syntens, the 
Netherlands, 
http://www.synte
ns.nl 

Assistance of 20,000 
SMEs, creation of 
clusters 

Regional centres  pro-
viding support to SMEs 
on technology and in-
novation 

Codification 
supported by 
technology 
transfer from 
research insti-
tutes 

GTS, Denmark 
www.gts.dk 

A quarter of Danish 
small companies used 
the service, 55% of 
them were very satis-
fied. 

GTS is the technology 
transfer office of a 
network of 11 research 
institutes involved in 
knowledge transfer to 
SMEs  

Knowledge 
transfer sup-
ported by edu-
cation & train-
ing 

KeBB, the Neth-
erlands, 
www.senter.nl  

KeBB encourages 
vocational training 
centers to tailor their 
services to the needs 
of groups of SMEs.  

The programme fi-
nances defined knowl-
edge transfer through 
education in SMEs 

Knowledge 
elicitation sup-
ported by col-
laborative 
R&D

Tekes Technol-
ogy Programmes, 
http://www.tekes.
fi/eng/  

The programme in-
cludes 2000-3000 
companies and 800 
research units. SMEs 
get 50% of the fund-
ing  

Promotion of the de-
velopment in specific 
sectors of technology 
or industry, and trans-
fer of the research work 
to the business com-
munity.
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Table 12.3. Characterization of effective KI support measures (continued) 

KI activity and 
programme 

Examples of pro-
gramme 

Indicator for success 
of programme 

Focus of the pro-
gramme 

Knowledge 
nurturing sup-
ported by clus-
ters pro-
grammes 

Clusterland Up-
per Austria, 
http://www.cluste
rland.at/index_en
g.php  

1,646 companies 
(85% are SMEs), 
R&D bodies and edu-
cational institutes are 
partners, with a dis-
tinct contribution to 
the economy of the 
region  

The programme pro-
vides funding for inno-
vative projects per-
formed in 8 specific 
clusters, upgrading lo-
cal SMEs as suppliers 
of larger firms  

Transfer of 
knowledge 
owners sup-
ported by mo-
bility schemes 

CIFRE, France, 
http://www.anvar.
fr  

80% of participating 
enterprises benefited 
from the scheme in 
terms of increased 
expertise in 
conducting in-house 
research projects.  

Grants to PhD students 
researching applied 
topics in SMEs under 
the supervision of a 
university or public 
laboratory 

12.6 Summary and Recommendations 

The utilization rate of innovation KI support measures in Europe is still limited to 
7%-15% of the total population of innovative SMEs. The utilization rate of some 
support measures, in particular those that are crucial for innovation success, such 
as collaborative R&D, needs improvement. 

We have demonstrated that, for each KI activity, groups of existing available 
support measure can be identified that promote its utilization in SMEs. We have 
also demonstrated the feasibility of subjectively evaluating the KI effectiveness of 
innovation support measures for SMEs. Presently employed support measures can 
provide a good basis for closing the gap between desirable and actual utilization of 
KI activities for NPD in high-tech SMEs, but offer ample opportunities for im-
provements with regard to specific KI needs and for the development of new and 
improved KI policies. When designing measures to support KI for NPD in high-
tech SMEs, it should be noted, however, that current research on effective KI sup-
port measures is still at an early stage, and more research will be needed in order 
to be able to develop a scientifically sound comprehensive KI policy for innova-
tive SMEs. 

With this limitation in mind, we recommend SMEs to look for KI support 
measures that best promote their NPD processes. NPD problems regarding ex-
plicit, latent or tacit knowledge (see Table 2.4 in Chap. 2) may require the use of 
different KI activities. When the problem is well defined, one may look for appro-
priate support measures available from national, regional, and local governments 
or from the EU. Some very rough guidelines are given below in conclusion. 
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In the case of explicit knowledge, there are several support measures that can 
assist SMEs in detection, assessment, codification and transfer of knowledge. For 
knowledge detection there are knowledge brokers that can help SMEs in locating 
essential external knowledge (Syntens, the Netherlands). For assessment of exter-
nal knowledge, there are consultants and organizations that can be of assistance 
(SKO, the Netherlands). For codification of external knowledge, there are mecha-
nisms of technology transfer from universities to SMEs (GTS, Denmark). Support 
measures for transfer of external knowledge are more varied, including training & 
education (KeBB, the Netherlands), and knowledge sharing mechanisms (ILTAM, 
Israel). 

In cases where knowledge is less accessible (latent or tacit), there are support 
measures that promote knowledge elicitation, knowledge nurturing and transfer of 
knowledge owners. Support measures for geographic cluster formation and main-
tenance, such as Clusterland Upper Austria, encourage elicitation and nurturing of 
external knowledge by SMEs. Collaborative R&D support measures, e.g., Tekes 
Technology Programmes (Finland), encourage elicitation, codification and trans-
fer of knowledge. For transfer of knowledge owners, SMEs may use mobility 
mechanisms, such as CIFRE and CORTECHS (France). 
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13.1 Introduction 

Small and medium sized enterprises (SMEs) play a vital role for the competitive-
ness of the European economy: 99.8 % of the almost 20.5 million enterprises in 
the European Economic Area (EEA) and Switzerland are SMEs. They employ 
more than 80 million people, thus providing about two thirds of all jobs in the 
EEA. SMEs are characterized by their dynamics: Whereas employment in large 
enterprises has decreased in the past 15 years, SMEs, on balance, have created 
new jobs [7]. 

These statements in particular hold true for high-tech SMEs that operate in in-
dustries with R&D expenditures well above industry average and develop, pro-
duce and market new and improved products and processes based on their R&D 
activities. Whereas their number is relatively small - about 750,000, i.e., less than 
4 % of all EEA enterprises [8] -, their importance for the competitiveness of the 
European economy can hardly be overrated: Due to their agility and flexibility, 
they are able to respond very fast to new opportunities, in particular new techno-
logical trends. In addition, they contribute to the technological development by 
further developing new technologies to applicability. Though their growth rates 
vary considerably due to the high risks involved, on average they outperform low-
tech enterprises with respect to both output and employment growth rates [8]. 
Many economists believe that the wealth of nations and the growth of their 
economies strongly depend upon their SMEs’ performance. 

High-tech SMEs are often referred to as knowledge-intensive or knowledge-
based firms, indicating that their most important resource - and often their princi-
pal product, too - is knowledge. Therefore, an effective and efficient knowledge 
management on an operational as well as on a tactical and strategic level in these 
enterprises is crucial. 

Whereas the scope of the knowledge management processes and activities in 
high-tech SMEs, as well as the external environments in which these processes 
and activities are performed, are much the same as in their larger counterparts, the 
relative importance of these activities differs. While for large high-tech enterprises 
the main problem is “to know what they know” and to ensure that the knowledge 
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available in the heads of their employees and in their extensive collections of 
documents reaches all points of need, identification of available knowledge and its 
internal distribution is usually not the core problem in high-tech SMEs, especially 
not in very small (“micros”) and small ones. Since employees in these organiza-
tions usually know each other personally, they tend to be well informed about 
each other. Furthermore, there is ample opportunity for face-to-face communica-
tion and sometimes even for observing each other’s activities and behaviour, thus 
facilitating the acquisition of other employees´ latent and tacit knowledge. Also, 
personal knowledge of each other tends to increase mutual trust, thereby improv-
ing the conditions for knowledge sharing. Finally, cognitive distance tends to be 
lower for employees in SMEs, thus increasing the likelihood of successful knowl-
edge transfer, as shown in Chap. 9. 

While high-tech SMEs tend to encounter less problems in identifying and dis-
tributing the knowledge available, they are usually confronted with serious prob-
lems in acquiring the knowledge they need: Due to their limited resources and 
their low degree of job specialization and professionalism, they tend to have much 
less internal knowledge than their larger competitors. Furthermore, their scarce re-
sources prevent them from generating the knowledge required in-house. There-
fore, acquisition of external knowledge, e.g., from customers, suppliers and re-
search institutions, is of utmost importance for them. This explains why this book 
is not concerned with knowledge management in general, but focuses upon exter-
nal knowledge acquisition. 

Acquisition of external knowledge presupposes the identification of knowledge 
requirements that cannot be met by internal knowledge, and is triggered by the in-
tention to utilize the knowledge acquired. Thus, identification, acquisition, and 
utilization of external knowledge form a unity - termed Knowledge Integration 

(KI) throughout this book that deals with knowledge integration theory and prac-
tice. The development of the concept of KI has been the main concern of this 
book. Equally important, it aimed at providing a structured toolbox to solve KI 
problems that occur in the core process in high-tech SMEs: new product develop-
ment (NPD). 

This final chapter serves to determine whether and to what extent these aims 
have been achieved. Based on this evaluation, which will be carried out in Sect. 
13.2, some future requirements and opportunities for improving the KI concept 
and toolbox presented will be outlined in Sect. 13.3. The chapter - and the book - 
will close with a short outlook on the future development of KI in Sect. 13.4. 

13.2 Evaluation of KI - What Does It Promise and Does It 
Keep What It Promises? 

KI is a theoretical concept based on a comprehensive empirical investigation of 
more than 300 SMEs in Germany, Israel, the Netherlands and Spain. It serves as a 
basis for the development of tools to solve problems that occur during the identifi-
cation, acquisition and utilization of external knowledge for NPD processes in 
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high-tech SMEs. Thus, three perspectives - a theoretical, an empirical and a tool 
perspective - may be distinguished for its evaluation. While the first two are 
mainly reflected in the concept’s promises, the last one rather affects its ability to 
live up to the expectations. 

13.2.1 The Theoretical Perspective 

KI is a subset of knowledge management (KM) that comprises all activities con-
cerned with transforming and manipulating external knowledge; it includes all 
processes acting upon knowledge as an input, but excludes all activities where 
knowledge is the result, as well as activities that merely use knowledge. Within 
these boundaries, it is extremely broad both with respect to its object - knowledge 
- as well as to the activities included: As a subset of KM, it has inherited all the 
features of the concept of knowledge management presented in Chap. 1. 

With respect to its objects, KI is not confined to scientific or “true” knowledge, 
as proposed by Schreyögg & Geiger [19], but encompasses all types of knowledge 
discussed in Chaps. 1 and 2. In particular, in line with Nonaka & Takeuchi [16], 
KI includes activities acting upon both explicit knowledge, i.e., knowledge that 
can and is articulated, and tacit knowledge, i.e., knowledge that neither can be nor 
is articulated. In addition to this dichotomy, going back to the work of Polanyi 
[17], KI distinguishes latent knowledge, i.e., knowledge that can be articulated in 
principle but only with attenuation because it does not come easily to the forefront 
of one’s consciousness (see Chaps. 1, 2 and 4). This distinction is important be-
cause the identification, acquisition and utilization of latent knowledge require 
other tools than the identification, acquisition and utilization of tacit and explicit 
knowledge do, as shown particularly in Chaps. 4, 6 and 9. 

With respect to the activities involved, KI encompasses all pertinent activities 
on a strategic, as well as on a tactical and operational level (for details, see Chap. 
1), and is not restricted to knowledge policymaking, planning, valuation, control 
and process management, but includes context analysis and knowledge facilitation 
as well. The broad concept of knowledge used implies that all types of sources dif-
ferentiated in Chap. 2 may be relevant when external knowledge is identified and 
acquired. 

Also, KI comprises all knowledge media and all utilization contexts with re-
spect to task and industry specificity identified in Chap. 1. Thus, knowledge from 
human media is included in the concept, such as semiotic and episodic knowledge 
(c.f. Chap. 5), professional skills, personal ethics and beliefs or knowledge about 
individual and cultural routines and organizational procedures and decision crite-
ria. Also, knowledge from information technological media, for instance, elec-
tronic storage media and architectural elements of knowledge management soft-
ware systems is covered by KI (see Chap. 1). 

The all-encompassing character of KI is intensified by the demand that KI is 
not confined to its own, internal processes, but also considers the links to regular 
business processes. Identification and acquisition of external knowledge are no 
goals of their own, and are only justified when the knowledge acquired is used in 
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business processes, such as NPD. It is therefore indispensable to turn KI into an 
integral part of all regular business functions. 

This very broad approach enabled the inclusion of the manifold manifestations 
of the multifaceted term “knowledge”, ranging from faint inklings to scientifically 
proven laws of nature. It also raised, however, serious problems, in particular the 
arbitrariness problem and the problem of methodological support. The former 
problem may be circumscribed by the title of Schreyögg & Geiger’s paper “If 
knowledge is everything, maybe in the end, knowledge is nothing?!” [19]; it can 
be coped with by appropriate assessment and selection procedures. The latter 
problem arises from the observation that identification, acquisition and utilization 
of the numerous types of knowledge may require different techniques and tools. It 
is met by determining the appropriateness of the available tools and techniques for 
different knowledge types and by developing new ones if required. Meeting this 
latter demand was the motivation for writing this book, as well as for the KINX 
project - the results of which are reflected herein. 

An important aspect within KI is the distinction between the various KI activi-

ties superseding the KI phases, which, in turn, support the NPD process of high-
tech SMEs. This distinction proved to be indispensable because the problems oc-
curring in KI are not phase-specific, but linked to the various KI activities (for de-
tails, see Chap. 2). Furthermore, since KI tools and techniques are, again, not di-
rectly related to KI-specific KI problems, but to KI activities, the identification of 
KI activities facilitates the matching of KI problems (in NPD) with solutions. Fi-
nally, the identification of various KI activities is closely related to the distinction 
between tacit, latent and explicit knowledge as shown in Chap. 4 and modeled in 
the watermill metaphor described in Chap. 2 and depicted in Fig. 2.3. This way, it 
contributes to meeting the demand for situation-specific tools and techniques aris-
ing from the breadth of the KI concept developed. Fig. 13.1. (next page) visualizes 
these considerations. 

The KI activities - depicted in the watermill model introduced in Chap. 2 -  form a 
solid basis for the identification and solution of problems that high-tech SMEs en-
counter when they attempt to identify, acquire and utilize knowledge from exter-
nal sources, from customers, suppliers, research institutions, as well as from pub-
lic databanks, e.g., patent banks. Thus, the theoretical aim of this book has been 
attained. 
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Fig. 13.1. NPD process, KI process and KI activities 

13.2.2 The Empirical Perspective 

As evidenced by the results of the questionnaire survey of more than 300 Euro-
pean high-tech SMEs presented in Chap. 3, dependence on external knowledge 
usually is perceived to be low: Whereas almost half of the respondents indicated 
that they were not - or even not at all - dependent upon external knowledge, only 
one fifth of them reported that they were strongly or even fully dependent upon 
external knowledge. These shares did not change significantly between the differ-
ent phases of the KI process. Interviews conducted with more than 30 NPD man-
agers in 4 European countries (Germany, Israel, Spain and the Netherlands) sug-
gest that the dependence on external knowledge is influenced by the development 
strategies employed: In push projects, where underused potentials of new tech-
nologies trigger the NPD process, more external knowledge is integrated than in 
pull projects, where market demands set off the development efforts. This con-
forms to expectations because push strategies usually involve higher degrees of 
(technical) novelty and therefore require more knowledge. 

The interviews furthermore showed that, as a rule, KI is not perceived as a 
separate process with tools and techniques of its own but as a set of activities that 
are inextricably interwoven with the NPD process. Though KI activities, in prac-
tice, tend to be loosely structured at best, respondents tended to be satisfied with 
their NPD processes. Yet almost all of them reported problems of varying impor-
tance and urgency with their KI processes. There was a slight tendency towards 
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fewer problems with finding the knowledge needed and, in particular, with gain-
ing ownership. However, no clear predominance of certain problems associated 
with critical KI activities, such as identification of knowledge needs or dissemina-
tion and application of externally acquired knowledge, occurred. 

Except for some very general techniques and tools, such as brainstorm-
ing/informal discussions, documentation procedures, regular meetings, quality 
systems, e-mail/chatting software, search engines and catalogues (e.g., yellow 
pages), each of which was  used by more than half of the respondents, the utiliza-
tion rates of techniques and tools for KI were rather low. When respondents were 
asked why they did not use KI-specific tools and techniques more often, almost 90 
% of them answered that they were not aware of any specific techniques and tools 
that support the acquisition of external technological knowledge; only about two 
thirds gave this reason for customer/market knowledge. These observations in 
conjunction with the fact that about 50 respondents indicated that they did not use 
specific techniques and tools because there were too many of them, suggest that 
there is little transparency with respect to KI techniques and tools. 

This is all the more deplorable since the findings also suggest that those com-
panies that do use specific KI methods and techniques tend, as a rule, to be satis-
fied with them. More than 95 % of the respondents reporting that they were using 
mapping software, e.g., indicated that they were satisfied with this tool, and al-
most 95 % of the users of extranets reported satisfaction. The fraction of satisfied 
users varied, however, considerably: Only 58 %, respectively 64 %, of the users 
reported satisfaction with utilizing intelligent agents, respectively external bench-
marks. For none of the techniques and tools included, however, were there more 
users dissatisfied with their use than were satisfied. 

Though specific public measures to support KI for NPD in European high-tech 
SMEs are rare, there is no lack of public programmes that support KI in SMEs, as 
shown in Chap. 12. Among the measures that promote the acquisition of explicit 
external knowledge, funding knowledge brokerage services (for discovery of ex-
ternal knowledge), assistance in transferring technology from public research in-
stitutions to private companies (for acquisition of external knowledge) and public 
support of knowledge sharing arrangements (for utilization of external knowl-
edge), for example, deserve mentioning. Among the measures intended to foster 
the integration of external latent and tacit knowledge, programmes that support the 
formation of networks and clusters between SMEs and mobility support schemes 
seem to be particularly effective. The utilization rates of these measures in general 
are low: Only 7 - 15 % of the members of the respective target groups make use of 
the programmes. Therefore, and because of the low specificity of the programmes, 
there is still ample room for improvements. 

Summarizing the findings from the empirical perspective, it may be concluded 
that KI in high-tech SMEs at present is covert. It is not considered to be an activity 
of its own and, therefore, does not get the attention it deserves. As a result, KI 
processes in high-tech SMEs tend to be ill-structured. The low degree of KI 
awareness also leads to an underutilization of KI tools and techniques, which is in-
tensified by the low transparency of the tools and techniques market. Thus, the 
empirical perspective evidences that KI in SMEs needs improvement. 
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13.2.3 The Tools Perspective 

According to the two basic hypotheses visualized in Fig. 13.1, a) that KI tools and 
techniques may be distinguished by the KI activities they support, and b) that KI 
activities are linked to a certain type of knowledge (content) that they operate on, 
the KI tools and techniques presented in Chaps. 5 to 10 are (indirectly) character-
ized by the type of knowledge (content) they manipulate and/or transform. 

Furthermore, with respect to their prevalent medium, the tools and techniques 
for KI may be classified as to whether they operate predominantly on human or on 
information technological media, where the latter is taken to include all formal 
representations of knowledge. This classification also reflects two of the three 
roots of knowledge management described in Chap. 1 - computer technology/arti-
ficial intelligence and human relations/organizational learning. The third root, 
strategic management, is reflected in the third dimension of the analysis, the man-
agement level, that is addressed by the respective management tool or technique. 
Employing this perspective, techniques and tools are characterized as to whether 
they are designed to support (primarily) operational or strategic management. 
Thus, the following analysis of the tools (and techniques) perspective is structured 
along three dimensions - type of knowledge (content), prevailing medium and 
management level. 

Elicitation, i.e., the articulation of latent knowledge, is the only KI activity that 
operates on latent knowledge. It serves to transform latent into explicit knowledge 
and thus enables detachment of knowledge from its individual human carrier. This 
way, individual knowledge may become organizational knowledge, as well. Since 
latent knowledge resides solely in human carriers, elicitation is primarily con-
cerned with human media and strongly resorts to psychological processes. It is, 
however, not limited to human media, because it also involves knowledge inter-
pretation and documentation, as shown in Chap. 5. It may be employed on all 
management levels, and is particularly applicable for the acquisition of strategic 
knowledge, as shown in Chap. 8. 

Activation of knowledge is the core sub-activity of elicitation and may be sup-
ported by a variety of techniques, such as thinking aloud, sorting and probing. In 
particular, free word association and episodic interviews proved to be effective 
techniques for knowledge activation, as evidenced by the case study presented in 
Chap. 5. In addition to activation of knowledge, experts have to be identified, 
whose knowledge is elicited, and the knowledge articulated has to be captured, in-
terpreted and documented. Expert identification may be achieved by systemati-
cally questioning those people, who frequently need a certain type of knowledge, 
about their preferred knowledge source(s). Interpretation and documentation can 
be supported by ontology building (for details, see Chaps. 5 and 7). The case study 
presented in Chap. 5 demonstrates that the utilization of these techniques in high-
tech SMEs is possible and effective, though not free of problems. 

The KI activities discussed in Chaps. 6 to 9 and their associated tools and tech-
niques are all concerned with explicit knowledge. While the tools and techniques 
presented in Chaps. 6, 7 and 9 for knowledge codification, knowledge detection 
and knowledge transfer in networks respectively analyzed KI activities from an 
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operational or tactical level, Chap. 8, knowledge assessment, addressed KI from a 
strategic view. With respect to the medium considered, Chaps. 6 and 7 are 
strongly IT-orientated, whereas Chaps. 8 and 9 are human-orientated. 

Like knowledge elicitation, knowledge codification aims at detaching knowl-
edge from a human source and making it available to others. Unlike knowledge 
elicitation, however, it is concerned with explicit knowledge only. Rather than 
specifying the large number of codification styles and targets, distinguished in 
Chap. 4, Chap. 5 describes a specific variant of structuring - knowledge mapping,

which so far has been widely neglected in KM. It is shown that knowledge map-
ping serves two closely related, but distinct functions, structuring knowledge and 
helping to find knowledge. Maps for knowledge detections aim at the efficient use 
of knowledge from well-known domains. Maps for knowledge structuring in con-
trast help to provide a common view and vocabulary and to maintain meta-
knowledge about a certain domain. Thus, they enable the codification of mental 
models and facilitate knowledge assessment. The descriptions of the different 
types of knowledge maps – concept and mind maps, causal maps, knowledge 
source maps and knowledge flow maps – clearly give evidence of the wide appli-
cation area of knowledge mapping. Finally, taking knowledge flow maps as an ex-
ample, the applicability and usefulness of knowledge mapping for NPD processes 
in high-tech SMEs is demonstrated. Thus, it is not only shown that knowledge 
codification goes far beyond alphanumerical data coding for EDP, but also that 
SME-apt techniques are available to codify fuzzy knowledge that is difficult to ar-
ticulate. 

Knowledge detection, i.e., the intended or accidental identification of poten-
tially useful explicit knowledge, may happen in either of two ways: Whereas 
knowledge retrieval and knowledge search are employed in order to satisfy given 
knowledge needs, in the case of knowledge discovery the order is reversed: poten-
tially useful knowledge is detected before a specific need is defined (for details, 
see Chap. 4). Chap. 7 discusses means to increase the efficiency of knowledge de-
tection the World Wide Web (WWW), thus addressing one of the most challeng-
ing KM and KI fields at present. It suggests the use of semantic networks to in-
crease the precision of knowledge detection on the WWW employing search 
engines. Using ontologies as a specific variant of semantic networks, it shows that 
utilization of semantic networks may have positive effects both on the effective-
ness of queries, i.e., the number of “hits”, as well as on their efficiency, i.e., the 
fraction of hits in the set of responses supplied by the search engine. The fact that 
the respective case study was conducted in a German high-tech SME evidences 
the technique’s SME-suitability. 

Knowledge assessment attaches credibility, value, significance or meaning to 
explicit knowledge. Chap. 4 argues that this KI activity may be broken down into 
two sub-activities – identifying the credibility of its source and ascertaining its 
value for the specific company or; more specifically, for the respective problem 
solution. Chap. 8 analyses the latter problem, but – driven by the conviction that a 
specific assessment is strongly influenced by its framework – it does not consider 
assessment in itself, but rather its framework. Similar to the concept of double-
loop learning proposed by Argyris/Schön [1] it scrutinizes the validity of the men-



13 Wrapping It All Up - Past, Present and Future of Knowledge Integration      183 

tal model on the basis of which the meaning, significance and value of knowledge 
are determined. The decision-validity-tracking (DVT) method developed to this 
end in Chap. 8 thus is directed towards strategic decision-making which, in turn, 
implies human (media)-orientation. Implementation of the DVT four-step process 
– elicitation of the (mostly latent) existing mental model, scenario development, 
definition of crisp indirect measures (indicators) for each scenario, and model 
validation by regular monitoring of each scenario’s indicators – in an Israeli high-
tech SME not only brought the prevailing mental model of the company to the sur-
face, but also provided insight into the model’s rigidity and restrictions. This way, 
it helped to correct misperceptions of relations which were fundamental to the 
company’s operations, and to adapt to changes in its environment. In addition to 
putting strategic management on a realistic basis, it also indirectly contributed to 
proper knowledge assessment on an operational level. 

The term knowledge transfer has been used throughout this book to mean tran-
sit of explicit knowledge from one human source directly to (an) other human(s) 
(for details, see Chap. 4). It is therefore, by definition, human- (media-) oriented. 
While it is predominantly used for KI on an operational or tactical level, it may 
also be employed for strategic KI, depending on the transfer contents and ar-
rangements. Chap. 9 has discussed knowledge transfer in networks, a specific in-
stitutional arrangement for the integration of external knowledge, that not only 
supports mutual knowledge exchange, but also exchange of “sticky” information 
[23] and even latent and tacit knowledge. Using the WAP project of the University 
of Twente as an example, it is shown that the appropriateness of knowledge trans-
fer mechanisms strongly depends on the cognitive distance between the partners, 
also referred to as “downward slope” or “noise” in the information theoretical 
model of technology transfer [12]. Chap. 9, furthermore, provides evidence of the 
importance of “maieutics”, i.e., close interactioning between the partners involved, 
for the success of knowledge transfer, particularly if the cognitive distance is high. 

Disclosing and sharing knowledge may change power structures and threaten 
an individual’s position within them. Hence, barriers may arise in the KI process, 
and people have to be motivated by being offered incentives in order to overcome 
those barriers. A specific aspect of this problem, which is at the bottom of KI and 
crucially affects its effectiveness, is the design and implementation of incentive 
systems for provision of knowledge about customers, which was investigated in 
Chap. 10. Based on theoretical arguments and empirical research it was shown 
that intrinsic and immaterial or non-monetary material extrinsic incentives are 
crucial for stimulating knowledge provision. In addition, appreciation/awards may 
be used for remuneration of extraordinary achievements. Furthermore, the defini-
tion of KI goals was shown to be an indispensable prerequisite for the design of 
appropriate incentive mechanisms. Experiences from the implementation of an in-
centive system for knowledge provision in a German high-tech SME demonstrated 
the crucial role of top management attitude and behaviour for implementation suc-
cess. 

Fig. 13.2 summarizes the preceding analysis of the tools (and techniques) per-
spective with respect to type of knowledge (content) and dominating medium: 
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Fig. 13.2. KI tools and techniques for different knowledge types and media 

It shows that the techniques and tools presented in this book cover all dimensions 
employed, with only one exception - the identification, acquisition and utilization 
of external tacit knowledge. This void has been considered acceptable because 
there are numerous tools and techniques for knowledge nurturing and transfer of 
knowledge holders - the KI activities appropriate for tacit knowledge. Since sev-
eral of these techniques, such as head-hunting for knowledgeable team members 
and the formation of interdisciplinary project teams with different and comple-
mentary qualifications, are well-known and accepted in practice, they have only 
been touched upon in this book. 

Thus, Fig. 13.2 can be interpreted as indicating that scarcity of tools and tech-
niques does not (any longer) hamper effective KI for NPD in high-tech SMEs. 
Rather, the hypothesis may be stated that the crucial problem of KI for NPD in 
SMEs is lacking knowledge about existing tools and techniques, due to the large 
number of available KI solutions and the intransparency of the respective KI solu-
tions market. This hypothesis is corroborated by the results of the preceding 
analyses from an empirical perspective. 

The KINX portal introduced in Chap. 11 tackles this intransparency problem. It 
matches the problems SMEs have in KI with the tools and techniques available, 
and offers SMEs appropriate solutions for their KI problems. By providing infor-
mation about the adequacy of the proposed solutions for the respective SME and 
its KI problem, the KINX portal enables enquiring SMEs to make informed deci-
sions about the potential solutions. Furthermore, the KINX portal helps SMEs to 
identify and define their specific KI problem(s) and offers a platform for the ex-
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change of KI problems and solutions. Finally, it may also be used as an informa-
tion pool about KI problems of high-tech SMEs in NPD and their solutions. 

The KINX portal responds to the major problems that high-tech SMEs encoun-
ter in their KI activities, as evidenced by the empirical investigation described in 
Chap. 3 and summarized in Sect. 13.2.2: By providing information about available 
tools and techniques, it counteracts the problem of scarcity of information about 
tools and techniques for KI (“… not aware of any…”), by using the matching 
mechanism it tackles the problem of overabundance of specific techniques and 
tools (“… too many of them …”). Since it is based on the KI theory developed in 
Chap. 2 and summarized in Sect. 13.2.1, in particular on the definition and distinc-
tion of KI activities that represent the reference for both KI problems (see Chap. 
2) and KI tools and techniques (see Chap. 4), it rests on solid theoretical grounds. 

Summarizing the preceding evaluation of KI from various perspectives, it is 
concluded that KI 

a) rests on a sound theoretical basis, 
b) responds to clearly expressed and thoroughly captured needs of high-tech 

SMEs, and  
c) is equipped with a comprehensive arsenal of tools and techniques appropriate 

for NPD in high-tech SMEs. 

Nevertheless, there is ample room for further development and improvement, as 
will be shown in the next section. 

13.3 The Further Development of KI Requirements and 
Opportunities for Improvement 

The future development of knowledge integration can be approached from two 
perspectives – a conceptual and an instrumental one. Whereas the conceptual per-
spective is concerned with requirements and opportunities to improve the KI the-
ory, the instrumental perspective views the further development of KI from a tool 
perspective. 

13.3.1 Conceptual Improvements 

With respect to its object – knowledge – KI is an extremely broad concept, en-
compassing such diverse phenomena as knowledge contained in encyclopedias 
and textbooks, (partly subconscious) knowledge about cultural routines and val-
ues, professional skills and personal ethics and beliefs (see Chap. 1). The ex-
tremely broad interpretation of the term knowledge, however, implies a selection 

problem, i.e., the necessity to identify true, reliable and useful knowledge and to 
distinguish it from merely alleged, non-proven “wisdom”. This selection problem 
has gained outstanding importance, in particular against the background of the 
knowledge explosion within the past two decades. 
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As well as any other KM concept developed so far, KI cannot offer a ready-
made solution for the selection problem. Whereas it offers a framework for the as-
sessment of knowledge - the DVT method - it neither provides a concept or tech-
nique for evaluating the credibility of the knowledge source nor a method or tech-
nique for assessing the significance, reliability and value of a piece of information. 
It should be kept in mind, however, that this deficiency is not specific to KI but 
extends to many concepts dealing with knowledge. There are some suggestions for 
knowledge assessment methods both on the conceptual level, e.g., the adherence 
to scientific knowledge or the confinement to knowledge that has been scrutinized 
by applying widely acknowledge test procedures [19], and on the instrumental 
level, e.g., the application of balanced scorecards [11], the “Skandia Navigator” 
[14, 18, 22] and the “Intangible Asset Monitor” [2, 22]. None of them, however, 
meets the requirements for evaluation methods or has only found wide acceptance 
so far (see [10]). Thus, further research in this area is urgently needed. 

An important distinction for KM is the distinction between individual and or-
ganizational knowledge because the transformation of individual into organiza-
tional knowledge is at the core of knowledge management in practice. KI does not 
give this distinction the prominence it deserves but addresses it rather implicitly 
by the elicitation activity. Explicit consideration of this distinction in all KI activi-
ties, therefore, is required. 

13.3.2 Instrumental Improvements 

Instrumental improvements are required and possible, both with respect to indi-
vidual tools and techniques and with respect to the KINX portal that assembles 
them and matches them with KI problems. Focusing upon the former aspect first, 
two alternatives – improvements to available tools and techniques, in particular to 
those which have been presented in the preceding chapters of this book, and de-
velopment of new ones – can be distinguished. 

Since most of the techniques described in Chaps. 5 to 10 have only recently 
been developed, experience with their use so far is still limited. Therefore, little in-
formation is available about their effectiveness and efficiency, the conditions 
which have to be satisfied for their effective application, and the determinants of 
their impact, for example. Further research is required to support their target-
oriented application. Further research is also necessary for the techniques them-
selves, e.g., research on principles guiding the construction of semantic networks 
for knowledge detection purposes or research on scenario development and on se-
lection of appropriate indicators to evaluate them for the DVT method. 

With respect to the development of new tools, techniques and methods, two 
types of methods deserve specific attention: methods to transform the plethora of 
data, stored in public as well as private databases and (almost) universally avail-
able via the WWW, into useful knowledge, and methods to support the acquisition 
of external knowledge within a network arrangement. While the former are di-
rected towards acquisition of explicit knowledge by knowledge detection, the lat-
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ter facilitate acquisition of latent and sometimes even tacit (in addition to explicit) 
knowledge. Thus, they are complementary to each other. 

Concerning methods and techniques for converting data from databases into 
knowledge, mining techniques, in particular data and text mining techniques, may 
offer promising potentials. Data mining is a phase within KDD (Knowledge Dis-
covery in Databases), the latter being defined by Fayyad/Piatetsky-Shapiro [9] as 
“… non trivial process of identifying valid novel, potentially useful, and ulti-
mately understandable patterns in data” (p. 6). It differs from the traditional 
knowledge retrieval and search activities discussed in Chap. 7 insofar as it does 
not retrieve/search for specific knowledge (patterns) known to exist and deter-
mined beforehand, but for new knowledge (patterns) implicit to the database ex-
plored. It may be regarded as a specific variant of discovering codified knowledge 
that is characterized by its systematic approach based on quantitative techniques. 
Whereas data mining may offer considerable potentials for KM in general, its po-
tentials for the identification, acquisition and utilization of external knowledge, 
however, are much lower: Due to its preoccupation with in-house databases, it is a 
concept for the internal generation of knowledge rather than for its external acqui-
sition. 

More recently, the concept of data mining has been augmented to also cover 
knowledge contained in text documents. This extension, which has been termed 
text mining, offers much more potentialities for KI because – in addition to en-
compassing the large number of internal documents – it opens up the avenue to the 
abundance of textual information available on the WWW. First attempts to exploit 
the opportunities of the WWW by text mining techniques have been undertaken, 
in particular for technology intelligence purposes (e.g., [13, 15, 20, 21, 24, 26, 
27]). As promising as they are, these attempts still suffer from the difficulties in-
volved in translating the results of the analyses from a syntactic level (where the 
analyses are performed) to a semantic level (where knowledge resides). 

As stated on theoretical grounds in Chap. 1 and substantiated by the case study 
in Chap. 9, networking is an important mechanism for KI. KI by network ar-
rangements, however, also encounters specific problems, above all, the risk of 
unwanted knowledge drain [25]. Therefore, specific tools and techniques are 
needed for KI in networks that differ from those required for in-house knowledge 
provision and knowledge sharing in internal distributed knowledge systems [5], 
such as intranet-based knowledge platforms [4]. While there are some tools for 
explicit knowledge, in particular CSCW (Computer Supported Cooperative Work) 
systems, e.g., Brain Space [3] and eProduct Manager [6], tools and techniques that 
support the acquisition of external latent and tacit knowledge are rare. Since it is 
exactly this type of knowledge that might be acquired in networks, but not in other 
institutional arrangements for knowledge acquisition, further research is required. 

Turning to the second aspect of requirements and opportunities for instrumental 
improvements, two trends may be anticipated for the KINX portal: enhancement 
by several additional features that increase the users’ benefits and transformation 
into an adaptive system by adding a learning component: 
• The solutions offered by the KINX portal are usually on the level of techniques 

rather than on the level of tools, as distinguished in chap. 4. The utility of the 
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system for the user might be increased by further disaggregating the methods to 
the tools level wherever possible. Furthermore, links to vendors of appropriate 
software packages and programs might increase the portal’s value for the user. 
With the same objective in mind, links to consultants and experts in KM and KI 
might be provided. 

• With respect to problem identification and matching the problems identified 
with the solutions stored, the KINX portal at present is a static system: The al-
gorithms developed for abstracting problems from the users’ case descriptions 
and for matching them with the set of solutions do not respond to the users’ de-
gree of satisfaction with the solutions supplied. Since a sound theory for the 
matching process supported by rigorous empirical tests lacks at present, and the 
matching rules therefore are essentially heuristic, an adaptive system is needed. 
Such an adaptive system should be able to learn from the users’ reactions to the 
problem descriptions provided by the portal and, above all, to the solutions of-
fered. To this end, the KINX portal would have to be augmented by a feedback 
component and a mechanism that links the users’ feedback to appropriate modi-
fications of the algorithms employed. 

Realization of these further development opportunities will improve both the va-
lidity of the KINX matching process and the portal’s utility for the user. 

13.4 Outlook - The Future of KI 

When the KINX project was started, almost four years before publication of this 
book, KI in high-tech SMEs was impeded by several barriers. As evidenced by the 
empirical investigations conducted within the KINX project, two barriers stood 
out: the awareness barrier, i.e. the lacking awareness of KI and its peculiarities, 
and the methodical barrier, i.e., the low utilization rate of tools and techniques to 
support the KI process. The latter was the result of both a technology gap, i.e., a 
lack of tools and techniques tailored to the needs of high-tech SMEs, and a knowl-
edge gap, i.e., a lack of knowledge about the available tools and techniques due to 
the low transparency of the market for problem solutions. The KINX project tack-
led both of these barriers:  

• By developing the KI concept, a cohesive concept for the identification, acqui-
sition and utilization of external knowledge, it sets the stage for activities aim-
ing to raise the level of awareness of the importance of integrating external 
knowledge - an activity that is of crucial importance for high-tech SMEs oper-
ating in complex, highly dynamic environments and - far beyond - for the com-
petitiveness of nations. This book may be considered to be a first activity in this 
direction. 

• By developing several new tools and techniques for KI in high-tech SMEs and 
in particular by developing the KINX-portal, it lays the foundations for over-
coming the methodical barrier. The development of new tools and techniques 
contributes to closing the “technology gap”. The KINX portal serves to provide 



13 Wrapping It All Up - Past, Present and Future of Knowledge Integration      189 

both knowledge and transparency about the availability of KI tools and tech-
niques. In addition, it helps high-tech SMEs to identify and solve their KI prob-
lems, thereby compensating for their lacking expertise in the area of KI. 

Thus, the way is paved for the unhampered diffusion of KI among high-tech 
SMEs, in particular for NPD processes. For the time being, this path is still a cum-
bersome one to go down, because the KINX portal primarily operates on the tech-
nique level and the solutions offered mostly describe general approaches and 
methods far apart from recipes that can be put to immediate use. The concept,
however, is attractive and powerful, and well suited to smoothing the way:  

• Whenever high-tech SMEs encounter problems in their attempts to acquire ex-
ternal knowledge, they may consult the KINX portal which helps them to iden-
tify and to specify their KI problem(s) and which recommends suitable solu-
tions with descriptions of their characteristics and ratings of their suitability, as 
well as with guidelines for their implementation. Assuming that the portal has 
been further developed to an adaptive system, as outlined in the preceding sec-
tion, the solutions recommended are highly responsive to the specific problem 
situation; furthermore, they are “practice proven”, since they are based on the 
feedback of former portal users. The quality of the solutions recommended, in 
addition, is increased, due to the further development of present and new tools 
and techniques. 

• Assuming again that the opportunities for instrumental improvement have been 
exploited, the portal, upon request, also provides information on pertinent tools 
and their suppliers, experts in the respective problem areas and potentially 
available public support programs. Furthermore, it offers links to the persons 
and institutions which might be of use for implementing the recommended so-
lution(s). The selection of these links is geared to the specific situation of the 
enquirer. 

The user interface of the KINX portal employs the language of its users. There-
fore, it may be utilized by each employee coming upon a KI problem. Since KI 
problems occur in any functional area and within any type of activity, it is realistic 
to expect that KI will not become the domain of specialists but an integral part of 
each activity of a company. The portal, with the augmented functionality outlined, 
will enable each employee to find and implement appropriate solutions even if 
they are highly sophisticated. This way, KI will be an activity inextricably inter-
woven with regular business activities. It ceases to be a concept of its own and is 
re-integrated as a cross-sectional function into the regular business activities and 
processes. 

While this vision of the future position of KI may appear to be a simple ex-
trapolation of the situation observed in the empirical investigations described in 
Chap. 3 it is fundamentally different from the present situation: 

• It is based on the awareness of the critical role of KI for (NPD in) high-tech 
SMEs. 

• It fully utilizes the techniques and tools available for KI. 
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• It uses selection principles fitting to the user’s needs and possibilities. Brave 
New World? Yes, indeed - but a Brave New World that is possible and worth 
striving for. Thus, it may serve to direct future KI activities. Without doubt, the 
way to implementation is a long one. The KINX project has been a  first step in 
that direction. 
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