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Foreword VII 

Foreword 

Innovation equally requires rational problem solving and interpretive space (Lester & Piore, 

2004). It is a key challenge for innovation management to overcome this obvious dilemma, 

especially in the early stages of the innovation process. Ontologies as logical representations of 

knowledge bear the potential to enable the required balance between structure and flexibility. 

They provide a promising, yet largely unexplored approach for significantly improving corporate 

innovation processes. 

During the early stages of the innovation process, the so-called Fuzzy Front End of innovation 

management, decision-making in corporate practice is often “uncertain fumbling at minimal 

sight” (Hauschildt & Salomo, 2007), i.e. the existing idea selection processes tend to be ad hoc and 

somewhat intuitive. Due to this unsatisfying situation, in which new ideas are difficult to compare, 

inadequate risks are taken and projects are stopped too late, a generic framework for the early 

stages of innovation management is necessary. 

Ontologies, used to represent knowledge, provide powerful modeling potential. Developed by 

researchers from the field of Artificial Intelligence, ontologically based applications recently been 

widely applied in online business to business solutions. The so-called semantic web is also based 

on ontologies. 

Its high flexibility and easy adaptability recommend ontological modeling for broader use and 

application in a business context. The few existing examples in the field of HR management as 

well as in the field of knowledge management indicate the potential of corporate ontologies. 

The present work invites the reader to explore at first a roadmap to the Fuzzy  Front  End of 

innovation management which focuses in particular on the moment of idea assessment and 

selection. Subsequently, potential and power of ontologies are explained to both, technologically 

interested and lay readers. The author proceeds to develop ontologies for idea assessment and 

selection on a company-specific level as well as on an industry-typic level and elaborates a 

generically valid ontology of idea assessment and selection. The rich empirical insights are 

accompanied by a generic action-oriented methodology to develop ontologies. 

The work appeals by its broad scope of theory, multimethodological background and the 

argumentative brilliance by which literature review and empirical findings are presented. It has 

been accepted as doctoral dissertation in 2008 by the TUM Business School at the Technische 

Universitaet Muenchen. The book deserves broad dissemination both in the research community 

and in management practice. It is especially recommended to those dealing with innovation 

management and information systems from lay ontologists to expert innovation managers and 

students of business administration to researchers in information systems.  

I truly recommend this book as a valuable reading and resource. It promises new insights and 

exploration of new territory for all readers ready to think out of the box.�

Prof. Dr. Prof. h.c. Dr. h.c. Ralf Reichwald 
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Preface 

1 Point of  Departure 

Remember how you were recently looking for a document on your personal computer? How 

long it took you to remember what it was called, when it was revised, created or updated? Think 

of the last job you took over from a predecessor – how often did you discover information 

stored in a file where you look too late? How many hours did you spend understanding the way 

information was structured, catalogued and linked? And last time when your team sat together 

musing on a decision problem, when – by pure coincidence – a colleague passed by, heard the 

topic and, in some moments’ time, showed you that, some time ago, the same problem has 

already been solved – and stored in some hidden parts of your server system. Eventually – 

remember the time when there was no GOOGLE? When search engines like YAHOO and 

ALTAVISTA kind of forced you to know which category your quest belonged to (sometimes 

difficult if you just want to know what an ontology is)?  

Information is affluent and often cheap in the beginning of the 21st century. Community based 

knowledge bases like WIKIPEDIA.ORG, which allow quick and easy access to the experience of 

approximately 300,000 authors1, have become part of our daily life as have online auctioneers, 

voice over IP and distributed work via teamwork software. 

Knowledge workers all over the globe add daily to this immense knowledge base, creating an ever 

growing treasure of human learning. So why is it that treasure hunting has become so difficult? 

Because along with pearls of research, costume jewelry of subjectivity and superficiality has 

increased – both are glamorous, too, but of little value. Highly superficial commentary exists next 

to scientific research on the World Wide Web, books are in danger to be obsolete when they 

appear in print, staff members regard huge knowledge repositories as burden as they seem to be 

out of date and laborious to maintain, and researchers complain long review processes of 

scientific journals which slow down the distribution of new insights.  

The quest for wisdom has hence changed: it is no longer about discovering a treasure anymore, but 

it is about parting true from false, useful from redundant, hot off the press from stale and 

subjective from reliable.  To an individual, such filtering might imply inconvenience. To 

companies, it is a vital challenge. 

                                                 
1
  Monthly updated statistics on WIKIPEDIA.ORG are available online: http://stats.wikimedia.org/EN/TablesWikipediaZZ.htm (2007/07/27). 



2 Point of Departure 

During past years, the competitive situation of manufacturing companies has tightened. 

Globalization has taken its toll by increasing complexity, e.g. by higher diversity of customer 

requirements and simultaneous price pressure from competitors in low-wage countries. Besides, a 

continuing increase of velocity can be stated by examples like shortened product lifecycles and a 

growing number of new products per annum. These innovations hold considerable risk: A few 

successful ideas are able to secure competitiveness of the company. On the other hand, flop rates 

rise. 

In such an environment, a company has three options: shift of the value chain towards low-wage 

countries, rationalization and innovation (Bullinger & Engel, 2006). A large part of the companies 

which continue their activity in high-wage Germany has already rationalized and optimized their 

manufacturing. Automatization, lean engineering and mass customization are only three 

approaches which helped companies to remain competitive.  

In the future, the influence of innovations on competitive advantage will become ever more 

important. Already at the beginning of the 20th century, Schumpeter identified innovation as 

expression of entrepreneurial spirit, the reason for economic growth and business activity 

(Schumpeter, 1989; Schumpeter, 2003). A number of current studies show its enormous 

importance: successful companies derive up to 80% of their turnover of products younger than 

five years (Brandenburg, 2002; Kleinschmidt, Geschka & Cooper, 1996).  

Business practice and research share the conviction that a large number of ideas are necessary to 

create one successful innovation. To focus resources on the most promising idea, early assessment 

and selection of submitted ideas is necessary – a high-risk, strategic decision. Often, this 

assessment has to be taken in a situation of high uncertainty  and on account of incomplete 

information. A mistake during this early stage leads to high investment of resources in the wrong 

ideas.  

Furthermore, 80% of costs are determined by decisions taken during the early stages, i.e. the first 

20% of the innovation process  (Ehrlenspiel, 2007; Seidenschwarz, 1997). Given certain 

differences between the industries, a tendency is obvious: The early stages of the innovation 

process, particularly the assessment and selection of ideas, are of decisive importance. 

A company can follow two trajectories for improvement of the aforementioned situation: efficiency 

and effectiveness. In the past, efforts concentrated on improvement of efficiency of the innovation 

process  (Dreher et al., 2006). Companies used diverse methods to make the (later stages of) 

development process and manufacturing  more efficient. A majority of these methods stemmed 

from the field of Engineering2. Researchers on Innovation Management contributed different process 

models, among these the seminal stage-gate approach by Cooper (2001).  

                                                 
2
  Capital letters indicate the academic discipline, lower case letters refer to the functional division. 
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Given this progress, the companies still hold enormous potential to innovate more effectively. 

Especially technologically-driven product novelties offer possibilities not yet reaped. 

Consequently, focus has been turning towards the trajectory of effectiveness. Innovation 

management changes from doing things right to doing the right things, from efficient delivery of 

projects to specific resource allocation according to strategic leverage effect. To create maximum 

effect, efforts should concentrate on the early stages  of the innovation process. An increase of 

effectiveness at this stage allows better allocation of resources and reduction of risk (Cooper, 

2001). It consequently holds the potential to significantly reduce costs and add value.  

Research and practice unanimously acclaim the importance of innovations and the decisive 

influence of the early stages. Particularly effectiveness  of idea assessment and selection  does not 

yet fulfill its potential.  

On the one hand, only a small proportion of academically developed methods is ready for use by 

business practitioners. On the other hand, available action-oriented methods are not often 

enough deployed in management practice. In many companies, idea assessment and selection  

tend to be ad hoc and intuitive, rely on subjective preferences and individual experience (Cooper, 2006a; 

Ernst, 2002; Herstatt, Verworn & Nagahira, 2004; Montoya-Weiss & O'Driscoll, 2000; Tidd, 

Bessant & Pavitt, 2005). Systematic, transparent and comprehensible decision-making is rare. 

Besides this methodological aspect, communication  problems are frequent. Frequently, during the 

early stages  of the innovation process, different departments or companies collaborate on future 

products. These crossfunctional teams apparently use one language. However, due to their specific 

background and knowledge an engineer discussing with a marketing person might easily be 

misunderstood. Thus, different languages and potential for misunderstandings are inherent to the 

early stages of the innovation process; often, they are not sufficiently taken into account. 

Problems are aggravated if teams are transnational and necessary information is tacit, i.e. sticky and 

difficult to share. 

To summarize, little development and application of action-oriented methods as well as problems 

in communication – both hindering increase of effectiveness – can be identified as the main 

problems during the early stages of idea assessment and selection. 
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2 Research Objectives and Structure 

The insights described in the previous chapter lead to the focal research objective of this thesis: 

�
Increase effectiveness  of management of idea assessment and selection  during the early 

stages  of technology-based incremental product innovation by elaboration of an ontology. 

An ontology is a structured way of representing knowledge. It models a particular domain with its 

objects and their relations. Ontologies stem from the community of Artificial Intelligence 

(Genesereth & Nilsson, 1988; Gruber, 1993; Guarino & Giaretta, 1995). They were mainly 

intended to formally define knowledge in order to enable machine-readability.  

Besides computational deployment, ontologies hold potential for communication  between 

humans and machines as well as between humans (Uschold & Grueninger, 1996). This thesis will 

hence empirically develop an ontology which defines a shared language for idea assessment and 

selection  during the early stages  of the innovation process. The resulting ontology provides a 

human-accessible visualization as well as a process representation understandable to humans and 

machines. Consequently, it can support communication and interaction on the domain of idea 

assessment and selection, thus increasing effectiveness. On the trajectory to attain the focal 

research objective, I will focus on the following three subordinate objectives:  

�

Development of a structured approach to the early stages  of the innovation process, 

in particular idea assessment and selection.  

Elaboration of an action-oriented method for ontology development and evaluation. 

Provision of empirical insight into idea assessment during the early stages  of the 

innovation process  in small and medium sized enterprises. 

Below, figure 1 summarizes the derivation of the research objective: 

 
figure 1  Challenges, deficits and research objective 
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3 Outline of  Thesis 

Philosophy of science distinguishes between three contexts of a research project: discovery, justification, 

and application (Ulrich & Hill, 1976). The focal objective is characterized by  

• its foundation in the business reality (discovery), i.e. the importance of the early stages  of the 

innovation process  and consequent need for management support to improve effectiveness  

• development of an action-oriented method (justification) by elaboration of an ontology in order 

to increase effectiveness  of idea assessment and selection  

• its application to a complex, interdisciplinary problem (application), i.e. the early stages  of 

innovation management. 

Below, figure 2 illustrates from left to right the outline of this thesis, the applied types of research, the 

character of the parts and the above explained research context. 

 

figure 2  Frame of reference of this thesis 

Part I describes the status quo of knowledge on the early stages  of innovation management. It 

starts by prodividing definitions of relevant terms in the field of innovation management. On this 

basis, existing contributions for the early stages of the innovation process  are assessed. Concepts 

are presented along a multistage process model. The first stage is idea generation and collection, 

Ideation. With the Concept Gate, a first assessment of ideas is introduced. After this gentle filtering, 

successful ideas enter Concept Development. Results of Concept Development are subject to a more 

thorough assessment at the Innovation Gate.  



6 Outline of Thesis 

Critical assessment of existing as well as missing knowledge on the early stages of the innovation 

refines the focal research objective. 

The next two parts present insights on ontologies as well as a generic procedure for development 

and evaluation of an ontology. Part II establishes a common ground of knowledge on ontologies, 

the method to be used to support management and increase effectiveness  of idea assessment. 

Principles, different kinds of ontologies as well as existing examples from diverse areas are 

introduced and illustrated. Part III introduces the multimethodological background necessary for 

ontology development. It starts with an overview of action-oriented existing methods elaborated by 

the community of Artificial Intelligence. Secondly, universal Design Science is presented as theoretical 

basis for ontology engineering. Subsequently, I describe my empirical approach to develop and 

evaluate an ontology for idea assessment; it is based on both theoretical foundations. 

Part IV introduces research outcomes of my empirical work. The different results of ontology 

development and evaluation are presented following the stages of the empirical approach. 

Feasibility and potential of ontology development in the field is shown by illustrative case examples. 

Part V gives an assessment of results from an academic and a managerial perspective. The 

academic conclusion presents contributions of the research project to the multiple knowledge 

bases. The last chapter concludes this thesis by a synopsis of open research questions and an 

assessment of implications for business.  

The following figure graphically represents the components of this thesis. Its form mirrors the 

final result of the research project, the ontology OntoGate. The graphical outline will be shown at 

the beginning of every part in order to provide the reader with orientation. 

 

figure 3  Outline of thesis; current part (Preface) highlighted 

ABSCHNITTSWECHSEL NÄCHSTE sEITE 
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Part I Roadmap for the Fuzzy Front End 

Today, innovation is in everbody’s mouth, 
but not in everybody’s head. 

(Quadbeck-Seeger, 1998) 

The term innovation is heard and read in a multitude of contexts these days, ranging from health 

science to micro-optics. It stems from Latin, where novus stands for ‘new’ and the according verb 

innovare means ‘renew’3. Thus, an innovation is something which contains a novel dimension 

(cf. 1.1). 

Unfortunately for those in favor of unambiguous definitions, common agreement on terms ends 

here: Innovation is one of the most widely researched phenomena in the social sciences. Already 

back in 1995, Rogers reported over 3,000 papers dealing with innovation and Wolfe stated a 

number of 2,000 on organizational innovation (Rogers, 2003; Wolfe, 1994).  

The indicated amount of studies show that clarification of term and meaning is necessary: The 

number of delimitations of what an innovation is nearly equals the multitude of researchers and 

practitioners working on the topic. Minimum accordance has been reached that newness implies 

a certain degree of novelty in an innovation; in a business context, this is inseparable from risk. 

Academia and practice have come over time to believe that innovative, i.e. renewing activities lie at 

the heart of sustainable and profitable growth of enterprises, one of the challenges to 

management (cf. chapter 1). 

Innovation management, commonly considered as the process of planning, organizing and 

controlling of innovative activities from idea to market launch, differs from routine business. 

Due to the inherent novelty, it continuously faces unplanned, unexpected, surprising, singular or 

at least rare situations. Similar to innovation, countless contributions on innovation management 

have been published, mainly since the 1970s. Each focuses on a different one of the multitude of 

conceivable aspects of this broad topic. The contributions divide the innovative process in a 

front end and a back end. The front end of innovation is characterized by unstructured processes 

and chaos. The back end – starting with development – is shaped by efficient and effective 

structures and methods (cf. section 1.3).  

Chapter 1 breaks down the front end into the four stages Ideation, Concept Gate, Concept 

Development and Innovation Gate which have received different attention by academia: 

                                                 
3
  Rumor has never ceased that there exists the Latin word innovatio. To cut a long etymological story short: this is wrong. The verb ‘to innovate’ 

stems from innovatus, the past participle of innovare, built from in- and novus (new). The English noun ‘innovation’ is derived from the English 
verb ‘to innovate’. 
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• The very beginning of the front end, the process of idea collection and generation (linguistically 

merged to Ideation (Reichwald & Piller, 2006), has received considerable attention during the 

last decade, when the concepts of customer integration and open innovation entered the 

catwalk of managerial fads. Openness, crossfunctionality, multidisciplinarity and intercompany 

relations have since been considered success factors of innovation – partly disregarding the 

difficulties which arise from differences in education, language and perception of the partners 

(cf. section 2.2). 

• Publications by the engineering and manufacturing  field have broadly and deeply described 

the stage of Concept Development which spans the period until presentation of a viable prototype. 

Consequently, attention of management research devoted to this stage is merely limited to the 

fields of operation research and production planning and control. Innovation management 

deals with these topics only as far as the procedural perspective requires attention of the phase 

(cf. section 2.4). 

• Across the different strands of management research, too little consideration has been 

dedicated to idea assessment, i.e. the Concept and Innovation Gate; the moment when promising 

innovative concepts are separated from less potent ones (cf. section 2.3 and 2.5). With 

assessment, different perspectives grow in importance as they lead to gravely distinct 

evaluations. Misunderstandings among the Jury of Ideas or the innovation team and the jury 

can result in wrong allocation of resources, lastly endangering the entire company. Estimations 

based on purely qualitative data, reliance on common sense and years of experience might be 

risky and insufficient ingredients to decision-making. Still, they are widely used. To improve 

this situation, it is necessary to research on and provide practice with methodologies adapted 

to the needs of these stages.  

The following part I of this thesis justifies the assumptions listed above. It provides an overview 

on the state of research and existing literature on the Fuzzy Front End of the innovation process.  

 

figure 4  Outline of thesis; current part (Roadmap for the Fuzzy Front End) highlighted 
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The first chapter is dedicated to a synopsis on the topic of innovation (cf. chapter 1). It delimits the 

related terms of invention and imitation, present the commonly distinguished different kinds of 

innovation (product, organizational and process), and describe the characteristics of incremental 

and radical innovation. The first part concludes with considerations on a holistic innovation 

management. On the delimitation of innovation management from R&D as well as from 

technology management follows the proposition of a procedural approach. 

Focus of this part lies on chapter 1 which proposes a structured approach to the Fuzzy Front 

End, i.e. a roadmap to the FFE. Its four phases are presented, uniformly described by a trisected 

structure of participants, methods, and outputs. 

The last chapter of this part summarizes insights by highlighting existing and missing knowledge on 

the Fuzzy Front End. I derive research challenges this part has posed (cf. chapter 3). 

�

At the end of this part, a common ground of knowledge has been established on the 

early stages of the innovation process  and their management. Definitions of the 

relevant terms have been provided. The reader has been introduced a detailed 

structure for the early stages which covers information on participants, methods and 

results of the stages. 

Abschnittswechsel nächste Seite
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1 Innovation  

The following chapter is dedicated to a review of the prevailing literature on innovation in the 

field of economic activity within companies. It pursues the establishment of a shared 

understanding of the terms related to innovation as well as its characteristics, types and degrees. 

The chapter is completed by considerations on holistic innovation management. 

To organize literature and the current state of research, it is necessary to establish a perspective 

and to identify the central questions to guide through the mass of academic contributions. 

Empirical and theoretical findings have been researched in order to answer the following focal 

questions: 

• What is and what is not an innovation (section 1.1)? The section delimits innovation from the 

adjoining concepts of imitation and invention. 

• What types of innovation exist and how can they be distinguished (section 1.2)? Two 

categorizations of innovations are described: The triad of product, organizational and process 

innovation as well as the diverse possibilities between incremental and radical innovation. 

• What does the term innovation management encompass (section 1.3)? The concept of holistic 

innovation management is introduced, the functional area is delimited from the management 

of technology and R&D, and finally, the section addresses the issue of a procedural approach 

to innovation management. 

• Which concepts of innovation and innovation management stand in the focus of this research 

(section 1.4)? The research focus of this thesis on technology-driven incremental product innovation is 

explained. 

�

At the end of this chapter, a common ground of knowledge has been established on 

the relevant concepts in the field of innovation and innovation management. 

Definitions and delimitations have led to the introduction of the focal type of 

innovation. 



Idea, Concept and Innovation 11 

Innovative ConceptInnovative Idea Innovation

1.1 Idea, Concept and Innovation 

Novelty is very much in the eye – and the ‘I’ –  
of the beholder. (Tidd, Bessant & Pavitt, 2005) 

The very meaning of the term innovation is problematical because it is often interchangeably used 

with terms such as creativity, invention and idea. It is often deployed with such imprecision that 

it could mean almost anything, given some character of novelty. This necessitates an early 

definition of the ‘I’-word for the thesis at hand. I will use three terms to allow for exact use of the 

terms. Starting with the earliest, these are: innovative idea, innovative concept and innovation 

(cf. figure 5).  

 

figure 5  Innovative idea, concept and innovation 

In this thesis, I will rarely speak of innovation, but rather of innovative ideas and concepts. This is due 

to my interest in the early phases of the innovation process, when exploitation is still a hopeful 

guess and the degree of qualitative difference cannot yet be fully assessed.  

An innovative idea marks the starting point of any innovative activity. An idea in this context is 

defined as the (not forcibly) conscious decision to deal with an object not yet known, the 

existence of some sort of interest or curiousness towards a topic, or the hope that in a certain, 

not finally defined area, innovations are still possible (Hauschildt & Salomo, 2007). 

�
An innovative idea is the more or less vague perception of a combination of purpose and 

means, qualitatively different from existing forms. It might become a novel solution to a 

problem. 

Potentially, ideas can stem from any field of interest which is somehow related to the company or 

might be so in the future. As they are only very rough sketches which need to be meticulously 

filtered, it is advisable to collect a vast number of ideas (Cooper, 2001; Wheelwright & Clark, 

1992); consequently, probability can be improved that a diamond can be discovered among 

pebbles. 

After the first filtering process (cf. section 2.3) which is applied to the multitude of upcoming 

ideas, only those ideas are pursued which have been judged worthy to be further developed. A 

concept, in terms of this thesis, is thus an idea which has overcome the first assessment and is 

further developed during Concept Development (cf. 2.4). Concept Development takes the vague 

idea to a tangible, maybe even viable pre-version of the future product, service or process, 

including some considerations on market and technology. 

�
An innovative concept is the first predevelopment version of a combination of purpose and 

means which is qualitatively different from existing forms. It might become a novel 

solution to a problem and has been elaborated from an innovative idea.  
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By evaluation of technical and economic properties of the concepts, these are filtered again 

(cf. 2.4.3) to determine which concepts, i.e. innovations4, will enter the development stage.  

�
An innovation is an exploitable combination of purpose and means which is perceived as 

qualitatively different from existing forms. It is a novel solution to a problem and has been 

elaborated from an innovative concept. 

According to literature, the subsequent stages (the back end of the innovation process) 

encompass market tests, market introduction and diffusion (Herstatt & Verworn, 2003a; Herstatt, 

Verworn & Nagahira, 2004). Note that the activities of the back end are excluded from this 

thesis. 

As if the confusion about the term innovation and its characteristics were not sufficient, there are 

two adjacent terms which tend to be terminologically confounded with innovation: invention and 

imitation. The following sections delimitates invention and imitation from innovation. 

1.1.1 Invention 

[…] the soul of the innovation process –  
breakthrough discoveries and inventions.  

(James, 2003) 

In contrast to managers, engineers are mainly interested in the technical knowledge and less in 

the market-related use of this knowledge (Macharzina & Wolf, 2005). This difference in 

perception has found its terminological equivalence in the distinction between innovation and 

invention. 

Generally speaking, an invention is the first technical solution to a problem (i.e. product or 

process) that results from research and development (Brockhoff, 1999; Horsch, 2003; Pleschak & 

Sabisch, 1996; Specht, Beckmann & Amelingmeyer, 2002; Utterback & Acee, 2005; Vahs & 

Burmester, 2005). It defines a specific alternative with characteristics and exact properties which 

may be eligible for publication and patent registration (Gassmann & Bader, 2007; Hauschildt & 

Salomo, 2007). 

Common linguistic usage frequently confounds innovation with technical invention. But is each 

innovation also an invention? And is each invention also an innovation? A first guideline is 

offered by the German Patent Law5. It describes the characteristics of an invention by a radical 

progress from the technological state of the art:  

“§ 4 PatG: Eine Erfindung gilt als auf einer erfinderischen Tätigkeit beruhend, wenn sie sich 

für den Fachmann nicht in naheliegender Weise aus dem Stand der Technik ergibt.” 

                                                 
4
  Definitions of the term innovation can be found e.g. in (Barnett, 1953; Brockhoff, 1999; Damanpour, 1991; Dewar & Dutton, 1986; Goldhar, 

1980; Hauschildt & Salomo, 2007; Herstatt & Verworn, 2003b; von Hippel, 1995; Macharzina & Wolf, 2005; Moore & Tushman, 1980; Piller, 
2004; Reichwald & Piller, 2006; Roberts, 1987a; Rogers, 2003; Schmookler, 1976; Seibert, 1998; Tushman & Moore, 1988; Utterback, 2006; 
Vahs & Burmester, 2005; and van de Ven, 1986). A particularly interesting contribution to the topic is the publication of Adams, Tranfield 
and Denyer (2006): To unify efforts of classification, they worked out configurations of attributes as a basis. 

5
  The German Patent Law is available online at: http://www.patentgesetz.de/ (2007/07/05). 
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The European Patent Convention (EPC6) states accordingly:  

“Art. 52 (1) EPC: European patents shall be granted for any inventions which are susceptible 

of industrial application which are new and which involve an inventive step. 

Art. 54 (1) EPC: An invention shall be considered to be new if it does not form part of the 

state of the art. 

Art. 56 EPC: An invention shall be considered as involving an inventive step if, having 

regard to the state of the art, it is not obvious to a person skilled in the art.” 

Although patent offices refer to possible economic effects of an invention, an invention implies 

not necessarily an economic usability. This aspect marks the borderline between invention and 

innovation (Horsch, 2003).  

�
The term innovation is used only if the technical invention can be successfully 

(i.e. commercially) used internally or in the market. 

Vice versa, not every innovation meets the strict guidelines of the patent office for an invention. 

This applies to a multiplicity of innovations in the information and communication sector, many 

of which (in Europe) cannot be patented (Reichwald & Piller, 2006). 

1.1.2 Imitation 

A company will rarely be able to stay ahead of technological development all the time. To a 

certain extent, offered innovations are consequently follow-up developments7 of solutions which 

already exist in other companies (Pleschak & Sabisch, 1996). 

In the case of imitations, the degree of enclosed novelty (cf. 1.2.2) is only subjectively high to the 

company8. The market (i.e. the customers and the competitors) already knows the technology or 

service (Cooper, 2001; Hauschildt & Salomo, 2007).  

In targeting an existing market with an existing technology, imitations are close to incremental 

innovations (cf. 1.2.2.1).The two concepts can be distinguished by their respective provenience: 

While incremental innovation continuously improves products and technologies belonging to the 

company, imitation transfers external products or technologies into internal achievements. 

Up to now, there is a tendency to regard imitations as implicitly inferior to ‘real innovations’. 

Schewe (1992, 1999, 2005) has shown that far less costly and risky imitations can be of equal 

importance to a firm as innovations. As fast follower9, a company can learn from the mistakes of 

the technological leaders and come with significantly less effort to products of high quality. 

                                                 
6
  The European Patent Convention is available online at: http://www.european-patent-office.org/legal/epc/e/contents.html (2007/04/25). 

7
  Imitation of product innovation is rather easy, as it often requires little more than painstaking reverse engineering. Thus, protection by legal 

constraints like patents or brands is important for a company to avoid undesirable copies (Pini & Santangelo, 2005). 
8
  Note that there exist differing perspectives: e.g. Rogers (2003) classifies as innovative anything which is new to the company. 

9
  A fast follower has to be differently organized than a leader: The internal R&D has to be highly flexible to react speedily to market changes (i.e. 

newly introduced products). Internal (fundamental) research activities are of subordinate importance (while crucial to a leader) (Schewe, 1992 
&  2005).  
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1.2 Types of Innovation  

 [T]he most important capability of […] any advanced economy [is] its ability  
to generate a stream of new products, to improve upon old ones, 

and to produce existing products in an increasingly efficient way […]. 
(Lester & Piore, 2004) 

Basically, an innovation is an investment into future profits (Pleschak & Sabisch, 1996) that will 

secure survival of the company in the market by maintaining or extending its market share. 

Linked to this meta objective, there are countless operational targets a firm might pursue by 

innovating, e.g. the improvement of quality, decrease of costs, increase in speed and flexibility, 

extension of know-how as well as social and societal goals (Pleschak & Sabisch, 1996).  

The types of innovations are equally manifold as the objectives they pursue. Since 1934, when 

Schumpeter introduced the distinction between different types of innovation (Schumpeter, 2003), 

various research studies have addressed the topic with diverse foci. However, at the moment of 

writing, no commonly accepted classification scheme has emerged. Agreement is limited to the 

suggestion of a portfolio of innovation projects which covers the spectrum from incremental 

improvements to more radical options across both objects, product and process (Bourgeois III & 

Eisenhardt, 1988; de Brentani, 2001; Cooper, Edgett & Kleinschmidt, 2004a; Eisenhardt & 

Brown, 1997; Tidd, Bessant & Pavitt, 2005; Tranfield et al., 2003).  

The section at hand uses this simplified portfolio view and does not aim to establish a holistic 

classification scheme. It shows what relevant literature and experience have found and builds a 

common system of nomenclature for this thesis.  

The following subsection 1.2.1 therefore presents the possible subjects of innovative activity: 

product, organization and process. The degree of innovativeness is introduced in paragraph 1.2.2 

by means of showing the characteristics of the extreme positions: incremental and radical 

innovation.  
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1.2.1 The POP of Innovation  

Innovative firms are not just those with new products  
but also those that can modify their formal development process 

to accelerate change. (Ettlie & Elsenbach, 2007)  

There exist three possible results of the innovation process. Basing on the ‘4Ps’ of innovation 

identified by (Bessant, 2003; Tidd, Bessant & Pavitt, 2005) and the different classifications 

presented by several authors10, a trisection11 was chosen: novel products (or services), 

organizations or processes can be subject and result of innovative activities. The following 

sections present these. 

�
Focus of this research process is on product innovation, as this is the prevailing type of 

innovation within the participating companies. If differences between types require diverse 

managerial activities, organization and process innovations will be referred to. 

1.2.1.1 Product 

Product innovations are traditionally at the core of the innovation strategy of a manufacturing 

company and they are also most commonly identified type in literature. They encompass the 

creation of radically new products (characterized by new functions, new functional principles, less 

functions, and additional functions) as well as the incremental change and/ or improvement of 

existing products12 (Disselkamp, 2005; Ettlie, Bridges & O'Keefe, 1984; Pleschak & Sabisch, 

1996; Tidd, Bessant & Pavitt, 2005; Reichwald & Piller, 2006).  

Product innovation is typically based on a specific use of knowledge in the field of natural or 

engineering sciences which up to that moment, has been unknown (aspect of novelty) to the 

company (Alegre, Chiva & Lapiedra, 2005; Brockhoff, 2005; Brockhoff, 2004; Gerpott, 2005b; 

Gausemeier, Ebbesmeyer & Kallmeyer, 2001). 

                                                 
10

  Authors who provide classifications to the subjects of innovation include (Abernathy & Utterback, 1978; Christensen, 1997; Gerpott, 2005a; 
Geschka, 1989; Pleschak & Sabisch, 1996; Reichwald & Piller, 2006; Tushman & O'Reilly, 2002; Utterback, 2006; Vahs & Burmester, 2005). 

11
  Tidd, Bessant & Pavitt (2005) and accordingly their fellow researchers of AIM, include a fourth type of innovation, the market innovation, 

similarly indicated by Baden-Fuller & Stopford (1996). This could “potentially combine product/service and process innovations, resulting in 
a complete redefinition of the industry space within which an organization competes” (Munshi et al., 2005). An example of such market 
innovations is that of SWATCH, the Swiss watch company which redefined the low-end market segment of the global watch industry and 
rejuvenated the entire Swiss watch industry. The market innovation is, in the eye of the author, no type of innovation of its own, but a 
combination of the three others. Consequently, this footnote is judged sufficient to do justice to this type of innovation. 

12
  Corsten added to this list the amount of products available at the market and the moment of market introduction of the innovation (Corsten, 1989a). 

Both aspects have not found their way into later definitions and are therefore just referenced to. 
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A product innovation has to prove viable against the pursued objective of market effectiveness  

(Reichwald & Piller, 2006): By introduction of product innovations, the company pursues the 

creation of a competitive advantage13, maintenance or extension of the competitive position, and 

survival of the company (Vahs & Burmester, 2005). Thereby, a successful product innovation 

provides users with a first possibility to fulfill new purposes or existing purposes in a completely 

new way (aspect of use) (Alegre, Chiva & Lapiedra, 2005; Brockhoff, 2004; Hauschildt & Salomo, 

2007; Pleschak & Sabisch, 1996).  

Lifecycle considerations show that product innovations occur mostly when the industry is still 

immature (Pini & Santangelo, 2005; Utterback, 2006).  

According to a survey by Betts (1985), the ten most important product innovations are: 

wheel, bow and arrow, telegraph, electrical light, plough, steam engine, serum, telephone, paper, and water closet 

Until recently, service innovation was regarded as contradictio in termines because new development of 

services seemed by nature ad hoc. In recent years, this has entirely changed. At the time of 

writing, not only a big share of R&D efforts is devoted to new service development, NSD has 

also become interesting to researchers in its own right (cf. de Brentani, 2001; Dolfsma, 2004; 

Gleich & Handermann, 2006; Hipp, Tether & Miles, 2000; Miles, 2000; van Riel, Lemmink & 

Ouwersloot, 2004; Schneider, 1999; Tether, 2005; Zanner, 2002; Vang & Zellner, 2005). 

In research and practice, the division between product and service innovations is getting 

increasingly difficult. Hybrid products (e.g. product service bundles) and innovations of this kind 

can no longer be unambiguously categorized (Alegre, Chiva & Lapiedra, 2005; Allmendinger & 

Lombreglia, 2005; Gleich & Handermann, 2006; Hauschildt & Salomo, 2007).  

Consequently, this thesis will not differentiate between product and service, but unify both 

categories in the term product14. It is a relatively new achievement in the context of innovation 

management that such an approach is legitimate.  

                                                 
13

  By a simulation of project selection decision-making, Fox & Baker (1985) were even able to indicate a relationship between market share 
increasing and production cost decreasing projects and product innovations. 

14
  Note that the empirical interest lies with technological, i.e. mostly product innovations. Consequently, the term product will – in a majority of 

cases – be literally used, including the empirically less important part of service innovation. 
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1.2.1.2 Organization 

One of the core capabilities of an organization is the ability to manage necessary adaptation, 

change and innovation according to its environment. This organizational competence grows in 

importance over time as it secures survival in the competitive market (Dooley & O'Sullivan, 

2001). It comes to life by a continuous flow of organizational15 innovations on firm level (Munshi 

et al., 2005). These organizational innovations might occur to a number of structures inherent to 

the company, e.g. 

• the mental models framing the organization (Tidd, Bessant & Pavitt, 2005),  

• leadership and management16 (Gerpott, 2005b), 

• workflow and organizational structure (Linder, Jarvenpaa & Davenport, 2003; Pleschak & 

Sabisch, 1996) 

• social values, corporate culture and the leadership mission (Jaworski & Zurlino, 2007; 

Pleschak & Sabisch, 1996) 

Organizational innovations are often related to product or process innovations, but might be 

separately put through, too. Basic organizational innovations induce a radical change of the entire 

company, necessary to avoid long term failure as consequence of organizational inertia 

(Dougherty & Hardy, 1996; Pleschak & Sabisch, 1996; Tushman & O'Reilly, 2002; Vanhaverbeke 

& Peeters, 2005). 

Examples:  new workflow, part-time jobs, diversity management, retirement plan, management by objectives 

1.2.1.3 Process  

Process innovations are new factor combinations which change the internal ways in which 

products are created and delivered (Alegre, Chiva & Lapiedra, 2005; Ettlie, Bridges & O'Keefe, 

1984; Reichwald & Piller, 2006; Tidd, Bessant & Pavitt, 2005). They do not produce products or 

render services, but indirectly influence their production (Walker, 2004). Like product 

innovations, process innovations emerge in many forms from incremental change to radical shifts 

of routines (Bessant, 2003).  

                                                 
15

  Some authors prefer the term ‘social’ innovation to ‘organizational’ as it targets the humans in the company (Corsten, 1989a; Tidd, Bessant & 
Pavitt, 2005; Zanner, 2002). As social change is hard to imagine without resulting or antecedent organizational change, whilst some 
organizational change does change routines, but not alter social conditions within a company (e.g. the introduction of Total Quality 
Management) the broader term has been chosen here. van de Ven (1986) speaks of ‘administrative’ innovation. 

16
  Organization innovations tend to be subject to managment fads: The past two decades brought about a number of different approaches, e.g. 

Business Process Reeingineering, World Class Manufacturing or Total Quality Management (Dooley & O'Sullivan, 2000 & 2001). 
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Process innovations are mainly about optimization and getting the bugs out of the system, i.e. 

represent incremental improvements in key performance parameters17 (e.g. cost reduction, quality 

enhancement and time reduction) (Bessant, 2003; Tidd, Bessant & Pavitt, 2005). It is suggested 

that the resulting cumulative gains in efficiency  are often much greater over time than those 

which come from occasional radical changes (Hauschildt & Salomo, 2007; Hollander, 2003; Tidd, 

Bessant & Pavitt, 2005).  

Lifecycle considerations have shown that process innovations occur mostly when the industry is 

mature (Pini & Santangelo, 2005; Pleschak & Sabisch, 1996; Utterback, 2006) and tend to follow 

product innovations (Macher & Mowery, 2003).  

Examples:  rapid prototyping, use of alternative auxiliary materials, new sales concept, introduction of intranet 

1.2.2 Degree of Novelty Involved  

The distinction between radical and incremental innovations 
is easier to intuit than to define or measure. (Dewar & Dutton, 1986) 

The essential characteristic of all innovative projects is novelty, or the extent to which change is 

perceived (cf. 1.1). The degree of novelty can be a first, coarse indicator of the degree of 

innovativeness (Hauschildt, 2005; Hauschildt & Salomo, 2007). The result of this classification is 

by nature qualitative and hence lacks comparability.  

 

figure 6  Dimensions of novelty (based on Hauschildt, 2005; Hauschildt & Salomo, 2007) 

                                                 
17

  Fox & Baker (1985) found a relation between capacity increasing projects and internally focused process innovation.  
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Hence Schlaak (1999) suggests taking decisions on the degree of innovativeness by a 

multidimensional approach. This has been generally agreed on by later contributions (Billing, 

2003; Hauschildt & Schlaak, 2001; Hauschildt & Salomo, 2004; Herstatt, Verworn & Nagahira, 

2004; Subramanian & Nilakanta, 1996; Vahs & Burmester, 2005).  

To the dimensions of novelty and uncertainty18 of market and technology, aspects of internal and 

external resource fit have since been added (Hauschildt & Salomo, 2004). Nevertheless, novelty 

and innovativeness remain a question of individual perception and may consequently vary 

dependent on the interviewee’s perspective (Hauschildt & Salomo, 2004).  

 

figure 7  Degree of novelty as determined by market and technology 

Concerning the different degrees of innovativeness, the thesis follows the empirical results of 

Schlaak’s study. As figure 7 shows, the following subsections present only beginning and end of 

the spectrum of novelty: incremental and radical innovation19.  

                                                 
18

  Uncertainty is defined as “the difference between the amount of information required to perform a particular task, and the amount of 
information already possessed by the organization” (Galbraith, 1973). For example, if market and technological novelty are high, identifying 
customer needs and translating them into specifications are more challenging. These activities will require other capabilities than would be 
needed if the novelty to the firm is low (Hauschildt, 1998a; Herstatt, Verworn & Nagahira, 2004; Song & Montoya-Weiss, 1998; Reichwald & 
Piller, 2006; Utterback & Acee, 2005; Veryzer, 1998). Bond and Houston researched the barriers to matching new technologies and market 
needs under uncertainty, establishing a framework for observation and understanding of technology, market, strategy and social barriers 
(Bond & Houston, 2003). 

19
  In their seminal paper on architectural innovation, Henderson & Clark (1990) distinguish between the components of an innovation and the ways 

they are integrated into the product architecture. To them, architectural innovations are the most powerful. They destroy the tested, up to 
then successful architectural knowledge of the incumbents. Changing architecture is difficult: it implies alteration of processes and structures. 
Consequently, new entrants with even subtle architectural innovations can provide severe difficulties to the incumbents. Disregarding the 
explanatory force and interesting insights of Henderson and Clark, for this thesis, architectural innovation is regarded as a (not necessarily, 
but probably radical) combination of process innovations and is not treated in more detail. 
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�

Focus of this research process is on incremental innovation. Participating companies estimate 

this type to be the most important component of their innovative activities. Subsequently, 

radical innovation will only be referred to if differences between types require diverse 

managerial activities20. 

1.2.2.1 Incremental Innovation  

Incremental (also: steady state, continuous or adaptive) innovation is evolutionary change which 

results from refining prevailing knowledge, reinforcing market structures and competitive 

positions, and strengthening existing barriers to entry (Carlisle & McMillan, 2006; Ettlie & 

Subramaniam, 2004; Gatignon et al., 2002; Kaufmann, 2004; Pleschak & Sabisch, 1996; Tidd, 

Bessant & Pavitt, 2005). It is an innovative activity based on exploitation of existing products and 

processes, i.e. ‘doing what we do, but better’. Incremental innovation works well under 

conditions of (relative) stability in terms of products and markets (Bessant, 2005; Phillips, Noke, 

Bessant & Lamming, 2004; Tidd, Bessant & Pavitt, 2005). Often the basis for a standardization 

process within an industry, incremental innovations have been shown to improve productivity 

and offer competitive advantage (Garcia & Calantone, 2002; Madanmohan, 2005). 

As incremental innovation targets improvement of efficiency, quality and performance, emphasis 

of its management is on planning, allocating resources, and structuring and coordinating activities 

(Ettlie & Subramaniam, 2004; Luehring, 2003; Pini & Santangelo, 2005; Tidd, Bessant & Pavitt, 

2005; Vahs & Burmester, 2005). Additionally, risk management, existing routines and political 

coalitions are important to succeed with continuous improvement (Tidd, Bessant & Pavitt, 2005).  

Contrary to common sense, Manimala, Jose & Thomas (2005) found that incremental 

innovations could not be categorized as low-impact. Incremental innovations induce various 

degrees of change in the organization and its environment. This is explained by internal and 

external organizational factors as well as the characteristics of the particular innovation 

(Manimala, Jose & Thomas, 2005).  

Example: transition from a traditional transactional approach to database marketing  

in order to improve performance (Palmer & Brookes, 2002) 

Heavily structured managerial activities can well support incremental innovation. However, they 

are limited to this kind of innovation and would not enhance or even hinder radical innovation 

(Benner & Tushman, 2003). 

                                                 
20

  On account of management of radical innovation, the dissertation of Billing (2003) provides seminal insights of a study among more than 100 
leaders of radically innovative projects.  
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1.2.2.2 Radical Innovation  

[…] extent to which the structural arrangement differs from existing ones […]  
with products or services the amount of change in the physical design […] or  

the design of the procedures involved in the service […]. (Knight, 1967) 

Radical innovations are often induced by major technological, market or political shifts or 

dynamism which transform prevailing knowledge and demolish existing market structures as well 

as barriers to entry. Existing markets can be transformed or extended, new ones might be opened 

up (Assink, 2006; Ettlie & Subramaniam, 2004). In this context, the terms of radical, disruptive, 

discontinuous or ‘do different’ innovations coexist (Bessant, Birkinshaw & Delbridge, 2004; 

Tidd, Bessant & Pavitt, 2005; Tushman & O'Reilly, 2002). These products, processes or services 

have either unprecedented performance features or familiar features that offer significant, 

unexpected improvements in performance or cost (Leifer, O'Connor & Rice, 2001). After their 

introduction, rules of the game have shifted (DeTienne & Koberg, 2002).  

Managing innovation has consequently increasingly become a process of exploration and co-

evolution under conditions of unforeseeable uncertainty21, complexity22 and high velocity 

(Bessant, 2005; Bourgeois III & Eisenhardt, 1988; Phillips, Noke, Bessant & Lamming, 2004; 

Sommer & Loch, 2004; Tidd, Bessant & Pavitt, 2005; Veryzer, 2005).  

Unfortunately, wrong estimation of the degree of innovativeness (and the related risks) is the 

rule, not the exception. This is especially frequent within small and medium sized enterprises 

which have generally been found more innovative (proportionate to their size) (Ettlie, Bridges & 

O'Keefe, 1984; Gassmann, 2001; Hauschildt & Salomo, 2004; Schlaak, 1999). To avoid surprises, 

it is important to decide early on in the innovation process about the kind of innovation intended 

– by determining systematically the degree of innovation and its consequences23 (Ettlie & 

Subramaniam, 2004; Hauschildt & Salomo, 2004; Hauschildt & Salomo, 2007; Horsch, 2003). 

Radical innovation has the highest level of novelty to a firm. This induces changes which go 

beyond the area of the innovative product or service. Due to its complex and discontinuous 

nature, radical innovation changes the set of rules in a number of areas, as presented in figure 8 

(Bessant, 2003; Hauschildt & Salomo, 2004; Herstatt, Verworn & Nagahira, 2004; Pleschak & 

Sabisch, 1996; Phillips, Noke, Bessant & Lamming, 2004; Reichwald & Piller, 2006; Tidd, Bessant 

& Pavitt, 2005; Utterback & Acee, 2005). No one knows what the configuration of technological 

means and market needs will be after radical innovation, first inferior to the state of the art, but 

with time, possibly able to replace it (Christensen, 1997).  

                                                 
21

  Unforeseeable uncertainty  is defined as the inability to recognize and articulate relevant variables and their functional relationships (Sommer & 
Loch, 2004). Engineers refer to it as unknown unknowns, or ‘unk-unks’ (Widemann, 1998). 

22
  Complexity stems from “a large number of parts that interact in non-simple ways, [such that] given the properties of the parts and the laws of 

their interactions, it is not a trivial matter to infer the properties of the whole” (Simon, 1998). Thus, complexity has two separate dimensions: 
system size (number of variables which is large) and interactions (correlation of neighbouring points which is low)(Sommer & Loch, 2004).  

23
  Interesting with relation to the empirical field of SME is an empirical finding of Hauschildt and Walther that a relatively high degree of 

innovation positively influences the innovation process  and claims more resources – which, in turn, improves the success of innovation 
(Hauschildt & Walther, 2003). 
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figure 8   Some areas affected by radical innovation 

Due to the revolutionary character of radical innovations, incumbent and large companies with 

stable processes and standardized routines often have difficulties to embrace them24 (Assink, 

2006; Chandy & Tellis, 2000; Dougherty & Hardy, 1996). Small start-up companies tend to be 

relatively more ready to risk the potential of disruptive products.  

As a result, management of radical innovation is high risk experimentation, forcibly accompanied 

by fast learning – including learning to manage innovation (Bessant, Caffyn & Gilbert, 1996; 

Billing, 2003; Tidd, Bessant & Pavitt, 2005). The operating routines are open-ended and stem 

from managing emergence, which makes radical innovations a ‘matter for the boss’; thus a 

holistic approach and a motivating atmosphere can be realized (Ettlie, 1990; Hauschildt, 1998a; 

Hauschildt & Salomo, 2007; Kim & Wilemon, 2002; Khurana & Rosenthal, 1998; Ollila, 2000; 

Tidd, Bessant & Pavitt, 2005).  

Example:  computerized tomography, internet bank, ipod, electronic mail 

                                                 
24

  In his contribution on internal and external inhibitors of disruptive innovation capability, Assink provides an extensive literature review and 
establishes a conceptual model of disruptive innovation capabilities (Assink, 2006). Its focus on inhibitors, contrary to the mainstream interest 
in success factors makes this paper an interesting component of the discussion. 
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1.3 Innovation Management 

Innovation management has a particular position among the faculties of business administration 

and in the task description of executives. The term encompasses all the activities necessary for 

the introduction of new products and services into the market, particularly on the basis of new 

knowledge (Albers & Gassmann, 2005a; Chesbrough, 2003).  

Innovation management is a crossfunctional task, because innovations affect all departments of the 

firm: from R&D to production and selling, from organization and financing to controlling. 

Furthermore, its management reaches out to a number of different other partners and companies 

– customers, suppliers or cooperation partners (Chesbrough, 2003; Pleschak & Sabisch, 1996).  

Objectives pursued by innovation management are manifold, interrelated and simultaneously 

pursued. Booz, Allen & Hamilton (1991) identified the following target set: 

• realize potential for growth, 

• improve success rate of innovation, 

• face challenges of innovation, 

• reduce time necessary for new product development, and 

• limit innovation cost. 

Given the importance of the outcome of innovation management for the competitive position of 

the firm, innovation management is a strategy pursued by a holistic approach. Covering planning, 

organizing and controlling of the innovation process from idea to product, it has to be 

operationally implemented, too (Albers & Gassmann, 2005a; Corsten, 1989a). Finally, a normative 

perspective on innovation management is necessary to create a corporate value system which 

fosters innovation.  

For this purpose, the first subsection will use the trisected management concept of the University 

of St. Gall to present a holistic approach to innovation management (cf. 1.3.1.). Subsection 1.3.2 

then distinguishes innovation management from the adjacent fields of R&D management and 

technology management, following the structure25 presented by (Brockhoff, 1999). The last 

subsection will lead from the heights of conceptual meta considerations on the different levels of 

innovation management to the valley of everyday business concerned with innovation 

management. This section is dedicated to a controversial component of the research on 

innovation: process models (cf. 1.3.3). Although said dead more than once, process models are 

still easing life for academics as well as practitioners by providing a general framework. 

                                                 
25

  As with definitions of the three fields of management, there exist as many delimitations as there are researchers publishing. Brockhoff’s 
delimitation has been chosen for its holistic, integrative character. This fits well with the holistic attitude towards innovation and its adjacent 
fields of interest this thesis intends to transport. For alternative delimitations, cf. (Bullinger, 1994; Disselkamp, 2005; Gerpott, 2005a; 
Pleschak & Sabisch, 1996; Seibert, 1998; Spath & Renz, 2005; Zahn, 1995a). 
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1.3.1 Holistic Innovation Management 

Holistic innovation management26 essentially covers a strategic, normative, and operational 

perspective. This follows the management concept of St. Gall, as it has been developed over the 

years by Ulrich (2001), Bleicher (1991) and Rueegg-Stuerm (2002)27. 

 
figure 9   A holistic view on innovation management (based on Rueegg-Stuerm, 2002)  

The innovation strategy is the basis of successful innovation management (Horsch, 2003; van der 

Panne, van Beers & Kleinknecht, 2003; Rothwell, 1992). To specify a future-oriented innovation 

strategy it must be determined in which areas of business and with which innovative products 

(and underlying technologies) the enterprise wants to address the market (Bullinger & Engel, 

2006; Khurana & Rosenthal, 1998). Market and technology orientation as well as their suitable 

integration are the three substantial criteria for strategy development (cf. Albers & Gassmann, 

2005a; Chesbrough, 2003; Horsch, 2003; Love, 2001).  

                                                 
26

  Similarly comprehensive concepts have been presented by the literature. The most renowned suggestions encompass the competitive wedge by 
McCann (1991), the holistic front end by Khurana & Rosenthal (1998), the innovation diamond by Cooper (2005a), the innovation compass by Radnor 
& Noke (2002), and the house of innovation by Bullinger & Engel (2006). 

27
  For an adaptation to the context of innovation management, cf. (Albers & Gassmann, 2005a; Brandenburg, 2002; Eversheim, 1999). 
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Market orientation is a fundamental strategic demand to innovation management, since the success 

of an innovation substantially depends on the added value it delivers for the customer28 (market-

oriented view). New technologies, knowledge and capabilities of staff form the starting point of 

changes in products and/ or processes (resource-based view). Thus, resource orientation is the 

second element of strategic considerations (Horsch, 2003). The third element recalls that 

integration of the resource-based and the market-based view is necessary to ensure ambidextrous 

success (Albers & Gassmann, 2005a). Below, table 1 gives a synopsis of the elements of the 

strategic perspective on innovation management. 

Elements of the Strategic Perspective 

��  External,  
market-oriented view  

• customers, suppliers, partners and 
competitors  

�  Internal,  
resource-based view 

• technologies 
• core competences  
• knowledge and capabilities  

of human resources 

�  Integration 
of internal and 
external view 

• holistic 
strategic 
innovation 
management 

table 1 Elements of strategic perspective (based on  Albers & Gassmann, 2005a; Horsch, 2003) 

The normative perspective of innovation management covers visions, values and mission statements 

describing the character and corporate values of the innovative company. It has been found in a 

number of studies29 that an innovative corporate culture30 and a leadership style promoting 

innovation are of significant positive influence to the innovative activities and their results 

(Cooper, Edgett & Kleinschmidt, 2004b; Getz & Robinson, 2003; Jassawalla & Sashittal, 2002; 

Kieser, 1986; Suliman, 2001; Tebbe, 1990). Picot, Reichwald & Wigand (2003) particularly stress 

the importance of the ability to innovate, i.e. creative and innovative power, and the will to innovate 

(similarly: Gruber & Marquis, 1996a).  

The normative perspective targets a number of relational and behavioral aspects of members of 

the organizations as well as their routine patterns of interaction and communication. Changes in 

these basic structures (i.e. organizational innovation, cf. 1.2.1.2) take a long time to implement 

and hence require careful consideration before their initiation (Tebbe, 1990). The following figure 

gives an overview of the elements of an innovative corporate culture as identified by research31. 

                                                 
28

  Note that customer can be an end-consumer, end-user, retailer and, especially in the context of the automotive industry, an Original Equipment 
Manufacturer (OEM). The term ‘customer’ as used in this thesis, applies to all of these categories. Whenever necessary, details are given. 

29
  For details, cf. (de Brentani, 2001; Bullinger & Engel, 2006; Cooper, 2005b; Ernst, 2003; Jassawalla & Sashittal, 2002; Kwasniewska & Necka, 

2004; Poech, 2003; Seidl, 1993; Smidrkal, 2006; Thamhain, 2003; Trommsdorff & Schneider, 1990). 
30

  For example, Cooper, Edgett & Kleinschmidt (2004b) researched 12 elements characterising an innovative climate which were found split in 
a general climate (e.g. open communication  and rewards) and the specific actions and programs to promote a positive climate (e.g. time off). 
Suliman (2001) found that employee’s perception of the work climate plays a significant role in their readiness to innovate.  

31
  For details on these elements, cf. e.g. (Albers & Gassmann, 2005b; Beyer, Fehr & Nutzinger, 1996; Buergel, Haller & Binder, 1996; Horsch, 

2003; Kieser, 1986; Manella, 2003; Nieder & Susen, 1991; Peters & Waterman, 2006; Specht, Beckmann & Amelingmeyer, 2002; Stern & 
Jaberg, 2005; Tebbe, 1990; Vahs & Burmester, 2005). 
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figure 10  Elements of an innovative corporate culture 

In the focus of the operational perspective are planning, organizing and controlling of the innovation 

process (Albers & Gassmann, 2005a; Horsch, 2003). Literature often uses the concept of the 

innovation funnel to illustrate the reduction of ideas and concepts by repeated assessment during 

the Fuzzy Front End until the development, i.e. back end, starts (Abernathy & Utterback, 1978; 

Wheelwright & Clark, 1992).  

 

figure 11  Development funnel (Wheelwright & Clark, 1992) 

Various tools and methods are available to support the operational perspective which targets the 

efficient management of effort, quality, cost, and time (Albers & Gassmann, 2005a; Corsten, 

Goessinger & Schneider, 2006; Disselkamp, 2005; Horsch, 2003). The integration of 

methodologies from related disciplines (e.g. project management and controlling) is important, 

but still too often neglected. A selection of particularly important methods is subsequently 

presented; they are arranged along the different phases of the innovation process (cf. subsections 

2.2.3, 2.3.3, 2.4.2, and 2.5.2). 
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The following overview gives a synopsis of the most important strategic, normative and 

operational tasks of innovation management based on Corsten (1989a), Pleschak & Sabisch 

(1996), Hauschildt & Salomo (2007), Horsch (2003), and Kupsch, Marr & Picot (1991): 

Perspective Activities 

Normative innovation 
management 

• establishment of an organizational structure and culture which promote 
innovations 

Strategic innovation 
management 

• initiation of innovation processes, target setting and selection of 
innovation strategies 

• holistic assessment and evaluation of innovation projects from a strategic, 
technological and economic perspective 

• decision on allocation of resources 
• monitoring of project portfolio 

Operational innovation 
management 

• identification of weak signals 
• organization and control of innovation project (i.e. project management) 
• selection and deployment of methods and tools 
• coordination and establishment of communication  between partners 
• monitoring of effectiveness  of selected methods 

table 2 Tasks of innovation management 

1.3.2 Fundamental Delimitations  

In entrepreneurial reality, the boundaries between innovation management, management of 

research and product development, and technology management are blurred. Below, figure 12 

illustrates the relationship and frontiers of technology, innovation and R&D management 

according to (Brockhoff, 1999). Following this classification, the differences and commonalities 

between the disciplines are explained subsequently. 

external acquisition of 
technological knowledge  
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figure 12 Delimitation of technology, innovation and R&D management (based on Brockhoff, 1999) 
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1.3.2.1 R&D Management  

Particularly in industrial enterprises, the activities of research and development pursue the 

controlled, efficient and effective generation of new knowledge in the areas of natural and 

engineering sciences (Abele, 2006; Brockhoff, 1999; Specht, Beckmann & Amelingmeyer, 2002). 

R&D management is the activity of planning, managing and controlling research and 

development. Its objective is maintenance and extension of technological competitiveness 

(Specht, Beckmann & Amelingmeyer, 2002). 

The first industrial research laboratories were founded around 1900. Research on managing R&D 

started only about 50 years later. It increased when it was recognized that R&D as well as 

innovation had become major contributors to the competitiveness of individual firms 

(Brockhoff, Koch & Pearson, 1997).  

Throughout the years, R&D has been addressed by different approaches. Rothwell’s proposition 

of five generations of R&D management provides a concise synopsis (cf. table 3). This 

classification has, however, never reached general validity32 (Brockhoff, 1999; Rothwell, 1992, 

1994 & 1996; Roussel, Saad & Erickson, 1991).  

Rothwell’s Five Generations 

 Details First & Second  Third Fourth Fifth 

Period 1950s – 1970s 
early 1970s –  

mid 1980s 
early 1980s –  
early 1990s 

since early 1990s 

type of model simple linear models coupling model parallel model networked model 

 market pull and 
technology push 

crossfunctional 
interaction and 
coordination 

 integration within 
the firm, linkages 

and alliances 

systems integration 
and networking 

flexible and 
customized response 

characteristics 
origin of innovation: 
only R&D (1950s), 

integration of 
customer needs 

(1960s) 

 feedback loops 
between different 

elements  

cooperation 
upstream  

(key suppliers)  
& downstream 

(active customers) 

continuous 
innovation 

table 3 Rothwell’s five generations of R&D management 

Contrary to the innovation process, R&D activities are free of supportive or administrative 

aspects; hence, R&D management is considered a distinct part of innovation management 

(Brandenburg, 2002; Brockhoff, 2003; Brockhoff, 1999; Hauschildt & Salomo, 2007). R&D can 

be better institutionalized and organized than innovative activities. Hence, (a) division of labor 

(i.e. specialization) seems easier and (b) coordination of the modular activities more necessary 

(Brandenburg, 2002; Hauschildt & Salomo, 2007).  

                                                 
32

  For a review on Rothwell’s concept of the 5th generation innovation process, cf. Dodgson, Gann & Salter (2002). 
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Concerning (a), the traditional organizational split between units for basic research and units 

which perform applied research and development is no longer valid33 today (Brockhoff, 2003). As 

(b) indicates, typical R&D projects are systematically led and mostly separated from daily business 

in terms of duration, location and budget (Hauschildt & Salomo, 2007). Control of R&D usually 

takes place by evaluating the success of the innovation and by benchmarking the processes 

(Brockhoff, 2003). 

The following list numbers some empirically derived success factors of R&D (Brockhoff, 2003): 

• embedding R&D into scientific community (i.e. university scientists for knowledge transfer) 

• specializing on of core competencies (acquisition, extension and maintenance)  

• securing the possibility to appropriate returns (secrecy, intellectual property rights, protection)  

• appropriate R&D organization and legal form 

• interface management (e.g. by entrepreneurial spirits, joint objectives and incentives) 

• closeness to customers 

1.3.2.2 Technology Management  

Technology management34 covers decisions on the strategic and operational selection, 

procurement, maintenance and exploitation of novel and existing technological competences of 

the firm, covering their entire lifecycle (Brandenburg, 2002; Brockhoff, 1999; Bullinger, 1994; 

Fischer & Lange, 2002; Hauschildt & Salomo, 2007; Pleschak & Sabisch, 1996).  

For this concept, two terminological clarifications are necessary: 

• The term technology hereby covers the entire disposable technical knowledge35, i.e. technical 

knowhow, capabilities and possibilities (Bullinger, 1994) 

• The term management covers elements of general management and engineering alike and is 

often denoted as bridging function (Spath & Renz, 2005). As a management task, technology 

management is interdisciplinary. It requires a combination of skills in the areas of natural, 

social and engineering science as well as knowledge about business and management 

(Brandenburg, 2002; Brockhoff, 1999; Bullinger, 1994). 

                                                 
33

  The traditional distinction was between research, whose purpose is the generation of new technical knowledge, and development, whose primary 
intention is the execution of this new knowledge. Research was further split in three components: while fundamental research tries to acquire 
knowledge of the underlying foundations of phenomena, applied research is more prominently interested in a specific practical goal or 
adaptability (OECD, 2002); experimental development finally is systematic work, drawing on existing knowledge, directed to producing new 
materials, products, services, installing new processes, systems and services, or to improve those existing (OECD, 2002). 

34
  Further reading on technology management necessarily has to include the classics by (Albers & Gassmann, 2005b; Booz, Allen & Hamilton,, 

1991; Bullinger, 1994; Fischer & Lange, 2002; Franke & von Braun, 1998; Gerpott, 2005a; Gerybadze, 2004; Schwarz, 2003; Servatius, 1986; 
Spath & Renz, 2005; Specht & Moehrle, 2002; Tschirky, 1998; Wolfrum, 1994; and Zahn, 1995a). 

35
  Weber (2004) defines the term technology even broader: “competence to solve particular areas of problems”. 
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R&D management is part of technology management36. When R&D management is broadened 

to technology management, the most important aspect is the trespassing of solely internal 

generation of knowledge37. 

R&D management is part of innovation management (cf. 1.3.2.1). The part-whole relationship 

illustrated in figure 12 between R&D management and technology management links the latter to 

innovation management (Brandenburg, 2002; Brockhoff, 1999; Specht, Beckmann & 

Amelingmeyer, 2002).  

1.3.3 The Innovation Process  

The process of innovation is […]  
the development and implementation of new ideas  

by people who over time engage in transactions with others  
within an institutional context. (van de Ven, 1986) 

An idea requests a logical sequel of activities with a temporal contiguity to become an innovation. 

The complete sequence of these tasks is called innovation process (Gerpott, 2005b). Innovation 

processes are frequently arranged as an ideal operational sequence of phases, a formal system 

from idea generation until post launch recovery (de Brentani, 2001). The importance of these 

ideal process concepts is of normative nature38. Nevertheless, in research as well as in practice, 

scalable and adaptable39 process models are an important component of innovation management 

(Cooper, 2006a; Ernst, 2002; Hughes & Chafin, 1996; Radnor & Noke, 2002; Ulrich & Eppinger, 

2003; Verworn, 2003a): 

• Practitioners often use process models as a management tool, i.e. a conceptual and/ or 

operational road map which structures and standardizes development activities.  

• Researchers observe innovation processes and describe activities as process models.  

The design of the different process models is as manifold40 as their deployment, depending on 

the intended utilization (Verworn, 2003a). A commonly used innovation process is the linear 

phase model with five stages: idea generation, concept development, prototype, product/market 

test and introduction to the market (Cooper & Kleinschmidt, 1990; Herstatt & Verworn, 2003a; 

Reichwald & Piller, 2006; Wheelwright & Clark, 1992). 

                                                 
36

  Controversially, Specht, Beckmann & Amelingmeyer (2002) classify technology management as an element of R&D management. Being 
related to an application, these authors consider it to start later than the more general R&D management. 

37
  Acquisition of external knowledge is exclusively associated with technology management (Abele, 2006; Gerpott, 2005a). 

38
  The focus is with normative impact as empirical testing could not or only weakly validate the phases (Hauschildt, 1998b). 

39
  With respect to the stage-gate approach of Cooper and his fellow researchers (Cooper & Kleinschmidt, 1986), Ettlie and Elsenbach found 

that about 50% of their sample used stage-gate, while a another third used a modified stage-gate approach (2007). Their findings suggest 
companies graduate from rigid stage-process management to modified, more flexible regimes. 

40
  On account of alternative models of the innovation process further reading should include  (Boutellier & Voelker (1997); Brandenburg 

(2002); Bremser & Barsky (2004); Cooper (2001); Cooper; Edgett & Kleinschmidt (2002a); (Cooper, Edgett & Kleinschmidt (2002b); Cooper 
& Mills (2005); Corsten (1989a); Disselkamp (2005); Ebert, Pleschak & Sabisch (1992); Eversheim (2003); Gassmann (2006a); Gerhards 
(2002); Gerpott (2005a); Geschka (1989); Hauschildt & Salomo (2007); Herstatt & Verworn (2003c); Hughes & Chafin (1996); Thom & 
Etienne (2000); Ulrich & Eppinger (2003); Utterback (1971); Vahs & Burmester (2005); Wahren (2004); as well as Wheelwright & Clark 
(1992). 
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figure 13  Idealized innovation process  (Reichwald & Piller, 2006) 

In sum, every innovation process has a ‘beginning’, an initiative which leads to the development 

of an idea (front end). It also has an ‘end’. This can be positive, i.e. transfer to routine work and 

finally introduction to the market (back end); a negative end would be a stopped process 

(Hauschildt, 1998b).  

Apart from this consensus, empirical investigations have shown that innovation processes do not 

follow common, linear trajectories. They rather loop recursively and show numerous breaks 

(Braun-Thuermann, 2005; Hauschildt & Salomo, 2007).  

1.4 Focus of this Research 

To provide a contribution to the vast field of research on innovation and innovation 

management, it is crucial to position the subject area unambiguously. 

This thesis focuses on the early stages of the innovation process within small and medium sized 

enterprises. In the past, the innovation process of SME, particularly the early stages, have received 

comparatively little attention. This is surprising as complexity of the Fuzzy Front End has been 

found to be even higher in small and medium sized enterprises than in large companies. In small 

and medium sized enterprises, issues of “scarce resources, lack of skills, skepticism towards 

formal training, the need for flexibility and lack of systematic measurement” (McAdam & Keogh, 

2004) have to be addressed simultaneously. In addition, SME only rarely have adopted formal 

methods. This has been shown by studies on the relation between company size and deployment 

of methods (Bonaccorsi & Manfredi, 1999; Braun, 2005; Gausemeier, 2000).  

Departing from this situation, I chose a twofold research objective. This double structure is 

based on (Reichwald, 1977):  

• from a academic perspective, empirical insight in the early stages  of the innovation process  in 

SME is targeted as a research contribution 

• from a business-oriented perspective, methodological support to improve effectiveness  of innovation 

management seems to be of particular importance to SME. 



32 Innovation 

As the participating companies estimate technology-driven product innovation to be of major 

importance to maintain their competitive position, research focuses on this particular type. The 

importance of technology-driven innovation is a particularity of the chosen industry; the participating 

companies belong to a technology-oriented manufacturing industry. 

Additionally, the focus of this thesis is limited to incremental innovations. Firstly, as the section on 

the degree of novelty illustrated, incremental innovation can be managed by a structure process. 

Radical innovation can hardly be managed by traditional management tools; it rather emerges. 

Secondly, the participating companies consider themselves driven by incremental innovations. 

Consequently, a method to support effective management of incremental innovation is 

considered to be of particular use.  

The underlying management concept of my research is a holistic approach to innovation 

management. Due to its inclusion of the strategic, normative and operational levels, the 

proposition of St. Gall provides a comprehensive perspective on the management of innovative 

activities. 

� This thesis concentrates on technology-driven incremental product innovations by SME. 
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Part II Ontology 

[…] an abstract, simplified view of the world  
that we wish to represent for some purpose. (Gruber, 1993).  

The first part of this thesis discussed the state of research on the early phases of the innovation 

process and developed a first systematization of the Fuzzy Front End. This part presents 

ontologies, the selected method to support idea assessment. Ontologies, logical tools to support 

knowledge representation and retrieval, can support idea assessment and selection in the 

innovation process by a structured representation of the Fuzzy Front End and by establishing a 

unified vocabulary. The following chapters introduce ontologies and their potential. 

 

figure 42 Outline of thesis; current part (Ontology) highlighted 

As ontologies stem from the field of Information Science, the first chapter of this part is 

dedicated to concept formation of ontologies, including their historical shift from philosophy 

towards Artificial Intelligence (cf. chapter 1). To illustrate the theoretical concepts, chapter 2 

presents three areas of deployment in the business context: the seminal early enterprise 

ontologies, e-business applications and management ontologies. From these examples, chapter 3 

develops open research questions and highlights the potential of an ontological approach to the 

Fuzzy Front End. To ensure common understanding of the characteristic elements of an 

ontology, the most important principles and rules are introduced in chapter 4. Finally, chapter 5 

is dedicated to the presentation of the multitude of different ontologies with a holistic 

classification system, the OntoCube.  

�

At the end of this part, a common ground of knowledge has been established on 

ontologies, the method to be used for supporting management and increasing 

effectiveness of the Fuzzy Front End. Principles, different kinds as well as various 

examples from diverse areas have been introduced and illustrated.  
Abschnittswechsel nächste Seite
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2 Roadmap for the Fuzzy Front End 

Having established a common ground concerning terminology and classification of innovation, it 

is necessary to unify the understanding of early phases of innovation management. This period is 

called the Fuzzy Front End. As Khurana and Rosenthal put it already in 1998  

“[…] the Fuzzy Front End is inherently fuzzy because it is a crossroads where complex 

information processing, a broad range of tacit knowledge, conflicting organizational 

pressures including cross-functional inputs, considerable uncertainty, and high stakes must 

meet.” (Khurana & Rosenthal, 1998) 

In order to provide the basis for the following work on idea selection in small and medium sized 

enterprises (SME)41, it is essential to systematize this fuzziness to a certain extent. Pursuing 

flexible rigidity, the elaborated structure will be open to and flexible towards internal necessities 

as well as external changes. 

Review and analysis of the current literature from the fields of innovation management, new 

product development, technology management, quality management and project management is 

summarized in this chapter. In its course, the following questions will be answered:  

• Why is the Fuzzy Front End crucially important to the innovation process ? (cf. section 2.1) 

• According to research and practice, who should participate in the early stages  of the innovation 

process? (cf. subsections 2.2.2, 2.3.2 , 2.4.1, and 2.5.1) 

• Which tools or methods can provide support to the early stages  of the Fuzzy Front End? 

(cf. subsections 2.1.3, 2.2.3, 2.3.3, 2.4.2, and 2.5.2) 

• What are the results of the idea assessment and selection  stages of the Fuzzy Front End? 

(cf. subsections 2.3.4 and 2.5.3) 

While contributions on Ideation (especially from the field of innovation management) and Concept 

Development (from the field of innovation management as of new product development) are legion 

(cf. sections 2.2 and 2.4), review of existing academic knowledge indicates significant potential if 

insight to the two gates established for assessment and selection of innovative projects can be given 

(cf. sections 2.3 and 2.5). 

Methods presented for both gates have been adapted from adjacent disciplines, e.g. technology 

management or accounting, as existing literature and studies present little but generic advice for 

the management of Fuzzy Front End gates42. A suggestion to remedy this unsatisfying situation 

will be presented by the ontological approach in the following parts of this thesis (cf. part III). 

This chapter is introduced by some general aspects valid for the entire Fuzzy Front End, such as 

general guidelines of management and the basic principles of idea assessment (cf. 2.1).  

                                                 
41 

 As the empirical approach focuses SME, reference to their particularities will be made throughout the following sections. 

42
  For decision-making in engineering and for the new product development process of technological innovation, detailed methods have been 

elaborated, e.g. in the doctoral thesis of Frank Brandenburg (2002). Still, decision-making on innovative projects during the Fuzzy Front End 
cannot be limited to considerations of feasibility, but has also to encompass additional aspects. 
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Structure of the subsequent sections 2.2 to 2.5 is oriented at research by Verworn & Herstatt on 

the early phases of new product development43 and the stage gate model of Cooper and his 

colleagues44. Systematization has been enriched by the insights gained by Hauschildt and his 

fellow researchers45; the subsection on environment and knowledge base  (cf. 2.2.1) relies on the 

contribution of Hevner et al. (2004) on design science principles46 (cf. part III, section 1.2). 

 

figure 14  Structure of the Fuzzy Front End 

�

At the end of this chapter, the reader has been provided with a structured approach to 

manage the Fuzzy Front End. Its four stages have been described by a trisected structure 

which gives detail on participants, methods and outputs. For each stage, possibilities and 

potential of customer integration have been highlighted. 

                                                 
43

  Cf. (Herstatt & Verworn, 2003a; Herstatt & Verworn, 2003c; Herstatt, Verworn & Nagahira, 2004; Herstatt & Luethje, 2005; 
Verworn, 2003a; Verworn, 2003b; Verworn, 2005). 

44
  Cf. (Cooper & Kleinschmidt, 1986; Cooper, 1992; Cooper, 1994; Cooper, Edgett & Kleinschmidt, 1999; Cooper, 2001; Cooper, Edgett & 

Kleinschmidt, 2002a; Cooper, Edgett & Kleinschmidt, 2002b; Cooper, 2005a; Cooper & Edgett, 2006). 
45

  Cf. (Hauschildt, 1998a; Hauschildt & Gemuenden, 1999; Hauschildt & Schlaak, 2001; Hauschildt, 2002; Hauschildt & Walther, 2003; 
Hauschildt, 2005; Hauschildt & Salomo, 2007). 

46
  A similar approach from the field of innovation management can be found with Wahren (2004). 
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2.1 The Fuzzy Front End 

This section provides a synopsis of the early phases of the innovation process. In the first 

subsection (cf. 2.1.1), the Fuzzy Front End is presented and delimited from the rest of the 

innovative activities, the back end47. Subsection 2.1.2 provides guidelines for management of this 

iridescent phase, while the next subsection describes a synopsis of suitable methods are provided 

(cf. 2.1.3). The last subsection, 2.1.4, gives general information on the concept of idea 

assessment.  

�
Once this section is concluded, understanding has been created concerning the importance 

and management of the Fuzzy Front End. An introduction to the concept of idea 

assessment has been provided for. 

2.1.1 Delimitation of the Fuzzy Front End 

Most firms now employ a systematic, formal, new product process, 
 but the nature of the process and the way it is implemented  

are the true keys to success. (Cooper, Edgett & Kleinschmidt, 2004c)  

On an abstract level, the innovation process can be subdivided in two phases, the front end and 

the back end (Boutellier & Gassmann, 2006; Brandenburg, 2002; Gerpott, 2005b; Herstatt & 

Verworn, 2003a; Hauschildt & Salomo, 2007; Specht & Moehrle, 2002).  

Recently, attention has been attributed to the Fuzzy48 Front End (Sandmeier, Jamali, Kobe, Enkel, 

Gassmann & Meier, 2004; Smith & Reinertsen, 1991) of product development, also known as the 

pre-development phase (Cooper & Kleinschmidt, 1994), pre-project activities (Verganti, 1997), or pre-

phase 0 (Khurana & Rosenthal, 1998), to name a few alternative terms. I select the term Fuzzy 

Front End as fuzzy even onomatopoeically indicates the diffuse, creative, dynamic and 

unstructured activities typical for the early phases. This stage has been identified as the most 

problematic stage of the innovation process (Cooper, Edgett & Kleinschmidt, 2004c). 

The front end of the innovation process begins with the generation of an idea and end either 

with development or termination of the project, i.e. encompasses all the activities prior to start of 

development (Khurana & Rosenthal, 1998; Murphy & Kumar, 1997). Routine work done during 

the back end has to be clearly separated from the fuzzy activities of the early stages (Boeddrich, 

2004; Hauschildt, 1998b). 

                                                 
47

  Note again, that, although indispensable for market success, the back end will not be treated further in this thesis. 

48
  The term fuzzy indicates that the early phases of the innovation process  are considered to be unstructured and difficult to manage. 
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The subsequent figure 15 shows a simplified innovation or product development process, 

including the separation between the fuzzy front end and the back end.  

 

figure 15  The product development process 

The front end starts with the generation of an opportunity being worthy of consideration, 

typically an idea generated by basic research, customers or internal activities49 (Cooper & 

Kleinschmidt, 1995; Kim & Wilemon, 2002). Often, this is an iterative process, the idea being 

detailed and (in-) formally assessed in several steps (Sandmeier, Jamali, Kobe, Enkel, Gassmann 

& Meier, 2004).  

For instance, an initial informal assessment of the idea could be made on the basis of experiences 

with similar projects (cf. 2.3.1). During the subsequent formal assessment ‘must’ and ‘can’ criteria 

such as strategic alignment, feasibility or accordance with corporate strategy could be formally 

assessed (cf. 2.3).  

Following a first assessment, tasks of the innovation process encompass development of a more 

detailed product concept (cf. 2.4). These results thereof are assessed for a second time before 

development (Boutellier & Gassmann, 2006; Herstatt & Verworn, 2003a; Herstatt, Verworn & 

Nagahira, 2004). This important evaluation assesses the project in terms of market, technology, 

and financials (cf. 2.5) (Boutellier & Gassmann, 2006; Herstatt & Verworn, 2003a; Herstatt, 

Verworn & Nagahira, 2004). 

The back end of the innovation process starts with the development of the best product 

concepts. In a positive case, they will be continued until market introduction and diffusion 

(Herstatt & Verworn, 2003a; Herstatt, Verworn & Nagahira, 2004). Note that the activities of the 

back end are foregone in this thesis. 

                                                 
49

  For details on the stage of idea search and generation (i.e. ‘Ideation’) cf. section 2.2. 
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2.1.2 Management of the Fuzzy Front End  

The greatest differences between winners and losers  
were found in the quality of execution  

of pre-development activities. (Cooper & Kleinschmidt, 1994) 

The discussion whether and to which extent structuring and standardization of the innovation 

process is necessary and useful has led to many a discussion among practitioners and researchers 

(Verworn, 2003a). While some argue that the front end has to remain fuzzy in order to provide 

creative impact Boeddrich (2004), empirical research has shown that a formalization of the early 

stages has a positive impact on the success of innovation (Cooper, 2001; Ernst, 2003; Khurana & 

Rosenthal, 1998; Leonard-Barton, 1992; Reid & de Brentani, 2004; Song & Montoya-Weiss, 

1998). By their collection of in-depth case studies, Khurana and Rosenthal (1998) found that the 

greatest success comes to organizations that take a holistic approach to the front end (of the same 

opinion e.g. Ernst, 2003; Kim & Wilemon, 2002) 

Research suggests two approaches to successful management of front end activities which can 

and should be combined (Boeddrich, 2004; Hauschildt & Salomo, 2007; Herstatt, Verworn & 

Nagahira, 2004; Khurana & Rosenthal, 1998; Verworn, 2003a):  

• a formal process to ensure order and predictability, and  

• a corporate culture in which the key participants always remain focused on the decisive 

considerations (i.e. corporate vision, feasibility, customer focus). 

That means executives are asked to foster a culture of a sustainable flow of ideas as well as 

continuous information on corporate values and objectives. Simultaneously, they have to manage 

an efficient and effective execution of the early phases, including meticulous planning of product 

and project. 

Consequently, the following subsections present a generic innovation process model by 

describing each of its phases. This description is divided in the more rigid, formalized paragraphs 

on methods and results and the softer aspects of human participants and their interaction. Thus, 

both approaches to a successful management of the Fuzzy Front End are interlinked in one 

holistic approach. 

2.1.3 Methods for the Fuzzy Front End  

The use of formal methods during the Fuzzy Front End is indispensable in order to respond to 

the increasing amount of accessible knowledge, ever more complex systems and reduction of 

time to market (Ehrlenspiel, 2007). Methods lead to an efficient, structured proceeding which is 

transparent and brings about better results (Dobberkau, 2002).  
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�
For this thesis, a method50 is defined as orderly process or procedure, according to which 

particular activities are performed in order to achieve a given objective51. 

Although countless tools and methods are available, they are rarely implemented to support the 

innovation process52 (Viertlboeck, 2000). In their study on adoption rates of best practices in new 

product development, Dooley and partners found that during front end it is only 36% (compared 

to 58% of adoption in the area of goals and strategy) (Dooley, Subra & Anderson, 2002). 

Especially SME adopt methods only rarely. This has been shown by studies on the relation 

between company size and deployment of methods (Bonaccorsi & Manfredi, 1999; Braun, 2005; 

Gausemeier, 2000). 

Especially methods which target only particular phases of the process (e.g. the Fuzzy Front End) 

are poorly implemented and rather considered as ‘supplementary’ by practitioners (Araujo et al., 

1996; Ehrlenspiel, 2007; Gausemeier, 2000; Grabowski & Geiger, 1997; Meyer, 2000).  

Literature lists a number of reasons for this state which provide interesting insights going far 

beyond the scope of this subsection (Braun, 2005; Guenther, 1998; Hutterer, 2005; Meyer, 2000; 

Reinicke, 2004; Stetter, 2000; Viertlboeck, 2000). The most prominent reasons identified by 

academia are summarized in figure 16; attention is drawn particularly to the argument of the 

difficulty in selecting a method (bold box). 

 

figure 16 Reasons of poor use of methods to support innovation management 

                                                 
50

  Following IEEE Computer Society (1990), a methodology is “a comprehensive, integrated series of techniques or methods creating a general 
systems theory of how a class of thought-intensive work ought to be performed”, a method is a set of “orderly process or procedure used in 
the engineering of a product or performing a service” and a technique is “a technical and managerial procedure used to achieve a given 
objective”.  

51
  In accordance with literature, my definition merges the IEEE nomenclature of method and technique, renouncing on the use of the latter (IEEE 

Computer Society, 1990). This reduces terminological confusion (Braun, 2005; Ehrlenspiel, 2007; Eversheim, 2003; Lindemann, 2007). 
52

  An exception from the rule are integrated methods transferred from other fields of management, like project management or quality 
management. They have already been integrated as standard tools in the management of innovations (Ehrlenspiel, 2007; Eversheim, 2003).  
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Kornwachs (1995) surveyed the use of a number of (scientifically) reliable, powerful methods by 

big companies for the adjacent area (estimations of potential and consequences of technology).  

For most SME, such demanding efforts will not deliver an adequate cost-benefit ratio with 

relation to their daily decision-making. Due to this fact, academia should defer scientific demand 

in favor of faster, less expensive methods. These might not allow for methodological correctness, 

but for quick support of orientation (Kornwachs, 1995). This thesis follows Kornwachs’ 

perspective by suggesting methods to support the Fuzzy Front End which are selected according 

to their usability. 

As research has shown, compilation of methods supportive to the FFE is further complicated by 

the fact that, up to now, only little attention has been attributed to concise suggestions for this 

phase (Braun, 2005; Dobberkau, 2002; Grabowski & Paral, 2004; Schachtner, 2001). The next 

sections present some existing highly flexible and adaptable methods. Below, in table 4, I 

attribute the methods to the stages of the Fuzzy Front End. Classification is inspired by 

tendencies identified in academic publications and interviews with practitioners.  

Method Ideation Concept Gate 
Concept 

Development 

Innovation 

Gate 

Business case (cf. 2.5.2.3.1)    � 

Checklist (cf. 2.3.3.1.1)  �  � 

Competitive assessment (cf. 2.3.3.3)  � � � 

Conjoint analysis (cf. 2.2.3.3) �   � 

Document analysis (cf. 2.2.3.2) �    

Financial assessment (cf. 2.5.2.3.2)    � 

Focus groups (cf. 2.2.3.5) � �  � 

Killing criteria (cf. 2.5.2.1.1)    � 

Lead user method (cf. 2.2.3.4) � � � � 

Lifecycle model (cf. 2.5.2.2.1)    � 

Morphological method (cf. 2.4.2.2)   �  

Portfolio approach (cf. 2.3.3.2.2)  �   

Prototyping (cf. 2.4.2.4)   �  

Q method (cf. 2.3.3.2.1)  �   

Quality function deployment  
(cf. 2.5.2.1.2) 

   � 

Risk management (cf. 2.5.2.3.3)    � 

Roadmapping (cf. 2.5.2.2.2)    � 

Scenario planning (cf. 2.4.2.3)   �  

Scoring method (cf. 2.3.3.1.2)  �   

Technology forecasting (cf. 2.2.3.1) �    
table 4 Methods supporting the Fuzzy Front End (by alphabetical order) 
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At this moment of time a limitation is necessary. As this is neither intended to be a textbook for 

marketing nor a practitioner’s guide to successful product innovation, a strict selection has been 

made. Consequently, the selection of methods has been limited by the following criteria: 

• Methods target incremental, technological product innovation (cf. 1.2). 

• The selection of methods must as a whole be sufficient to manage the Fuzzy Front End. 

Therefore, utility of single methods must have been proven by studies and methods should be 

suitable for more than one phase of the Fuzzy Front End (cf. table 4). 

• The methods need to be applicable by a SME; better even: the size of the company is 

irrelevant for the deployment of the method. 

• The methods should be easily, mastered, introduced and used, i.e. without substantially 

changing existing processes. 

• Frequently, methods from other departments seem helpful. With respect to their integration, 

two kinds of methods can be distinguished: Firstly, methods highly restricted to domain-

knowledge (e.g. market research) are referred to, but not integrated in the selection. Their 

mastering and implementation would forego possibilities of innovation managers. Secondly, 

methods of general validity and respective adaptability which are able to support the 

innovation process  have been ‘translated’ to the needs and particularities of the FFE. 

2.1.4 Idea Assessment  

A progress review is held after each stage  
to manage the risk in the project. (Cross & Sivaloganathan, 2005) 

As a number of empirical studies have shown, the existing idea selection processes tend to be 

ad hoc and somewhat intuitive (cf. the contributions of Cooper and his fellow researchers between 

Cooper & de Brentani (1984) and Cooper (2006a) or the works of Herstatt & Verworn, e.g. 

Herstatt, Verworn & Nagahira (2004)). This results in the unsatisfying situation that it is difficult 

to compare new ideas, inadequate risks are taken and projects are stopped too late (Cooper, 2001; 

Ernst, 2002; Montoya-Weiss & O'Driscoll, 2000; Tidd, Bessant & Pavitt, 2005).  

By establishment of two subsequent gates for idea evaluation and selection in the Fuzzy Front 

End, a generic framework for idea assessment, including a consistent methodology is developed 

(Montoya-Weiss & O'Driscoll, 2000; Tidd, Bessant & Pavitt, 2005). 

Summarized from a bird’s eye perspective, the methodology consists of three steps53 

(Brandenburg, 2002): 

• assessment of an innovative idea and evaluation, for example by a rating scale, 

• comparison of ideas to identify the relatively best solution, and 

• resource allocation according to comparison and selection.  

                                                 
53

  Schachtner (2001) divides idea assessment in the two activities of ideas evaluation and idea selection, disregarding the process of resource 
allocation. Apart from this, the steps are nearly identical, including the suggested methods and their classification. 
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Innovative ideas and later on concepts are assessed in a situation of high uncertainty54 (cf. 1.2.2). 

Besides, between the decision and its implementation, there is typically a considerable time lag: 

until a selected idea might be launched, years can pass by. Decision-makers must take both 

aspects into consideration (Brandenburg, 2002). 

This subsection starts with a general note on the importance of objectives set for assessment 

(cf. 2.1.4.1). Next, paragraph 2.1.4.2 gives a brief insight in the particular situation of decision-

making as well as a synopsis of existing literature. Then follows a description of the 

characteristics of assessment (cf. 2.1.4.3). An important success factor for effective and rigorous 

assessment is the guideline for the Jury of Ideas presented in paragraph 2.1.4.4. 

2.1.4.1 Objectives of Assessment 

What gets measured, gets done. (Weber, 2004) 

Objectives are of central importance when it comes to evaluation. They express intentions, ways 

to coordinate achievements of pursued goals and build the basis for assessment and control 

(Weber, 2004).  

From objectives which are often high-level, suitable methods as well as tangible criteria are 

derived for assessment (Pleschak & Sabisch, 1996; Vahs & Burmester, 2005; Witt, 1996). These 

methods are used to decide on the quality of the assessed object and thus indirectly on the future 

of the company. 

Each company has to define its specific set of values and objectives. This is complicated due to 

the fact that a company simultaneously has to pursue a number of objectives which are often 

interrelated. Especially the sole orientation on monetary criteria would endanger factoring in 

some important levers (Weber, 2004): strategic and technological objectives have to supplement 

economic values. 

Despite the target setting being company specific, the four commonly used approaches to 

determine objectives are of general nature (Weber, 2004): 

• Values derived from the past. Past values seem especially tempting to set objectives for costs. 

Nevertheless, the surrounding dynamics as well as the uncertainty  of adequacy of past values 

can make this a dangerous tendency. If this approach is chosen, careful evaluation of 

efficiency  and effectiveness  of the objectives is indispensable. 

• Forecasted values. Forecasted values can provide a useful basis in terms of effectiveness  and 

efficiency, but require painstakingly elaborated prognoses and integration of functional 

relationships. Management practice often relies on forecasted values. Considerable expenses 

for introduction and maintenance of a reliable system of prognosis in a quickly changing 

world make forecasting an expensive system. 

                                                 
54

  Twiss (1993) even argues that a systematic evaluation and subsequent selection of innovative ideas is impossible given the inherent 
uncertainty. He considers especially economic analysis to be an oversimplification which disregards many important factors not to be 
expressed quantitatively (Twiss, 1993). A multidimensional approach like the suggested OntoGate is supposed to answer to his criticism, 
though. 
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• Benchmarks (cf. 2.5.2.3.2). While objectives derived from the past and prognoses take an 

internal perspective, benchmarking is oriented towards the competitive environment. By 

comparison with other departments or competitors, the necessary ‘market level’ of an activity 

can be determined. Problems with benchmark mostly derive from the fact that benchmarking 

can only be used if a comparison in terms of time and contents (e.g. same market, granularity 

or external influences) is possible. Leadership in an industry cannot be attained by 

benchmarking as the best competitor is the maximum objective. Nonetheless, a tendency 

towards benchmarking (and away from forecasted values) can be observed in practice.  

• Normatively set objectives. Normatively driven objectives can develop considerable energy, if they 

are used as visions or mission statements. As normatively set values are difficult to translate 

into measurable items which can be seriously assessed, they should be used with considerable 

caution. Most companies combine a number of interrelated objectives (Weber, 2004). 

2.1.4.2 Academic and Practical Relevance  

Evaluation can be judged as a sequence of decisions on stopping 
 which have not been realized. (Hauschildt & Salomo, 2007) 

Too many projects move far in the routine part of the innovation process without being seriously 

scrutinized. Yet, decisions on idea selection are decisive for all further development activity 

within a firm. As Cooper & Kleinschmidt put it bold and simple:  

“In fact, once a project begins, there is very little chance that it will ever be killed.”(Cooper & 

Kleinschmidt, 1986) 

Insufficient assessment results in the execution of too many marginal projects and the improper 

allocation of (typically scarce) resources. Indeed, conducting various marketing, technology, and 

business assessments has been shown to be strongly correlated to profitability, time to market 

and success of new products55 (Cooper & Kleinschmidt, 1986 & 1995; Cooper, 2001 & 2006b; 

Crawford & Di Benedetto, 2006; Montoya-Weiss & O'Driscoll, 2000).  

� 
Effective review of innovative projects should hence become standard in innovating 

companies, ideally with a framework as proposed by the following sections.  

                                                 
55

  Alarmingly, in the NewProd studies of Robert Cooper and his fellow researchers, tough Go/Kill decision points resulted as the weakest of 
the researched process factors. Another problem identified by these studies is that a process of assessment often exists, but is more or less 
ignored (Cooper & Kleinschmidt, 1986 & 1995).  
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Academia has made major contributions to the assessment of technological innovations56 which 

will be tapped into for the selection of methods. Nevertheless, these systematic methods have to 

be adapted to the context of the Fuzzy Front End in SME, because 

• the ideas generated during Ideation are not regulated, but diverse and heterogeneous 

(Boeddrich, 2004; Brandenburg, 2002), 

• during Fuzzy Front End, information on market and technology are still considerably low 

(Montoya-Weiss & O'Driscoll, 2000), 

• quantification and comparison of ‘information’57 is consequently difficult and tends to result in 

only apparent exactness (Brandenburg, 2002; Chmielewicz, 1994), and 

• existing methods are powerful, but often too laborious and/ or complicated for SME. 

The listed arguments result in a need for a particular way to assess and evaluate innovative 

projects in SME. This way should be able to seamlessly enhance58 the current decision-making 

based on past data, (subjective) experiences and intuition. Besides being comprehensive and 

simple, the suggested methods need to be highly adaptable and scalable to fit the needs of the 

smaller (growing) companies, too.  

�

An effective methodology of assessment is able to satisfy the following requirements 

(based on Cooper & Mills, 2005 and Montoya-Weiss & O'Driscoll, 2000): 

Systematization and standardization of the innovative project selection: provision of 

consistent, rigorous and objective criteria59; provision of consistent, rigorous and 

objective measurements of the fulfillment of criteria; and justified evaluations instead 

of prioritization based on average scores or intuition. 

Simultaneous attention to all evaluation issues relevant to the company: attention to 

market, technical, human factors etc.; and capture of rating (quantitative), rationale 

(qualitative), and confidence (quantitative) data. 

Adaptability and scalability of the methodology. 

                                                 
56

  Cf. for assessments of technological innovations: Abetti (2000), Ali, Kalwani & Kovenock (1993), Brandenburg (2002), Bremser & Barsky 
(2004), Brose (1982), Bullinger (1994), Cooper (2001), Manns (1992), Pfeiffer & Weiss (1995), Seibert (1998), Servatius & Pfeiffer (1992), Witt 
(1996), and Zahn (1995b). 

57
  According to Popper (2005), it is decisive to reach statements containing a high level of information, as the level of trueness cannot be finally 

determined. 
58

  The author wishes to express her conviction (among others also stressed by Cooper, 2001; Kim & Wilemon, 2002; Montoya-Weiss & 
O'Driscoll, 2000) that intuition, experience and common sense cannot and should not be neglected as important decision factors during the 
assessment of innovative projects. Yet, this tacit knowledge is successively accumulated over the years by the companies and by nature 
‘sticky’, hence difficult to transfer (cf. 2.4.1). On the contrary, the methods suggested further on in this thesis can be mastered and 
implemented comparatively quickly. As a result, they are intended as structured supplements to intuition – necessary, though not sufficient. 

59
  Cf. the section on criteria in paragraph 2.1.4.3 for the characteristics of consistent, rigorous and objective criteria sets. 
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A number of authors on innovation management include one moment of idea evaluation and 

selection in the innovation process. While some do not explicitly mention assessment at all, 

others have integrated two or even three and more assessments (cf. table 5). 

Assessments  Authors 

no explicitly mentioned 
assessment  

(Corsten, 1989a60; Geschka, 1993; Gruber & Marquis, 1996a; Kline & 
Rosenberg, 198661; Rogers, 2003  

one assessment  

(Brandenburg, 2002; Brockhoff, 1999; Disselkamp, 2005; Ebert, Pleschak & 
Sabisch, 1992; Geschka, 1989; Gentsch, 2001; Herstatt & Verworn, 2003b; 
Horsch, 2003; Schlicksupp, 2004; Schneider, 1999; Thom, 1992; Tebbe, 1990; 
Tidd, Bessant & Pavitt, 2005; Twiss, 1993; Vahs & Burmester, 2005) 

two assessments 

(Brandenburg, 2002; Crawford & Di Benedetto, 2006; Gerhards, 2002; Hughes 
& Chafin, 1996; Horsch, 2003; Meffert, 2005; Pleschak & Sabisch, 1996; 
Specht, Beckmann & Amelingmeyer, 2002; Stern & Jaberg, 2005; 
Trommsdorff & Schneider, 1990; Ulrich & Eppinger, 2003; Witt, 1996; 
Wolfrum, 1994) 

three or more 
assessments 

(Boutellier & Voelker, 1997; Cooper, 2001; Cooper, Edgett & Kleinschmidt, 
2002a; Cooper, Edgett & Kleinschmidt, 2002b; Hauschildt & Salomo, 2007) 

table 5 Overview of innovation management literature and included assessment(s) 

While a single assessment might be sufficient if there is need for a conceptual blueprint of an 

innovation process, it is not enough for management of the Fuzzy Front End. Consequently, I 

established two assessments during Fuzzy Front End following the findings of  

• Boutellier & Voelker (1997) who promote repeated assessment by a spiral model of 

innovation management, 

• Brandenburg (2002) who distinguishes between an assessment of ideas (so-called second order 

ideas, as they have already been structured and synthesized) and an assessment of concepts,  

• Herstatt & Verworn (2003b) who distinguish between an evaluation of ideas and (later in the 

process) a market and technology assessment, 

• Hughes & Chafin (1996) who prescribe two management reviews before implementation,  

• Witt (1996) who distinguishes between a gross selection with sustainability assessment and a 

fine selection with profitability analysis, and 

• the works of Cooper which include three gates before development (Cooper, 2001; Cooper, 

Edgett & Kleinschmidt, 2002a & 2002b). 

For unambiguous differentiation between the assessment of ideas (Cooper: gate 1 and 2) and that 

of more elaborated concepts (Cooper: gate 3), the first assessment has been named Concept Gate 

and the second Innovation Gate. The titles refer to the result of each assessment, taking a future-

oriented perspective. 

                                                 
60

  Corsten (1989a) indicates that several tests are necessary during the innovation process, but does not mention an assessment. 

61
  Kline & Rosenberg (1986) mention several feedback loops during the innovation process, but do not mention an assessment. 
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2.1.4.3 Characteristics of Assessments  

The Concept and Innovation Gate share a number of characteristics which have been derived 

from the contributions presented in the previous paragraph. Effective gates serve as twofold 

moments of truth with respect to the future of the innovative project: They include the general 

decision on future investment, halt or rework of the project as well as the prioritization decision 

(i.e. resource commitment and its allocation among the projects). Furthermore, especially later 

gates can serve as quality-control checkpoints (Cooper, 2000). 

A crossfunctional team staffs gate meetings, including middle or senior managers. These 

gatekeepers (Cooper, 2001) dispose of the resources the project requires until the next stage. In this 

thesis, gatekeepers are referred to as Jury of Ideas. This term has been selected as its similarity to 

the legal term jury indicates the idea of a democratic, fair and transparent decision-making 

process. Democratic is used to show that the represented departments (e.g. marketing and R&D) 

will have an equal standing during decision-making. Commitment and presence at gate meetings 

of executives grows in importance parallel to the resources necessary to the project (Cooper, 2001 

& 2005a; Herstatt, Verworn & Nagahira, 2004). At the first gate, middle management can be 

sufficient, while the final go/ no go for development necessarily claims the presence of senior 

executives (cf. subsections 2.3.2 and 2.5.1). 

As I intend to elaborate a generic framework, the assessments of ideas and concepts of the Fuzzy 

Front End are uniformly structured. In table 6, the components of these assessments are 

summarized; the elements are subsequently explained. 

Components of Assessment 

Component Description of Component 

Input 
• results of the actions of the previous stage 
• based on menu of deliverables of gate 
• delivered by project team to gate-keepers 

Criteria 
• ‘must’ and ‘can’ criteria 
• based on menu of criteria of gate 

Output 

• decision on the future of the project: invest/ hold/ stop 
• prioritization of invest projects 
• resource commitment and allocation 
• action plan and details of next gate meeting  

table 6 General structure of a Fuzzy Front End gate (based on Cooper, 2001) 

Inputs (or deliverables (Cooper, 2001)) denote the objects presented for assessment. Often, these 

objects are results of the previous stages. Inputs for gates need to be defined to ensure adequate 

preparation, an efficient gate meeting and a fair competition. For the Concept Gate, general rules 

apply, while the required inputs to the Innovation Gate might be defined or altered at the 

Concept Gate. 
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A company has to establish transparent and well-known criteria for assessment to reduce the large 

number of ideas (Boeddrich, 2004; Crawford & Di Benedetto, 2006). When establishing the 

framework of criteria, general requirements of ideal systems of criteria should be taken into 

consideration (cf. Breiing & Knosala, 1997; Manns, 1992; Saaty, 1996; Vincke & Gassner, 1992; 

Weber, 1993). It is obvious that these requirements can only provide guidelines to a specific set 

of criteria (Brandenburg, 2002). The subsequent table 7 presents the guidelines and a brief 

description of guideline. 

Guideline  Description of Guideline 

Quantification ideas must be directly or indirectly quantifiable, e.g. by scoring 

Completeness 
all relevant aspects (to the industry or to the particular company) have to be 
included 

Adaptability 
criteria need to be customizable according to the needs of the particular 
company 

Non-overlap and 
independence 

criteria are not allowed to overlap in order to avoid multi-addressing 

Operationability 
criteria have to be precisely formulated and have to describe the actual 
situation to allow unambiguously interpretation and evaluation 

table 7 Guidelines for establishment of criteria 

Criteria are typically divided into two categories: indispensable must meet and favorable should meet 

criteria62 (Cooper, 2001; Hahner, 2000; Herstatt & Verworn, 2003a; Pleschak & Sabisch, 1996). 

Must meet (or k.o. criteria) are mandatory, i.e. alternatives which do not fulfill these criteria are 

eliminated (Pleschak & Sabisch, 1996). The degree of fulfillment of the list of should meet criteria, 

on the other hand, is used to distinguish good from excellent propositions. 

During the Fuzzy Front End, qualitative criteria prevail as information on future benefits is 

difficult to gather and cost estimations are still difficult due to inherent uniqueness of the 

innovative project. While the Concept Gate deploys nearly exclusively qualitative methods, at the 

Innovation Gate, assessment is more concrete. This requires the use of more quantitative 

methods (Keim & Littkemann, 2005). 

Four possible decisions result, i.e. are output of the idea assessment at the gate review: 

• decision on the future of the project (invest/ hold/ stop) (Ebert, Pleschak & Sabisch, 1992; Pleschak 

& Sabisch, 1996; Schlicksupp, 2004; Specht, Beckmann & Amelingmeyer, 2002; Ulrich & 

Eppinger, 2003; Witt, 1996), 

• prioritization of invest projects (Cooper, 2000; Stern & Jaberg, 2005), 

• resource commitment and allocation (Cooper, 2000), and 

• action plan and details of next gate meeting (Cooper, 2000). 

                                                 
62

  Note that must meet and should meet criteria are of purely strategic meaning and do not imply any mathematical meaning. 
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2.1.4.4 Rules for the Jury of Ideas  

The Jury of Ideas is the group of persons responsible for the assessment and selection of 

innovative projects in a company. They might be elected by staff or appointed by management. 

In any case, they need to have  

• an in-depth understanding of the innovation process  and a commitment to adhere to its 

principles by setting high standards for quality of execution as well as of projects (Cooper, 

1999, 2001 & 2005a; Cooper, Edgett & Kleinschmidt, 2002b). 

• business acumen and market knowledge.  

Below, table 8 illustrates a code of conduct for a Jury of Ideas (Cooper, 2001). 

Code of Conduct for a Jury of Ideas 

Importance of 
commitment of 

middle and/ or senior 
management 

Middle or senior 
managers must 
moderate the gate 
meeting; all members of 
the jury of ideas have to 
be present and 
prepared. 

Demonstration of 
commitment to the 
process by actions is 
important to keep staff 
motivated for 
innovation and, thus, 
creative. 

Lack of or last minute 
preparation hinders the 
process. The belated 
one has to be excluded 
from the jury of ideas. 

Transparent, fair and 
consistent treatment 

of projects 

Gatekeepers are not 
allowed any hidden 
agendas or, contrarily, 
pet projects. 

Gatekeepers must make 
their decision based on 
the criteria for that gate 
– intuition and 
experience are allowed 
in the qualitative section 
only. 

Information beyond 
defined deliverables can 
be provided by the 
project team but must 
not be requested by 
gatekeepers. 

Timely, firm and 
consistent invest/ 

hold/ stop decision-
making 

If the decision is invest, the 
gatekeepers... 
• prioritize invest projects objectively, 
• commit and ensure availability of 

necessary resources, as well as 
• devise (and later on support) the 

agreed action plan by mentoring 
project teams and 

• establish visible and clear 
deliverables for successive project 
review or gate meetings. 

If the decision is hold or stop, the 
gatekeepers... 
• inform the project team 

immediately, in detail, on a written 
basis and face-to-face about the 
reasons of their decision. 

• review the hold ideas after an agreed 
on period of time or according to 
changed conditions. 

Reliable follow-up 
decisions 

Once the decision is made, priorities are set and should be changed only due to 
particular exceptions. 

table 8 Code of conduct for a Jury of Ideas (based on Cooper, 2001) 
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Internal Creativity 
Workshops

Source of 
Innovation

Type of Ideation

Employee 
Suggestion 

System

Open Innovation

Lead User 
Method

Internal External

Generation

Collection

2.2 Ideation 

Get a good idea and stay with it.  
Dog it, and work at it until it's done right. 

(Walt Disney) 

An innovation process initiates somewhere in the realm of the unconscious, when problems and 

business needs are identified which ask for novel solutions, i.e. innovations. During this period, 

employees, executives and customers tap their accessible knowledge bases and process influences 

from the environment (cf. subsection 2.2.1). 

The first determinable stage of the Fuzzy Front End is the phase of Ideation. At this stage, ideas 

are collected and/ or generated. As illustrates figure 17 by use of four well-known examples, idea 

collection and generation can take place internally and/ or externally. 

 

figure 17 Ideation matrix: internal and external idea collection and generation 

During this early, inexpensive phase, the enterprise pursues the goal of maximizing its pool of 

creative ideas (pool of potential) (Flynn et al., 2003; Luehring, 2003; Rochford, 1991; Wahren, 2004). 

To this end, external as well as internal sources of ideas are exploited on occasion or 

continuously, as summarized in table 9 (below). 
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research 
• joint projects 
• literature (books, academic and management journals) 
• lectures (fairs, universities) 

analysis of 
environment 

• trend reports 
• research on patents, market and technologies 
• competition (benchmarking, catalogues) Internal sources 

of ideas 

human contact 

• shareholders 
• customers (retailers, consumers) 
• partners (suppliers, knowledge brokers, investors, 

consultants, shareholders, etc.) 
• universities 
• competitors 

internal analysis 

• controlling (sales figures, cost of R&D, etc.) 
• complaints of consumers 
• quality reports 
• information of sales representatives 
• staff surveys 

Communication 
• conferences 
• team talks 
• innovative culture and social activities 

spontaneous ideas 
• product and/ or process suggestion 
• idea for improvement 

External sources 

of ideas 

 

(systematic) idea 
generation 

• workshops 
• quality circles 
• training programs 
• communities of practice 
• continuous improvement 

table 9 Possible sources of ideas
63

 

Successful idea generation is consequently a process which can be addressed by a systematic 

approach and turn out to be a critical success factor (Franke & Piller, 2004; Herstatt, Verworn & 

Nagahira, 2004; von Hippel, 1986; Kobe, 2006; Lilien et al., 2002; Luethje & Herstatt, 2004). A 

systematic approach which enhances idea gathering and generation will be presented in the 

following paragraphs (cf. figure 18). It is based on the suggestion by Herstatt & Luethje (2005) 

who focus on the sources of ideas.  

                                                 
63

  The table relies on various publications, most prominently (Disselkamp, 2005; Gierl & Helm, 2002; Jaworski & Zurlino, 2007; Keim & 
Littkemann, 2005; Schachtner, 2001; Wahren, 2004). 
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figure 18 Process of ideation (based on Herstatt & Luethje, 2005)
64

 

Initiative to innovate, the first step of the Ideation process, can be motivated twofold:  

• Related to occasion: Search for information is triggered by an explicit initiative, typically 

induced by deviation of targets and reality (Hauschildt & Salomo, 2007) 

• Continuous: Search for information is designed as continuous task (Herstatt & Luethje, 2005). 

Information gathering65, the second phase of Ideation, can relate to two kinds of information: 

• Related to purpose (limited search): Ideas which are able to fulfill unsatisfied needs and 

requirements, to open new markets and to serve new target groups (Herstatt & Luethje, 2005) 

• Related to means (open search): Ideas encompassing new principles, product architectures or 

materials, enabled primarily by technological developments (Herstatt & Luethje, 2005). 

The third step of Ideation is the actual idea generation, when, by means of analysis and synthesis, a 

novel combination of purpose and means is generated from the pool of ideas. 

The subsequent table attributes the suggested methods to the elements of Ideation. After a note 

on environment and knowledge base, the next sections will describe the different methods66.  

                                                 
64

  Wahren (2004) proposed a more elaborated phase model of idea generation with three pools of ideas: the first is dedicated to completely new 
ideas which get consequently elaborated to enter pool two (for mature ideas). These mature ideas are evaluated; the discarded ideas enter idea 
pool three. As this proceeding appears overly fine-tuned and cannot be found elsewhere in such detail, the phase of Ideation as well as the 
concept of the Pool of Potential are kept more stringent in this contribution.  

65
  This activity has been illustrated by the very illustrative metaphor of ‘aspirate and create a sensation’ (Kirsch, 1997).  

Anne Gerhards suggests in her doctoral dissertation to divide the idea acquisition into idea finding and structuring (Gerhards, 2002). Idea finding 
consists of three components: collection and use of existing ideas, their commercial acquisition and the generation of ideas. Structuring 
corresponds to the idea generation of Herstatt & Luethje (2005). 

66
  Note that all methods in this part are broad approaches that can accommodate a lot of company specific modification and adaptation by 

organizational actors, not ‘do it yourself’ kits. 
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figure 19 Process of ideation inclusive methods 

�
At the end of this section, the reader has gained knowledge on the diffuse diverse 

points of departure of an innovative project. Information on possible participants as 

well as on supporting methods has been given. 

2.2.1 Note on Environment & Knowledge Base  

 […] and, most important, adapting the front-end process to the environment (Khurana & Rosenthal, 1998) 

Even before Ideation starts, innovative thinkers are unconsciously influenced by the environment 

and the existing knowledge bases. During this stage, problems and business needs are identified, 

that is, the ground for innovative activities is provided. 

The conception of an environment which early on influences the innovation process relies on the 

principles of Design Science. The same applies to the use of available knowledge bases 

(cf. part III, paragraph 2.2.1.1). The research framework of Design Science is subsequently used 

to illustrate that an innovative initiative is typically related to a problem space (environment) or to 

the existence of new solutions (knowledge base). 

Environment hence defines the field of interest relevant to the innovating company (Simon, 1998). 

It encompasses people, (business) organizations, and their technologies (Silver, Markus & Beath, 

1995). People recognize goals and problems (business needs) within their specific organizational 

situation and against the solution space of existing technology infrastructure (Hevner et al., 2004).  

The knowledge base  is the pool of knowledge used to derive solutions to the business needs. It 

consists of foundations and methodologies derived from earlier contributions to the field. Foundation 

encompasses theories, frameworks, instruments and the artifacts used to develop and realize a 

solution. Methodologies provide guidelines for evaluation of the solution (Hevner et al., 2004; 

March & Smith, 1995; Simon, 1998). 
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In the field of innovation management, Wahren (2004) takes up a similar perspective, focusing 

on the innovating company67. He highlights the influences of various external partners (i.e. the 

human knowledge base) and the importance of the social, technological and economic 

environment to the innovating company. Interestingly enough, while citing Thom (1992) and the 

second edition of Hauschildt & Salomo (2007), Wahren does not reference the design science 

researchers. To remedy this infelicitous example of the fragmented and diverse nature of 

(innovation) management research which has been lamented among others by Drazin & 

Schoonhoven (1996), Tidd (1997) and Tranfield & Starkey (1998), figure 20 and figure 21 

juxtapose both contributions. 

 
figure 20 Design Science perspective by Hevner et al. (2004) on the innovative company 

                                                 
67

  Hevner et al. (2004) consider the innovative company as part of the research approach they suggest for research in the field of Information 
Systems. 
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figure 21 External influences on the innovative company (based on Wahren (2004) 

Integration of both design science and innovation management research leads to the following 

summary: The subconscious beginning of innovative activity is influenced  

• by the environment which determines the field in which the innovation will be rooted 

• and by the knowledge base  which triggers and during later stages supports the innovative 

activities by existing knowledge. 

While the influence of the environment is of particular importance at the very beginning of the 

innovation process, the methods and tools contained in the knowledge base are indispensable 

during the entire Fuzzy Front End.  
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2.2.2 Participants of Ideation 

Organizations should […] make information about customers68, competitors, and the industry  
more widely available to employees; and encourage staff  

to be interested in […] and collectively make sense of external development.  
(Madanmohan, 2005) 

In the traditional conception, ideas are mainly derived from internal sources. An important role is 

given to internal research and development. Adjacent divisions, like marketing or customer 

service, as well as members of production and procurement are considered to be important 

creators of ideas, too (Benders & Vermeulen, 2002; Brockhoff, 1999; Herstatt, Verworn & 

Nagahira, 2004; Phillips, Noke, Bessant & Lamming, 2004; Salomo & Cratzius, 2005).  

Open innovation, going beyond the traditional closed innovation model, taps additional 

(external) sources for the ‘outside-in process’ or ‘co-creation’ of innovation (cf. figure 22) 

(Chesbrough, 2004; Gassmann & Enkel, 2006; Keim & Littkemann, 2005; Reichwald & Piller, 

2006). Particularly for this phase69, open innovation stresses the integration of (end) customers70, 

suppliers and competitors as initiators and/ or participants (Brockhoff, 2005; Ernst, 2004; 

Franke, von Hippel & Schreier, 2006; Gassmann & Enkel, 2006; Gruner & Homburg, 1999; 

Harhoff, Henkel & von Hippel, 2003; Hermann & Schaffner, 2005; von Hippel, 1995; von 

Hippel, 2005; Prahalad & Ramaswamy, 2003; Quinn, 1985; Reichwald & Piller, 2006).  

 

figure 22 Closed and open innovation (based on Chesbrough, 2005; Chesbrough, Vanhaverbeke & West, 2007) 

Multidisciplinary participants ensure that the different needs and capabilities as well as the 

integrated perspectives of market and technology can positively influence the innovation process 

from the beginning (Enkel, Perez-Freije & Gassmann, 2005; Ernst, 2002; Kim & Wilemon, 2002; 

Kobe, 2006; Lester & Piore, 2004; Manimala, Jose & Thomas, 2005; Vissers & Dankbaar, 2002).  

                                                 
68

  It is important not to consider customers only as equivalent of existing customers, an often cited (mis)interpretation of Christensen’s work 
(Christensen, 1997). It is a necessity to focus on current as well as on future customers. This is best realized by trying to understand the latent 
and unexpressed needs of customers which also might be requirements of future customers, e.g. by the methods suggested in 2.2.2, 2.3.2.3, 
and 2.4.1.3 (Danneels, 2004). 

69
  Internal and external diversity is an important success factor of the entire Fuzzy Front End. This section on Ideation mainly focuses on 

customer integration. Paragraph 2.3.2.2 shows the importance of internally diverse teams, while subsection 2.4.1 elaborates on cooperation 
between companies. 

70
  Enkel, Perez-Freije & Gassmann (2005) provide an exhaustive overview on the literature on customer integration in the innovation process. 

They identified 11 attributes of customer integration as well as their key issues and associate them to the respective academic contributions. 
Besides, an overview on the customer profiles necessary for useful contribution to the innovation process is provided. 
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Such innovative diversity71 has a positive influence on the creative and innovative project. It 

fosters the information transfer72 between departments and partners, thereby reducing 

uncertainties, fostering trust and aligning goals73 (Amabile et al., 1996; Benders & Vermeulen, 

2002; Bassett-Jones, 2005; Bouncken, 2004; Bstieler, 2006; Gassmann, 2001). The following 

tables present the possible sources of innovations74 (Herstatt & Luethje, 2005; Lim, Sharkey & 

Heinrichs, 2003; Vissers & Dankbaar, 2002): 

Sources of Ideas related to Purpose (‘Market Pull’) 

(End) Consumers 
• A majority of tools developed by marketing and adjacent disciplines focus on the collection of customer 

data. Due to uncertainty in the early phases, they are of little use (especially quantitative methods and 
observation cannot be used). 

• An exception is complaint management: With relatively little effort, it can be used as powerful source of 
information on potential of improvement (Jaworski & Zurlino, 2007; Schachtner, 2001). 

• For the Fuzzy Front End, some particular methods are useful: conjoint analysis (cf. 2.2.3.3), the lead 
user method (cf. 2.2.3.4), and focus groups (cf. 2.2.3.5). 

Retailers 
• Retail is, on the one hand, gatekeeper for the requirements, complaints and suggestions of end 

consumers who typically have a better relation to retailing staff than to the manufacturer (Schachtner, 
2001). It has not yet been researched whether and to which extent information is forwarded by retailers. 

• On the other hand, retail is itself a source of information for new ideas:  
Staff members, like lead users, have extensive knowledge of product and market and are at the same time 
‘users’ of the product. They hence can well suggest improvements to the products.  
To a retailer who suggests improvements first unrivalled sales of the newly developed product might be 
allowed. 

• Retail disposes hence of a huge potential for Ideation which calls for further research. 

Environment 
• Possibilities for new products often stem from the dynamics in their environment. Social, economic or 

legal developments can dispense with existing solutions and provide space for new products (cf. 2.2.1). 
• Prognoses can be used (e.g. scenario analysis), but are often complex to realize for SME.  
• Analysis of secondary studies, e.g. of universities, public agencies, investment companies or trend 

institutes, provide a working alternative (Vahs & Burmester, 2005; Jaworski & Zurlino, 2007). 
• It is important to detect especially weak signals, in less familiar places and by peripheral vision to grasp 

signals. Technological forecasting is supporting this activity (cf. 2.2.3.1). 
 

                                                 
71

  Although, as the generation of ideas is often a complex and creative task, some authors claim that individual idea generation produces more 
creative solutions than groups (Rochford, 1991). The contribution of Bassett-Jones (2005) delivers a balanced perspective on this account. In 
“The paradox of diversity”, he explains that implementation of diversity leads forcibly to conflict, while its avoidance implies loss of 
competitiveness – a challenge management has to balance. 

72
  While Kratzer, Leenders & van Engelen (2004) found that communication  which is above minimum frequency (one to thrice a week), does 

hinder creativity in NPD teams, Bstieler (2006) examined creation of trust among team members being positively related to communication 
(similar: Barczak & McDonough (2003) on global NPD teams and Hoegl & Gemuenden (2001) on the quality of teamwork). As trust 
contributes to the performance of the collaborative relationship, the ‘right’ amount of communication represents another paradox which has 
to be carefully assessed. 

73
  Little or no misunderstandings, thanks to early distribution of information among different functions, can reduce lead times and costs and is 

hence of psychological, but also economic importance (Benders & Vermeulen, 2002; Wheelwright & Clark, 1992). 
74

  Another classification of sources of innovation is presented by Kobe (based on Rochford, 1991) who distinguishes between market-related 
sources and those related to technology (Kobe, 2003). 
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Sources of Ideas related to Means (‘Technology Push’) 

Members of Staff 
• Particularly prone to contribute to Ideation are the members of R&D and production, constantly in 

touch with the existing technologies and their capabilities (Vahs & Burmester, 2005). 
• Staff members with cohesive work-related social structures outside the company tend to be more 

innovative (Staber, 2004). 
• Suggestions by staff members need an ‘innovative corporate culture’ (cf. 1.3.1) possibly with an 

incentive system (Hauschildt & Salomo, 2007; Jaworski & Zurlino, 2007; Stern & Jaberg, 2005). 
• A systematic idea management can support storage and (re) use of suggestions made by staff members 

(Fairbank & Williams, 2001; Luehring, 2003).  

Competitors 
• Competitor orientation and analysis (cf. 2.3.3.3) is as important as customer orientation. Observation of 

single competitors is generally more informative than analysis of aggregated data. 
• Limitation of competitor analysis is the impossibility to get ahead of the market by simple observation 

(cf. benchmarking in 2.5.2.3.2) 
• Data on the actual product offering is easily collected (e.g. via the internet). 
• Besides, information on future product launches should be collected (e.g. by sales staff or visits to 

fairs) (Brockhoff, 1999). 
• Finally, reverse engineering, the conscious deconstruction of competing products, can help to better 

understand functions and properties (Seidenschwarz, 1993). 

Suppliers 
• Suppliers are an important source of innovative ideas which they might well offer to the company if 

they are treated fairly and constructively. 
• Besides provision of ideas, suppliers also might realize innovations by themselves and offer the entire 

package to the company. This has become a usual trajectory, e.g. in the automotive sector (Jaworski & 
Zurlino, 2007). 

Knowledge Brokers 
• If search is open, knowledge brokers can contribute positively to Ideation. They are usually design firms 

or consultancies (e.g. IDEO75) which combine knowledge from very different technology areas, and 
translate existing solutions into new applications. 

• An alternative might be an intelligent agent, i.e. a program able to filter information according to needs 
of the user (Gausemeier, Ebbesmeyer & Kallmeyer, 2001; Gentsch, 2001). 

 

                                                 
75

  More information on the business model and service offering of IDEO can be found online: http://www.ideo-labs.com/ (2007/05/03), in 
the popular book of one of the founders (Kelley, 2001) and in the doctoral thesis of Rackensperger (in prep.). 
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Sources of Ideas Related to Purpose and Means 

Experts 
• Experts from universities or other research institutions are invited to lecture on their insights (state of 

the art as well as future developments), to discuss with company representatives in a workshop or are 
interviewed on specific topics relevant for Ideation (Crawford & Di Benedetto, 2006). 

• Participation of staff members at conferences or fairs allows for a collection of (academic) expert 
knowledge, too (Geschka, 2002).  

Consultants 
• Consultancy brings about experience with methodologies as well as knowledge of the industry and of 

other industries which can be a powerful idea generator (Patrucco, 2003). 
• Another, less tapped source of new product ideas of potential commercial value are consulting 

engineering firms (Alam, 2003). 

table 10  Overview on participants in the Ideation process (based on Herstatt & Luethje, 2005) 

As a note on participants to the Ideation phase, the crucial importance of senior management is to 

be mentioned (cf. 2.5.1). Already at this early stage, impact of their commitment cannot be 

overrated (Boeddrich, 2004; Kim & Wilemon, 2002; Thamhain, 2003; Vissers & Dankbaar, 

2002).  

2.2.3 Methods for Ideation 

To stimulate idea creation, it is required to institute an organization design and processes which 

are suited for innovative activities. There are countless tools76 to support this (Keim & 

Littkemann, 2005). The subsequently suggested methods for support of the Ideation phase of a 

manufacturing firm are those judged to be the most relevant both theoretically and empirically77.  

For Ideation, analysis of the environment and its requirements towards the company are central 

in order to generate ideas for new products. Thereby, two groups of methods are used, 

denominated technology and requirements (cf. table 11). 

                                                 
76

  To give but three examples: 
(1) Schulze (2004) elaborates on the management of knowledge creation in new product development. She identifies commonly deployed 
methods among the interviewed companies: informal and experience workshops, experience reports, data bases, project briefings, 
communities of practices, research services, expert interviews, best practice cases and index services (cf. also Hoegl & Schulze, 2005).  

 (2) Hermann & Schaffner (2005) give an overview on the methods which literature suggests for ‘investigating customer preferences during 
product development’. These include the lead user method, conjoint analyses and focus groups as well as 13 other prescriptions.  

 (3) Sowrey (1990) presents a meta analysis of studies which focused on the techniques used for idea generation. He proposes to use a mixture 
of methods and a broad range of sources for idea generation. 

77
  This selection does not claim to be exhaustive, e.g. it includes only two especially useful methods of market research, excluding traditional 

methods. Traditional methods of market research, e.g. customer surveys, are excluded from the methods suggested for the FFE. This 
exclusion firstly is due to the fact that market research is typically done by the marketing department and hence input for, not task of 
innovation managers. Secondly, the importance of traditional market research is high once test markets have been established or the product 
has been introduced to the market – both phases are not part of the Fuzzy Front End. Eventually, this thesis targets the early, interactive, 
technology oriented phase of the innovation process  for which traditional market research cannot always provide necessary input 
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Group Method Type of Data Target/ Involvement 

technological forecasting 
Technology 

document analysis 

quantitative  
hard data 

technology 

conjoint analysis quantified soft data 

lead user method 
consumers 

Requirements 

focus groups 
qualitative soft data 

stakeholders 
table 11 Overview on methods for Ideation 

Two rather quantitative methods, technological forecasting (cf. 2.2.3.1) and document analysis 

(cf. 2.2.3.2), focus on the state and development of technological environment. Three other methods 

focus on the requirements of customers. Conjoint analysis thereby tries to quantify qualitative 

components (cf. 2.2.3.3), while the lead user method and focus groups are of qualitative nature. 

As lead users (cf. 2.2.3.4) are often part of focus groups (cf. 2.2.3.5), they are presented as an 

introduction to the latter. A number of these methods (e.g. the lead user method or the conjoint 

analysis) are used in later phases of the Fuzzy Front End, too. They will be referred to in future 

sections. 

2.2.3.1 Technology forecasting  

 [a] technology planning process […] to handle emergent issues and monitor long-term direction,  
constantly re-assess the environment in order to reduce risk and increase opportunity  

can be a purposeful, powerful management technique […] (Madanmohan, 2005) 

Technological innovation is a fragile process which has to be handled carefully. By its nature, 

technological innovation is a high-risk adventure with many unknowns and uncertainties 

(Cooper, 2006a; Twiss, 1992). Technological forecasting78 can early on reduce these risks and 

simultaneously identify the potential of the technology by gathering so-called weak signals. 

The term weak signals dates back to the seventies of the last century, when James Bright (from the 

field of technology management) and Igor Ansoff (from the field of strategic management) 

introduced it as part of the management system (Ansoff, 1976 & 1980; Bright, 1970 & 1973).  

Technology forecasting pursues the identification of weak signals about changes, threats and 

opportunities in internal and external environment, and, at the same time, tries to assess their 

conjoint risks (Corsten, 1989a; Gassmann, 2006b; Lawson & Samson, 2001; Twiss, 1992). In 

industries where competition based on technology is the norm, specific observation of weak 

signals sent by competitors79 takes place besides observation of the general environment 

(Geschka, 2002; Moehrle & Lessing, 2004).  

                                                 
78

  Flynn et al. (2003) broaden the scope of forecasting to be ‘environmental’, i.e. encompassing also social and economic factors. 

79
  Interestingly, in a study among 206 medium-sized manufacturing firms, Frishammar and Hoerte (2005) found that scanning the technological 

environment is positively associated with innovation performance, while scanning of competitors (as well as suppliers and customers) proved 
negatively correlated. Frishammer and Hoerte generally doubt the use of these inputs to innovative activities. To the author, the negative 
correlation between competitor scanning and innovation performance is rather due to the fact that a simple copy of competitor’s activities as 
well as observation of average customers cannot be sufficient to produce something novel. Consequently, the method of scanning should be 
doubted: while adequate for engineering, it is too weak for human beings. 
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By the use of this method, companies strive to stay receptive to triggers for change and remain 

capable of processing their information content (Christensen, 1997; Tidd, Bessant & Pavitt, 2005; 

Tranfield et al., 2003; Utterback, 2006). Technology observation is executed by members of staff, 

who get assigned specific areas for observation. Regular meetings analyze and compress results 

across the different functions (Geschka, 2002). To tap the full potential of the method, though, it 

is necessary to make it a regular event and include external experts (Madanmohan, 2005).  

To identify weak signals, the firm searches for badly structured information, allowing for 

different interpretations, thereby following a recursive phase model (cf. table 11)(Liebl, 2005; 

Gassmann, 2006b; Geschka, 2002). 

Information  

Gathering 

Diagnosis  

of Issues 

 Development of 

Strategies 

• Unfocused scanning 
• Focused monitoring, 

directed towards topics 
and questions 

• Detailed Analysis: Grasp components and 
structures of a topic 

• Synthesis of potentials: Find future 
developments and consequences 

• Agenda: Select strategically relevant topics 

• Generation of 
strategic options 

• Assessment of 
strategic options 

table 12 Recursive phase model of technological forecasting 

Unfocused scanning applies for technologies still unknown to the firm. The enterprise tries to 

continuously trace those technologies which might become of strategic importance – e.g. 

technologies applied in different industries with similar challenges (Geschka, 2002; Herstatt & 

Luethje, 2005; Tidd, Bessant & Pavitt, 2005). Continuous observation (monitoring) is used for 

these potentially significant technologies (Kobe, 2006). 

Information gathering for scanning and monitoring typically takes places by four complementary 

kinds of technology observation (Schulze, 2004; Kobe, 2003): observation by hazard, searching 

observation, compulsory observation and technology studies, each addressing different (though 

overlapping) areas of observation (cf. table 13). 
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Technology Observation 

  Observation 
by Hazard 

Searching 
Observation 

Compulsory 
Observation 

Technology 
Studies 

Search Characteristics 
open & 
continuous 

open & temporary 
defined & 
continuous 

temporary & defined 

Area of Observation 
set indirectly by 
activities of 
staff 

active search for 
technologies 
which will be 
relevant in the 
future 

defined – with 
iterative 
redefinition 

set by project task 

Participants by hazard 
e.g. participants of 
a workshop 

person responsible 
for observation 

project team 

Steering of Process 

specific 
collection of 
coincidental 
observations 

e.g. recurrent 
strategy 
workshops 

definition of 
content and 
communication  of 
observation 

project management 

Suggested Methods 
databases,  
idea workshops,  
competitions 

brainstorming,  
roadmaps,  
scenarios, 
analogies,  
morphological box 

patent analysis,  
bibliometrics,  
literature analysis 

patent analysis, trend 
extrapolation, cost 
benefit analysis, 
analogies, scenario 
mapping, literature 
analysis, 
bibliometrics 

table 13 Types of technology observation (based on Kobe, 2003) 

Areas of technology observation change continuously due to changes in the environment, the 

actual strategic impact of the observed technology and the resources the firm has in the 

meantime acquired.  

2.2.3.2 Document Analysis  

Document analysis is a part of technological forecasting (Herstatt & Luethje, 2005). However, 

this method is described separately as it can also be applied by smaller companies can apply that 

are not able to run a holistic technology observation.  

Document analysis or bibliometrics implies the perusal (and statistical analysis) of different kinds of 

documents; it pursues the goal to collect information on weak signals concerning technologies 

and their application (Herstatt & Luethje, 2005). Thereby, two kinds of documents can be 

distinguished: (technical) scientific publications and patents. The following table juxtaposes them. 
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Scientific Publications Patents 

Bibliometrics supports the perusal and analysis of 
scientific publications in interesting areas of 
technology (Gerpott, 2005a; Geschka, 2002). 
Research has immensely been eased with their 
online availability at diverse sites like 
• OPACS of libraries80, 
• databases like EBSCO and AMC81 or 
• scientific internet search portals like Google 

Scholar or Citeseer 82. 

It is an important drawback that scientific 
publications suffer from considerable time lag; 
especially the review process for scholarly journals 
takes (too) much time (Kemerer, 2002; 
Lange, 1994). 

Scientific contributions mostly reflect publicly 
sponsored research. Companies rarely publish their 
R&D results (Herstatt & Luethje, 2005). 

Focused study of newly granted patents is an 
important starting point for new technological 
innovations, (Ernst, 1996; Gassmann & Bader, 
2007; McAdam & Keogh, 2004; Lange, 1994; 
Trommsdorff & Schneider, 1990). 

Patent analysis remedies the ‘public drawback’ of 
scientific publications as it indicates which 
company is active in which field83 (Gausemeier, 
Ebbesmeyer & Kallmeyer, 2001; Gerpott, 2005a). 
Publication in patent data bases is typically four to 
six years earlier than market information (Geschka, 
2002). 

Patent analysis has been alleviated with a number 
of online and CD ROM databases available at the 
patent offices84 (Herstatt & Luethje, 2005). 

table 14  Types of document analysis 

2.2.3.3 Conjoint Analysis  

Forecasting consumers’ future preferences is difficult, as an average consumer cannot picture a 

future product except for (small) product modifications or new combination of properties of 

existing products (Albers, 2004b; Leonard & Rayport, 1997). To remedy this problem, conjoint 

analyses85 (or multi-attribute compositional models) can be used. 

Conjoint analysis has been developed in the mid 1960s by Luce and Tukey (Meffert, 2005), who 

studied capture of measured values. The method is a mixture of data collection and analysis 

(Gausemeier, Ebbesmeyer & Kallmeyer, 2001; Seidenschwarz, 1993). It is able to solve the 

problem that it is difficult for most consumers with increasing complexity of products to 

determine the relative importance attributed to a specific property of a product (Luethje, 2003; 

Meffert, 2005; O’Connor, 1998). Furthermore, isolated properties are perceived differently if 

presented in combination (Piller, 2004).  

                                                 
80

  See for instance http://www.biblio.unisg.ch (university library of the University of St. Gall – HSG), http://catalog.loc.gov/ (Washington 
Library of Congress) or http://www.ddb.de/sammlungen/index.htm (German national library) (2007/03/09). 

81
  More information available online at: http://www.ebsco.com/home/ and http://portal.acm.org/portal.cfm (2007/04/28). 

82
  Have a try and test one of the cited works at http://scholar.google.com/ or http://citeseer.ist.psu.edu/cs (2007/07/05). 

83
  Still, as especially SME often renounce the expensive patenting procedure (relying rather on industrial secrecy) (Vahs & Burmester, 2005), a 

complete overview on technological novelties cannot be granted by this technique. 
84

  On its website, the European Patent Office provides for a publication server by which information on European patents can be obtained: 
http://www.epo.org/patents/patent-information/european-patent-documents_de.html (2007/06/05). 

85
  The term conjoint is an artificial composition of considered jointly. 
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Conjoint analysis is able to assess consumers’ perception of the value of different properties of a 

product without explicitly asking for it (Green, Carroll & Goldberg, 1981; Green & Srinivasan, 

1990; Meffert, 2005; Wittink, Vriens & Burhenne, 1994). From a global evaluation of fictive 

products and their ranking, relative importance of properties of a product and their contribution 

to global utility can be derived (Gausemeier, Ebbesmeyer & Kallmeyer, 2001; Meffert, 2005; 

Seidenschwarz, 1993). Provision of physical or virtual prototypes86 of the possible combination 

of properties (i.e. the future product) supports the process as it helps customers to make precise 

statements (Dahan & Hauser, 2002). 

The method is efficient as it also allows deriving the desirability of combinations of properties 

which were not tested (Dahan & Hauser, 2002; Green, Carroll & Goldberg, 1981; Piller, 2004). 

Besides, quantification of interactive effects between different properties of a product is possible 

(Herstatt & Luethje, 2005).  

 
figure 23 Proceeding of conjoint analysis 

                                                 
86

  Literature is contradictory of the equivalence of virtual representations for assessment. Brockhoff (2004) recommends virtual, i.e. 3D-models 
to get as close as possible to reality in order to avoid biases of assessment. 
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Properties and values of properties need to be carefully selected with respect to several aspects 

(Gausemeier, Ebbesmeyer & Kallmeyer, 2001): 

• Properties must be relevant for decision.  

• The product must be able to influence properties. 

• Selected properties have to be independent of each other and have no overlap. 

• A compensatory relation among the values of properties is necessary, i.e. deficiency of one 

property can be counterbalanced by strength of another. 

• Mandatory criteria are not to be allowed as values of properties, as they cannot fulfill the 

compensatory relation. 

• The number of properties and values of properties have to be limited. 

By further development of the models (e.g. choice based conjoint analyses or hybrid models) and 

by increasing virtual representation of stimuli, primary limitations of conjoint analyses have been 

eased (Backhaus et al., 2006; Herstatt & Luethje, 2005; Teichert, 2000), while indications for the 

design of new products have been further improved.  

Juxtaposed to its benefits, drawbacks of the method include according to Herstatt & 

Luethje (2005) and Meffert (2005): 

• the difficulty to identify suitable properties of the product and the values of properties,  

• the limitation to properties which respondents know (i.e. no support to finding novel 

properties),  

• the problem of aggregation of individual parameters to values of of propoerties relevant for 

the entire target groups as well as  

• the general fact that conjoint analyses cannot be falsified.  

The use of online conjoint analyses enhances interactivity with respondents and flexibility, e.g. by 

introducing dependencies between questions. At the same time, it reduces costs and increases 

speed. Interactive virtual prototypes or simulation of 2D or 3D models mark important progress 

compared to pen and paper surveys (Dahan & Hauser, 2002; Luethje, 2003). As a drawback, 

online conjoint analyses often involve problems of adequate sampling. 
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2.2.3.4 Lead Users  

Especially in turbulent and changing markets, when completely new product concepts should be 

developed and/ or evaluated or when interaction with highly innovative customers is pursued, 

imagination of an average customer seems to be limited:  

“Their insights into new product (and process and service) needs and potential solutions are 

constrained by their own real-world experience. Users steeped in the present are thus 

unlikely to generate novel product concepts which conflict with the familiar.” (von 

Hippel, 1986)87 

To solve this problem, companies can look for support by customers who are especially 

motivated and capable to significantly contribute88 to new product development: the invitation of 

lead users is recommended (Cooper, Edgett & Kleinschmidt, 2004c; Geschka, 1989; von Hippel, 

1986; Luethje, 2000; Reichwald & Piller, 2002; Reichwald, Ihl & Seifert, 2004). This group of 

outstanding consumers is characterized by two properties: 

Lead users are potential or actual customers and/ or users whose present strong needs will become 

commonplace in a future market. They can form a need-forecasting laboratory for market research 

(von Hippel, 1986; Luethje, 2000; Piller, 2004). 

• By this characteristic, consumers are described who identify a market need early and are ready 

to innovate solutions differing from existing offers. Still, experiencing a need does not yet 

make a consumer a lead user (von Hippel, 1986). 

• Therefore, an additional condition applies to lead users: they are those consumers who 

“realize needs that most customers in the market will face in the future” (Luethje & Herstatt, 

2004). 

Lead users significantly profit from the resulting new product which is able to solve their problems 

and satisfy their needs. Consequently, they are more willing to participate in a joint project (von 

Hippel, 1986). 

• Following this hypothetical characteristic, consumers are more willing to start new product 

development given the expectation that a personal benefit will result which is related to the 

innovation (Luethje, 2000). 

• This incentive can bring lead users to “dominate all stages of the development process, 

particularly if no manufacturer is able or willing to take on that task” (Luethje & Herstatt, 

2004). 

                                                 
87

  Since Eric van Hippel’s 1986 contribution, lead users have been researched extensively – to name but a few works: (Brockhoff, 2005; 
Hermann & Schaffner, 2005; Herstatt & von Hippel, 1992; von Hippel, 1994, 1995 & 2005; von Hippel, Thomke & Sonnack, 1999; Lilien et 
al., 2002; Luethje, 2000 & 2004; Luethje, Herstatt & von Hippel, 2005; Reichwald & Piller, 2002; Reichwald, Ihl & Seifert, 2004; Reichwald et 
al., 2007; Thomke & von Hippel, 2002; Walcher, 2007).  

88
  Lilien et al. (2002) research the impact of lead user innovations at 3M, finding annual sales of lead user ideas (conservatively projected) to be 

more than eight times higher than forecast sales for the average ‘traditional’ project.  
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Integration of such innovative consumers is typically realized by the lead user method (Cooper, 

Edgett & Kleinschmidt, 2002a; von Hippel, 1986; von Hippel, Thomke & Sonnack, 1999; 

Luethje, 2000; Luethje & Herstatt, 2004). This process encompasses four major steps (cf. table 

15). 

Lead User Method 

Step Substep #1 Substep #2 Substep #3 

Step #1: Start of  
lead user process 

building an 
interdisciplinary team 

defining the target 
market 

setting objectives of lead 
user involvement 

Step #2: 
Identification of  
needs and trends 

interviews with experts 
(market/ technology) 

scanning of existing 
information 

selection of most 
attractive trends 

Step #3: 
Identification of  

lead users 

search based on 
networks 

identification of 
analogous markets 

screening of first 
suggested solutions by 

lead users 

Step #4:  
Concept design 

lead user workshop to 
generate/ improve 
product concepts 

evaluation of concepts 
documentation of 

concepts 

table 15 The process of the lead user method (Luethje, 2000) 

Lilien et al. (2002) were able to show that the integration of lead users results in solutions which 

are more innovative and have a significantly higher success in the market place than solutions 

elaborated with traditional methods; thus the effectiveness  of the method has been 

demonstrated. 

2.2.3.5 Focus Groups and Online Communities  

In the context of Ideation, interviews with customers, suppliers or other partners typically do not 

take place on a one-to-one basis but with several respondents at the time. These focus group 

discussions of about one to two hours duration are led by a moderator and bring together between 

six to twelve participants in a loosely structured conversation (Easterby-Smith, Thorpe & Lowe, 

2002). Focus groups can be organized on various topics, e.g. identification of problems with 

existing products, upcoming trends or usage scenarios (Kleinschmidt, Geschka & Cooper, 1996).  

Quality of focus group discussion depends on the participants’ spontaneous reactions, ideas and 

points of view; thus, a mix of different perceptions and the resulting group dynamics have 

proven helpful. This diversity supports the identification of different attitudes, motives and 

emotions related to a particular product concept and might even lead to unexpected results 

(Enkel, Perez-Freije & Gassmann, 2005; Hoegl & Gemuenden, 1999; Hoegl & Gemuenden, 

2001; Kim & Wilemon, 2002; Rochford, 1991).  

Besides delivering innovative input, focus groups also allow behavioral observation. The process 

of forming an opinion, evaluation and first usage of new products, and the interaction between 

different partners are important findings, too (Kleinschmidt, Geschka & Cooper, 1996).  
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Focus groups are consequently a useful, relatively effortless tool for exploration, especially if 

there is little prior knowledge about a particular problem (Achenbaum, 2001; Reid & Reid, 2005). 

By encouraging discussion among group members, rich, descriptive information can be collected 

(Hartmann, 2004; Henderson, 1992). Their benefits make focus groups a useful tool for concept 

gathering in the development stage.  

The most important risk of focus groups is the identification of the right participants: participants 

must (a) have the appropriate information and (b) be willing and able to share it (Hartmann, 

2004). Thirdly, knowledge spill-over might be a problem to consider if topics are specific enough. 

Usually, companies tend to invite a representative mixture of their (possible) customers. Other 

strategies like selecting participants at random can be used, too. 

Today, the integration of the internet in focus group methodology should be considered. 

Possibilities include virtual focus groups (Reid & Reid, 2005) or the use of existing online communities 

(Dahan & Hauser, 2002; Franke, 2005; Henkel & Sander, 2003). With respect to the latter, 

Herstatt & Sander (2004a) differentiate between  

• passive online integration: i.e. observation of ongoing discussions in an existing community and 

• active observation: that is, the establishment of an interactive relationship between customer and 

company, e.g. via idea competitions or toolkits for user innovation (Franke & Piller, 2004; 

Franke & Piller, 2004; Franke, 2005; Thomke & von Hippel, 2002; Walcher, 2007).  

Disregarding the improvements in terms of cost and speed realized by virtual focus groups and 

online communities, Gerybadze states that face-to-face communication in innovation 

communities can hardly be substituted by any different form of communication (Gerybadze, 

2003). As another drawback, online communities often involve problems of adequate sampling 

(similar to online conjoint analyses, cf. 2.2.3.3). 

2.2.3.6 Compression  

The method described in this paragraph is not only last in the list, but should also be the final 

step of Ideation. Compression is a method which can only be used after multiple ideas have been 

derived, by use of one or more of the methods suggested. These early fuzzy solutions to 

problems are heterogeneous drafts that need to be structured in order to be assessed by the Jury 

of Ideas during the next phase.  

Structuring is done by compression, that is, an analysis and synthesis of the draft ideas at hand 

(Brandenburg, 2002; Gerhards, 2002). Sometimes, analysis already takes place during Ideation. 

Especially with interactive settings like lead user workshops, it is a natural closing activity to 

jointly cluster the developed ideas. In this case, this step is integrated in the respective interactive 

session. 
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Otherwise, when preparing for idea assessment, the inventive team analyses and clusters ideas 

according to a set of criteria, e.g. similar technological properties (Boeddrich, 2004; Gerhards, 

2002). Thereby, systematization can take three basic approaches (Brandenburg, 2002): 

• By arranging, ideas are structured according to a given framework,  

• by clustering, similar ideas are grouped, thus establishing a framework, and 

• by networked thinking, arrangement starts from a given framework which can continuously be 

enlarged and interlinked by clustering new criteria (Probst & Gomez, 1993 & 2004) 

Use of convergent, analytic creativity techniques as well as the morphological box (cf. table 27), 

can well support this step (Gerhards, 2002). It is suggested that senior management participates 

in the compression process in order to win executive sponsors for the ideas (cf. the note on 

senior management in subsections 2.2.2 and 2.5.1).  

2.3 Concept Gate  

Initial screening was one of the most poorly handled activitities. 
 (Cooper & Kleinschmidt, 1986) 

Screening of innovative ideas is the initial decision to commit resources in terms of time and 

money to the innovation project (Herstatt, Verworn & Nagahira, 2004). This relatively gentle gate 

is headed by the question: 

Does the idea merit undertaking limited development effort? 

Obviously, the Concept Gate largely relies on qualitative criteria which are assessed by the Jury of 

Ideas. It is important to note that this gate does not require financial analysis. Because the 

resulting product, process or impact thereof is still largely unknown, only rough estimations of 

potential reward are requested (and feasible) (Cooper, 2006a; Herstatt & Verworn, 2003a; Ulrich 

& Eppinger, 2003).  

Nonetheless, the importance of this gate should not be underestimated. Following the somewhat 

bold equation of “kill early = kill cheap”, it is important to select only those ideas which seem 

promising and stop the risky candidates early on (Jaworski & Zurlino, 2007; Ulrich & Eppinger, 

2003; Witt, 1996). 

This section begins in 2.3.1 with a note on implicit idea assessment and filtering in the Invisible 

Funnel which precedes any official assessment. Subsequently, the organizational structure of the 

Jury of Ideas is introduced (cf. 2.3.2), the crossfunctional team is presented and then two kinds of 

methods suitable for idea assessment are introduced (cf. 2.3.3). The section closes with an outline 

of the outputs of the Concept Gate in subsection 2.3.4. 
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figure 24 The Fuzzy Front End, current phases (Invisible Funnel  and Concept Gate) highlighted 

�
At the end of this section, the reader has been introduced to the informal filtering of ideas 

and its relevance. He has been given information on the first formal assessment of ideas. 

2.3.1 Note on the Invisible Funnel  

A new idea is delicate. It can be killed by a sneer or a yawn;  
it can be stabbed to death by a joke [...].(Charles H. Brower) 

This note on the Invisible Funnel targets the whereabouts of innovative ideas between the 

moment of publication and their first official assessment at the Concept Gate. This period is 

called Invisible Funnel due to its informal character. It is crucial to secure quality ideas for 

assessment as well as to maintain a continuous flow of creativity89. 

Ideas enter the Invisible Funnel immediately after the individuals or interest groups brought them 

to public consciousness90 (van de Ven, 1986). In a transparent and simple (i.e. fast) way, all ideas 

ought to be collected, filtered and evaluated somewhere in an organization (Luehring, 2003).  

                                                 
89

  The study of Schachtner (2001) has identified inconsequent collection of ideas, insufficient documentation thereof, and lack of transparency 
as main problems during the very early stages  of the innovation process  (denoted by him ‘idea collection’).  

90
  Legal ownership of ideas is an important topic in this context: According to the findings of Hannah (2004), employees beliefs about who 

owns ideas are directly influenced by their belief about the strength of their own legal claim as opposed to the strength of their employers’ 
claim. Employers should therefore make sure to be involved in idea generation, socialize employees to include idea generation into job 
responsibilities and establish transparent procedures. Otherwise, fearing a stronger legal claim by the company, employees might choose to 
keep their ideas from employers and not publish them. 
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A majority of larger companies tries to encounter this challenge with a knowledge management tool 

which allows for an open process. At the same time, these systems are formal enough to allow 

for speedy assessment along objective criteria (Fairbank & Williams, 2001; Luehring, 2003). In 

smaller companies, such a system is rarely employed. The idea is rather ‘somehow’ forwarded 

through the hierarchy until it reaches the instance which has the decisional authority to determine 

the further development of the idea. Typically, between the person who brings the idea forward 

and the person to decide about its further development, a number of levels91 have to be passed. 

This results in the Invisible Funnel as an unstructured diffusion process during which ideas are 

filtered (Hauschildt & Salomo, 2007).  

Combined with the later official assessments at the gates, the Invisible Funnel ensures a sorting 

process. Thereby, many ideas enter but a certain percentage of projects are culled at each stage or 

during its course, if new information is available (Cooper, 2005a; Wheelwright & Clark, 1992) 

(cf. figure 11).  

The Invisible Funnel has some remarkably positive effects. It frees the idea of redundancies, 

deselects natural or ineffective initiatives, can bundle a number of similar or related ideas 

(resulting in the innovation funnel as presented by Abernathy & Utterback, 1978), and activates 

other interested persons to further develop the idea etc. (Hauschildt & Salomo, 2007; van de 

Ven, 1986).  

Then again, the informal filtering holds the risk of ignorance, take over or misappropriation of 

the idea by the superiors. Accordingly, the central question is: who is responsible? It is advisable 

to separate the innovative channel from the official channel as it has been shown that direct 

superiors, suspecting more or less obvious criticism enclosed in the idea, might be overly critical 

(Ettlie & Subramaniam, 2004; Hauschildt & Salomo, 2007).  

As a consequence, a separate innovation channel which acts as a reliable interface between 

employees’ ideas and the company’s idea pipeline is suggested; it should meet the following 

requirements (cf. Boeddrich, 2004; Gruner & Homburg, 1999; Hauschildt & Salomo, 2007): 

�

The Invisible Funnel is devoted only to initiatives, it leads to an instance which is able 

to ensure that the initiative is neither ignored, taken over nor misappropriated (i.e. 

bypasses the next hierarchical level, in any case the personal superior92), and which is 

able to induce a decision process on the future development of the idea.  

                                                 
91

  Sometimes, it is not only a question of hierarchical level, but also of functional affiliation. If the idea stems from marketing, but has to be 
funneled through R&D, difficulties increase due to differences in term of culture, language etc. (cf. paragraph 2.3.2.2).  

92
  This measurement is not contradicting the basic importance of an innovative culture (cf. subsection 1.3.1), but merely a way to avoid conflicts 

by establishment of a transparent, universal process. Other possibilities to realize such a behavior include Quality Function Deployment 
(Akao, 1990), presented in paragraph 2.5.2.1.2. 
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2.3.2 Participants of the Concept Gate 

[…] [I]dea selection took place in meetings,  
where the various functions of the company were represented.  

(Herstatt, Verworn & Nagahira, 2004) 

When it comes to a first evaluation of ideas, the critical success factor is a highly committed, 

visionary, interdisciplinary, cross-hierarchical team93 which is able to unite a number of 

perspectives (competition, technology, market, feasibility, costs etc.) vis-à-vis the idea in question. 

The subsection starts with an introduction to the general characteristics and different types of 

innovation teams (2.3.2.1). Subsequently, the recommended organizational form for the Jury of 

Ideas, a crossfunctional team, is presented (2.3.2.2). The concluding note is dedicated to the 

integration of consumers in this stage (2.3.2.3). 

2.3.2.1 Characteristics of Innovation Team  

The basic concept of organizing and managing teams can be traced back to biblical times, when 

e.g. Moses was told to ask Aaron for his help in guiding the Jews. However, in today’s complex, 

global, and high-technological environment, the work group has grown in importance as a 

concept of business organization (Thamhain, 2004).  

A team is thus no longer only a group of people working together (Kezsbom, 2001), but it is a 

special term used for a group of people who  

• share a common purpose and performance goals, as well as commitment to a common 

approach on how the work is done (Benders & Vermeulen, 2002; Cooper, 2006b; Crawford & 

Di Benedetto, 2006; Ernst, 2002), 

• possess the necessary interdependent roles, skills94, and talents to do the job (Cooper & 

Kleinschmidt, 1990; Geschka, 1993; Henke, Krachenberg & Lyons, 1993; Jaworski & Zurlino, 

2007; Khurana & Rosenthal, 1998; Stevens & Burley, 2003; Zirger & Maidique, 1990), 

• feel as a collective responsible for their success (and/ or failure) (Benders & Vermeulen, 2002; 

Cooper, 2006b; Ernst, 2002; Geschka, 1993; Thamhain, 2004), and  

• expect or anticipate that their respective talents will complement their collective efforts to 

achieve their common goal(s). 

                                                 
93

  Internal and external diversity is an important success factor of the entire Fuzzy Front End. This section on the Concept Gate stresses the 
importance of internally diverse teams, while subsection 2.2.1 focuses on customer integration and subsection 2.4.1 highlights cooperation 
between companies. 

94
  Skills necessary for successful teamwork include functional expertise as well as interpersonal, social and methodological skills (Cooper & 

Kleinschmidt, 1990; Fietz & Littkemann, 2005; Henke, Krachenberg & Lyons, 1993; Zirger & Maidique, 1990). Although functional expertise 
is important in solving product development issues, Henke et al. (1993) argue that interpersonal skills are even more important as they enable a 
team to function effectively, thereby facilitating task accomplishment. 
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Furthermore, the context of teams dealing with new product development (NPD), innovation, 

and/ or R&D needs some clarification. The team is a company’s R&D or product development 

department (or a part thereof), often being a crossfunctional team (Benders & Vermeulen, 2002; 

Tidd, Bessant & Pavitt, 2005; Vissers & Dankbaar, 2002; Wheelwright & Clark, 1992). For this 

thesis, considering (small) size and organizational structure of the companies to be studied, no 

distinction is made between R&D and the new product development department.  

�

I will speak of an innovation team as a crossfunctional (project95) team, constituted by 

members of R&D and adjacent departments. An innovation team can (a) generate 

and develop ideas during Ideation and Concept Development and (b) assess and 

evaluate innovative projects at the Concept and Innovation Gate. 

Diversity in innovation teams can take a number of forms; its basic types are summarized in  

table 16. In business reality, these types are often mixed, e.g. as virtual global teams.  

Types of Innovation Teams 

Form Languages Locations Departments Communication Interaction 

one - many one - many one - many 
face-to-face, electronic 

support 
mostly  

face-to-face 

Cross-
functional 

articles: (Barczak & Wilemon, 2003; Cooper & Kleinschmidt, 1990; Crawford & Di 
Benedetto, 2006; Ernst, 2002; Geschka, 1993; Griffin & Hauser, 1996; Gupta & Wilemon, 
1990; Herstatt, Verworn & Nagahira, 2004; Henke, Krachenberg & Lyons, 1993; Lim, 
Sharkey & Heinrichs, 2003; Lovelace, Shapiro & Weingart, 2001; Moenaert et al., 1995; van 
der Panne, van Beers & Kleinknecht, 2003; Sherman, Berkowitz & Souder, 2005; Thieme, 
Song & Shin, 2003; Zirger & Maidique, 1990) 

many many one - many 
technology-facilitated – 

across time & space 
mostly 

electronically 
Global articles: (Barczak & McDonough, 2003; Bengtsson & Soederholm, 2002; Berggren, 2004; de 

Brentani & Kleinschmidt, 2004; Gassmann, 2001; Jaworski & Zurlino, 2007; Manimala, Jose 
& Thomas, 2005; Zakaria 2004) 

one - many many one - many 
technology-facilitated – 

across time & space 
mostly 

electronically 
Virtual 

articles: (Chesbrough & Teece, 2002; Ettlie & Elsenbach, 2007; Kirkman et al., 2004; 
Zakaria, Amelinckx & Wilemon, 2004) 

table 16  Overview on types of innovation teams 

Focus of the following considerations will be on crossfunctional teams as they seem particularly 

suitable to size and scope of the companies studied. While disposing of a number of advantages 

(e.g. diversity, collocation) compared to mono-functional teams, crossfuntional teams do not 

hold common disadvantages of global or virtual teams (i.e. language problems, electronic 

communication). 

                                                 
95

  The project organization is the most widely applied organizational form for innovation teams (Keizer, Vos & Halman, 2005). 
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2.3.2.2 Crossfunctional Team 

Innovation teams involve by their nature many different functional areas and activities united by 

the common goal of increasing customer value and satisfaction (Ernst, 2002; Griffin & Hauser, 

1996; Gupta & Wilemon, 1990; Herstatt, Verworn & Nagahira, 2004; Lim, Sharkey & Heinrichs, 

2003; Stern & Jaberg, 2005; Ulrich & Eppinger, 2003; Zirger & Maidique, 1990).  

According to the literature, next to R&D, marketing should play a significant role during the 

Fuzzy Front End, combined with other areas of expertise (e.g. industrial design, controlling and 

manufacturing96)(Clark & Fujimoto, 1992; Corsten, 1989a; Crawford & Di Benedetto, 2006; 

Ettlie, 1988; Gerhards, 2002; Lovelace, Shapiro & Weingart, 2001; Madanmohan, 2005; Manns, 

1992; Moenaert et al., 1995; Song, Montoya-Weiss & Schmidt, 1997; Ulrich & Eppinger, 2003; 

Veryzer, 2005). The following figure illustrates three possible trajectories of functional integration 

in innovation projects (based on Corsten, Goessinger & Schneider, 2006 and Horváth, 2006a). 

Related, the study of Olson et al. (2001) stresses that the importance of crossfunctional cooperation 

varies by time (i.e. front end vs. back end) and by the level of innovativeness (i.e. incremental vs. 

radical) associated with the innovative product. 

 

figure 25 Possible crossfunctional integration in innovation projects 

                                                 
96

  For the influence of HR management  on innovation management, cf. (de Leede & Looise, 2005; Searle & Ball, 2003); remarkable also the 
article of Bondarouk and Looise (2005), who research the contributions HR management can specifically make to IT innovation projects (e.g. 
by indication of the tasks to be automated and adequate incentive systems). On the contributions of controlling to innovation processes, 
cf. Weber & Zayer (2004). On the detail of overcoming tensions between artistic creation and commercial imperatives, cf. Beverland (2005). 
Horváth (2006a) elaborates on the importance of controlling to create transparency of results. 
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A positive impact97 of crossfunctional teams is their high absorptive capacity as their 

interdisciplinarity allows them to tap a broad array of information (Galbraith, 1973; Lovelace, 

Shapiro & Weingart, 2001). Functional diversity also makes the team more creative. Besides, 

results have distinctively greater impact compared to individual innovations (Gassmann, 2001; 

Lovelace, Shapiro & Weingart, 2001; Manimala, Jose & Thomas, 2005). Members of an 

interdisciplinary, collaborative team can facilitate information generation and dissemination 

throughout the company (Barczak & McDonough, 2003; Griffin & Hauser, 1996; Jaworski & 

Zurlino, 2007; Lim, Sharkey & Heinrichs, 2003). Their potentially positive impact on cycle time 

and project performance further increases popularity of crossfunctional teams (Barczak & 

Wilemon, 2003; Brown & Eisenhardt, 1995; Cooper, 2006b; Nonaka & Takeuchi, 1995; 

Wheelwright & Clark, 1992). 

On the other hand, besides personal and cultural differences among members of the diverse 

functional areas, differences with respect to timescales98, style of working, language and objectives 

may lead to tensions and need to be overcome by team management (Lovelace, Shapiro & 

Weingart, 2001; Luehring, 2003; Veryzer, 2005). Another, often neglected aspect is local distance 

between partners. Amplified by globalization dislocation reduces the possibilities for spontaneous 

interaction and informal communication.  

                                                 
97

  Concerning success factors of crossfunctional teams, Holland, Gaston & Gomes (2000) identified 27 elements to be considered.  

98
  While marketing is usually confronted with fast changing environments as well as instable customer requirements and hence has to react 

quickly, R&D departments try to avoid short term decisions and fast reactions (Luehring, 2003). 
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figure 26 Differing functional goals (based on Luehring, 2003; Song, Montoya-Weiss & Schmidt, 1997) 

Finally, as the figure above illustrates, goals and their hierarchy initially differ and have to be 

agreed on and united by the team and its management (Luehring, 2003; Song, Montoya-Weiss & 

Schmidt, 1997). Mastering of this task has an important influence on success or failure of the 

team. 

Considering the advantages listed above, a crossfunctional composition is recommended to form 

the Jury of Ideas99 (Holtrup & Littkemann, 2005). It is not required to form a specific team for this 

occasion; reliance on an existing group is also possible.  

                                                 
99

  The study of Schachtner (2001) showed that 26 of 40 companies use interdisciplinary, i.e. crossfunctional teams  for the assessment of ideas. 
The remaining 14 companies gave it to the responsibility of a functional department, mostly R&D.  
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Besides diverse functions, different hierarchies100 should also be represented in the idea 

assessment team. Cooper, based on his empirical findings, suggests middle-level management of 

R&D and junior representatives of marketing and business development to be part of the Jury of 

Ideas at this stage (Cooper, 2001 & 2006a). The inclusion of executives is indispensable to 

approve the requested resources (Herstatt, Verworn & Nagahira, 2004; Schachtner, 2001). In 

order to secure a fair process, executives should not be granted veto on the decision-making 

process of the jury. 

In a two-stage approach, the project team makes its gate recommendation first, and senior 

gatekeepers act more as second approval – avoiding the necessity of digging into the details and 

debate of many projects (Cooper, Edgett & Kleinschmidt, 2002b).  

Worthy of consideration is the acceptance of the idea generator or the innovative group to the 

jury session; providing a chance to defend or at least to provide additional information on their 

idea, might be an important aspect (Cooper, 2001; Das, 2002). 

2.3.2.3 Note on the Integration of Customers 

The integration of customers in the assessment of ideas is a possibility. In the past, idea or 

concept tests had to use expensive and laborious methods as field surveys, personal interviews, 

and focus groups. Nowadays, it is possible to use online tools which have several advantages, 

especially concerning effort reduction, speed, and range of coverage – as well as reduction of 

market risk (Bullinger, Frielingsdorf, Montiel & Noestdal, 2006). 

The industry of consumer goods, especially the manufacturers of apparel, has successfully 

introduced what Ogawa & Piller (2006) call ‘collective customer commitment’: Customer 

participation in idea generation and assessment. Having already addressed Ideation with 

consumers in subsection 2.2.2, focus is now on shared assessment. 

                                                 
100

  Cf. on the integration of executives subsections 2.2.1 and 2.5.1. 
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Companies like Chicago-based THREADLESS101 use customer interaction to create products with 

significantly reduced market risk and only little investments in market research. They present new 

product ideas to the customer community, inviting interested customers to express their interest 

and buying intention by voting for the design or even placing an order. Only after a sufficient 

number of customers have expressed their willingness to buy, the garment is produced. If this 

commitment is missing, a potential design idea is dismissed (Ogawa & Piller, 2006). 

 

figure 27 Voting a new design at THREADLESS 

Collective customer commitment to screen, evaluate and score new designs provides a powerful 

mechanism to reduce flops of new product developments (Reichwald & Piller, 2006). The 

potential is not limited to apparel companies, though a visualization of the idea, e.g. a digital 

mock-up or an early prototype (cf. 2.4.2.4) is necessary for online assessment (Bullinger, 

Frielingsdorf, Montiel & Noestdal, 2006). 

Notwithstanding that online integration of consumers can offer advantages in terms of efficiency 

(e.g. saving time and money), offline integration is a possibility, too. In this case, consumers 

might be invited to focus groups or workshops with the crossfunctional team in order to discuss 

and evaluate potential of presented ideas. Particularly in the context of business to business 

solutions as in the empirical field of this thesis, such an approach is promising. 

                                                 
101

  For more information or some personal voting experience, go to http://www.threadless.com. As for Europeans, refer to French LAFRAISE 
(http://www.lafraise.fr) and German SPREADSHIRT (http://www.spreadshirt.de) to experience similar business models (2007/07/05). 
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2.3.3 Methods for the Concept Gate  

The methods suggested for the Concept Gate intend to improve structure of idea assessment by 

intuitively accessible tools which are quick and easy to implement and use. I have selected three 

kinds of methods: 

• Individual Benefit Measurement (cf. 2.3.3.1):  

Identifies and analyses the merits to be derived from the individual innovative projects. Invest/ stop 

criteria are used to (de-) select projects. 

• Holistic Comparison (cf. 2.3.3.2): 

Integrative identification and analysis of the distribution of all innovative projects take place. 

Comparison and ranking are established based on relative criteria and impact of the project on 

the overall portfolio. According to the results of holistic comparison, resources are allocated. 

• Competitive Assessment (cf. 2.3.3.3): 

Competitors are continuously screened for innovative ideas in order to make sure that the 

own product development process is up to date with the market. 

The methods of benefit measurement and holistic comparison build on one another and are 

proposed to be used successively. The selection of the tools depends on the particularities of the 

company, on the data available as well as on the preferences of the Jury of Ideas.  

In figure 28, I depict the elaborated sequence of applied methods, whereby competitive 

assessment takes place continuously and in parallel to the other methods. 

 

figure 28 Suggested deployment of methods at the Concept Gate (based on Cooper, Edgett & Kleinschmidt, 2000) 
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As the figure shows in the left diamond, projects first get scrutinized against an absolute set of 

go/ kill criteria. These might encompass fit with strategy, leverage of competencies, short to 

medium payback period etc. If the innovative project passes these mandatory criteria, the 

decision is not yet invest, but merely a pass (negative answers induce stop) (Cooper, Edgett & 

Kleinschmidt, 2002b; Cooper, Edgett & Kleinschmidt, 2002b).  

Projects categorized pass enter the second part of the Concept Gate for prioritization (right 

diamond). At this moment in time, the Jury of Ideas considers the impact of adding this 

particular idea to the innovative portfolio. In this second step, the idea is relatively considered – 

compared to the other running and hold projects (Cooper, Edgett & Kleinschmidt, 2002b). 

Projects which were evaluated best during this step (invest) are assigned the necessary resources 

for development until the next gate. Projects failing at this assessment are stored in the pool of 

potential. Competitive assessment is continuously run, accompanying both steps.  

2.3.3.1 Individual Benefit Measurement  

Benefit measurement approaches provide relatively simple judgments (Tidd, Bessant & Pavitt, 

2005). They are able to partly objectify the subjective qualitative data and hence largely support 

standardization of idea assessment.  

Checklists and scoring models are the first formal methods used for idea selection and help to 

analyze the merits of individual projects. Their deployment results in a stop/ pass decision, i.e. 

elimination of projects not meeting mandatory criteria and forwarding of pass projects to the 

relative ranking. 

2.3.3.1.1 Checklist  

The method of checklists evaluates critical qualitative factors derived from earlier experiences by 

a bipolar, i.e. yes/ no decision. They support the Jury of Ideas in its systematic evaluation of the 

relevant criteria and documentation thereof (Erichson, 2002; Wahren, 2004). 

Checklists are usually developed by a group of experts (e.g. experienced executives or external 

consultants) who scrutinize past projects. They identify critical factors which in the past have 

discriminated between success and failure. In the context of idea assessment, the evaluation can 

be made according to a selection of ’must meet’ criteria which provide a holistic perspective on 

the idea, the company and its competitive as well as technological environment (Das, 2002; 

Herstatt & Verworn, 2003a; Herstatt, Verworn & Nagahira, 2004; Tidd, Bessant & Pavitt, 2005). 

In table 17, four clusters are illustrated as sample criteria102. They deliver a holistic perspective on 

the innovative project (market, innovativeness, feasibility and strategic alignment). ‘Must meet’ 

criteria are highlighted by bold print. 

                                                 
102

  This list of criteria represents only the first two levels of criteria. Details are elaborated in the paragraph on scoring methods (cf. 2.3.3.1.2). 
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Sample Criteria for Concept Gate 

Sample Criteria Elements of Sample Criteria 

Feasibility • Likelihood of technical feasibility  
(necessary cooperation with customers/ suppliers/ universities/ etc.) 

• Uncertainty of outcome 
(Positive return vs. risk, killing characteristics, legal restrictions) 

Market • Product advantage  
(unique customer benefits, added value, better meeting of requirements) 

• Minimum market need  
(market potential, window of opportunity, growth of potential market) 

Strategic alignment • Fit with strategy 
(fit with strategy of the business unit and the company) 

• Accordance with company values 
(corporate social responsibility, environmental aspects) 

Innovativeness • Impact on the company 
(participating departments, existing activities) 

• Originality  
(degree of novelty to the company and/ or to the market) 

table 17 Sample criteria for Concept Gate (based on Cooper, 2001; Pleschak & Sabisch, 1996) 

Typically, criteria get translated in questions which can be answered by yes or no (Gomez, 1999; 

Mueller-Stewens & Lechner, 2005). For analysis, the numbers of individual ‘yesses’ and ‘nos’ are 

combined into a collective result (Lenk, 1994). A predefined cut-off score indicates the pass or 

stop profile of the innovative project. For example down to a score of 5 ‘nos’, projects pass, if 

there are six or more ‘nos’, they are stopped. 

Once the checklist is developed, the method is used as follows (Cooper, 2001): 

• Short presentation of all innovative projects to the Jury of Ideas. 

• Themembers of the Jury of Ideas one by one answer the checklist103.  

• Results are tallied up, providing a pass or stop profile of the project. 

The method is straightforward and addresses multiple factors, ensuring that no crucial factor is 

omitted. Moreover, assessment of projects is consistent and transparent as all ideas are subject to 

the same public checklist. 

However, the multitude of success factors does not free the method from drawbacks: Selection of 

critical elements for the checklist is (1) somewhat arbitrary and (2) though true for the past, not 

necessarily so for the future, given technological innovation or changes in the environment 

(Schachtner, 2001). Besides, it is often noted that some factors ought to get more weights104 to 

represent their importance (e.g. ‘yes’ to strategic fit counts twice as much as ‘yes’ to necessary 

cooperation) (Higgins & Wiese, 1996; Schachtner, 2001; Wahren, 2004). Finally, assessment 

remains rather subjective and coarse due to the bipolar scale. 

                                                 
103

  A collective assessment is possible, but might lead to hierarchical or political biases. These can easily be avoided by individual anonymous 
assessment which is consequently recommended. 

104
  This extension is realized by scoring methods. The author disagrees with the notion of having weighted criteria in checklists as this would 

complicate development as well as assessment, which contradicts the main benefit of checklists: ease of use. 
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Mandatory Criteria Comments yes no 

Feasibility       

Does the idea result in a proprietary position?       

Does the company dispose of the necessary competencies?       

Is the complexity estimated to be manageable?       

Does the company have access to necessary external technology?       

Are the manufacturing  capabilities available?       

Market        

Has the sales department identified a sufficiently large market need?      

Is brand recognition strong enough?      

Are necessary and desired distribution channels open?      

How defined is strength of customers?      

Is supply of raw materials ensured?      

Does the production comply with environment regulations?      

Does manufacturing respect health and safety rules?      

table 18 Sample checklist for Concept Gate (based on Cooper, 2001; Pleschak & Sabisch, 1996) 

Despite these drawbacks, checklists are useful and widely used105 tools to early on eliminate 

projects which do not fulfill mandatory criteria (Schachtner, 2001; Wahren, 2004). By 

establishment of a catalogue of questions with pass criteria which do not allow for a single ‘no’, 

selection of unsuitable projects is quickly done.  

Finer analysis and selection of the projects is subsequently done by scoring methods (Cooper, 

2001) which are introduced in the next paragraph. 

2.3.3.1.2 Scoring Method  

Scoring methods can be characterized as extensions to checklists (Lenk, 1994) which are similarly 

developed, but allow for a more finely tuned assessment by multi level rating scales. 

For a scoring table, different factors influencing the decision-making (e.g. degree of novelty of 

technology, compliance with core capabilities) are selected, grouped according to topics and listed 

(Erichson, 2002; Meffert & Bruhn, 2006; Schachtner, 2001; Schmitt-Grohé, 1972). Columns 

provide space for individual evaluation of each factor which get one by one multiplied by the weight 

attributed to each factor, resulting in a score which might be tallied up further (sum) (Bamberg & 

Coenenberg, 2006; Lenk, 1994; Mueller-Stewens & Lechner, 2005). 

                                                 
105

  In Schachtner’s study on idea management (Schachtner, 2001), checklists were the methods most widely applied (14 companies out of the 
sample of 40), followed by economic assessment (cf. 2.5.2.3), used by 12 companies and scoring methods used by 8 companies. Additionally, 
portfolio analysis (3 companies; cf. 2.3.3.2.2) and risk analysis (2 companies; cf. 2.5.2.1.2) as well as quality analysis (1 company; cf. 2.5.2.3.3) 
were mentioned as evaluation methods. 
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The predefined weight represents the importance of the factor to the question at hand, e.g. the 

degree of innovativeness. This simple evaluation yields an overall project score (value) which can 

easily be compared to other projects. Selection among the projects typically follows ranking of 

the value column top down, prioritizing the projects with the highest value and cutting off those 

judged inadequate (Cross & Sivaloganathan, 2005; Higgins & Wiese, 1996; Meffert & Bruhn, 

2006; Pleschak & Sabisch, 1996). Below, an exemplary scoring sheet is illustrated. 

Criteria evaluation weight score sum 

Project ABC                         

Feasibility             
    Internal 1 2 3 4 5 0,2 0,6 

   With competitors 1 2 3 4 5 0,2 0,8 

   With suppliers 1 2 3 4 5 0,2 0,6 

 

Necessary (new) 
cooperation 

  With customers 1 2 3 4 5 0,4 0,4 

   Existing competencies 1 2 3 4 5 0,6 0,6 

   Technological gap 1 2 3 4 5 0,4 2,0 

   Complexity 1 2 3 4 5 0,6 1,2 

   Manufacturing synergies 1 2 3 4 5 0,4 1,2 

Likelihood of 
technical 
feasibility 

 

Uncertainty of 
outcome 

  Technological synergies 1 2 3 4 5 0,4 0,8 

    
Likelihood of 
commercial success 

1 2 3 4 5 0,4 1,6 

   Payback time 1 2 3 4 5 0,4 1,2 

   Expected profitability 1 2 3 4 5 0,4 2,0 

 

Positive return  
vs. risk 

  Reward if successful 1 2 3 4 5 0,4 1,2 

  Killing characteristics   1 2 3 4 5 0,6 2,4 

    National 1 2 3 4 5 0,2 0,4 

   European 1 2 3 4 5 0,2 0,2 

Uncertainty of 
outcome 

  

Legal restrictions 

  Global 1 2 3 4 5 0,2 0,6 

17,8 

Market                         
  Unique customer benefits 1 2 3 4 5 0,2 0,8 

  Added value for customer 1 2 3 4 5 0,2 1,0 
Product 
advantage 

  Better meeting of customer requirements 1 2 3 4 5 0,2 0,4 

  Magnitude of opportunity 1 2 3 4 5 0,2 0,6 

  Window of time   1 2 3 4 5 0,2 0,2 

  Growth of potential market 1 2 3 4 5 0,2 0,4 

Minimum 
market need 

  Competitive situation   1 2 3 4 5 0,4 0,4 

3,8 
 

Strategic alignment 
  Fit with strategy of company 1 2 3 4 5 0,2  0,4 

Fit with strategy 
  Fit with strategy of business unit 1 2 3 4 5 0,6  2,4 

Accordance with company values     1 2 3 4 5 0,2  0,6 

5,6 

Innovativeness  
  Similar activities in the company 1 2 3 4 5 0,2  0,8 Impact on the 

company   Participating departments 1 2 3 4 5 0,2  0,6 

  Degree of novelty to the company 1 2 3 4 5 0,4  0,4 
Originality 

  Degree of novelty to the market 1 2 3 4 5 0,4  2,0 

3,8 

table 19 Sample scoring sheet (incl. criteria, attributed weights and explanatory legend) 
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For use of a scoring method at the Concept Gate, the following proceeding is proposed 

(Cooper, 2001): 

• Short presentation of innovative projects to the Jury of Ideas. 

• Members of the Jury of Ideas individually rate the project on each of the factors. 

• Scores of factors are tallied up across the jury, resulting in a project score for each factor and an 

overall project score. 

• The overall project score serves as input to the pass or stop decision (usually, there are 

predefined minimum hurdles which categorize projects as winners or losers); and to 

prioritization which takes place among the projects rated pass. 

Reasons for the broad deployment of scoring methods can be identified in their advantages of ease 

of use and flexibility. Ranking and accordingly selection are quick and transparent, once the 

criteria and the weights have been identified (Meffert & Bruhn, 2006). Furthermore, research on 

new product development suggests that a standardized scoring mechanism provides most utility 

in clarifying the decision-making process and results in a portfolio of higher value (Cooper, 

Edgett & Kleinschmidt, 1998; Cooper, Edgett & Kleinschmidt, 2001; Montoya-Weiss & 

O'Driscoll, 2000). Drawbacks of the scoring methods concern: 

• identification of all necessary factors, 

• attribution of correct weights, as well as  

• a possible overlap of factors which might lead to distortion of the results, 

• limitation to qualitative estimations, 

• and impossibility to propose or analyze any financial data106 (Meffert & Bruhn, 2006).  

By nature, scoring methods are compensatory approaches, i.e. scores of single factors can be 

counterbalanced by other values. Requirement of minimum scores for particular factors eases this 

problem, but complicates ranking. To dissolve this problem, Erichson (2002) suggests to check 

first whether the idea reaches minimum scores for all criteria and to evaluate secondly those ideas 

which have reached the highest scores.  

As explained in the introduction to this subsection, the author suggests the use of strict and 

demanding checklists for preselection. 

                                                 
106

  Financial data, e.g. the ROI or EVA can and should be used as input to certain factors, though. 
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2.3.3.2 Holistic Approach  

While the first part of the Concept Gate was dedicated to the analysis of the individual merits of 

an innovative idea, the second part of the meeting covers comparison and ranking of those 

suggestions (including comparison against already running innovative projects). This is delivered 

by means of a structured discussion, the Q methodology (cf. 2.3.3.2.1), and/ or a graphical 

representation in a portfolio (cf. 2.3.3.2.2).  

Following the ranking, the available budget is distributed to provide the necessary resources until 

the next assessment. Ideas ranked too low for financing enter the corporate pool of potential.  

2.3.3.2.1 Q Method  

Q method serves to find out about people’s viewpoints. The data for Q factor analysis comes 

from a series of ‘Q sorts’, i.e. ranking of variables which are typically presented as statements 

(Brown, 1980; McKeown & Thomas, 2006). 

For idea assessment at the Concept Gate, Q method is used as follows (Cooper, 2001): 

• Specification of a criterion, e.g. feasibility of idea. 

• Short presentation of projects to the Jury of Ideas. 

• Individual ranking of projects between ‘low’ to ‘high’ fulfillment of criterion (or simply yes/ 

no classification, depending on the questionnaire). 

• Collection, evaluation and discussion of individual (anonymous) estimations by the group. 

• Repeated individual ranking and common discussion – typically, groups need three rounds to 

move to consensus on the ranking of projects. 

Advantages of the method lie in its power to encourage members of the jury to think about new 

ideas in relation to other innovative projects, rather than in isolation. By use of Q method, a 

holistic perspective is taken, group discussion is provided for and the Jury of Ideas comes to a 

consensus on relative positioning.  

Unfortunately, this global perspective also lies at the heart of the disadvantages of the Q method: Q 

methodology requests the participants to have an opinion on every project and, at the same time, 

limits judgment to an overall opinion: Individual facets (e.g. size of potential market, necessary 

cooperation) cannot be explicitly measured and compared. Besides, discussion and decision-

making by Q method sessions tend to be intransparent to outsiders. 

As the final result of Q methodology is a ranking of projects, this method should be used only 

for comparison and never for evaluation of single projects. At this point in time, its simplicity 

and boldness can be of positive impact by providing a structure for the discussion of projects.  
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2.3.3.2.2 Portfolio Approach  

The second suggested method to compare pass ideas among each other and with the existing 

innovative projects is executed by means of a graphical representation in a portfolio. Stemming 

from the financial tool of analysis and combination of portfolios of security papers 

(Markowitz, 1970), portfolio concepts rank among the most important and widely used tools for 

strategic analysis and planning (Kuepper, 2005; Mueller-Stewens & Lechner, 2005; Weber, 2004).  

In a portfolio matrix, ideas are positioned along an internal or corporate axis (which can be 

influenced by the company) and107 an external or environmental axis (which cannot be altered by the 

company) (Kuepper, 2005; Meffert & Bruhn, 2006; Mueller-Stewens & Lechner, 2005; Weber, 

2004). Over-arching goals of the portfolio approach are  

• to ensure that the portfolio of ideas mirrors the company’s strategic priorities and that 

• investment is most effectively channeled in high-potential ideas according to derived ‘norm 

strategies’108 (Ettlie & Subramaniam, 2004; Meffert & Bruhn, 2006; Mueller-Stewens & 

Lechner, 2005; Tidd, Bessant & Pavitt, 2005; Wahren, 2004; Weber, 2004; Zinser, 2000).  

Questions for Portfolio Assessment 

Guiding Questions Subquestions 

Does the project improve the 
overall value of the portfolio? 

• Does it have a higher value to the business than the other projects 
underway? 

• Or a lower value? 

Does it improve the balance of 
projects in the portfolio? 

• Is the project a new, complementary type? 
• Or are there already too many of this type of project? 

Are the resources available? 
• Does this project avoid overstraining limited resources? 
• Or does it suck resources away from other important projects? 

Does the project improve strategic 
alignment of the portfolio? 

• Does this spending mirror strategic priorities? 
• Or does it not fit with strategy? 

table 20 Some guiding questions for portfolio assessment 

The earlier pure market-oriented portfolios have in a first step been substituted by technology portfolios. 

Today, a number of portfolios integrate both perspectives (Bullinger, 1994; Ernst, 2002; 

Gausemeier, Ebbesmeyer & Kallmeyer, 2001; Michel, 1987; Pfeiffer et al., 1991; Pfeiffer & Weiss, 

1995; Servatius & Pfeiffer, 1992; Wolfrum, 1994).  

                                                 
107

  With bubble diagrams (see below), the axes represent two criteria and the size of the bubble a third. 

108
  This necessarily includes that some pass projects are deferred (i.e. put on hold) in order to focus on the most important projects. 



Concept Gate 85 

Besides the aspects of technology and market, portfolios can be established for a number of 

criteria by which a company wishes to assess its ideas. Other common dimensions include: 

• cost – benefit: selects projects with more benefit at smaller cost (Gerhards, 2002), 

• innovation – creativity: weighs compliance with innovation targets against attractiveness of idea 

(Higgins & Wiese, 1996), 

• attractiveness – risk: identifies most unique and innovative idea with smallest risk 

(Herstatt & Verworn, 2003a), 

• risk – reward: balances incorporated risk and potential reward, thus selects safest solution with 

highest profit (Cooper & Edgett, 2006; Tidd, Bessant & Pavitt, 2005), 

• ‘do what we do better’ – ‘do different’: visualizes the degree of novelty and innovativeness; strives 

for a balanced portfolio (Tidd, Bessant & Pavitt, 2005), 

• attractiveness of market – share of market (‘BCG portfolio’): differentiates four fields and according 

norm strategies: question marks (investment if possible), stars (investment), cash cows 

(harvest) and poor dogs (disinvestment) (Henderson, 1971) , and  

• attractiveness of market – competitive position (‘McKinsey portfolio’): distinguishes 9 areas, allows for 

more differentiated norm strategies (Hinterhuber, 2004; Michel, 1987; Mueller-Stewens & 

Lechner, 2005). 

Author(s) Dimensions Characteristics 

Arthur D. Little (Little, 1994; 
Servatius & Pfeiffer, 1992) 

• relative position of technology 
• degree of maturity of 

technology 

• basis is technology lifecycle 
• deriving of technology 

strategies  

Disselkamp (2005) 
• feasibility 
• utility for user & attractiveness 

for innovator 

• integration of feasibility with 
attractiveness for both, user 
and innovating company 

McKinsey (Michel, 1987) 
• relative position of technology 
• attractiveness of technology 

• basis is S-curve 
• integrated portfolio with 

market and technology 
portfolio 

Michel (1987) 
• relative power of innovation 
• attractiveness of innovation 

• complex dynamic approach 
• positioning of technologies in 

portfolios of innovation 
• complex use 

Gerhards (2002) 
• relative performance 
• relative cost 

• integration of monetary aspect 

Pfeiffer et. al. (1991) 
• power of resource 
• attractiveness of technology 

• pure technology portfolio 
• deriving R&D priorities for 

projects of applied research 

Twiss (1992) 
• corporate significance 
• signal strength 

• evaluation of weak signals in 
the environment 

• support of forecasting 

Wildemann (1987) 
• technology priorities 
• market priorities 

• explicit technology portfolio 
for production 

• orientation at current market 
situation 

table 21  Synopsis of selected technology (and market) portfolios 
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external 
criteria

internal
criteria

scale

scale

The different (technology) portfolios (cf. synopsis in table 21) have three characteristics in common 

(Abele, 2006; Brandenburg, 2002; Bullinger, 1994; Gerpott, 2005a; Meffert & Bruhn, 2006; 

Pfeiffer et al., 1991; Wolfrum, 1994): 

Common Characteristics of Portfolios 

Integration of two 
dimensions 

internal corporate (e.g. capabilities) and external environmental (e.g. technological 
lifecycle) factors 

Delivery of two 
results 

analysis of current portfolio via position and distribution of the projects in the 
portfolio as well as deduction of norm strategies (invest, select, disinvest), depending 
on the position of the projects in the portfolio 

Proceeding 

• Definition of objects of analysis: technology, customer, market etc. 
• Gathering of relevant information in order to calculate values for both axes 
• Positioning of the objects in the portfolio; visual representation in a matrix 
• Deduction of norm strategies 

table 22 Characteristics of portfolios 

Portfolios bring about the powerful support of visualization. Graphics are often better accessible 

than numbers and lists. The most common graphical representation109 is the bubble diagram 

illustrated in the following overview:  

Bubble Diagram 

• two-dimensional grid, axes show criteria for 
evaluation (e.g. risk-reward matrix) 

• ideas represented as bubbles; size of bubble 
according represents third criterion (e.g. 
necessary spending) 

• arrangement of intended balance across the fields 
two-dimenaccording to company’s innovative 
strategy 

 

  

figure 29 Portfolio representation with bubble diagram 

Bubble diagrams are not decision-models, but rather display information: they depict the current 

portfolio – ‘as is’. Consequently, they provide for a good starting point to come from ‘as is’ to the 

discussion of ‘to be’ and the according allocation of resources.  

The advantages of the portfolio approach start with its capacity to make information intuitively 

accessible, visualize complex contexts, and create transparency of decision while integrating at 

least two key factors. By indication of norm strategies, portfolios can furthermore contribute to 

decision-making about the allocation of resources. Especially in companies with diversified 

activities, the portfolio approach is also a useful basis for communication among senior 

management (Meffert & Bruhn, 2006; Mueller-Stewens & Lechner, 2005). 

                                                 
109

  Robert Cooper has repeatedly stressed the importance of graphical representations, (e.g. in Cooper & Edgett (1997a & 1997b) and Cooper, 
Edgett & Kleinschmidt (2002b). Out of the countless publications on presentation, Zelazny (2001) has become particularly famous and is 
hence exemplarily referred to. 
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Drawbacks can arise from the effort it takes to accumulate necessary data as well as from the pure 

top down perspective (of analysis as well as of norm strategies) which does not include 

operational issues and constraints. Thirdly, it can be assumed that the reduction to two factors 

overly simplifies assessment of ideas and reliance on the norm strategies might sometimes be too 

strong (Horváth, 2006b; Meffert & Bruhn, 2006; Mueller-Stewens & Lechner, 2005).  

In the context of decision-making at the Concept Gate, data for establishing the portfolio can 

still rather easily be collected and strategic issues are particularly in the focus. Hence, especially a 

technology-market and a cost-benefit (or risk-benefit) portfolio is strongly suggested as part of 

the decision-making toolbox. For the technology portfolio, efforts are little as it can be derived 

by integration of the results of technology forecasting (cf. 2.2.3.1).  

2.3.3.3 Competitive Assessment  

No company wants to suffer from a competitive disadvantage resulting from the market 

introduction of a new, innovative product by its competitors. Instead of giving way to a possible 

skimming of the market, companies are rather interested to use new product development 

progress of their competitors for the generation of internal ideas. Knowledge about the products 

and technologies of competitors allows keeping up with competition by immediate start of 

internal activities (Gierl & Helm, 2002). The Ideation section provides a number of methods 

which support this activity: technological forecasting (cf. 2.2.3.1), document analysis (cf. 2.2.3.2), 

and focus groups (cf. 2.2.3.5). Accordingly, the different partners of Ideation can be valuable 

sources of information on competitive activities (cf. table 10). As main sources of information, 

commercial trade fairs and scientific conferences should be regularly attended (Brockhoff, 1999). 

Literature recommends information on competitive activities to be gathered by the persons who 

need the information for decision-making. These persons have the necessary expertise to assess 

competitive behavior, to decide on relevance and plausibility of data as well as on their 

interpretation and integration in the internal process (Gierl & Helm, 2002).  

Gathering of information on competitive activities is hindered by the fact that companies do not 

tend to be overly outspoken about their development activities. Usage of shared customers or 

suppliers for information procurement is difficult in a moral and partly also in a legal way 

(Brezski, 1993). As a consequence, especially focus groups need to be treated carefully. 
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2.3.4 Outputs of the Concept Gate  

Results of the Concept Gate are fourfold:  

• Categorization of ideas into invest/ stop by individual benefit measurement and into invest/ hold by 

holistic approach.  

• Resource allocation on ideas and storage of hold and stop ideas. 

• Action plan and details of next gate meeting  

Invest ideas are staffed with the approved resources in terms of persons, time and money (Kim & 

Wilemon, 2002). A broad action plan is devised and details of the next gate meeting, the 

Innovation Gate, are set up (i.e. definition of date, participants and deliverables). 

Ideas labeled hold or stop are stored in respective sections of the pool of potential. This idea storage is 

a corporate database which can be accessed by all members of the company (Boeddrich, 2004; 

Bullinger, 1994). This storage of ideas precludes losing good ideas whose time has not yet arrived 

or which might need a little more gestation time and work (Vahs & Burmester, 2005). Hence, 

entries are open to modification and improvement by all members of the company (Cooper, 

Edgett & Kleinschmidt, 2002b).  

Hold ideas differ from stop ideas in that they are periodically reassessed. According to a defined 

schedule, following an improvement of the idea, or induced by changes in the environment, the 

idea is once again presented at the Concept Gate for a second hearing (Cooper, Edgett & 

Kleinschmidt, 2002b; Cooper, Edgett & Kleinschmidt, 2002a). 

2.4 Concept Development 

Genius is one percent inspiration,  
ninety-nine percent perspiration. (Thomas A. Edison) 

Ideas which were evaluated positively at the Concept Gate enter the third phase of the Fuzzy 

Front End, Concept Development110. At this stage, the innovative idea (a rather vague verbal 

description) is developed into a clear product concept on the basis of strategic, technological, 

financial requirements (Cooper, Edgett & Kleinschmidt, 2004c; Luehring, 2003).  

                                                 
110

  Gerhards (2002) uses the term idea particularization for this phase. As this term did not find broader diffusion, this thesis sticks to the 
traditional term Concept Development. 
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During Concept Development, also first visualizations by sketches, mock ups or animations are 

realized – aiming for the fast presentation of a prototype (Hauschildt & Walther, 2003). This is 

why I have included prototyping as a separate activity111 in the process of Concept Development 

(cf. table 23). Supporting activities are the analysis of market and feasibility. They begin during 

Concept Development, but will be presented in detail with the Innovation Gate to which they are 

of particular importance (cf. 2.5.2). 

Concept Development (Broad Sense) 

Concept Development (Narrow Sense) 
• Specification of product  

(details of components) 
• Architecture of product  

(configuration of component) 

Prototyping 
• Technological description 
• Visualizations 
• Tangible and viable prototype 

Supporting Activities 
• Analysis of market � economic assessment 

• Analysis of feasibility � technological assessment 
• Monitoring 

table 23 Process of Concept Development (based on Gerhards, 2002; Herstatt & Verworn, 2003a; Hauschildt & Walther, 2003) 

This section starts with the organizational form and participants recommended for Concept 

Development: to the internal crossfunctional teams  which have been presented in 2.3.2.2, 

subsection 2.4.1 adds the aspect of external intercompany cooperation. Methods for Concept 

Development, following in subsection 2.4.2, present the most important tools: morphology, 

scenario technique and prototypes. The section is rounded up with some information on the 

supporting activity of monitoring (cf. 2.4.3). 

�

At the end of this section, the development of an idea into a tangible product 

concept has been presented. To a technically-oriented reader, the presentation of the 

different methods might be particularly interesting. A more business-oriented reader 

has gained management knowledge especially in the subsection on participants. 

                                                 
111

  Gerhards (2002) distinguishes between development of concept details (first step) and the development of detailed product concept (second 
step). This distinction seems important and is reflected in the twofold results of this stage. Their names follow the wording of Hauschildt & 
Walther (2003) who identified similar duality (accordingly: Herstatt & Verworn, 2003a). 
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2.4.1 Participants of Concept Development  

We must all hang together, 

or assuredly we shall all hang separately. 

(Benjamin Franklin) 

The discussion of recommended participants to the stage of Concept Development starts with 

some elements of management theory which provide the ground for the suggestion of external112 

cooperative relationships.  

In an article initially published in 1994, Gibbons (2005) states a transition between two modes of 

knowledge production. Mode 1 stands for knowledge production predominantly occurring as a 

result of an academic agenda, consequently developing knowledge stocks largely residing in 

universities (Tranfield & Starkey, 1998). In mode 1, dissemination occurs downstream of 

knowledge production, and little attention is given to exploitation by practitioners – the key 

customer being the academic community (Gibbons, 2005). If knowledge production takes place 

with companies, results are reached and reviewed internally and intradisciplinary (Gerybadze, 

2005; Huff, 2000; Perel, 2005; Pfeifer, 1996). 

On the contrary, the mode 2 system of knowledge production requires heterogeneous teams of 

researchers with mixed skills and experience who frame problems in the context of application. 

Mode 2 results in short time to market and exploitation of the knowledge which: 

“…is characterised by a constant flow back and forth […] between the theoretical and the 

practical. Typically, discovery occurs in contexts where knowledge is developed for, and put 

to use, while results […] fuel further theoretical advances.”(Gibbons, 2005) 

Mode 2 implies dispersed ‘sites’ between which knowledge is socially distributed across 

individuals and institutions in a dynamic, evolving system (Huff, 2000; Tranfield & Starkey, 

1998). Because mode 2 fits well with the needs of a global, innovative company Gibbons (2005) 

deduced a change from mode 1 to mode 2 from their analyses of international innovation 

systems113. For many industries, this transition was orchestrated by interorganizational 

cooperative projects, alliances and networks (Gerybadze, 2005). Innovations nowadays are 

multiplayer games, with open, fluid structures, involving big companies as well as SME 

(Gerybadze, 2005; Patrucco, 2003; Storey, 2000). The capability to co-innovate has hence become 

of crucial importance to sustaining and strengthening competitive positions in markets (Bossink, 

2002; Tidd, Bessant & Pavitt, 2005).  

                                                 
112

  Internally, crossfunctional teams  are the organizational entity best suited to innovate and assess innovations with. This has been laid out in 
the previous chapter (cf. subsection 2.3.2). 

113
 In two contributions, Anne Huff points out that mode 1 and mode 2 should not be regarded as strictly subsequent ways of research. She 

recommends rather an extension, i.e. a combination of both modes; in Huff (2000) denoted mode 1,5 and mode 3 in Huff & Huff (2001). In 
this model, boundary-spanning, networked thinking between research and society ought to lead to future goods. Quality of these short to 
longterm research activities should be controlled by community agreement. Starkey (2001) strongly promoted the idea of a mode 3, too.  
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There are three forms of coordination by which organization of mode 2 innovation is feasible:  

• A market solution implies buying the necessary competences without provision of internal 

R&D.  

• The integrative solution means that the firm still holds the most important competences and 

capabilities internally, but takes over knowledge its innovation partner already holds (i.e. 

innovation transfer takes place).  

• The third path is the cooperation solution, the most difficult, but also most promising solution114, 

by which all partners address a novel problem (Gerybadze, 2005; Hauschildt, 1998b).  

This subsection is dedicated to the cooperative attitudes towards innovation, excluding internal 

diversity which has been elaborated in subsection 2.2.1. To start with, paragraph 2.4.1.1 illustrates 

characteristics of cooperation. This paragraph includes potential partners, their contributions, and 

the different forms of cooperation. Assessment of cooperation during the Fuzzy Front End, 

paragraph 2.4.1.2, is completed by the benefits which can be derived from such a cooperation. 

This subsection closes with a note on the integration of customers to the stage of Concept 

Development (cf. 2.4.1.3). 

2.4.1.1 Characteristics of Cooperation  

�
Cooperation between companies is defined as interactive working relationship between 

members of two or more different organizations; it is driven by economic objectives and 

realized by division of labor (Hauschildt & Salomo, 2007; Ritter, 2005). 

As cooperation differs from routine business, it has to be managed by contractual and/ or 

procedural coordination which includes an agreement on the division of results, oriented at the 

individual expectation of benefits (Gerybadze, 2005). 

Cooperation in the context of Concept Development is knowledge-intensive and asks for a dense 

exchange and integration of knowhow and experience between the partners, bringing about two 

peculiarities of economic theory: Asymmetric information and sticky information (Bienzeisler, 

Kremer & Spath, 2007; Ernst, 2005).  

                                                 
114

  Cooperation belongs to those term for which a multitude of definitions and synonyms exist. Von Bandemer & Belzer (1996) distinguish e.g. 
three different terms to indicate the degree of intensity related to the cooperation. This section simply uses ‘cooperation’ in its original sense.  
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• Asymmetric information, a principle of new institutional economics115 (principle agent theory), 

describe a working relation where two partners have different states of information. In the 

process, the agent delivers a job to the principal, for which specific problem-solving knowledge 

is necessary. Thus, the principal has a deficit of information and can only limitedly supervise 

the agent (Picot, Dietl & Franck, 2005; Picot, Reichwald & Wigand, 2003). The agent 

meanwhile disposes of a freedom to act which he can use in an opportunistic way. 

Asymmetries in information become increasingly important with the increase of knowledge 

being used for value creation, and the resulting need for highly specialized staff (Gentsch, 

2001). The principal agent theory consequently pursues the goal to institutionalize general 

conditions to align interests116 in order to make the agent act in favor of the principal’s 

interests.  

A start-up (agent) realizing a prototype has to be bound by contract, motivated by incentives, and trusted by the 

assigning company (principal) that only the hours spent on coding are charged since control is nearly impossible. 

• Sticky information, an important concept of the customer-active paradigm, describes the fact 

that knowledge is tied to a specific locus117 and its transfer hence requires certain expenditure. 

If expenditure is high, stickiness is high; if it is low, stickiness is low (von Hippel, 1994). 

Transport of problem to solution or vice versa can hence be difficult and costly, requiring 

careful consideration118 (von Hippel, 1998; Hoch, 1990). Weighing cost and benefit of 

transportation is further influenced by the fact that research has shown local disparity of 

cooperating partners to be advantageous, too (Ernst, 2005). 

Considering the effect of sticky information for a cooperation, it might be difficult to find the balance between 

training of CAD experts and their transportation to the problem at hand (cost of training, transportation and 

reimbursement) versus the cost of outsourcing. 

                                                 
115

  New institutional economics have developed out of the micro economic theory. The approaches try to overcome the restrictive premises of 
the micro economic theory by dissolving the assumptions of rational action, complete information and certainty of results of action. Starting 
from the assumption of imperfect markets, new institutional economics deal with informational asymmetries and possibilities to handle these. 
Furthermore, opportunistic behavior and long term contracts are dealt with. Institutions, in this context, serve to reduce uncertainty, and are 
either result of coordinated action or have grown evolutionary (Hax, 1991; Picot, Dietl & Franck, 2005; Picot, Reichwald & Wigand, 2003). 
Particularly to the contributions of new institutional economics to innovation management, Franck has published an insightful and interesting 
contribution (Franck, 2006). On the relation between transaction costs and interorganizational teams, Gaitanides and Stock (2004) did a study 
worthwhile the perusal. 

116
  A possibility to compensate or overcome divergences in knowledge are ontologies (Gentsch, 2001) which I will introduce in part III. 

Unfortunately, Gentsch who elaborates on methods and cases to support knowledge acquisition in the innovation process  focuses its section 
on ontologies rather on the development process, less on the potentials of use. 

117
  A similar perspective is taken by Pautzke (1989) who identified seven knowledge layers which are by different degrees accessible by the 

organization and its members. He differentiates between current knowledge which is directly accessible by the company and latent knowledge 
which is not directly accessible, but nonetheless existing in the surroundings. 

118
  To remedy the problem of sticky information, von Hippel (1998) suggests to assign problem solving to those “who directly benefit from a 

solution”, such as the direct users and/or consumers of a product or service. Von Hippel & von Krogh (2003) elaborate on the (meanwhile 
common example) of open source software, where those who benefit largely from progress contribute heavily to it (for an retrospective and 
outlook on open source software, cf. von Krogh (2003)).  
The topics of sticky information, lead user method and open innovation are a fascinating trend which is currently revolutionizing not only the 
digital world with collectively developed knowledge bases like WIKIPEDIA (http://www.wikipedia.org), XING (http://www.xing.com), 
YOUTUBE (http://www.youtube.com) or TWITTER (http://www.twitter.com), but  also has a remarkable impact in the sports and fashion 
industry (cf. 2.4.1.3) as well as in research (e.g. INNOCENTIVE; http://www.innocentive.com).  
Further reading on the topics should necessarily include: (von Hippel, 1995 & 2005; Piller, 2004; Seybold, 2006) as well as articles, e.g. 
(Franke, von Hippel & Schreier, 2006; Franke & Piller, 2004; von Hippel, Thomke & Sonnack, 1999; von Hippel & von Krogh, 2003; 
Thomke, 2001; Thomke & von Hippel, 2002). 
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Following Gemuenden (1990) and Wahren (2004), possible participants of technological 

innovation network and their contributions include: 

Potential Partner Possible Contribution 

Company capabilities, strategies of cooperation, management of networks 

Competitor preliminary development, setting of standards, attraction of subvention 

Public agency subvention, infrastructure, political support, mediation, laws and regulation 

Consultancy innovative concepts, process definition, legal, financial and insurance services 

Customer 
definition of new requirements, solution to problems of implementation, 
reference 

Retailer changes in demand, information on competitive environment 

Supplier new technologies for systems, new technologies for components 

Component supplier complementary knowledge, solution to problems at interface 

Research institute 
fundamental technological knowledge, cooperative research and development,  

training, new/ future staff members 
table 24 Potential members of an innovation network and their contributions (based on Gemuenden, 1990) 

The potential contributions of the most relevant partners – customers, suppliers, competitors and 

research institutions – to the joint innovation process are structured in the synopsis of figure 30: 

 
figure 30 Partners and their contributions to cooperative Concept Development (based on Ritter, 2005) 
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Cooperation can be classified according to a number of criteria. Research and practice have 

identified the following most common categories (Abele, 2006; Bstieler, 2006; Gerybadze, 2005; 

Patrucco, 2003; Pleschak & Sabisch, 1996; Wahren, 2004): 

Forms of Cooperation 

Issue preparation, research, development, testing etc. 

Direction of value 
creation  

• horizontal: cooperation with competitors in the market, e.g. via licensing Kline 
(2003) 

• vertical: relation between customer (OEM, retailer) and supplier (including 
universities119 and consultancies120), i.e. cooperation on different layers of 
value creation 

• diagonal or lateral: cooperation between partners active in different industries 
and on diverse levels of value creation; this cooperation is denoted experience 
network by Prahalad & Ramaswamy (2003) 

• conglomerate: cooperation between partners in a market without relation to 
their traditional fields of activity 

Intensity and 
reliability 

exchange of experience and results, coordinated single project with exchange 
of results, cooperation of R&D, coordination of innovation process  

Duration 
anything between short term, with a focus on immediate result and long term, 
with a focus on strategic advantages  

table 25 Forms of cooperation 

Generally, vertical cooperation does constitute far easier a challenge than the coordination of a 

diagonal innovation network. Nevertheless, the latter has proven powerful in many contexts, 

notably the automotive industry (Jaworski & Zurlino, 2007). Faems, van Looy & Debackere 

(2005) found that a variety of interorganizational arrangements increases the effectiveness of 

innovation. Different partnerships, e.g. with customers, suppliers, and universities contribute 

positively to the innovative performance of firms. 

                                                 
119

  The contribution of de Weerd-Nederhof & Fischer (2003) provides interesting insight to the perspective of research institutes and their 
external networks for product innovation. 

120
  Patrucco (2003) researched the importance of communication in innovative networks. He found that to a company able to establish horizontal 

interactions and a diversified network of partners (i.e. consultants, research centers, universities etc.), this network accounts for the positive 
effects of communication on the innovative power of the participating companies. 
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2.4.1.2 Cooperation during Fuzzy Front End 

Research on innovation networks has shown that the pressures of time, cost and quality, the 

economic and technical risk plus the increasing complexity of products and production prevent 

independent, internal development of a company (Faems, van Looy & Debackere, 2005; Ritter, 

2005). Cooperation with partners can help to face these problems, provided that three critical issues 

are taken into consideration during the establishment of the cooperation (Wahren, 2004): 

• It is essential that partners contribute their capabilities and their knowledge. Focus on 

individual interests and ‘me-too’ strategies of single partners will lead to the breakup of the 

alliance. 

• Evaluation and compensation of contributions made by partners can be a constant source of 

conflict if not resolved early on. 

• Sociodynamic conflicts among cooperating senior managers, each with his particular targets, 

convictions and languages, who are now forced to agree on shared goals and proceedings121, 

are to be expected and solutionsare to be provided for. 

Taking into account these critical elements, research and management practice have found a 

number of advantages, the most important being the following possibilities for a member of a 

cooperation (Bessant, Caffyn & Gilbert, 1996; Canner & Mass, 2005; Gassmann & Gaso, 2004; 

Gassmann, 2006b; Hauschildt & Walther, 2003; Ritter, 2005; Tidd, Bessant & Pavitt, 2005): 

• to create ideas and creative combinations  

• to refer to a pool of complementary resources 

• to get input from universities, highly specialized agents (e.g. business incubators) and suppliers 

(this is especially important to small and medium sized enterprises typically not disposing of 

extensive internal research and development facilities) 

• to reduce and split risks related to innovation 

• to ride out major waves of change in the technological and economic environment  

• to support shared learning122 

• to integrate with the national system of innovation. 

For Concept Development, internal crossfunctional teams should be supported by vertical 

cooperation. Collaboration with customers and/ or suppliers seems to be both useful and well 

established among the small and medium sized companies on which I focus. Cooperation is able 

to balance the disadvantage in size of SME (Corsten, 1989a).  

                                                 
121

  The study of Li & Atuahene-Gima (2001) among Chinese new technology ventures found that strategic alliances for product development 
hinder the positive effect of product innovation strategy on performance. They see reasons for this finding in a lack of prior experience of 
management teams and in difficulties in the relationships between partners, diverting managerial resources and attention. 

122
  Collinson (2001) focused his contribution on the possibilities of learning in an alliance. In a cooperation of a British and a Japanese steel 

company, the UK firm was successfully helped with procedures for product and process development. Still, Collinson (2001) found that 
some practices were difficult to replicate. He concludes that these difficulties stem from the embedment of certain routines in the 
organizational architecture and culture (cf. subsection 1.3.1). 
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Exchange with universities might deliver interesting insights, too. For small and medium sized 

enterprises however, these might technologically be too detached from daily needs. 

When the decision has been taken to substitute autonomous development for cooperation (issue) 

with a competitor or another partner (direction), this relationship should start with an exchange 

of results123. As trust grows with time (reliability and duration), single projects are well suited to 

test the fit between the partners before joint development is addressed (Abele, 2006; Wahren, 

2004). The initial simple interaction provides little improvement of innovation performance. 

Further steps towards close collaboration provide larger benefits (Frishammar & Hoerte, 2005). 

2.4.1.3 Note on the Integration of Customers 

Taking into consideration cooperation with customers, the launching customers and the lead users 

have been found to support Concept Development. Cooperation with reference customers and initial 

orderers is less beneficial and should not be specifically pursued (Brockhoff, 2005). A launching 

customer can act as idea provider, animator, framer and solution finder124 to Concept Development 

(Enkel, Perez-Freije & Gassmann, 2005; Franke & Piller, 2004; Sattler, 2005).  

Lead users (cf. 2.2.3.4) who have extensively been researched for their contributions to concepts 

ready for market development, play an important role as providers of (quasi) prototypes 

(Brockhoff, 2005; von Hippel, 1995; Luethje & Herstatt, 2004; Luethje, Herstatt & von Hippel, 

2005; Thomke & von Hippel, 2002). In particular to SME, the feedback of lead users on 

concepts and their role as multipliers of information into the market are extremely valuable 

(Enkel, Perez-Freije & Gassmann, 2005; Gassmann & Enkel, 2006; Hauschildt & Walther, 2003; 

Sattler, 2005). 

2.4.2 Methods for Concept Development 

[…]the solution to the fact that NPD projects are still often problematic  
is believed to be the development of a tool. […]  

NPD projects […] are only partly controllable. (Benders & Vermeulen, 2002) 

Due to the instrumental character of many publications on innovative (concept) development, 

the reader might suspect that researchers often ‘jump to tools’, when it comes to problematic 

new product development projects (Benders & Vermeulen, 2002). 

This might (mis)lead to the conclusion that unavailability of appropriate tools rather than their 

limited dissemination, partial resolvability of problems, ‘organizational politics’ and finally, the 

multitude of suggestions which cannot possibly be realized at the same time, lies at the heart of 

the problem (Benders & Vermeulen, 2002). 

                                                 
123

  Bossink (2002) empirically researched the following four stages of interfirm innovation: (1) autonomous strategy making, (2) co-operative 
strategy making, (3) founding an organization for co-innovation and (4) realization of innovation. The author considers steps (2) to (4) as 
details of joint innovation management. 

124
  For the watch industry, Franke & Piller (2004) experimentally tested design input by pilot customers. 
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To focus on the most useful tools for SME, a careful selection125 has been made. Its synopsis is 

represented in table 26. The presented tools for Concept Development are (rather) easy to 

implement and can be used in multiple settings. 

Method Content of the Method 

Guidelines general guidelines, emphasis on soft factors 

Morphological box structuring innovative ideas into specific product concepts 

Scenario(s) enrich concepts with stories 

Prototype(s) realize concept tangibly 

table 26  Overview on methods for Concept Development 

The first paragraph presents basic guidelines, whose implementation will positively influence the 

entire phase (cf. 2.4.2.1). With the morphological box, 2.4.2.2 presents a tool which supports the 

selection of diverse possible properties. The resulting product concepts are condensed to future 

product stories, using the third tool, scenario building (cf. 2.4.2.3) and are tangibly realized by 

means of prototyping (cf. 2.4.2.4). 

2.4.2.1 Guidelines  

Literature presents a number of different routines to support continuous as well as 

discontinuous126 Concept Development. In table 27, the different recommendations are grouped 

in three classes: 

• structure of the process and corporate learning, 

• multidisciplinarity of internal as well as external partners, and 

• deployment of a methodological approach. 

The table gives an overview on the publications on these elements (to come to terms with the 

seemingly endless number of contributions, entry criterion for the synopsis is a publication date 

in this still young century). Validity of guidelines is not limited to Concept Development only; 

consequently, references to other stages of the FFE are indicated. 

                                                 
125

  For more information on multiple tools and methods, reference is made to Brandenburg (2002) and Gerhards (2002). 

126
  For the management of discontinuous innovation, reference is made to the contributions of Bessant (2005) and Phillips et al. (2004). 
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Guidelines for Concept Development 

Systematic process to run and (risk) manage innovation projects, e.g. a stage gate model with 
intensive monitoring and evaluation. 
• contributions: (Cooper, 2000; Cooper, Edgett & Kleinschmidt, 2002a; Cooper, Edgett & 

Kleinschmidt, 2002b; Littkemann, 2006) 
• cf. 1.3.3 on innovation process  and 2.5.2.3.3 on innovation risk management 

Project structures appropriate to environmental conditions and tasks and effective project 
management, with particular emphasis on the team dynamics. 
• contributions: (Barczak & McDonough, 2003; Boutellier & Gassmann, 2006; Brockhoff, 2006; 

Cooper, 2006a; Geyer, 1989; Gomez et al., 2002; Alexander, 2002; Hauschildt, 2000; McAlister, 
2006; Lechler, 2005; Pinto, 2002; Soendgerath, 2002; Stewart, 2001; Turner & Mueller, 2005; 
Thamhain, 2003; Thamhain, 2004; Raz, 2003; Urli, 2000)  

Use of lessons learned, development of continuous improvement culture and continuous 
learning, e.g. via post-project audits and workshops. 
• contributions: (Bessant, Caffyn & Gilbert, 1996; Bessant, 2005; Cunha & Comes, 2003; Dooley 

& O'Sullivan, 2000; Gieskes & van der Heijden, 2004; Hughes & Chafin, 1996; Khurana & 
Rosenthal, 1998; Sense, 2003; Tesch, Kloppenborg & Stemmer, 2003) 

• cf. 1.3.1 on innovation culture 

Stru
ctu

re an
d

 L
earn

in
g 

Early involvement of all relevant partners inside and outside the firm as well as crossfunctional 
team working (different perspectives, team-building approaches, development of capabilities in 
flexible problem-solving, positive use of criticism127.  
• contributions: (Brockhoff, 1999; Bouncken, 2004; Gaitanides & Stock, 2004; Gassmann, 2001; 

Gassmann, 2006b; Hauschildt, 1999; Hoegl & Gemuenden, 1999; Hoegl & Gemuenden, 2001; 
Hoegl & Parboteeah, 2006; Lovelace, Shapiro & Weingart, 2001; Weinkauf & et. al., 2004),  

• for involvement of stakeholders in the different stages, cf. 2.2.2 (Ideation), 2.3.2 (Concept 
Gate), 2.4.1 (Concept Development), 2.5.1 (Innovation Gate) 

M
u

ltid
iscip

lin
arity 

Concurrent engineering to aid faster development whilst retaining crossfunctional involvement 
(Ernst, 2002) and deployment of support tools (CAD, rapid prototyping, computer-supported co-
operative work aids to assist with quality and speed) (cf. 2.4.2.4). 

M
eth

od
s 

table 27  Guidelines for Concept Development 

                                                 
127

  Positive criticism is often underestimated: Hauschildt (1999) elaborates on the resistance to innovation as an important source for new ideas and 
alternatives to initial suggestions (Brockhoff, 1999; Gassmann, 2006b; Hauschildt, 1999). Constructive criticism which can be distinguished from 
the negative criticism by a concentration on crucial aspects whose improvement leads to a significant refinement of the innovation, can be 
useful input for continuous improvement of innovations (Hauschildt, 1999).  
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2.4.2.2 Morphological Method 

The morphological method is a technique developed by Fritz Zwicky (1989). It is used to explore 

possible solutions to a multi-dimensional, non-quantifiable problem for which causal modeling 

and simulation can only poorly be applied or not at all (Bullinger, Noestdal & Frielingsdorf, 2005; 

Schlicksupp, 2004).  

This method is often used as a creativity tool for Ideation. It starts by defining a problem with its 

component, independent subproblems. The following search for solutions to the subproblems 

results in enhanced creativity, as limitations are reduced. In a last step, the overall solution is 

derived by selection and aggregation of the solutions elaborated for the subproblems 

(Ehrlenspiel, 2007; Gierl & Helm, 2002; Schachtner, 2001; Schlicksupp, 2004). Thereby, instead 

of reducing the number of variables involved, the number of possible solutions is limited by the 

elimination of the illogical solution combinations (Bullinger, Hansen & Noestdal, 2006).  

In addition to this traditional application of the method, morphological analysis has also been 

suggested in literature to select the detailed product concept(s) from the broad range of identified 

feasible concept details (Gerhards, 2002). 

The process of the morphological method for concept development consists of five steps: 

• The problem to be solved must be concisely formulated, e.g. the criteria by which the product 

concept will be assessed later on must be given. 

• All parameters that might be of importance for the solution of the given problem must be 

localized and analyzed, i.e. the feasible concept details are listed. 

• The morphological box which contains all of the potential solutions to the subproblems is 

constructed – to reach this end, concept details are clustered according to subproblems like 

‘design’. 

• All solutions which derive from the content of the morphological box are scrutinized and 

evaluated with respect to the purposes that are to be achieved. Combinations of concept 

details across subproblems are tested against the problem (e.g. the criteria of assessment) as 

well as compared among each other. 

• The optimal solutions are selected, realized and the result enters the Innovation Gate for 

assessment.  

The method is an instrument for experts who are able to follow the abstract process of problem 

division, generation of solutions to subproblems and consequent aggregation of the solutions, 

discarding a number of meaningless alternatives created only for the sake of completeness. But 

this method is worth the effort: by discussing the criteria, subproblems and possible solutions, 

even problem-solving of very complicated tasks can be structured (Keim & Littkemann, 2005). 
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The following morphological box illustrates the case of a medium-sized company in the shoe 

industry which is about to select a new shoe concept from the components it has identified 

(Bullinger, Hansen & Noestdal, 2006).  

 

figure 31 Morphological box for shoe design (Bullinger, Noestdal & Frielingsdorf, 2005) 

2.4.2.3 Scenario Planning  

An internally consistent view of what the future  
might turn out to be. (Porter, 2004)  

Once the details of the product concept have preliminary been decided on for the time being, a 

number of future product stories for best, realistic and worst cases are summarized by scenario 

planning (Cooper, 2006a; Crawford & Di Benedetto, 2006; Gausemeier, Ebbesmeyer & 

Kallmeyer, 2001; Geschka, 2002). Out of these, a selection will be developed as a prototype 

(cf. next paragraph). 

Scenario planning stems from military strategy. It has been transferred to use by management in 

the 1960s by Kahn and Wiener (Kahn & Wiener, 1967) and is today widely used as a strategic 

management tool (Lindgren & Bandhold, 2002; Paul, 1996; Ringland, 2006).  

A scenario is the mental map of a complex future situation whose probability can be roughly 

estimated (Cooper, Edgett & Kleinschmidt, 2002a; Gassmann, 2006b; Potter & Roy, 2000; 

Schwartz, 2005). Scenario planning is the technique by which scenarios are developed. It is a group 

process which encourages knowledge exchange and mutual understanding of issues important to 

the future environment of the firm and the product concept (Lindgren & Bandhold, 2002; 

Ringland, 2006). By extrapolation of uncertain and mutually dependent forces, major 

uncertainties, and key factors, a number of diverging stories are elaborated: these are the alternate 

scenarios (Schwartz, 2005).  
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The five phases of scenario planning are summarized in the synopsis below. The method is based 

on the suggestion by Gausemeier and his colleagues which has become widely implemented in 

Germany (Gausemeier, Fink & Schlake, 1995; Gausemeier, Ebbesmeyer & Kallmeyer, 2001): 

Guideline for Scenario Planning 

Scenario Substep #1 Substep #2 Substep #3 

Preparation 
Description of innovation 
project 

Definition of area of 
interest, including strengths 
and weaknesses 

  

Analysis 
Delimitation of influencing 
areas 

Delimitation of influencing 
factors 

Summary of most important 
influencing factors to key 
factors 

Prognosis 
Description of key factors 
by suitable properties 

Based on each key factor, 
formulation of one or more 
'projections of the future'  

  

Building Bundling of projections 

Compression of bundlings 
into beta versions of 
scenarios, using criteria of 
consistency and clustering 

Creative interpretation and 
visualizing description of 
beta versions, creating fully-
fledged scenarios 

Transfer 

Analysis of impact scenarios 
will have on the area of 
interest, including 
opportunities and threats 

Deriving possible actions to 
benefit from chances and 
minimize risks and 
translation into scenario 
specific guidelines 

Final planning of proactive 
and reactive activities 

table 28 Phase model of scenario management 

The scenarios and the effort to create them have the dual purpose of increasing knowledge of the 

business environment and widening perception of possible future (weak) signals (Bullinger, 

Hansen & Noestdal, 2006; Cooper, Edgett & Kleinschmidt, 2002a; Potter & Roy, 2000).  

A major drawback of scenario management is the lack of operational guidelines. Due to its strong 

strategic orientation and the inherent development of multiple, partly contradictory scenarios, 

only ambiguous orientation can be derived. Besides, it requires comprehensive and detailed 

information, resulting in an expensive process (Geschka, 2002). 

The fact that scenario planning is nevertheless broadly used with innovation management is due 

to the advantageous possibility to include elements difficult to formalize, such as subjective 

interpretations of facts, shifts in values, new regulations or inventions (Bullinger, Hansen & 

Noestdal, 2006; Geschka, 2002; Linder, Jarvenpaa & Davenport, 2003). Besides their inherent 

capability to ‘predict’ future possibilities, scenarios can support first economic estimation – of 

course dependent on the quality of (projected) data concerning market and costs (Gassmann, 

2006b; Herstatt & Verworn, 2003a; Schwartz, 2005).  

In conclusion, the method’s advantages are estimated to outweigh the drawback of fuzziness: at 

this early stage, strategic orientation is more necessary than operational precision. 
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2.4.2.4 Prototyping 

Having elaborated on the product stories as possible future realizations of the product concept, 

now prototyping is presented for a tangible and functional representation of the concept. A 

prototype is an 

“[…] approximation of the product along one or more dimensions of interest.” (Ulrich & 

Eppinger, 2003)  

A prototype can be used to demonstrate feasibility (proof of concept), illustrate ergonomics and 

design (form only), or show technological trade-offs (spreadsheet). Concerning physical proof of concept 

prototypes, so-called alpha prototypes are internally used for functional testing. On the other 

hand, external users assess reliability and potential problems by beta prototypes (Ulrich & 

Eppinger, 2003). 

A number of tools support the transfer of the innovation concept into a prototype, i.e. a 

functional test model of the planned product. New technologies such as selective laser sintering 

enable the direct conversion of CAD files into functional prototypes (Eyerer, Kroh & Woicke, 

2007; Gausemeier, Ebbesmeyer & Kallmeyer, 2001).  

The so-called rapid prototyping128 (Brockhoff, 2004; Kremer & Leyh, 2007) or its computational 

‘cousins’ of virtual and hybrid prototypes (Gausemeier, Ebbesmeyer & Kallmeyer, 2001; Herstatt 

& Verworn, 2003a; Kelley, 2005; Kopecki & Resch, 2007; Ringland, 2000) allow for a fast and 

rather easy realization of prototypes relatively early in the front end of the innovation process. 

This early availability of a tangible, inexpensive prototype  

• allows early gathering of customer feedback,  

• simplifies functional testing and refinements, 

• shortens development times and speeds up time to market, consequently 

• reduces cost of development and manufacturing. 

In addition to the power and utility of a prototype as a pre-version of a future product, as 

explained above, the process of its elaboration has been researched. Doll & Neyer (2007-11-08) have 

found social prototyping to be of importance if utilized to illustrate business opportunities by 

entrepreneurial teams. Positive emotions towards the tangible prototype and establishment of 

shared mental models could be stated. Both have been shown to support communication, 

coordination and cohesion among team members. Besides these soft factors, this process allows the 

detection of technical uncertainties and challenges the achievement potential of the team129. 

                                                 
128

  For an overview on rapid prototyping, the publication of Bertsche and Bullinger, based on a German collaborative research centre (SFB 374), 
can be recommended (Bertsche & Bullinger, 2007). It provides an insight to this field for non-engineers, too. 

129
  Further and more detailed results of the research on social prototyping will be published in the doctoral thesis of Bernhard Doll, Technical 

University of Munich, currently under review and planned for publication in 2009. 
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2.4.3 Support Activities: Monitoring 

Once ideas have entered Concept Development, they should be continuously monitored. 

Monitoring is done constantly to detect deviations in the course of work and not only at the 

official milestones which might be months apart. 

Monitoring is executed during the entire lifecycle of the project. It closely reviews the innovative 

project against the original criteria and the wider environment changes (Tidd, Bessant & Pavitt, 

2005). Flexibility in this activity necessarily has to be adapted to the specific tasks. Hauschildt & 

Salomo (2007) suggest a threefold monitoring process: 

• Continuous identification of deviations between ‘to be’ and ‘as is’: monitoring of results by 

person or team responsible for the innovative project and monitoring of activities by superior 

responsible for assessment 

• Review: discussion of deviation with the responsible entity  

• Evaluation of deviations and continuous motivation for corrections 

2.5 Innovation Gate  

Your gut isn't always the best judge of what will succeed in the marketplace,  
and pet projects are more often than not big white elephants  

that should be eliminated much, much earlier. (Watson, 2006) 

Once an idea arrives at the Innovation Gate, it has become a viable, defined concept in which 

some resources have already been ‘invested. At this gate, investment becomes substantial. Due to 

the existence of sunk costs, invest/ stop decisions have become more difficult to take and 

continuation of innovative projects into development is tempting (Ernst, 2002). Therefore, this 

decisive gate is headed by the question: 

Does the concept fulfill all requirements to enter the development phase?  

The Innovation Gate is established to help senior management concentrate on the selection of 

best concepts for further development – and on the rigorous de-selection of all other concepts 

(Tidd, Bessant & Pavitt, 2005). It must be the overarching target of the Concept Gate to correct 

the widespread belief that decision-making in an innovative context is only “uncertain fumbling 

at minimal sight” (Hauschildt & Salomo, 2007). Careful crossfunctional due diligence which 

produces vital information for the final go-to-development decision is indispensable. The effort 

pays of: solid predevelopment homework has been identified to enhance new product success 

rates and to be being positively correlated to financial performance (Cooper, 2000).  
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Assessment of concepts at the Innovation Gate is similar to the proceeding at the Concept Gate, 

but covers additional and more detailed aspects: Criteria at this gate encompasses technological 

and economic market-related aspects (Crawford & Di Benedetto, 2006; Hahner, 2000; Hauschildt 

& Salomo, 2007; Specht, Beckmann & Amelingmeyer, 2002; Ulrich & Eppinger, 2003; Witt, 

1996). Starting point as well as overarching principle remains corporate strategy (Ernst, 2002). 

Such analysis needs a certain level of concrete data which is typically difficult to obtain at the 

Innovation Gate, when reliable information and predictions are still rare. Simulations and 

justified estimation of parameters are suggested to reduce uncertainty (Ernst, 2002; Herstatt, 

Verworn & Nagahira, 2004; Pleschak & Sabisch, 1996). As a result, qualitative assessment is still 

the first step to be done at the Innovation Gate (cf. table 29). It is gradually supplemented by 

monetary, i.e. quantitative inputs and according assessments (to indicate this, economic 

assessment is listed last among methods). 

Assessments at the Innovation Gate 

��  Qualitative Assessment �  Quantitative Assessment 

Classification of concepts according to: 
• technological feasibility130  
• accordance with corporate strategy131  
• freedom of k.o. criteria 
• fulfillment of customer requirements 
• potential of technology 
• lifecycle considerations 

Basic information 
• capacities & duration of innovative project 
• costs & benefits 

Deduced information 
• payback period, break-even time 
• DCF, NPV 

Aggregated information 
• risk analysis 
• weighting and calculation of utility 

�  Summary 

written, natural language report 

table 29  Quantitative and qualitative assessment at the Innovation Gate (based on Hahner, 2000) 

This section on the Innovation Gate has, parallel to the Concept Gate, three subsections: 

methods, results and participants.  

• The first subsection offers recommendations for participants, i.e. the Jury of Ideas at the 

Innovation Gate. In 2.5.1, special reference is made to the importance of senior management. 

• The subsection regarding the methods of this gate is more elaborate than the one of the 

Concept Gate. It consists of strategic, technological and economic assessment (cf. 2.5.2) 

• This section is closed by presenting the outputs of the Innovation Gate and the activities during 

the Fuzzy Front End (cf. 2.5.3).  

                                                 
130

 Hahner (2000) does not include evaluation of technological feasibility. I follow Vahs & Burmester (2005) who explicitly mention it. 

131
  Regarding evaluation of conformance with corporate strategy, further reading should include: (Ebert, Pleschak & Sabisch, 1992; 

Meffert, 2005; Schlicksupp, 2004; Stern & Jaberg, 2005; Vahs & Burmester, 2005; Witt, 1996) 
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The gate meeting starts with strategic analysis to categorize the concepts into pass and stop 

(cf. Pleschak & Sabisch, 1996). Pass concepts subsequently enter the more detailed technological 

and economic analysis. The result of these analyses is an invest/ hold/ stop decision comparable to 

the Concept Gate. While invest concepts receive funding and enter development, hold and stop 

candidates are stored in particular sections of the pool of ideas. 

�
At the end of this section, the strict and thorough assessment at the Innovation Gate has 

been presented by description of participants, methods and outputs. 

2.5.1 Participants of the Innovation Gate  

Lots of companies have tons of great engineers and smart people.  
But ultimately, there needs to be some gravitational force that puts it all together.  

Steve Jobs in: (Jaworski & Zurlino, 2007) 

As has been noted repeatedly, importance of top management commitment as well as a style of 

leadership conducive to innovation cannot be overrated for the Fuzzy Front End132 (Boeddrich, 

2004; Crawford & Di Benedetto, 2006; Dooley & O'Sullivan, 2001; Kim & Wilemon, 2002; 

Thamhain, 2003; Tidd, Bessant & Pavitt, 2005; Twiss, 1993; Vissers & Dankbaar, 2002). Cooper, 

Edgett & Kleinschmidt (2004b) found it ideal to distinguish between best and worst performers. 

Senior management’s acceptance of employees’ ability to generate new knowledge133 and 

participate in the innovation process is crucial. This accounts especially for SME where personal 

influence of individuals is traditionally high (de Brentani & Kleinschmidt, 2004; Fairbank & 

Williams, 2001; Hauschildt, 1998a; Hauschildt & Walther, 2003; Jenssen & Jørgensen, 2004; Kim 

& Wilemon, 2002; Madanmohan, 2000; McAdam & Keogh, 2004; Shipton et al., 2005).  

Once senior executives are convinced to be product champion134, their influence can set the stage for 

innovation: promote the ideas internally and provide necessary resources as well as motivation135 

in times of need (Benders & Vermeulen, 2002; Clark & Fujimoto, 1992; Cooper, Edgett & 

Kleinschmidt, 2004b; Ernst, 2002; Folkerts, 2001; Gassmann, 2001; Isaksen & Lauer, 2002; 

Leifer, O'Connor & Rice, 2001; Manimala, Jose & Thomas, 2005; van der Panne, van Beers & 

Kleinknecht, 2003; Weber & Zayer, 2004).  

                                                 
132

  Contrary to the following citations, Gomes and his colleagues, in an quantitative and qualitative analysis conducted in the United Kingdom 
and the Netherlands could find only small to medium association between direct senior management support and innovative project 
performance in terms of time, costs, and quality of result. Indirect influence of senior management on process level (e.g. internal 
advertisement of innovation) and on organization level (e.g. company mission) was judged more positively influential (Gomes et al., 2001). 

133
  Madanmohan (2005), in a study of Indian manufacturing  companies, found that support for experimentation is a predictor of incremental 

product innovation. 
134

  On the role of promotors cf. the extensive works of Hauschildt and his fellow researchers following the pathbreaking publications of Witte 
(Witte, 1973 & 1978). Further reading should include: (Hauschildt, 1998a; Hauschildt & Gemuenden, 1999; Hauschildt, 2000; Hauschildt & 
Salomo, 2007) or the results of (Folkerts, 2001; Gemuenden & Hoelzle, 2005; Gemuenden & Hoelzle, 2006; Gemuenden, Hoelzle & Lettl, 
2006; Jenssen & Jørgensen, 2004; Kim & Wilemon, 2002; Shipton et al., 2005; Walter, 1998; Weber & Zayer, 2004). 

135
  An empirical study exploring the resasons for resistance of employees to innovation found that next to corporate strategy, innovative 

objectives and the economic situation of the companies, aptness of executives plays an important role (Zwick, 2003). 
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The influence of senior management is obviously even more decisive for innovative projects with 

far reaching scope than for low impact projects. The following figure illustrates how impact and 

scope of an innovative project should ideally influence staffing of the innovation team (Fietz & 

Littkemann, 2005). 

Involvement of Staff Members in the Innovation Process 

Degree of 
Innovation 

Top Management 
Middle 

Management 
Executives Employees 

Incremental 
Innovation 

decides according to 
available information 
� potential power 
promotor 

directly involved in 
innovation process  
� potential power 
promotor 

directly involved in 
innovation process 
� potential process 
promotor, functional 
promotor 

partly involved in 
innovation process  
� potential 
functional promotor 

Radical 
Innovation 

steers innovation 
process  
� potential power 
promotor 

informed about 
innovation process  
and supports 
� potential process 
promotor, functional 
promotor 

partly involved in 
innovation process  
� potential 
functional promotor 

little to no 
involvement in 
innovation process  

table 30 Involvement of staff in innovation process (based on Fietz & Littkemann, 2005) 

Even if an innovative concept might reach the Innovation Gate without senior support, decision-

making on concept evaluation is necessarily effected by senior management (Boutellier & Gassmann, 

2006; Cooper, 2006a; Wheelwright & Clark, 1992; Reichwald & Piller, 2006). This heavy 

commitment gate (Cooper, 2006a) implies substantial investment and thus requires senior managers 

of the according business units to take ownership of the resulting innovation project. According 

to the suggestions of Fietz & Littkemann (2005), senior representatives of at least the functions 

R&D, marketing and manufacturing are suggested as Jury of Ideas, thus making use of their 

yearlong insights into the commercial viability and the technological feasibility (Ernst, 2002; 

Herstatt, Verworn & Nagahira, 2004). 
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2.5.2 Methods for the Innovation Gate  

Methods suggested for the Innovation Gate are divided into three categories:  

• Strategic methods which partly rely on the methods presented at the Concept Gate, but are (a) 

more detailed and (b) establish stricter barriers (cf. 2.5.2.1).  

• Technological assessment in terms of lifecycle consideration and roadmapping is introduced 

in paragraph 2.5.2.2.  

• The 360° assessment is concluded by an economic assessment. The third paragraph presents 

some financial methods (cf. 2.5.2.3). 

Each method has a dual structure: a rather simple and quick technique is followed by a second, 

more elaborate method. I illustrate my suggestion of methodological sequence in figure 32. 

 
figure 32 Suggested deployment of methods at the Innovation Gate (based on Cooper, Edgett & Kleinschmidt, 2000)  

2.5.2.1 Strategic Assessment  

Strategic assessment evaluates the extent to which the innovative concept fits with the company’s 

overall strategy (e.g. customer orientation or technological leadership). It intends to categorize 

concepts into pass and stop candidates, comparable to the benefit measurement approach at the 

Concept Gate. 
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2.5.2.1.1 Killing criteria  

Strategic Assessment relies in a first step on the benefit measurement methods presented in 

paragraph 2.3.3.1. It checks whether some concepts do (no longer) meet mandatory criteria or have 

acquired so-called killing criteria since the Concept Gate. Simple ‘yes’/ ‘no’ checklists, typically 

extended versions of the ones used at the Concept Gate, provide a helpful tool to standardize 

these assessments. The following table illustrates an example of such a list of killing criteria. 

Criteria yes no 

  Necessary (new) cooperation     

  Legal restrictions     Likelihood of technical feasibility 

  Added value for customer     

Fit with strategy   Fit with strategy of company     

  Similar activities in the company     
Impact on the company 

  Degree of novelty to the market     

table 31 Mandatory and desired properties of an innovative concept (based on Davis et al., 2001
136

) 

2.5.2.1.2 Quality Function Deployment  

Central objective of a customer-oriented production is time compliance and best fit with 

customer needs, i.e. high quality of end products (Wildemann, 2004). Tools to achieve such a 

high quality are manifold. The Innovation Gate requires a more sophisticated tool than checklists 

(cf. 2.3.3.1.1). Out of the multitude of methods provided by the literature on quality 

management137, quality function deployment (QFD) has been selected138. Primarily, because this 

method enables the company to integrate consumers’ requirements (Gausemeier, Ebbesmeyer & 

Kallmeyer, 2001; Reichwald & Piller, 2006; Zollondz, 2006). Secondly, because QFD is a 

particularly adaptable methodology which allows the company to use between four (Zollondz, 

2006) and 30 analyzing steps – depending on the intended degree of detail (Brandenburg, 2002). 

It is a method of quality planning, crossfunctional and supportive to teams in new product 

development with regard to market and technology (Schmidt & Steffenhagen, 2002). By assessing 

correct fulfillment of the criteria provided by QFD, strategic evaluation of the concept is well 

possible. In figure 33, the House of Quality is illustrated. 

                                                 
136

  Davis et al. (2001) propose the use of anchored scales which use a Likert scale, but additionally describe every level of an item with a full 
sentence (instead of pure numeric representation). While the authors recommend the method for being intuitive, it cannot be promoted: the 
risk that decision-making is influenced by not fully balanced statements is considered too high. 

137
  For detailed perusal of quality management in the context of technology and innovation management, reference is made to the contributions of 

(Bullinger, 1994; Eversheim & Schuh, 1996; Eversheim, 2003; Pfeifer, 2001; Seibert, 1998; Specht & Moehrle, 2002; Staudt, 1986; Tschirky & 
Koruna, 1998; Wolfrum, 1994; Zahn, 1995b; Zollondz, 2006); for the aspect of quality in service management, cf. Meffert & Bruhn (2006). 

138
  Naveh & Erez (2004), in their study among 425 employees on innovation and attention to detail found that quality improvement teams 

positively affect innovation, while more structured approaches like ISO 9000 enhance attention to detail. They suggest multiple methods, as 
quality improvement requires the coexistence of attention to detail and innovation (Naveh & Erez, 2004). One of their findings, necessary 
support to innovation by the management level, is treated in subsection 2.5.1, while a second finding, a more structured approach which 
helps attention to detail, is presented in this paragraph. 
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figure 33 House of Quality 

Quality function deployment is based on the idea that requirements of customers represent 

central criteria for the properties of the future product (subjective approach to quality) (Akao, 1990). 

To ensure their integration, requirements get translated step by step from the language of the 

customer into technical specifications (objective approach to quality) (Hartung, 1994; Schmidt & 

Steffenhagen, 2002). During each step, matrixes are used to derive, represent and evaluate 

interrelations, called House of Quality (cf. figure 33) (Brandenburg, 2002; Call, 1997; Zollondz, 

2006). The entire process of quality function deployment is run by multifunctional teams 

committed to consensus (Schmidt & Steffenhagen, 2002). 

For an efficient assessment of the results delivered up to now, the House of Quality should be 

continuously established during the Fuzzy Front End and be delivered at the Innovation Gate for 

evaluation. To illustrate this demand, table 32 relates the steps necessary for quality function 

deployment to the stages of the Fuzzy Front End. 

Step of House of Quality  Relevant Stage of FFE 

Determination, structuring and weighing of customers’ requirements Ideation 

Deduction of product properties Ideation/ Concept Gate 

Analysis of relations between requirements and properties Concept Development 

Analysis of correlations between properties Concept Development 

Computation of importance of properties 
Concept Development/ 
Innovation Gate 

Definition of target values, analysis of competitors (technology & 
customers) 

Innovation Gate 

table 32 Steps of House of Quality associated with early stage of the innovation process  
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Focus on customers’ requirements and addressing them by a systematic assessment of the most 

important properties are the prevailing advantages of the House of Quality. It leads to 

intensification of crossfunctional communication and also provides for standardized, transparent 

documentation (Pfeifer, 1996; Schmidt & Steffenhagen, 2002). The main disadvantages of this 

method are that is only focused on technological innovations and comprises a high degree of 

operative details which might be confusing at this stage. 

Summing up, QFD is a suitable, systematic proceeding for strategic assessment at the Innovation 

Gate due to its strong focus on the customer and its adaptability to specific company needs. 

When implementing a House of Quality, the necessary degree of details has to be weighed 

carefully against the cost of their acquisition. 

Following strategic assessment, a number of key items have to be discussed and agreed on for the 

projects which received a pass by means of strategic alignment and quality of execution. 

Therefore, the pass candidates simultaneously enter technological and financial assessment. Both 

assessments result in a suggestion to invest or stop. These suggestions have to be assessed by the 

Jury of Ideas. 

2.5.2.2 Technological Assessment 

The key issue for managers is the focus  
on reacting to new opportunities within the existing technology platform,  

but also proactively pursue extending new opportunities on the same product platform.  
[emphasis added](Madanmohan, 2005) 

Technological assessment of concepts which received a pass during strategic assessment is done 

to reduce technological uncertainty. A number of studies have indicated a strong correlation 

between preliminary technical assessment and project outcomes (Cooper & Kleinschmidt, 1986; 

Herstatt, Verworn & Nagahira, 2004; Moenaert et al., 1995; Song & Parry, 1997). Technological 

assessment results in a statement of invest or hold of the particular concept. 

As a general guideline, bilateral technological evaluation which is composed of an internal and an 

external assessment is suggested (Hahner, 2000). Internal evaluation screens the company and its 

technological position (Servatius & Pfeiffer, 1992); external evaluation is independent of the 

corporate situation. Besides, qualitative aspects and hard data are combined to holistically 

consider and evaluate the potential of the  technology to be assessed. In table 33, some guiding 

aspects to be considered during technological assessment are summarized. 
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External Evaluation of Technology Internal Evaluation of Technology 

Threats to concept  
• restrictions to Concept Development 
• barriers to technological realization 
• socio-economic barriers to acceptance 
• assessment and control of the secondary and 

tertiary effects  

Potential of concept 
• potential of further development 
• factual as well as potential employment of 

technology 
• types and potential range of usage 

Innovative expenditure 
• cost of integration 
• follow-up investments 

Relevance of resources 
• potential synergies 
• field(s) of application in relation to existing 

products, services or technologies 

Relative position of R&D 
• Feasibility by research and development 

Innovative expenditure 
• cost of integration with existing products 
• follow-up investments 

Relative technological position 
• comparison with competitors 
• access to knowledge base  

table 33  External and internal technology assessment (based on Hahner, 2000; Servatius & Pfeiffer, 1992) 

The issues above are an important guideline on the meta-level. Subsequently, two techniques are 

presented which transform the bilateral principle into methods. Paragraph 2.5.2.2.1 introduces 

the lifecycle concept, roadmapping is presented in 2.5.2.2.2. 

2.5.2.2.1 Lifecycle Models  

Lifecycle models are largely qualitative tools by which regularities in the progress of an object 

between its generation and degeneration are identified. These regularities are used to deduce 

prognoses for future evolutions.  

Originating in general biological observations of birth, life span and death, the idea of lifecycle 

models has been supported by systematic data collection in the context of history of technology 

(Bullinger, 1994; Brandenburg, 2002). Derived predictions have indicated that technologies, in 

terms of performance as well as cumulated R&D effort, follow an ‘S‘ shaped line, the so-called 

life cycle curve139 (Brockhoff, 1999; Saaksvuori & Immonen, 2005).  

In traditional lifecycles, development of a product is represented, but analogously, a number of S 

curves140 have been developed for life cycles of market, industry, company, customer 

requirements and – sic! – technology (Bullinger, 1994; Meffert & Bruhn, 2006; Pfeiffer et al., 

1991; Servatius & Pfeiffer, 1992; Twiss, 1992). Common to all life cycle models is the 

combination of dependent variables on the ordinate (e.g. market share) and the independent 

variable of time on the abscissa (Mueller-Stewens & Lechner, 2005). As a result, lifecycles include 

both: internal factors and market or other environmental influences (Michel, 1987). The use of 

industry cycles has been recommended; they aggregate a number of products which are based on 

one technology (Brandenburg, 2002).  

                                                 
139

  Diffusion of technologies follows a similar S curve, as people have different levels of readiness for adopting new innovations and product 
properties affect overall adoption (Rogers, 2003). 

140
  The list of lifecycle models is long. To illustrate variety: Jaafari (2000) used the lifecycle model as a tool for project management in the context 

of capital projects. 
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Literature typically distinguishes four (sometimes five) stages: introduction, growth, maturity (and 

saturation) and degeneration (Bullinger, 1994; Kuepper, 2005; Meffert & Bruhn, 2006; Pfeiffer et 

al., 1991; Servatius & Pfeiffer, 1992; Twiss, 1992; Wolfrum, 1994). Below, figure 34 gives a 

synopsis of the technological life cycle curve.  

 
 

figure 34 Synopsis of technological life cycle curve 

In practical use, prediction of the exact shape of the curve is nearly impossible. Especially 

technologies usually do not follow the ideal S shape, e.g. they do not follow the entire cycle or 

when doing so, heavily deviate from predefined stages (Bullinger, 1994; Mueller-Stewens & 

Lechner, 2005; Wolfrum, 1994). Besides, the lifecycle model indicates neither duration of the 

phases, nor is it possible to clearly delimitate them (Reichmann, 2006; Weber, 2004). 

Nonetheless, ex post analyses have proven general validity of this easily accessible concept and 

hence, (cautious) consideration of potential future trajectories of the assessed technology can still 

be a helpful contribution to qualitative technology assessment (cf. Meffert & Bruhn, 2006).  

2.5.2.2.2 Roadmapping  

Roadmapping is a tool of strategic management by which trajectories of products and 

technologies can be projected, analyzed and visualized. It adds the temporal aspect to the (static) 

portfolio technique. By this dynamic method, a decision on the timing of the selected innovative 

concept becomes possible (Abele, 2006; Eversheim, 2003; Corsten, Goessinger & Schneider, 

2006; Specht, Beckmann & Amelingmeyer, 2002). Roadmapping is aimed at prediction and 

evaluation of future developments in the area of interest. The methodology encompasses 

roadmapping as well as the process of generation (Brandenburg, 2002).  
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The roadmap is a two-dimensional search field, formed by an object axis and a time axis. Literature 

primarily focuses on two kinds of roadmaps, product and technology roadmaps (Moehrle, Isenmann 

& Mueller-Merbach, 2005). A product roadmap is an illustration of future product generations 

according to their estimated appearance in time. A technology roadmap shows which (core) 

technologies will be necessary for future products. Below, figure 35 illustrates both roadmaps. 

 
figure 35 Example of product and technology roadmap 

By combing the product and the technology roadmaps, comprehensive strategic planning 

becomes possible. To generate a roadmap, future products of the product matrix are associated 

with technologies necessary for product development. These technologies are assigned to current 

or future technologies in the technology roadmap, thus enabling the detection of temporal 

inconsistencies as well as gaps in the product and technology portfolio (Abele, 2006).  

 

figure 36 Process of roadmapping with two portfolios 

Roadmapping, like scenario analysis, is a highly strategic way to assess technology (cf. 2.4.2.3). 

Upon completion, its results need to be refined into operative activities, e.g. by a technology 

schedule (Burgstahler, 1997; Rottinger, 2005; Westkaemper, 1987).  
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Literature recommends generating roadmaps subsequent to technology forecasting (cf. 2.2.3.1) 

and scenario planning (cf. 2.4.2.3) in interdisciplinary workshops, together with external partners 

or consultants (Abele, 2006; Abele et al., 2007; Laube & Abele, 2006). Hence, the method can 

also already be used application in support of Concept Development in order to detail product 

and technology properties, too.  

Roadmapping provides emphasis of assessment of gaps and inconsistencies for the Innovation Gate. 

The integrated roadmaps can be established rather quickly by making use of market and/ or 

technology portfolios (cf. 2.3.3.2.2) as well as of the results of scenario analyses (cf. 2.4.2.3). The 

Jury of Ideas generates important input for their technological assessment by evaluating the 

results of the mentioned analyses, delivered to them by the innovation team141. 

2.5.2.3 Economic Assessment  

If innovation succeeds, it is because it satisfies a demand,  
whether of a factory manager, a supermarket customer  

or an aeroplane manufacturer (Akrich, Callon & Latour, 2002) 

Economic assessment of innovative concepts is a crucial part of the Innovation Gate because 

many objectives of management are ultimately financial. Data for assessment of the economic 

value of an innovative idea should consequently be provided as early as possible.  

Innovation holds a number of properties which are important for economic considerations. In 

table 34, these properties are highlighted as a visual introduction to this paragraph. 

Property Description 

Combination 
• Even though innovation might be isolated as a project, its success is often due to a 

combination of other factors and capabilities of the company. 

Immateriality 

• Innovation cannot be reduced to necessarily result a physical object of investment. 
• Result of the innovative project might be a new product or process, but this does 

not sufficiently define the character of an innovation, which is essentially a new 
combination of means and purposes. 

Risk 
• Innovations are new to the company, leading into an unknown area. 
• Prognosis of incomes and success of innovation is weak and vague. 
• Side effects as well as consequences are hardly predictable. 

Long-range 

• Time horizon of innovations is typically wide. 
• Between expenditure and income, there might easily be years. 
• Detours and errors are characteristics of innovative projects, which are difficult to 

foresee. 
• An end of the innovative process is typically difficult to estimate. 

Investment 
• Innovations claim early expenditure in expectation of benefits during future 

periods. 
table 34 Economic properties of innovation (Littkemann, 2005a) 

                                                 
141

  Although it might seem appropriate to have the Jury of Ideas, i.e. an objective board, actually do the analyses, this would impose far too big a 
workload on this group. Hence, all assessments that require detailed preparatory work are conducted by the innovation team and forwarded 
to the Jury of Ideas for evaluation. 
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Economic assessment of innovative projects is an important success factor, especially if it is done 

early in the innovation process  (Ernst, 2002). At the Innovation Gate, concepts are for the first 

time ready for such an assessment. During their work, the Jury of Ideas has to keep in mind that 

financial data at this moment in time is still subject to estimation and thus has to be treated with 

caution (Tidd, Bessant & Pavitt, 2005). Despite this carefulness justified projections elaborated 

for the pass concept, support systematization and transparency of decision-making.  

Economic assessment has been done since the middle of the last century, passing different stages. 

The following synopsis illustrates these stages (Boehm, 1996; Roussel, Saad & Erickson, 1991). 

Time Characteristics 

before 1950 
R&D results are considered to be 
uncontrollable 

only technical and scientific assessment 

about 1950 
technology assessment is recognized as a 
topic for (top) management 

  

since approx. 1960 
(weighted) checklists;  
no distinction between market and 
technology criteria 

 methods of dynamic programming 

since approx. 1975 
(weighted) checklists; 
separation of market and technology 
criteria 

  

since approx. 1985 
adding of qualitative criteria to 
quantitative scales  

integrated management of R&D and 
marketing 

table 35 Historic outline of economic assessment of innovative projects 

The toolbox suggested for economic assessment is a selection of the multitude of possibilities 

which theory and practice offer. The objective of this paragraph is to provide a small, but 

sufficient selection of methods which suit companies of any size, particularly small and medium 

sized ones. Possibilities of customization have been a criterion of selection, too. The following 

paragraphs 

• discuss a business case – a merely qualitative perspective on positioning, target market and 

customers etc. (cf. 2.5.2.3.1); 

• explain financial assessment (cf. 2.5.2.3.2) which tries to accumulate and evaluate financial data 

in order to calculate future cash flows and pay back times; as well as 

• introduce risk management which tries to help balancing opportunities and threats inherent to 

the concept (cf. 2.5.2.3.3). 
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2.5.2.3.1 Discussion of Business Case  

A business case is used to evaluate the economic attractiveness of the innovative concept. 

Elaboration of business cases seem to be a somewhat stale method, but the study of (Hauschildt 

& Walther, 2003) has shown that a scrutinized business plan is a powerful tool to support the 

success of concepts. Hence, a first rough business case should be provided for assessment at the 

Innovation Gate (cf. de Brentani, 2001). 

Development of Business Case 

  since ideation at innovation gate after innovation gate 

executive summary  ��� ��� ��� 

product/ service/ bundle ��� � � 

development team � � ��� 

market and competition �� �� �� 

marketing and sales � � �� 

organization � � �� 

planning � �� ��� 

chances & risks � �� ��� 

technology � �� ��� 

finances and financing � � ��� 

legend: � focus of stage, � not yet/ no more treated 

table 36 Synopsis of continuous development of a business case (based on Arndt, 2006) 

Such a business case or commercialization plan will be continuously developed during further 

development of the concept. At the Innovation Gate, it minimally includes (estimations of) the 

following aspects (cf. table 36 for a synopsis and table 37 for details) which have to be assessed 

by the Jury of Ideas. 
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Elements Details 

Executive 
Summary  

unique 
selling 
position 

target 
customers & 
their benefit 

market 
volume & 
growth 
(estimated) 

investments 
& returns 
(estimated) 

pilot 
customers 

cooperation 
chances & 
challenges 

Product/ 
Service 

value added 
for customer 

target 
customers & 
their benefit 

competitive 
products/ 
services 

investments 
& returns 
(estimated) 

licensing 

cooperation 
for 
development, 
manufacturing, 
sales 

strengths & 
weaknesses 
compared 
to 
competitors 

Development 
Team 

shared vision, perseverance and enthusiasm, awareness of complementary strengths & weaknesses,  
3-6 persons, a primus inter pares leader  

Market and 
Competition 

market 
segmentation 
& potential 
of segments 
(estimated) 

target 
customers & 
their benefit 

growth & 
development 
of industry 
(estimated) 

success 
factors of 
industry & 
own 
competitive 
advantage 

pilot, 
launching 
and 
reference 
customers 

importance of 
consultancy, 
after sales 
services etc. 

strengths & 
weaknesses 
compared 
to 
competitors 

Marketing & 
Sales 

target price 
at 
introduction 
and later 
(estimated) 

target 
customers & 
their benefit 

sales 
channels 

penetration 
vs. 
skimming 
strategy 

pilot, 
launching 
and 
reference 
customers 

investment 
and return on 
sales 
(estimated) 

strengths & 
weaknesses 
compared 
to 
competitors 

Organization type of team 
necessary 
(raw) 
material 

costs of 
production 
(estimated) 

fixed vs. 
variable 
cost 
structure 

cooperation 
and/ or 
outsourcing 

   

Planning milestones 
expenditure 
(estimated) 

shortterm 
investments 

medium to 
longterm 
investments 

      

Opportunities 
& Risks 

risks opportunities 
best & worst 
case 
scenarios 

        

Technology feasibility 
degree of 
novelty 

technology 
roadmap 

importance 
of 
technology 
and 
innovation 

cooperation 
and/ or 
outsourcing 

    

Finances and 
Financing 

required 
budget & 
cash 
(estimated) 

NPV & 
NPV 
(estimated) 

payback & 
break-even 
time 
(estimated) 

budget 
(estimated) 

balance 
sheet 
(estimated) 

fundamental 
assumptions 

  

table 37 Details on elements of a business case (based on Arndt, 2006) 

2.5.2.3.2 Financial Assessment  

Proficient financial analysis has been found a major success factor for innovation. Taking into 

account the specific needs at the Innovation Gate, I selected methods supportive to decision-

making even during high uncertainty. The first method to be discussed is estimations of costs, 

suitable for (cost-based) influence on pre-development. Next the outside-in perspective of target 

costs and benchmarking is described. 
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Degree of detail 
of estimated 
object

Degree of 
detail and 

objectiveness

purely subjective 
estimation

estimations , 
supported by 
probabilities

estimation on the 
basis of functions

aggregated value

estimations 
differentiated 

according to types 
of cost and 

components of 
estimated object

e.g. estimation on 
the basis of ‚as is’ 

calculation’ of 
previous period

e.g. model for 
estimation of costs 

PRICE-H

The third paragraph elaborates on different possibilities to assess profitability (cost & benefit, 

break-even analysis and return on investment142) as well as evaluation of cash flow (Cooper, 2001; 

Cooper, 2006a; Disselkamp, 2005; Ernst, 2002; Hauschildt & Salomo, 2007). (Discounted) cash 

flow statements do not result in traditional accounting statements, but focus on the return of the 

innovative project. This neglect of bookkeeping details (which anyhow cannot be defined at this 

stage), make the methods highly suitable for a first financial assessment (Cooper, 2001; Cooper, 

Edgett & Kleinschmidt, 2001). 

As with technological assessment, financial data will be collected and prepared by the team 

responsible for the innovative concept. Results are then handed in for evaluation to the 

crossfunctional Jury of Ideas. 

Estimation of Costs 

Estimation of costs primarily stem from complex projects in the defense and space industry. At 

the end of the 1970s, the method was taken over by the community of German engineering 

scientists and has grown in importance ever since with respect to the Fuzzy Front End of 

companies (Weber, 2004). 

Estimations build on experience which may be available in quite different forms, e.g. as detailed 

follow-up calculations. Companies strive to assess this scope of different types of experiences by 

a number of approaches, as shown in the following figure. 

 

figure 37 Different ways to estimate costs (based on Weber, 2004) 

                                                 
142

  It is important to note that break even and return on investment do not constitute valid and efficient solutions from a scientific point of view 
(i.e. capital market theory and decision theory) (Schmidt & Terberger, 2003). Despite this theoretical drawback, both are of practical use to 
management and are broadly used; consequently, the methods were included in this paragraph. 
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The easiest (and least exact) estimation of cost is the subjective guess of an aggregated value. The guess 

might be based on a single value or a group of values. This method is considered rather pointless 

as the estimated value will neither be useful in planning nor will it enable later comparison with 

the actual value (von Rechberg, 1997; Weber, 2004). 

Better suited to the needs of companies are estimations which establish a relation between cost drivers 

and estimated costs derived from past experiences. If experiences are broad, statistical tools, especially 

linear and non-linear regressions should be used to determine relations between them (von 

Rechberg, 1997; Weber, 2004). Among the numerous models for estimation, the system ‘PRICE-

H’ has become widely used. Stemming from the aerospace industry, it supports decision-making 

in situations where little information is available (von Rechberg, 1997). The model requires the 

following parameters (von Rechberg, 1997): 

• Production quantity (i.e. estimation of lot size for entire lifetime of product) 

• Weight (identified from past experiences to be especially important) 

• Economic year (which allows to include in inflation rates) 

• Technological year (which takes technological progress into consideration) 

• Manufacturing complexity is a residual explaining all costs which cannot be justified by other 

factors. PRICE-H provides a number of estimates in different categories of products for this 

value. Nonetheless, past experiences are a better reference for this parameter which tends to 

determine the degree of suitability of the estimation. 

• Start date of production, first article delivery and end date of production 

• PRICE-H improvement factor, i.e. the learning curve 

• Average unit cost (the factor to be estimated by PRICE-H) 

With these parameters the model develops by a sort of black box approach average unit costs 

(von Rechberg, 1997; Weber, 2004). Due to the intransparency of statistical procedures, the user 

cannot assess the quality of the estimation which is definitely a drawback. Despite this problem 

and the relatively small number of parameters, the system provides good results if correctly 

calibrated. This is due to the phenomenon that mistakes in one parameter are balanced by others, 

resulting in an overall correct output (Weber, 2004).  

Summing up, the quality of (statistical models of) estimations decreases with the degree of 

innovativeness. The art of estimators is hence the implementation of the necessary degree of 

objectiveness: combination of intuition and (implicit) experience with a statistical tool for these 

areas, where humans have cognitive limits (Weber, 2004). 
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Target Costing  

In order to meet the requirements related to costs during development, final costs have to be 

dealt with as early as possible (Kuepper, 2005; Weber, 2004). Especially in highly competitive 

buyer markets where companies are forced to offer products including exactly the features143 

required by customers at defined price, the method of target costing144 is often applied (Horváth, 

2006b; Seidenschwarz, 1993; Weber, 2004; Woehe, 2005). 

Target costing typically starts with a conjoint analysis (cf. 2.2.3.3) which determines the estimated 

(target) price and the required features (market into company) (Kuepper, 2005; Reichmann, 2006; 

Seidenschwarz, 1993; Weber, 2004). Alternatively, the features can be identified internally by 

distinguishing hard or basic features of the product as well as soft or additional features (out of 

company or out of standard costs) (Kuepper, 2005). The company then subtracts its desired profit 

margin from the target price. The outcome is the allowable costs (Seidenschwarz, 1993; Weber, 

2004). 

Allowable costs are contrasted with drifting costs, i.e. costs necessary to maintain standards of 

technology and process. Drifting costs are derived from tests or similar products (Reichmann, 

2006). The gap between allowable costs and drifting costs are the target costs (Horváth, 2006b; 

Seidenschwarz, 1993). 

 

figure 38 Calculation of target costs (based on Seidenschwarz, 1993) 

Typically, the gap between allowable and drifting costs is too big to be closed at once. This is 

often remedied by the implementation of programs to reduce costs after market introduction 

(Woehe, 2005).  

Target costing is no tool to deliver ‘correct values’ – its results are literally targets, to be balanced 

with results of other departments (e.g. target values of technology). It is in fact a tool to support 

systematic communication between marketing, development and manufacturing, helpful to 

overcome barriers of communication and attitudes (Horváth, 2006b).  

                                                 
143

  The section on Ideation has provided a number of methods to precisely identify customer requirements (cf. subsection 2.2.3). 

144
  For an extensive coverage of this method, cf. Reichmann (2006) and even more in detail Seidenschwarz (1993). 
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Benchmarking 

Benchmarking reaches beyond financial analysis and integrates learning (Weber, 2004). The 

method received first academic attention when Camp published a first systematic description in 

1989, including the pioneering work of XEROX CORP. which started in 1979 comparing its 

logistics with mail-order sports business L.L. BEAN (Camp, 1989). 

Benchmarking has two main objectives: First, the most important standards set by the market, 

competitors or outstanding players in other fields are to be identified (and subsequently reached, 

of course). Secondly, inefficient and inflexible structures are to be replaced by existing, better 

solutions (Weber, 2004). To this end, different objects can be benchmarked: products, methods 

or processes – listed according to the increasing level of difficulty. Besides, different 

benchmarking partners can be selected (cf. table 38).  

Different Kinds of Benchmarking 

  Internal 
Benchmarking 

Competitive 
Benchmarking 

Functional 
Benchmarking 

Generic 
Benchmarking 

short description of 
methods 

internal comparison 
between functions 

comparison 
between products 
and/ or processes 

of competitors 

comparison 
between similar 

functions among 
different industries 

comparison without 
limitations of 
competition, 

industry or function 

direct comparability ��� ��� �� � 

expenditure � �� �� ��� 

problem of 
confidentiality � � �� �� 

potential of learning � �� �� ��� 

legend: � high & � low 

table 38 Different types of benchmarking
145

 (based on Weber, 2004) 

                                                 
145

  Competitive benchmarking does not enable the company to get better than the best in market. If outstanding results are intended, functional 
or generic benchmarking has to be done. 
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Benchmarking follows a three-step approach (Weber, 2004): 

• During preparation, definition of the object, the team, relevant items of assessment and 

selection of the benchmarking partner take place. 

• Analysis is used to identify gaps in costs and/ or performance as well as reasons for them. In 

this context, qualitative analysis is particularly important if the indicators do not deliver 

unambiguous reasons. At the end of analysis, communication  of the results starts (creation of 

a benchmarking report, information of executives etc). 

• Decision on strategies to close identified gaps, activities to realize these strategies and 

controlling their effectiveness form the third step, implementation. 

A main advantage of benchmarking is the possibility to identify standards set by other companies. 

This (a) fosters knowledge and (b) increases the probability of successful change by overcoming 

pure analysis and enabling unaided learning and change. On the other hand, depending on the 

particular type as well as duration of benchmarking, the method can prove to be an expensive 

and time consuming effort. Additionally, the risk of thoughtless acceptance of existing solutions 

is a drawback. By pure imitation, the company might be tempted to copy instead of innovating 

which would endanger its position more than anything.  

Comparison of Costs & Benefits 

Contrasting of costs and benefits belongs to the traditional methods of economic calculation 

(Woehe, 2005). The comparison considers all costs which will be altered due to the investment 

and also intends to include comparison of costs between different projects146 (Weber, 2004). 

If reliable data is available, this is a rather simple task. In case of innovative concepts, however, 

justified estimations are frequently the only basis. In this case, the comparison of costs and 

benefits need to be regarded as a comparison of relative risks and chances of the concepts 

(Disselkamp, 2005).  

Cost Proposition 1 Proposition 2 

personnel 5'000 � 4'000 � 

raw material 2'000 � 3'500 � 

auxiliary material 100 � 100 � 

capital cost 100 � 100 � 

external services 0 � 0 � 

assurance cost 20 � 10 � 

tax 0 � 0 � 

sum 7'220 � 7'710 � 
table 39 Comparison of costs of a concept 

                                                 
146

  This comparison requires among others comparable running times of innovative projects which is rare to find (Weber, 2004). 
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Turnover

Amount

Break-Even Point

Total Costs
Gain

Additionally, the comparison of costs and benefits suffers from a limitation to a single dimension 

which might seduce management to disregard the typical complexity of an innovative project 

(Disselkamp, 2005; Weber, 2004).  

Nonetheless, comparisons of costs and benefits provide a useful first insight into the financial 

dimensions of the concept to be assessed and should be executed for this reason. 

Break-Even Analysis 

The break-even analysis overcomes the weakness of single dimensionality by focusing on the 

amount of sales, unit sales and cost which are profit-making. 

This context is represented in a simple graph (cf. figure 39): the intersection of fixed and variable 

cost and turnover indicates the transition from loss to profit (Woehe, 2005). At this break-even 

point, benefits equal costs (Gausemeier, Ebbesmeyer & Kallmeyer, 2001; Reichmann, 2006). To 

the Jury of Ideas, a product which reaches break-even with a small amount of sales, is more 

interesting than another which takes a larger sample to be profitable. 

 

figure 39 Break-even analysis 

In a second step, the probability to reach or exceed the necessary amount of sales has to be 

estimated. The break-even time147 is the period it takes to reach the intersection of cost and benefit 

(Erichson, 2002). 

                                                 
147

  Concerning periods of time, there exist two other interesting measures: cycle time – not quite as elaborated on the lifecycle in 2.5.2.2.1, cycle 
time is the period between project initiation and market launch. Payback time is the subsequent period between launch and full recovery of 
investment. Analyzing these periods is unambiguous: e.g. a shorter payback time indicates a higher return at lower risk (Cooper, 2001). 
Besides, projecting only as far in the future as the point of cash recovery necessitates might even spare the Jury of Ideas the need to assess 
middle to long term projections.  
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100 ROI* =

additional benefit 
or saving

additional cost

Break-even analysis is useful to make structures of costs and proceeds more transparent and 

show opportunities and threats which are dependent on employment (Woehe, 2005). Another 

advantage is its ability to include environmental changes easily and quickly148. A major drawback of 

the method is that it is based on estimatons: reliable quantification of amounts necessary for 

break-even is close to impossible. Additional difficulties arise from the assumption of the 

proportional development of costs (as the method implies) and the classification of costs in fixed 

and variable components. Both conceptualizations are unrealistic (Woehe, 2005).  

Return on Investment 

The analysis of profitability measures an innovative project by its return on investment (ROI). ROI is 

defined as the ratio of additional benefit or savings and additional cost (Disselkamp, 2005; 

Woehe, 2005). A concept is judged advantageous if ROI is not smaller that a predefined 

minimum profitability. If there is more than one advantageous projects the one with the highest 

ROI is selected (Gausemeier, Ebbesmeyer & Kallmeyer, 2001). 

 

figure 40 Calculation of Return on Investment 

As with the methods presented before, return on investment is an estimated figure and therefore 

needs to be treated with corresponding caution. Its advantage lies in focusing on additional benefit 

and cost, which typically eases estimation and fosters focus on improvements. 

Cash Flow 

Cash flow (CF) is that part of turnover which remains as assets in the company and is available 

for future investments, amortization and profit distributions (Disselkamp, 2005; Reichmann, 

2006; Woehe, 2005). It denotes the internal earning power of a company and is used to assess 

liquidity. While the assessments of profitability (cost & benefit and break-even) use accounting 

values, cash flow deals with cash items.  

There are two ways to determine cash flow: 

• The direct method includes major classes of gross cash receipts and payments. This method 

starts with revenues and expenses, including current assets and liabilities (cf. table 40). 

• The indirect method uses net income as a starting point. It then makes adjustments for all 

transactions for non-cash items and exceptional expenditures (Reichmann, 2006). 

                                                 
148

  Although theoretically inefficient, this quick reaction to changes (impossible e.g. within cash flow calculations) justifies the application of 
break even analyses in practice. Apart from its use in financial analysis, break-even analysis of about two to five years is often part of risk 
management due to this flexibility (cf. 2.5.2.3.3). 
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Transaction  In (Debit) Out (Credit) 

    

Incoming Loan  +50'000 �  

Sales (paid in cash)  +30'000 �  

Materials   -30'000 � 

Labor   -10'000 � 

Purchased Capital   -10'000 � 

Loan Repayment   -5'000 � 

Taxes   -5'000 � 

Total cash flow  +40'000 � 

table 40 Direct method to determine cash flow 

For analysis of innovative concepts, only the direct method can be recommended. It subtracts 

expenditures for an innovation (e.g. raw materials or machinery) from incomes (e.g. turnover of 

the new product). The method is particularly suitable to analyze economic consequence for a 

period of some years. Financial bottlenecks can hence be identified early on (Disselkamp, 2005). 

Discounted Cash Flow 

To further cash flow and tally it up to a financial ratio discounted cash flow (DCF) or net present value 

(NPV)149 can provide data for assessment.  

DCF works by a yearly projection of cash flow, discounted to the present by a discount rate. The 

discount rate is typically the least acceptable return for the company, i.e. the cost of capital and a 

project-specific risk margin (Cooper, Edgett & Kleinschmidt, 2001). These future earnings 

(discounted) are then tallied up. By subtracting initial expenditure, the net present value is 

defined. If the NPV is positive, the innovative project has cleared the hurdle. In a second step, it 

is possible to divide NPVs of different concepts by the key (or constraining) resource (e.g. the 

R&D resources left for the project) and subsequently rank them according to this index.  

By committing resources top down, starting with the best concepts, the value of the portfolio, i.e. 

the sum of the NPVs across all projects, can be identified for a given amount of resources 

(Cooper, 2001). 

The prevailing advantage of DCF and NPV is the recognition of the importance of time and its 

value. On the other hand, calculation of a DCF as well as of the discounting factor at this early 

stage of an innovative project remains a challenge and effort is not to be underestimated (Mueller-

Stewens & Lechner, 2005). 

                                                 
149

  Contrary to break-even and ROI, NPV is practically used and theoretically proven (Schmidt & Terberger, 2003). 
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2.5.2.3.3 Risk Management  

 […] innovation is not only risk avoidance 
 but also building on opportunity. (Cunha & Comes, 2003) 

Any innovative concept encompasses uncertainty  in terms of market failure, increasing with the 

degree of novelty involved (Albers, 2004b; Assink, 2006). A special component of this 

uncertainty is risk which can again be subdivided into opportunities and threats (Wolff & 

Holtrup, 2005).  

� For this thesis, risk is defined as probability multiplied by the extent of loss.  

Its characteristics are uncertainty  of occurrence, expected loss in case of occurrence and the 

degree of freedom when taking the decision which encompasses risk (Reichmann, 2006; Wolff & 

Holtrup, 2005).  

Risk of an innovative project is characterized by failure to realize the targeted quality of the end 

product (Brockhoff, 2004), and/ or to overcome constraints. It can be subdivided in two groups, 

special risks of an innovative project and general risks of the project, depending on its innovative 

character (Wolff & Holtrup, 2005): 

Special Risks of Innovative Projects General Risks of Projects 

• Risk of coincidence, i.e. the expected invention does 
not take place or something unexpected is 
invented 

• Risk of innovation, i.e. the innovation does not 
contribute to success of the company 

• Risk of utilization, i.e. the innovation cannot be 
utilized (e.g. manufactured) 

• Risk of cost or resources, as expenditure in 
innovative projects is always insecure 

• Risk of time, as amount and duration of tasks in 
innovative projects is uncertain 

• Risk of technology, as existing technologies might 
be unfit for the realization of the innovative 
projec 

table 41 Special and general risks of innovative projects 

Consequently, assessment and management of risk150 are important parts of innovation 

management. Risk management in the context of innovation is the systematic identification, 

analysis, prioritization and monitoring of known as well as unknown and novel risks by 

executives – prior to significant commitment of resources (Boutellier & Gassmann, 2006; 

Disselkamp, 2005; Lister, 1997; Pinto, 2002; Reichmann, 2006).  

Apart from establishing a system of early warning, risk management pursues to secure flexibility and 

freedom of choice in an uncertain world (Wolff & Holtrup, 2005). Management activity can also 

affect variation and repeatability of projects. While lightly managed projects might apparently 

proceed more quickly, they hold an immense negative potential of unanticipated problems which 

heavily delays them.  

                                                 
150

  Risk management for innovative projects can be clustered in (1) risk management for a single project, (2) risk management for a portfolio of 
projects and (3) company wide risk management. This paragraph focuses on the first cluster. 
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On the other hand, heavily managed projects bear the cost of management overhead. As 

management attention improves predictability, variation of such projects is smaller and 

repeatability possible, eased by effects of learning (Cross & Sivaloganathan, 2005).  

Concerning contents, risk management prominently targets technical and/ or market risks151 

during the Fuzzy Front End (at the Innovation Gate, the concept is firstly scrutinized by risk 

management). The most effective way to manage market risks is continuous and close interaction 

with customers (cf. 2.2.3.4, 2.2.3.5, 2.3.2.3, and 2.4.1.2). In most projects, technical risk will be 

dominated by system integration risk (Smith & Reinertsen, 1991) and hence claim close 

interaction with R&D as well as with manufacturing (cf. 2.3.2.2).  

Apart from these commonalities, each innovative concept contains its own unique combination 

of risks. Therefore, a simple but effective management of these risks by a systematic framework 

is advisable (Cross & Sivaloganathan, 2005; Reichmann, 2006). The risk management paradigm 

of the Software Engineering Institute (SEI) provides such a framework (Williams, Walker & 

Dorofee, 1997). The five steps of the SEI risk model are derived from the ‘plan-do-check-act’ 

circle introduced by W.E. Deming (2000) who again built on insights of his mentor W.A. Shewart 

(Zollondz, 2006).  

 

figure 41 SEI risk model
152

 (based on Williams, Walker & Dorofee, 1997; Wolff & Holtrup, 2005) 

                                                 
151

  As development teams tend to overemphasize technical risks, Smith and Reinertsen warned already in the early 1990s that the majority of 
projects failed because of a misjudgement of the market for the product (Smith & Reinertsen, 1991). 

152
  For an alternative approach to risk management, cf. Reichmann (2006). 
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2.5.3 Outputs of the Innovation Gate  

The fourfold results of the Innovation Gate are similar to those of the Concept Gate, though 

reached by a more thorough, threefold assessment. Thus the results are more precise, defined 

and valid which is necessary for the investment to be decided on. 

• Categorization of ideas into invest/ hold/ stop 

• Resource allocation (and commitment on invest concepts) 

• Action plan for selected projects and details of next gate meeting  

Decisions at the Innovation Gate are reached by systematic integration of the accumulated 

information submitted for strategic, technological, and financial assessment. As the introduction 

to the Innovation Gate indicated, qualitative and quantitative data are thereby continuously 

interlinked to achieve such a holistic evaluation (cf. table 29 and figure 32):  

• Strategic assessment is used to categorize concepts into pass and stop candidates, comparable to 

the individual benefit measurement at the Concept Gate (cf. 2.3.3.1). 

• Pass candidates simultaneously enter technological and financial assessment. Each evaluation 

results in a suggestion on invest or hold which has to be evaluated by the Jury of Ideas. 

According to evaluation of both assessments, substantial resources in terms of money and time 

are allocated to invest concepts (Kim & Wilemon, 2002). 

• Concepts labeled hold or stop are stored in respective sections of the pool of potential, as hold 

ideas at the Concept Gate (cf. 2.3.4). 

As the Innovation Gate selects innovative concepts for further development, now projects will 

be defined. This implies meticulous planning before development can start. Although some 

necessary information may still be difficult to predict, overall uncertainties are reduced by laying 

out a rough process from development to product launch (Herstatt, Verworn & Nagahira, 2004). 

Such planning implies that overall project targets are translated into a series of activities and 

global budget is divided up into these activities. In addition, milestones and timings, resources 

and overall responsibilities are fixed as well as cost projections made to avoid delays until the 

next gate meeting, i.e. the first gate meeting of the back end (Herstatt, Verworn & Nagahira, 

2004; Khurana & Rosenthal, 1998). As a helpful tool for definition of these elements, the details 

of a business case (cf. 2.5.2.3.1) can well be used as checklist. Milestones and inputs to be 

assessed at the next gate, result from this planning and are to be written down as a binding 

agreement by all partners. 
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3 Summary of  FFE Roadmap 

In the course of this past chapter, a structured synopsis of the multifaceted topics of innovation 

and the Fuzzy Front End has been given. This chapter is set up for  

• speed readers,  

• for those too impatient to read what has already been written elsewhere 

• as well as for the group of researchers which is only interested in critical assessment of the 

existing literature and state of research.  

It serves to recapitulate insights gained in the previous subsections, structures them and hence 

established the basis for the subsequent parts of this thesis.  

Before the summary of the phases of the Fuzzy Front End starts, it is necessary to refer to the 

concept of innovation central to this research project:  

� This thesis concentrates on technology-driven incremental product innovations by SME. 

Ideation has received considerable attention due to the recent researching boost on topics like 

open innovation, lead user method, customer integration, democratized innovation, collective 

customer commitment and interactive value creation – cf. e.g. Chesbrough, Vanhaverbeke & 

West (2007), von Hippel (2005), Luethje (2000), Piller (2004), and Reichwald & Piller (2006). 

Therefore, this phase is considered to have received the attention it deserves from academia and 

to have been elaborated on sufficiently in qualitative as well as in quantitative studies. 

For Concept Development, the situation is different. Its frequent characterization as pre-development 

categorizes this stage as an essential engineering topic. Accordingly, literature can primarily be 

found in places frequented by and journals for engineers (cf. for examples from the field of 

engineering Bertsche & Bullinger, (2007), Eversheim & Schuh (1996), Eversheim (2003), Schuh 

(2006), Westkaemper & Decker (2006) and for the transdisciplinary species of technology 

managers, cf. Albers & Gassmann (2005b), Bullinger (1994), Gerpott (2005a), Gerybadze (2005), 

Servatius (1986). Only occasionally, there have been studies on the importance of lead users 

during (concept) development by researchers from the field of innovation management 

(cf. Franke & Piller, 2004).  

To sum up:  A cobbler should stick to his last. I leave Concept Development to the careful and 

comprehensive care of the engineers and technology managers interested in details of lot size, 

production planning and enhancement of ramp-up. As far as an outsider can judge, the topic 

seems to be sufficiently covered by this community. 
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Turning to the Concept Gate and the Innovation Gate, both assessments of ideas are poorly represented 

in literature. Although general agreement can be reported for (a) the importance of qualitative as 

well as quantitative assessment, (b) the integration of top management as well as crossfunctional 

members of the project team and (c) the integration of strategic, economic and technological 

information for a holistic evaluation, a minimal accordance on or even provision of detailed 

information cannot be found. Accordingly, the methods which have been identified as supportive 

to the assessments had to be derived from other fields of management; notably from marketing 

and strategic management. Although helpful as a first start, they are not suitable as stand-alone 

methodology for assessment.  

Summing up, available results regarding the assessment of ideas and concepts can only be 

described as fragmentary. The current state of research on the early assessment of innovations is 

insufficient and unacceptable, and needs to be improved despite the difficulties to overcome 

when systematizing such a flux environment.  

� A method to support the assessment(s) of ideas needs to be researched and set up. 

Difficulties of idea assessments are aggravated by the diversified opinions on composition of 

participants. On this topic, numerous publications have been written by representatives of the field 

of innovation management as well as by researchers in leadership and in management science. A 

large majority of authors deals with two characteristics of innovative teams and juries of idea: (1) 

integration of crossfunctional, interdisciplinary stakeholders (particularly: customers) from the 

beginning of the innovation process  to ensure a holistic solution and (2) winning of executive 

promotors of the idea to guarantee necessary support and resources.  

The author fully agrees with her colleagues on the importance of these factors, especially on the 

diversity in terms of education, experience, mental framework and daily procedures of 

participating innovators. This does not only foster a holistic approach, but also provides the 

ground for a series of misunderstandings, misconceptions and hence, conflict.  

�
Diversity of partners and their difficulties of understanding need to be supported by a 

solution to support the assessment(s) of ideas. 

A last paragraph needs to be dedicated to the particularities of innovation management in small 

and medium sized enterprises which is my focus group. An innovative, agile SME has a different 

approach to the (front end of the) innovation process than a large, globally active blue chip 

company (cf. table 42).  
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Strategic Task Large Firm Small Firm 

integration of technology with 
production and marketing 

• organizational design 
• organization processes for 

crossfunctional knowledge 
flows 

• responsibilities of senior 
managers 

monitoring and assimilating 
new technical knowledge 

• own R&D 
• external networks 

• trade and technical journals 
• training and advisory services, 

consultants 
• suppliers and customers 

evaluating the learning benefits 
of investments in technology 

• based on formal criteria and 
procedures 

• based on qualifications and 
experience of senior 
management 

adapting strategic style with 
technological opportunities 

• deliberate organizational design 
• qualifications of managers and 

staff 
table 42 Tasks of innovation in large and small firms (based on Tidd, Bessant & Pavitt, 2005) 

In general, functions tend to be less specialized in small firms and additionally less likely to be 

separated by physical or organizational distance. Crossfunctional and interdisciplinary teamwork, 

said to be particularly supportive to successful innovation, is daily business to them, born of 

necessity. Finally, in small firms, the characteristics of senior management (training, experience, 

responsibility, external linkage) traditionally play a central role. Technical and organizational skills 

as well as personal experiences of senior management tend to determine the degree of 

exploitation of a firm’s potential.  

These particular properties facilitate on the one hand the development of a supportive method: 

Distances are short, interdisciplinarity is normal and changes in the organization are needless as 

hierarchies tend to be flat and structures are adapted to business requirements. On the other 

hand, traditional behavioral schemes, the influence of a single person and the seemingly 

inadequate effort to change what may have worked for generations, are significant barriers which 

need to be overcome. 

� The method needs to be adaptable to the particular mix of tradition and flexibility of SME. 
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4 Elements of  Ontologies  

After the paragraphs on concept formation (chapter 1), the overview of the various 

implementations of business ontologies (chapter 2), and the potential of ontologies (chapter 3), it 

is now time to focus on the characteristic elements of an ontology.  

In the following chapter, the constituting elements of ontologies are described. I begin with the 

basic principles, i.e. constructs and axioms which can be illustrated for non-technical persons as 

the bricks and mortar of the ontology (cf. 4.1). The section on languages follows which could be 

explained as guidelines for building (cf. 4.2).  

The objective of this chapter is a shared understanding of these as well as a comprehensive 

overview, but not a technically or computationally exhaustive insight to the topic. Though highly 

interesting, occupation with these details needs to be left to the specialists in Information 

Science, Artificial Intelligence and software engineering193.  

�

At the end of this chapter, understanding of the basic principles of ontologies has 

been created. A non-technical reader has gained a general understanding of the 

constituting elements of an ontology and the basic principles of ontology languages.  

A technically interested person has accumulated information on the particular field 

of ontology languages.  

4.1 Principles 

Ontologies consist of two essential design principles: First constructs, similar to those known from 

object-oriented modeling which represent entities and their structure. Second, rules and axioms 

which are necessary to describe general facts and conditions. The following sections give an 

insight into these components. 

4.1.1 Constructs 

Constructs of an ontology encompass classes (and subclasses) which are groups of similar objects, 

attributes which describe the objects and relations which link the objects in a particular way. The 

subsequent sections illustrate these elements in more detail. 

                                                 
193

  For those interested in the origin of different techniques, reference is made to Gómez-Pérez, Fernández-López & Corcho (2004) who 
structured their chapter on theoretical foundations accordingly. 
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4.1.1.1 Classes 

As laid out in section 1.2, an important use of an ontology is the description of entities, by which 

their existence within the represented conceptualization is expressed. Those entities are 

understood as 

“generalized [..], i.e. not single-case specific thinking units” (Zelewski, 2002).  

Similar entities are subsumed to classes according to their similarities (with respect to 

characteristics, meaning, structure, etc.). This procedure is well-known from the field of object-

oriented modeling (Balzert, 2001a & 2001b; Booch, Martin & Newkirk, 1999; Kastens & Kleine 

Buening, 2005). The so-called frames of the framework for knowledge representation introduced 

by (Minsky, 1974) also take a comparable approach. 

Any object or concept which can be expressed by natural language can be represented as a class, 

no matter whether it is concrete (e.g. an apple), abstract (e.g. an idea), atomic (e.g. an element) or 

composite (e.g. a system) (Gómez-Pérez, Fernández-López & Corcho, 2002).  

�
A class is an abstract definition of objects which are similar to identical in their 

structure and behavior.  

In object-oriented modeling, internal structure and behavior of objects are determined by a set of 

attributes representing certain values as well as by methods performing certain operations. As 

ontology modelers focus on structure rather than on operations (Noy & McGuinness, 2001), 

classes of ontologies are mostly restricted to their attributes and relations (cf. 4.1.1.2 and 4.1.1.3). 

Usually, a class is identified by its identifier, i.e. an unambiguous description like ‘employee’. 

Concrete individuals of a class are called instances. By definition, they inherit all structural and 

behavioral properties of their class (Balzert, 2001a & 2001b; Lutz, 1997). 

 ‘Bob Miller’ is an instance of the class ‘employee’.  

The entirety of all classes, properties, attributes, relations, and instances within the modeled 

world fraction is called the vocabulary or universe of discourse (Gruber, 1993; Zelewski, 2002). 
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4.1.1.2 Attributes 

� Attributes (slots) are the properties of objects that constitute the object’s structure.  

The set of attributes (also called slots) is usually defined with the class (Noy & McGuinness, 

2001). After instantiation of the object, attributes contain attribute or slot values. This means that 

concrete values of the attributes are defined; this procedure is called the binding of a variable to a 

value. Hence, different instances of a class vary in their attribute values (Balzert, 2001a & 2001b; 

Chandrasekaran, Josephson & Benjamins, 1999; Kastens & Kleine Buening, 2005; Lutz, 1997)194. 

The instance ‘Bob Miller’ of the class ‘employee’ has the attribute value ‘185’ of the attribute ‘height’. 

4.1.1.3 Relations  

�
Relations represent an association or interaction between two or more classes and 

consequently associations between the instances of these classes195. 

Relations can be seen as extensions of the attribute concept whose values are replaced by 

pointers to other instances or classes. Without the possibility of specifying relations, the 

definition of classes would not have the significance formal ontologies are expected to have.  

Formally, a relation R is defined as a subset of the Cartesian product of n sets, i.e. R: 

C1 x C2 x … x Cn, where all Ci’s represent classes. Binary relations are those with n=2. 

Consequently, relations in an ontology are intensional, i.e. reflecting a particular state of affairs196.  

Ris employed at : employee x enterprise indicates that the class ‘enterprise’ has the class ‘employee’ on its payroll.  

Ris employed at = {(Bob Miller, ABC Company)} indicates that there is a relation such that the instance ‘Bob Miller’ 

of the class’ employee’ is on the payroll of the instance ‘ABC Company’ of the class ‘enterprise’. 

A specific and elementary binary relation is inheritance (also called is-a relation) which is also 

known from the object-oriented modeling paradigm (Balzert, 2001a & 2001b; Booch, Martin & 

Newkirk, 1999; Brooks, 1986; Lutz, 1997; Rosenkranz, 2002). An is-a relation indicates that a 

class (called subclass) is derived from another class (called upper class or superclass). Derived, in this 

context, means that the subclass inherits all characteristics (attributes and relations) of its upper 

class, but might override them or add additional ones. 

                                                 
194

  For the sake of completeness, it must be noted that there exist also attributes whose values are the same for all instances of a class (so-called 
class attributes) or are shared between several classes (so called local attributes) (Gómez-Pérez, Fernández-López & Corcho, 2002). 

195
  This definition is based on the various definitions (Balzert, 2001b; Chandrasekaran, Josephson & Benjamins, 1999; Kastens & Kleine 

Buening, 2005; Lutz, 1997; Rosenkranz, 2002; Scheer, 1988; Gómez-Pérez, Fernández-López & Corcho, 2002). 
196

  Extensional relations, as they are indicated by Genesereth & Nilsson (1988) stand for mathematical relations and thus omit the meaning of the 
relation (Guarino, 1995). Guarino (1998) even speaks of conceptual relations to stress that the simple term ‘relation’ is reserved for mathematical 
relations. 
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ABC 
Company

Sales
Procurement

Mary Robinson
John Smith

Bob Miller

Company Departmentpart_of

Employee subclass_of
Sales 

Representative

employed_at

The (sub)class ‘sales representative’ is derived from the (super)class ‘employee’. 

The (sub)class ‘sales representative’ inherits the attributes ‘income’ and ‘duty to work in the office’. It overrides 

‘duty to work in the office’ with ‘duty of field work’ and adds a new attribute ‘assigned sales district’.  

This modeling activity is called specialization or subtyping (Booch, Martin & Newkirk, 1999; Balzert, 

2001b). The opposite, i.e. summarizing similar classes and creating a new abstract upper class, is 

referred to as generalization (from process-oriented view) or abstraction (from logical view) (Booch, 

Martin & Newkirk, 1999; Balzert, 2001b; Gandon, 2002b).  

Generalization allows to aggregate similar characteristics and provides the ability to identify 

objects (Balzert, 2001b), e.g. to recognize an object as an employee (Gandon, 2002b). 

A ‘sales representative’ is by generalization also an ‘employee’.  

Another specific relation is meronymy or part-of relation. It indicates that the classes referenced by a 

part-of relation are parts of the class from which the relation originates. Components referenced 

by a meronymy relation can – at a certain moment in time – belong to only one class (Balzert, 2001b; 

Chandrasekaran, Josephson & Benjamins, 1999). 

By meronymy, a company consists of a series of departments. 

Finally, consider the case of integrating several ontologies used for term definition. This may 

require indicating that several classes represent the same concept. Ontologies use the synonym 

relation to indicate this (Gandon, 2002b). Contrary to the synonym relation is the ambiguity relation, 

where several terms denote the same concept (Gandon, 2002b). 

The synonym relation defines that the classes ‘customer’ and ‘purchaser’ represent the same concept. 

In figure 52, the toy ontology used in the above paragraphs is illustrated. The classes are depicted 

as annotated rectangles, the relations as arrows with their descriptions in ellipses, and the class 

instances are listed directly below their classes197 (ambiguity and synonym relations are left out).  

 

figure 52 Toy ontology of the running example 

                                                 
197

  Many of the concepts and diagrams used for ontology development are known from the entity-relationship-modeling (ERM), used frequently 
in database design, and from object-oriented modeling (OOM) which is often used for computer programs. This is natural as the three 
modeling activities build on the same principles of classes/ entities, attributes and relations. 
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4.1.2 Axioms and Inference Rules  

In many cases, specification of a set of classes will not suffice to express all aspects of the 

corresponding state of affairs. Consider the following statements: 

example (1) An employee is restricted to work for at most one company,  

i.e. each instance of ‘employee’ is allowed to appear only once within relation Ris employed at. 

example (2) An employee working at a department implicates  

that this employee is also working for the company that formed this department. 

Statements as example (1) can be represented by specification of axioms. An axiom is an 

expression always true. It is accepted as given and cannot be proved or contested inside the 

system.  

In mathematics as well as in philosophy, axioms define the basis of an ‘axiom system’ that is built 

on top of them (Hilbert & Ackermann, 1928; Lacey, 1996). For example, two of the famous 

Peano Axioms say that zero is a natural number and every natural number n has a successor n+1 

(Peano, 1889). Along with the other axioms, they define the ‘system’ of the natural numbers. A 

famous example for philosophical axioms is the Law of the Excluded Middle (tertium non datur) which 

says that one of two contradicting statements necessarily is true (Russell, 1912).  

Axioms represent constraints on the resulting system (e.g. an item ‘-2’ cannot be used with a 

system based on natural numbers and there is no maybe for to be true or false in traditional logics). In 

ontologies, axioms constrain information and usage scenarios (Gruber, 1993; Zelewski, 2002). 

They usually refer to the underlying constructs, e.g. restrict attribute values or relation 

cardinalities (Gómez-Pérez, Fernández-López & Corcho, 2002). By definition of axioms, a 

consistent and integer modeling is ensured. Consequently, ontologies can be judged according to 

validity and usefulness of containing axioms; these cannot be proven or contested within the 

ontology. 

According to (Zelewski, 2002), axioms and inference rules are characteristic for ontologies and 

constitute their ‘semantic core’. Besides, the inference rule is a well-studied principle of formal logic 

(Zelewski, 2002). Inference rules allow to deduce new information that is not explicitly stored 

(Benjamins & Fensel, 1998).  

An example:  all mammals live on earth; whales are mammals � whales live on earth 

Given a set of initial facts and inference rules, they can be chained and used to derive new facts. 

Programs can iteratively scan given facts and obtain new ones. This is the basis for automatic 

reasoning which enables systems to infer new facts from the coded ones198(Abramsky, Gabbay & 

Maibaum, 1992-2000). 

                                                 
198

  In order to obtain automatic reasoning, a technique called resolution is needed which enables an efficient way to derive new facts by adequately 
transforming and applying rules. 
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4.2 Languages  

The selection of the language in which an ontology will be implemented is a key decision to take 

at the beginning of the ontology development process. Some languages enable certain 

specifications, other present limitations in a number of areas, while being very powerful with 

respect to the requirements of the application.  

Besides this impact on implementation, the languages transport information regarding the way an 

ontology is designed, structured and developed. This conceptual perspective is especially 

important to researchers and practitioners in business who try to decide on the potential an 

ontological solution might bring to a managerial task. This section first presents ontology 

languages (cf. 4.2.1) and then proceeds to the markup languages widely used today (cf. 4.2.2). 

4.2.1 First Ontology Languages  

Development of ontology languages dates back to the early 90s of the last century, when a set of 

AI-based languages was created (cf. figure 53). The underlying paradigms of knowledge 

representation of these languages stemmed from first order logic (e.g. KIF), were based on 

frames combined with the first order logic (e.g. CycL, Ontolingua, OCML and FLogic), and came 

from description logic (e.g. LOOM). With OKBC, a protocol to access ontologies implemented 

in different languages was created at the same time (Gómez-Pérez, Fernández-López & Corcho, 

2004). 

 
figure 53 First ontology languages 
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Subsequently, these early ontology languages are described by order of their creation. 

• CycL (Guha & Lenat, 1990). CycL is based on frames and first order logic. It was used to 

develop the Cyc Ontology (cf. 5.2.4) 

• KIF (Genesereth & Fikes, 1992). KIF is based on first order logic which made it difficult to 

create ontologies directly in KIF. 

• Ontolingua (Farquhar, Fikes & Rice, 1997). Ontolingua was created on top of KIF to remedy 

the problem of ontology creation. It is based on frames and first order logic and it is the 

language supported by the Ontolingua Server199. Ontolingua was the de facto standard of the 

community at that time. 

• LOOM (MacGregor, 1991). Simultaneously, based on description logic and production rules, 

LOOM was developed for general knowledge bases. LOOM provides automatic concept 

classification features. 

• OCML (Motta, 1999). OCML is younger than the previously presented languages. It was 

developed in 1993 as a kind of “operational Ontolingua”; in fact, most of the definitions 

expressed in OCML are similar to those in Ontolingua (Gómez-Pérez, Fernández-López & 

Corcho, 2004). OCML was created to develop executable ontologies in problem solving 

methods. 

• FLogic (Kifer, Lausen & Wu, 1995). FLogic was developed in 1995, combining frames and first 

order logic.  

• OKBC (Chaudhri, Farquhar, Fikes, Karp & Rice, 1998). The Open Knowledge Base 

Connectivity protocol allows access to knowledge bases stored in different systems and based 

on different paradigms. Ontolingua, LOOM and CycL are OKBC compliant. 

4.2.2 Ontology Markup Languages  

With the increase of internet usage more and more ontology languages were developed to exploit 

the data richness of the World Wide Web. These web-based ontology languages or ontology markup 

languages are syntactically based on existing markup languages200 such as HTML (Raggett, Le Hors 

& Jacobs, 1999) or XML (Bray et al., 2006). Below, figure 54 gives a synopsis of the variety of 

ontology languages. Bold flashes indicate the flow of development, dotted lines illustrate 

theoretical influences. The languages will subsequently be presented.  

                                                 
199

  More information is available online http://www.ksl.stanford.edu/software/ontolingua/; access is possible with a standard web browser at: 
http://www-ksl-svc.stanford.edu:5915/ (2008/06/16). 

200
  Mark up documents represent structural, presentational, and semantic information alongside content. 
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figure 54 Ontology markup languages 

SGML, the Standard Generalized Markup Language forms the basis of the markup languages 

(Goldfarb & Rubinsky, 2000; Sperberg-McQueen & Burnard, 1994). SGML is a system to define 

markup languages201.  

The first ontology markup language was SHOE (Heflin, Hendler & Luke, 1999; Luke & Heflin, 

2000). It combines frames and rules and was built as an extension of HTML. With later versions, 

its syntax was adapted to XML.  

The rest of the ontology markup languages are based on XML, a subset of SGML202. Contrary to 

HTML (an HTML is an application of SGML) which is aimed at data presentation, the 

Extensible Markup Language allows to represent content along with its structure. This 

representation is intended to be platform and format independent. Consequently, XML203 

promises an efficient machine-processability and exchange – which is demanded by the notion of 

formal ontologies (cf. 5.3.3). 

XOL (Karp, Chaudhri & Thomere, 1999) was developed as an XML version of a subset of 

primitives from the OKBC protocol (called OKBC-Lite).  

                                                 
201

  SGML is ISO standard ISO 8879:1986 Information Processing - Text and Office Systems - Standard Generalized Markup Language (SGML) 
and DIN norm EN 28873:1991. 

202
  For details on the relation between SGML and XML, cf. Clark (1997). 

203
  More information on XML can be retrieved from the following contributions: Bray et al. (2006); Gómez-Pérez, Juristo & Pazos (1995), 

Harold & Means (2004), Maedche (2003). 
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RDF (Manola & Miller, 2004; McBride, 2004a) was developed by the World Wide Web 

Consortium (W3C) as a semantic-network based language to describe internet resources. It was 

proposed as a W3C Recommendation in 1999. RDF Schema (McBride, 2004b), an extension to 

RDF with frame-based primitives, was made a W3C Recommendation in 2003. The combination 

of RDF204 and RDF Schema205 is mostly referred to as RDF(S). According to Berners-Lee & 

Fischetti (1999), these languages constitute the foundations of the Semantic Web.  

In this context three more languages have been developed as extensions to RDF(S): 

• OIL (Horrocks et al., 2000). Based on description logic, OIL206 was developed within the EU 

project On-To-Knowledge; the ontology development methodology of this project is 

described in part III. OIL adds frame-based knowledge representation primitives to RDF(S). 

• DAML+OIL (Horrocks & van Harmelen, 2001). DAML+OIL was created between 2000 and 

2001 in the context of the DARPA project DAML207. It adds knowledge representation 

primitives which base on description logic to RDF(S). 

• OWL (Dean & Schreiber, 2004).  

Because the Web Ontology Language (OWL), a W3C recommendation since 2004, includes many 

currently accepted aspects of ontology specification, it will be described in some more detail. 

OWL resulted of the efforts of a W3C working group208 dedicated to create a new ontology 

markup language for the Semantic Web. It is organized in three layers of “increasingly expressive 

sublanguages” (McGuinness & van Harmelen, 2004) enabling ontology modelers to choose an 

appropriate balance between expressivity and operation efficiency by choosing the according 

version of OWL (Antoniou & van Harmelen, 2004; Laufs et al., 2006). 

OWL covers most of the features of previously developed languages (i.e. DAML and OIL). It 

was designed to (a) provide most of the commonly used modeling primitives of frame-based and 

description logic oriented ontologies, (b) have a simple and well-defined semantics, and (c) 

provide support for automated reasoning (Klein et al., 2002). Accordingly, the language is 

estimated to have a high maturity and expressive power209 (Antoniou & van Harmelen, 2004; 

Koschmider & Oberweis, 2005). 

                                                 
204

  More information on RDF can be retrieved from the following contributions: Gómez-Pérez & Corcho (2002), Gómez-Pérez, Fernández-
López & Corcho (2004), Klein et al. (2002), Maedche (2003), Maedche & Motik (2003), McBride (2004a), Mizoguchi (2004b), Staab & 
Maedche (2001). 

205
  More information on RDF Schema can be retrieved from the following contributions: Gómez-Pérez & Corcho (2002), Gómez-Pérez, 

Fernández-López & Corcho (2004), Klein et al. (2002), McBride (2004a), Staab & Maedche (2001). 
206

  More information on OIL can be retrieved from the synopsis in Gómez-Pérez, Fernández-López & Corcho (2004). 

207
  More information is available online at: http://www.daml.org/ (2007/07/05). For details on the DAML+ONT specification which has 

preceded DAML+OIL (cf. McGuinness et al. (2002) and Gómez-Pérez, Fernández-López & Corcho (2004)). 
208

  More information on the Web-Ontology Working Group can be found at http://w3.org/2001/sw/WebOnt/ (2008/06/05).  

209
  Although OWL supports various possibilities to specify axioms (e.g. restrictions on data types and cardinalities), there is no support for 

arbitrary rules (Antoniou & van Harmelen, 2004; Gómez-Pérez & Corcho, 2002). This motivated the extension of the Semantic Web Stack 
with a rules layer that resides upon the ontology layer. There is some ongoing discussion on how the resulting architecture should be 
organized and what rule languages (e.g. SWRL209) and concepts are suitable for efficient reasoning support (Horrocks et al., 2005). 
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When specifying an ontology using OWL, the resulting document utilizes elements from the 

following underlying languages: 

• XML which provides syntactic elements to represent content and structure. Along with its 

satellite standards like Namespaces and URI, XML also provides the unique identification of 

objects. XML Schema prescribes the order and combination of tags in an XML document, 

giving semantics to the actual markup of a document and indicating how the structure of 

documents is related to conceptual terms (Klein et al., 2002) 

• RDF, by providing elements to specify explicit metadata about objects, integrates a variety of 

applications using XML as interchange syntax. It encompasses a language for factual 

statements, a simple data model and a standard syntax.  

• RDF Schema which provides information about the interpretation of the statements given in 

RDF data constructs as classes, attributes etc.  

• OWL which provides additional constructs to increase expressivity, such as cardinalities, type 

constraints, and additional properties.  

The following example shows how an ontology (cf. figure 52) is represented using OWL210: First, 

by subtyping from the Employee superclass, a new class SalesRepresentative is created The relation is 

employed at is added. Finally, an instance of SalesRepresentative is created, namely Bob Miller.  

<owl:Class rdf:ID="SalesRepresentative"> 

<rdfs:subClassOf rdf:resource="#Employee’ /> 

<owl:ObjectProperty rdf:ID="employedAt">  

 <rdfs:domain rdf:resource="#Employee"/> 

 <rdfs:range rdf:resource="#Enterprise"/>  

 </owl:ObjectProperty> 

</owl:Class> 

<SalesRepresentative rdf:ID="Bob_Miller"/> 

figure 55 Running example specified in OWL

                                                 
210

  Important are the prefixes of used XML tags (i.e. owl: and rdfs:) which denote the item of the corresponding language layer.  
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1 Concept Formation  

Ontology is no longer perceived as an arcane branch of metaphysics,  
the province only of philosophers; the study of ontology now fits squarely 

into the study of modern computer science and informatics.  
(Guarino & Musen, 2005) 

The term ontology has undergone a number of transformations since its origin as an arcane branch of 

metaphysics as Guarino and Musen put it (2005). Dating back to Aristotle, the philosophical 

discipline has continuously evolved. From a simple structuring effort, over the centuries, 

philosophers have come to concentrate on problems of perception and linguistics. This evolution 

is explained in the first section, ontology in philosophy (cf. 1.1). 

The second section presents the working definitions which Information Science has recently 

developed for the term ontology. Compared to the philosophical branch, the computational branch 

is very young: usually, Gruber’s 1993 contribution is seen as the beginning of the ontological 

discussion in this field (cf. 1.2.1), followed by the second seminal definition of ontology by Guarino 

& Giaretta (1995) (cf. 1.2.2). Both contributions are presented and their commonalities and 

differences are illustrated before my definition of the term is introduced in the last subsection 

(cf. 1.2.3). 

�

At the end of this chapter, the reader has accumulated general knowledge on the 

traditional philosophical term and meaning of ontology. Besides, he has gained specific 

knowledge on the particular approach Information Science takes towards ontologies. 

The applied working definition of ontology has been introduced. 

1.1 Ontology in Philosophy  

ontology 
1 a: a science or study of being;  

specifically : a branch of metaphysics relating to the nature and relations of being  
1b: FIRST PHILOSOPHY:  

a study of being as being dealing with the fundamental type of being or substance […] 
(Merriam-Webster, 2002) 

As the above entry in Merriam-Webster illustrates, term and primary meaning of ontology stem 

from the field of philosophy, to be precise, from the Aristotelian metaphysics.  

Although mankind has come a long way since the days of the Greek schools of philosophy, the 

basic principles of nowadays’ ontologists and Aristotle’s efforts are not that different. As both try 

to study fundamental being, understanding of the philosophical fundamentals is important. A 

difference remains, tough, as philosophy addresses being in a very broad sense, while researchers 

in Information Science are content with a small portion of the world (cf. 1.2). 
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The following subsections introduce three important developments in the history of 

philosophical Ontology. Starting with the simple taxonomies Aristotle and his students developed 

in ancient Greece (cf. 1.1.1), the subsequent subsection leads to Germany in the 19th century. At 

that time, the analytic and scientific philosophers Frege, Ogden, Husserl and their colleagues 

dealt with strict logical models or phenomenology (cf. 1.1.2). Modern Ontology, i.e. the most 

recent development, is presented in subsection 1.1.3. Divided into General and Special Ontology, 

it focuses on the problems of perception of being and consequently stresses the importance of 

language. 

1.1.1 Metaphysics  

The science of Ontology, the term stemming from the Greek ����� (ontos, i.e. being) and ���	
 

(logos, i.e. word)153, can be traced back to the ancient philosopher Aristotle who addresses the 

question of the being of the existent. 

Aristotle characterized Ontology as the doctrine of being, regarding “all the species of being qua 

being and the attributes which belong to it qua being” (Aristoteles, 2004). It was his aim to create 

definitions which explained what a thing is by being a statement of the essence of the entity. This 

essence is thought to be objective and thus independent of human cognition.  

Aristotle and his students aimed to represent reality with a category system (Maedche, 2003; 

Sowa, 2000). For those properties distinguishing members of a particular species from another 

species, Aristotle introduced the concept of ��
��� (diaphora, i.e. differentia) (Gandon, 2002a). 

For his classification systems, Aristotle used the term �
����
 (kathgoria, i.e. category). 

As the doctrine of being, Ontology was classified as a branch of metaphysics (derived from the 

Greek ���
 (meta, i.e. about) and ����� (physika, i.e. nature, natural constitution)154) which deals 

with reasons for objects and the ideas behind them (Hesse, 2002). 

                                                 
153

  To distinguish better between the philosophical term and the one used in Information Science, following Guarino & Giaretta (1995),  
philosophical ontology is referred to without indeterminate article and with uppercase initial.  

154
  The term metaphysics goes back to the fact that Aristotle’s treatise on this topic has been edited following his treatise on physics (Steimann & 

Nejdl, 1999). Nonetheless, also from a semantic point of view, this term fits well as physics deal with matter (res concretae), while metaphysics 
deals with res abstractae (Hesse, 2002). 
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1.1.2 Analytic and Scientific Philosophy  

When Aristotle created his classification of being, he ignored the limitations of transporting 

meaning via language as well as the ambiguity which might result from different meanings 

(Maedche, 2003). Ambiguity or homonymy means that one and the same word has different 

meanings to different speakers (cf. table 43): 

 

  

Jaguar Cars Limited is a luxury 
car manufacturer155. 

The jaguar 156(Panthera onca) 
is a New World mammal of 
the Felidae family. 

The SEPECAT Jaguar157 is an 
Anglo-French ground attack 
aircraft. 

table 43 Three possible notions of ‘jaguar’ (based on Gandon, 2002a) 

It also happens that different terms for one concept exist, a phenomenon called synonymy 

(Gandon, 2002a). This is the case with car, automobile, motorcar, vehicle etc.  

Phenomena of ambiguity and synonymy were studied among others by Frege, one of the 

founders of analytic philosophy (Frege, 1892a & 1892b). He was interested in the distinction 

between concept and object (Frege, 1892a) as well as between sense and reference (Frege, 

1892b). Based on Frege’s works, Cambridge linguist Ogden, together with Richards, published in 

1923 the so-called meaning triangle illustrated below (Ogden & Richards, 1923): 

 

figure 43 The meaning triangle (based on Ogden & Richards, 1923) 

                                                 
155

  The image of the Jaguar XK8 is available online at: http://commons.wikimedia.org/wiki/Image:Jaguar.xk8.car.750pix.jpg (2007/10/07). 

156
  The image of the jaguar is available online at: http://commons.wikimedia.org/wiki/Image:Jaguar_head_shot.jpg (2007/10/07). 

157
  The image of the SEPECAT Jaguar is available online at: https://airdefense.bliss.army.mil/ (2007/10/07). 
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The meaning triangle shows the interaction between symbols (or words), concepts (or terms) and 

the objects (or things). The triangle demonstrates that the relationship between a symbol and an 

object is indirect and requires an interpreter. This interpreter invokes the corresponding concept 

and links it to an object (Maedche, 2003; Pirlein, 1995). Interpretation can be done by a human 

being or a machine. 

During interpretation, the human or automatic interpreter158 selects one correspondent out of the 

number of possible correspondents (Maedche, Staab & Studer, 2001). To do this correctly, a logic 

system is needed which reduces the possible relationships between symbol, concept and object; 

in the best case down to one relation (Maedche, Staab & Studer, 2001; Staab, 2002). The 

following figure illustrates a successful communication: sender and receiver evoke the same 

concept. 

 

figure 44 Successful communication according to analytic philosophy 

During the 20th century, scientific philosophy further pursued ontological thinking (Schuette & 

Zelewski, 2001). Husserl (1950 & 1965) regarded his phenomenology as a universal ontology . 

Hartmann’s seminal articles on a new ontology followed this trajectory (1949 & 1963). The topic 

was also of interest to Heidegger (e.g. in Siewerth, 1963) who wrote on a fundamental ontology. The 

existentialist Sartre was interested in a phenomenological ontology (Sartre, 2003).  

Quine finally is responsible for the simple, yet exhaustive statement to the eye of a philosopher, to 

be is simply “the value of a bound variable” (Quine, 1969 & 2003). This already indicates the path 

to the (formalized) concept of ontology in Information Science described in section 1.2 and 

subsection 5.3.3. 

                                                 
158

  In the terminology of Watzlawick and his colleagues from the research field of communication, the interpreter is the receiver of the message 
(Watzlawick, Beavin & Jackson, 1967). Though differing in terminology, the principles are the same in both schools of thought. 
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1.1.3 Modern Ontology  

Nowadays, the discipline of Ontology is regarded as a special branch of metaphysics which deals 

with nature, its essential properties, relations of beings and the organization of reality (Gandon, 

2002a; Guarino & Giaretta, 1995; Smith, 2003).  

Consequently, apart from natural159 and social science, Ontology is the only discipline which deals 

with real objects and the reality at hand. It is nearly impossible to draw a line between Ontology 

and factual sciences (Bunge, 1977) and Ontology, while being a branch of philosophy, is an exact 

science as well (Steimann & Nejdl, 1999). 

A distinction is made between Special Ontology (or special metaphysics) and General Ontology (or general 

metaphysics). Special Ontology deals with particular topic areas, e.g. biological or social fields. General 

Ontology aims to answer questions like ‘what is being?’ or ‘what are the common features of all 

beings?’ (Guarino & Giaretta, 1995).  

The difficulties to find answers to ontological questions primarily lie in the problem of perception:  

“[…] our perception of the reality is filtered by our perception organs, [thus] we cannot be 

sure that the world is constituted as we experience it”. (Hesse, 2002)  

Secondly, it is a particularity of ontological philosophy that  

“[...] the answer must inevitably be given by linguistic methods […].” (Hesse, 2002)  

Consequently, modern ontological approaches in analytical philosophy focus on the importance 

of language and ontology capture is based on language analysis (Hesse, 2002). 

1.2 Ontologies in Information Science 

An ontology is a unifying framework for different viewpoints 
 and serves as the basis for enabling communication […]:  

this […] conceptual framework is […] a lingua-franca. (Gandon, 2002b) 

Research on information systems has been concerned with ontologies for nearly two decades. 

The use of the plural term ontologies already indicates that to IS researchers, there is no more a 

single ontology, no longer a statement about being made by such a philosophical concept. On the 

contrary, ontologies have become engineering artifacts (Guarino & Giaretta, 1995), man-made and 

concerned with problems of the theory of knowledge (Schuette & Zelewski, 2001).  

Since ontologies are widely used for different purposes (e.g. natural language processing, 

knowledge management, the Semantic Web etc.) and by diverse communities (e.g. knowledge 

engineering or Artificial Intelligence), definitions of the term are nearly as numerous as there are 

ontological initiatives. Besides, researchers in the field have repeatedly tried to settle the term160. 

                                                 
159

  Natural sciences deal with the question, how something is. Ontology deals with the question of what is and what is not. 

160
  A comprehensive overview on a number of different definitions is given by Gómez-Pérez, Fernández-López & Corcho (2004).  
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In this subsection, two of the earliest, seminal definitions are provided. With Gruber (1993) and 

Guarino & Giaretta (1995), the most cited authors are the force behind the following sections161. 

The third subsection provides the definition of the term as used in this thesis. 

1.2.1 An Explicit Specification of a Conceptualization  

According to Thomas Gruber’s (working) definition of 1993, the one most quoted in the 

literature and by the ontology community,  

“An ontology is an explicit specification of a conceptualization.”162 (Gruber, 1993)  

Based on Gruber’s definition, many similar ones followed. Borst (1997) modified the definition 

so slightly that his definition has often been confused with Gruber’s: 

“Ontologies are defined as formal specification of a shared conceptualization.” (Borst, 1997) 

With respect to conceptualization Gruber defines it as 

“[…] an abstract, simplified view of the world that we wish to represent for some purpose.” 

(Gruber, 1993).  

Hereby, he follows Genesereth and Nilsson (1988) who defined conceptualization as the objects 

and their relationships which are presumed or hypothesized to exist in some area of interest. 

The terms explicit (Gruber) and formal163 (Borst) result in a declarative representation of the world 

of interest, with at least crucial terms completely defined for mutual understanding (Fensel, 2001; 

Mizoguchi, 2003; Uschold, 1996; Zelewski, Schuette & Siedentopf, 2001).  

Specification indicates that an ontology is expressed by an intensional semantic structure (i.e. a 

logical theory) which entails some sort of world view (Guarino & Giaretta, 1995; Guarino, 1998; 

Uschold & Grueninger, 1996).  

This logical theory is composed of a vocabulary (human-understandable definitions of the objects) 

used to describe the reality at hand, and a set of explicit assumptions or axioms (Mizoguchi, 2003). 

Typically, the vocabulary (the modeling primitives) of an ontology is contained in a taxonomy 

(cf. 5.4.1) which already includes classes, simple relations and axioms (Hesse, 2002; Krcmar, 

2005; Mizoguchi, 2003; Zelewski, Schuette & Siedentopf, 2001). 

                                                 
161

  More recent definitions which provide different and complementary perspectives are indicated in connection with these authors. 

162
  Uschold & Grueninger (1996) state that the conceptualization of the ontology can also be implicit although the more standard usage (which is 

also adopted by the authors) is the explicit account of a conceptualization. 
163

  The author agrees with Gandon (2002a) that there is nothing which obliges an ontologist to use a formal language if the intended application 
does not claim it. Maedche (2003) speaks of the need for a logical language, but allows for different degrees of formality (cf. 5.3). Accordingly, 
the OntoGate is defined in a formal language, but not in an ontology language (cf. 2.3). 
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The assumptions are used to specify and constrain interpretation (characterizing the intended 

meaning) as well as use of terms incorporated in the ontology (Chandrasekaran, Josephson & 

Benjamins, 1999; Gruber, 1993; Guarino & Giaretta, 1995; Guarino, 1998; Maedche, Staab & 

Studer, 2001; Uschold, 1996; Uschold, 1998). To fulfill its potential for an enhanced 

communication, an ontology should always be the  

“manifestation of a shared understanding […] that is agreed between a number of parties.” 

(Uschold, 1996).  

This emphasis of the term shared which Borst added, indicates that power and acceptance of an 

ontology depend on what is called by more recent authors ontological commitment 164.  

Ontological commitment stands for an agreement to use a vocabulary in consistent way 

(Gandon, 2002a; Pirlein, 1995; Uschold & Grueninger, 1996; Wielinga & Schreiber, 1994). 

Generally, this agreement and consequent acceptance can be achieved the easier the more 

stakeholders165 of the ontology are involved in the design and development process of the 

ontology (Benjamins & Fensel, 1998; Fensel, 2001; Hesse, 2002).  

1.2.2 A Logical Theory Which Gives an Explicit, Partial Account of a 

Conceptualization  

In their seminal contribution of 1995, Guarino & Giaretta analyzed those interpretations of the 

term that had most influence in the community of Artificial Intelligence at the time. They 

summarized the different approaches to form the following definition of ontology: 

“ (sense 1)  A logical theory which gives an explicit, partial account of a conceptualization. 

 (sense 2)   A synonym of conceptualization.”166(Guarino & Giaretta, 1995) 

At first glance, the reader’s attention is drawn to the fact that the account of the 

conceptualization is now only partial. By further reading, the new interpretation of conceptualization 

is even more far-reaching; hence, presentation of the new definition starts here. 

Guarino & Giaretta (1995) delimit their definition of conceptualization from the traditional view 

of Genesereth & Nilsson (1988). According to Guarino and Giaretta, a conceptualization is 

“given by a set of rules constraining the structure of a piece of reality, […] in order to […] 

organize relevant objects and relevant relations: the rules […] remain the same, 

independently of the particular arrangement.” (Guarino & Giaretta, 1995)  

                                                 
164

  Guarino & Giaretta (1995) as well as Guarino (1998) define ontological commitment on a rather abstract level as a “partial semantic account 
of the intended conceptualization of a logical theory”. Colomb & Damoney (2005) stresses the necessity of a much deeper a commitment to 
an ontology if the ontology is to be used for institutional facts in the Semantic Web (cf. 2.2.1).  

165
  Gómez-Pérez, Fernández-López & Corcho (2004) even claim that a “model can only be considered an ontology if it is a shared and 

consensual knowledge model agreed by a community” (own emphasis). This – apparently strict – restriction seems at second glance to be of little 
help as no indication on size or characteristics of such a ’community’ are given. 

166
  Their literal definition of conceptualization reads “an intensional semantic structure which encodes the implicit rules constraining the 

structure of a piece of reality” (Guarino & Giaretta, 1995). 
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To illustrate this perspective on conceptualization, the renowned example of the cubes on a table 

is used (cf. table 44). Guarino & Giaretta (1995) explain that objects and relations are extensional 

entities. They describe a changed position of the cubes on the table as a new state of affairs, while 

the conceptualization remains the same. On the contrary, Genesereth & Nilsson (1988) would 

denote the new structure as a new conceptualization. 

 
Cube (X): The entity X is a right-angled parallel-
epiped with all its edges of equal length. 

Table: A global object composed of a flat 
horizontal top put down on one or more legs. 

On (Cube: X, Cube: Y / Table): relation, 
denoting that a Cube X is on top of another Cube 
Y or on top of the of Table 

Cube (A) 

Cube (B) 

Cube (C) 

 

On (A, Table) 

On (B,A) 

On (C, Table) 

A: Conceptualization B: Ontology 
C:  
State of Affairs 

The ‘example of cubes’ is an ontology because it is…  

… an explicit… The second column of the table describes the concepts 
used. 

… partial account… Some aspects of reality were not taken into account (e.g. 
dimensions of the cubes). 

… of a conceptualization… Entities (cube, table) and rules (geometry, labeling of 
cubes) are recognizable in this part of reality. 

table 44 The example of cubes (based on Guarino & Giaretta, 1995) 

To represent a conceptualization, Guarino & Giaretta use an intensional structure <W,D,R> 

with W as a set of possible worlds, D representing a domain and R as set of relevant intensional 

relations on D (Guarino & Giaretta, 1995; Guarino, 1998). According to this definition, a 

conceptualization accounts for the meanings of the terms used. The meanings are supposed to 

remain the same; the actual extensions of the relations change according to the states of affairs 

(Guarino & Giaretta, 1995). The conceptualization can thus be described as  

• given by a set of rules formally constraining the structure of the relevant part of reality 

(Guarino & Giaretta, 1995), 

• independent of the used vocabulary and the occurrences of a specific situation  

(Guarino & Giaretta, 1995) and 

• language-independent (while an ontology is dependent of its constituting language)  

(Guarino, 1998). 

The partial account describes that an ontology entails some sort of world view with respect to the 

given domain (Guarino & Giaretta, 1995; Guarino, 1998). As later authors refined, this domain 

can be as specific as a single task or application (cf. 5.2), always remaining “some part of a 

conceptualization” (Uschold, 1996).  
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OntologyConceptualizationReality

1.2.3 An Explicit Partial Account of a Shared Conceptualization  

For the course of this work, the following definition of ontology is used integrating the suggestions of 

Gruber as well as of Guarino and Giaretta:  

� An ontology gives an explicit partial account of a shared conceptualization. 

Explicit claims that at least crucial terms are completely defined for mutual understanding (Fensel, 

2001; Mizoguchi, 2003; Uschold, 1996; Zelewski, Schuette & Siedentopf, 2001).  

Partial account indicates that we represent our domain of interest with a certain perspective 

(Guarino & Giaretta, 1995; Guarino, 1998). 

The meaning of conceptualization in this definition follows Gruber (1993):  

“[…] an abstract, simplified view of the world that we wish to represent for some purpose.” 

Shared implies that the meanings of the used terms are those accepted by the community interested 

in the modeled domain (Guarino & Giaretta, 1995; Guarino, 1998).  

The following figure illustrates the relationship between reality, conceptualization and ontology: 

 

figure 45 From reality to ontology 

An ontology is used as a framework which helps to enable communication between people, 

between people and systems, and between systems: a lingua-franca. Ontologies disambiguate and 

provide a consensual conceptual vocabulary, on which one can build descriptions and 

communication acts. Reuse and sharing of ontologies across applications and groups of people is 

typical. 

An ontology can be classified anywhere on the continuum between a highly specific application 

ontology to a most general representation ontology, depending on the usage scenario the 

ontology is intended for. It can be realized with any degree of formality between natural language 

and predicate calculus; if an informal or semi-formal ontology is developed, it has to be done in a 

way which allows for future formalization. Expressiveness of the ontology might be 

lightweighted or heavyweighted, depending on the application (cf. 5.4.4). 
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2 Deployment in Business  

Zelewski (2001) elaborates on the following possibilities of application of ontologies in the field 

business administration167: 

Ontologies help overcome language barriers in traditional functional organizations: Different 

language and knowledge cultures rule in the area of supply, production and sales, but can be 

captured and ‘translated’ by an ontology. 

Ontologies allow the internal integration of information systems which are today both technically driven 

and governed by managerial or customer oriented understanding. 

Ontologies enable semantic access to the knowledge in the World Wide Web. They are especially used in 

the area of e-procurement, but also for automatic interactions between B2B markets.  

Ontologies are important for the coordination of collaborative actors with different knowledge 

backgrounds. This can lead to a number of potential applications, e.g. the integration of 

information and of systems for computer-supported cooperative work (CSCW) between 

companies of the same or of different domains. 

Zelewski’s reflections are presented in the following sections. The efforts summarized in the first 

section on enterprise ontologies focus on the standardization of terms used for description of the 

components of an enterprise in order to overcome language barriers (cf. 2.1). Section 2.2 on e-business 

ontologies starts with an introduction to the Semantic Web. Subsequently, four different initiatives 

addressing the topic of product classification in business to business markets, thus enabling 

automatic interaction, are illustrated. 

The integration of information systems is the basis for the Human Resource Management approach in 

the penultimate section on management ontologies (cf. 2.3). With the (KA)2 Ontology and 

O’CoMMA, two examples of corporate memory solutions by ontologies are presented. This 

chapter concludes with a note on important ontologies in other areas (cf. 2.4). 

�

At the end of this chapter, the reader has been provided with information on three 

kinds of ontology application in the field of business: ontologies used for the 

representation of enterprises, ontologies supporting e-business and two kinds of 

ontologies used to support management processes.  

Besides, insight has been given to the most outstanding ontologies in other areas. 

                                                 
167

  Focus of this work and consequently of this chapter is the importance of ontologies for management and business applications. Therefore, 
presentation of the use of ontologies in other areas can only be addressed in a note. Some important areas of ontology application in other 
areas than business are highlighted at the end of this chapter (cf. section 2.4), other remarkable ontologies are introduced as illustrations in 
the section on classification (cf. chapter 5). 
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2.1 Enterprise Ontologies  

The enterprise of world modeling clearly has many similarities  
with […] NLPsystems and there has naturally been an influx […]  

from the AI context168. (Batemann, 1991) 

In this section, two of the best-known ontologies of the business context, the Enterprise 

Ontology (cf. 2.1.1) and the Toronto Virtual Enterprise (cf. 2.1.2), are introduced. Enterprise 

ontologies are usually created to define and structure relevant knowledge about activities, 

processes, organization, and strategies for enterprises. Both examples are seminal contributions 

to the community of ontologists, also from a methodological, ontology engineering perspective 

(cf. part III, section 1.1). From a technical point of view, they are simultaneously of considerable 

importance to management researchers and practitioners.  

The third enterprise ontology is considerably younger and less renowned. E-business follows 

different rules than traditional enterprises. The e-business model ontology has been included in 

this section to illustrate these differences from the ontological point of view (cf. 2.1.3). The last 

subsection, evaluation, briefly assesses the presented enterprise ontologies (cf. 2.1.4). 

2.1.1 Enterprise Ontology  

The Enterprise Project at the University of Edinburgh169 (Uschold et al., 1998) aimed at 

proposing an environment with methods and tools for capturing and analyzing key aspects of an 

enterprise, based on an ontology (Gómez-Pérez, Fernández-López & Corcho, 2002; Zelewski, 

2001). The Enterprise Ontology170 helps to communicate, integrate and represent the various 

aspects of an enterprise (Osterwalder, 2004).  

 

figure 46 Partial view of the taxonomy of the Enterprise Ontology 

                                                 
168

  NLP is the acronym of Natural Language Processing, AI stands for Artificial Intelligence. 

169
  The Enterprise Ontology was developed by the Artificial Intelligence Applications Institute at the University of Edinburgh with its partners 

IBM, Lloyd’s Register, Logica UK Limited, and Unilever, supported by the UK’s Department of Trade and Industry under the Intelligent 
Systems Integration Program. 

170
  More information on the Enterprise Ontology is available online at: http://www.aiai.ed.ac.uk/project/enterprise/ (2007/06/05). 
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The Enterprise Ontology is represented both in an informal and in a formal way (Ontolingua171). 

It has 92 classes, 68 relations, seven functions, and 10 individuals. Additionally, it provides a 

glossary of terms relevant to business enterprises supplemented with a few formal axioms (Fox & 

Grueninger, 1998; Gómez-Pérez, Fernández-López & Corcho, 2004). 

The natural language description of the ontology, presented in Uschold et al. (1998) provides 

definitions which start with the foundational concepts (such as entity, relationship and actors) 

(Osterwalder, 2004; Zelewski, 2001). These informal definitions are subsequently used to define 

the main body of terms which is divided into four subject areas (Uschold et al., 1998), namely:  

• Activities and processes: Central term is Activity, intended to capture the notion of anything which 

is done. It is closely related to the concept of Doer, i.e. a Person, Organizational-Unit or Machine. 

• Organization: Legal-Entity and Organizational-Unit are central concepts of this sector. 

• Strategy: Central concept is Purpose which captures something a Plan can help achieve or an 

Organizational-Unit can be responsible for. Summarizes any kind of Purpose, independent of 

time horizon or level of organization. 

• Marketing: Sale, as an agreement between Legal-Entities for the exchange of a Product for a Sale-

Price is at the heart of Marketing. Product can be goods or services and the Sale-Price is mostly 

monetary. However, alternatives are possible. The Legal-Entities typically represent the roles of 

Vendor and Customer. 

The Enterprise Ontology is the experimental foundation of the approach Uschold and King 

proposed for ontological engineering which is described in Part III, section 1.1.1.2. 

                                                 
171

  More information on Ontolingua, the de facto standard of the ontology community in the 1990s, can be found online 
http://ontolingua.stanford.edu/ (2007/07/05). 
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2.1.2 Toronto Virtual Enterprise (TOVE)  

The TOVE (TOronto Virtual Enterprise) project (Fox, 1992) has been run by the Enterprise 

Integration Laboratory at the University of Toronto. TOVE172 aims at delivering a model that 

supports model-driven enterprise design, analysis and operation as well as representation of 

knowledge (Fensel, 2001; Fox & Grueninger, 1998). It pursued the objective to create a generic, 

reusable enterprise model that has the following characteristics (Fox & Grueninger, 1998):  

• It provides a shared terminology for the enterprise, 

• defines the meaning of each term in a precise and as unambiguous manner as possible, 

• implements the semantics in a set of axioms that enables TOVE to deduce the answer to 

many ‘common sense’ questions about the enterprise, and  

• defines a symbology for depicting a term or the concept constructed thereof in a graphical 

context.  

Common to the Enterprise Ontology and TOVE is the starting point of one generic ontology for 

enterprises. Additionally, TOVE developers have created a number of ontologies covering 

enterprise subareas (Zelewski, 2001). Among these ‘more specific domain ontologies’ are: An 

organization ontology, a project and business process ontology, logistics, transport and store 

ontologies, a scheduling ontology, and an ontology for information resources. 

Unlike the Enterprise Ontology, TOVE is implemented with formal language173 (C++ for the 

static part, Prolog for the axioms). The axioms are chosen in order to be used to provide answers 

for common-sense questions via deductive query processing (Gómez-Pérez, Fernández-López & 

Corcho, 2004). 

 

figure 47 TOVE: An organization-entitity hierarchy in the organization ontology 

The TOVE ontologies have been the experimental foundation for the ontology engineering 

approach suggested by Grueninger and Fox which is described in part III, section 1.1.1.2. 

                                                 
172

  More information on TOVE is available at: http://www.eil.utoronto.ca/enterprise-modelling/tove/index.html (2007/04/13). 

173
  Formal language entails a definition of terms with formal semantics, as well as the use of theorems and proofs of properties as soundness and 

completeness (Osterwalder, 2004). Cf. section 4.2 for details on ontology languages. 
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2.1.3 E-Business Model Ontology  

The generic e-business model ontology is a semi-formal definition of e-business issues and their 

interdependencies. It is supposed to allow an accurate description of a value creating business 

system in the internet era (Gordijn, Osterwalder & Pigneur, 2005), i.e. intends to 

“help companies understand, communicate and share, change, measure, simulate and learn 

more about the different aspects of e-business in their firm.” (Osterwalder & Pigneur, 2002) 

The e-business model ontology is composed of four pillars (cf. figure 48) (Osterwalder, 2004). 

These can be compared to the Balanced Scorecard approach of Kaplan & Norton (2006). 

• Product: What business the company is in, the products and the value propositions offered to 

the market 

• Infrastructure Management: How the company efficiently performs infrastructural or logistical 

issues, with whom, and as what kind of network enterprise. 

• Customer Interface: Who the company's target customers are, how it delivers them products and 

services, and how it builds a strong relationships with them 

• Financial Aspects: What is the revenue model, the cost structure and the business model’s 

sustainability?  

 
figure 48 The e-business model ontology of Osterwalder (2004) 

The e-business ontology can serve as foundation for managerial tools for e-business management 

and IS requirements engineering, reacting to the increasingly dynamic business environment 

(Osterwalder & Pigneur, 2002; Osterwalder, 2004). The e-business model ontology has been 

developed by a Design Science approach described in Part III, chapter 2. 



148 Deployment in Business 

2.1.4 Evaluation 

The three enterprise ontologies each provide a framework for modeling an (e-) business activity. 

Mainly driven by research, they are seminal contributions to the community; unfortunately, there 

is no data available on their actual application by companies. 

2.2 E-Business (B2B) Ontologies  

[…] B2B markets have not reached a conseus on coding systems, […],  
‘which is an obstacle for the interoperability of applications  

following different standards. (Gómez-Pérez, Fernández-López & Corcho, 2004) 

The popularity of the World Wide Web and the corresponding growth of new web-based 

technologies have entailed the creation of many e-commerce applications (Fensel, 2001). In the 

context of e-commerce, particularly for business to business exchange (B2B), effective 

communication between machines is a key factor. Consequently, a number of standard setting 

efforts have evolved to ease information exchange by frameworks. Codified with different 

computation languages and formats and agreed by a wide group of institutions, they provide 

consensus and top-level terms to classify products and services. As they merely consist of 

concept taxonomies and some relations, they are considered lightweight ontologies174 (Gómez-

Pérez, Fernández-López & Corcho, 2004). 

The first subsection of this part provides information about the term Semantic Web (cf. 2.2.1). Its 

functionalities form the heart of the subsequently described e-commerce applications. Then the 

section strives to provide a bird’s eye perspective on four widely accepted proposals of e-business 

ontologies: first, two systems are introduced which rely on a numeric classification (cf. 2.2.2). E-

cl@ss, though equally based on numbers, is treated separately in 2.2.3. It particularly addresses 

the B2B relation of supplier and customer. The last example, Rosetta Net, is outstanding by being 

a self-funded industry effort and bein based on term names instead of numbers (cf. 2.2.4). The 

subsection 2.2.5 concludes with a short evaluation of the described classifications. 

2.2.1 Semantic Web  

One of the driving forces for recent ontology research is the so-called Semantic Web proposed by 

Berners-Lee, the ‘godfather’ of today’s World Wide Web (Berners-Lee, Hendler & Lassila, 2001; 

Shadbolt, Berners-Lee & Hall, 2006). For the past years, information on this World Wide Web 

has mainly been intended for direct human consumption. With time, it has become necessary to 

facilitate new intelligent applications like meaning-based search, information brokering, and B2B 

transactions which are also accessible for machines (Klein et al., 2002).  

                                                 
174

  For the distinction among lightweight and heavyweight ontologies, cf. 5.4.4. Heavyweight ontologies encompass, besides classes and relations, 
also rules and axioms. 
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Ontologies have become the solution to link implicit knowledge on the meaning of resources to 

web pages, thus extending the current internet with machine-processability.  

“The Semantic Web relies heavily on the formal ontologies that structure underlying data 

[…]. Therefore, the success of the Semantic Web depends strongly on the proliferation of 

ontologies […].” (Maedche & Staab, 2001) 

The applied technology is based on the markup languages (Harold & Means, 2004; Staab et al., 

2002) (cf. 4.2.2). These languages support in-depth indexing and classification of textual 

documents for presentation generation and navigation purposes. Thus, agents will be able to 

understand both: what information can be obtained from a website and what the meaning of this 

information is (McGuinness, 2002). 

“The idea is to add ontology-based metadata to […] documents to improve accessibility and 

provide a means for reasoning about the content.” (Staab et al., 2002) 

By using a shared language, the development of new, powerful applications like Semantic 

Wikipedia (Voelkel et al., 2006) or the search engine SWOOGLE175 is eased.  

Additionally, the Semantic Web brings added value to human users. As humans typically derive 

the meaning of a specific word (or: search term) from its context, human search activities cannot 

be supported by machine-processable semantics alone (Doan et al., 2002; Staab et al., 2002). This 

task can be supported by large infrastructure ontologies which structure and represent data 

(Doan et al., 2002; Maedche & Staab, 2001). Hence, semantic search for web resources is enabled 

via annotated links between contents that can be looked up by an automated search agent 

(Fensel, 2000a; Nagypál, 2005; Shadbolt, Berners-Lee & Hall, 2006; Zelewski, 2001). An 

example176: 

A wine distributor recommends a certain Burgundy for fish meals at his web page.  

Being not a wine expert, but an ambitious user of a cooking website and preparing a delicious fish meal, finding an 

appropriate wine by keywords is a challenging task. As both the wine distributor specifies its recommendation and 

the cooking website specifies its recipes using an ontology language, a wine agent177 can easily list appropriate wine 

recommendations together with, for example, a link to the distributors’ homepages. 

Tauberer (2006) developed this idea based on the analogy that  

“[...] the current web is a decentralized platform for distributed presentations, while the 

Semantic Web is a decentralized platform for distributed knowledge.” (Tauberer, 2006) 

                                                 
175

  SWOOGLe is available online at: http://swoogle.umbc.edu (2007/02/17). 

176
  More details about this frequently quoted wine example can be found among other in the OWL Web Ontology Language Guide at 

http://www.w3.org/TR/owl-guide/ (2007/12/12). 
177

  A prototypical version of the wine agent can be found at http://www.ksl.stanford.edu/people/dlm/webont/wineAgent (2007/12/12). 
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Dublin Core, possibly the most important of the general ontologies178 structuring the Semantic 

Web, deserves some particular attention. Dublin Core Metadata Element Set, Version 1.1179, 

refers to a vocabulary of fifteen properties for resource description maintained by the Dublin 

Core Metadata Initiative180. Dublin Core contains a series of entities about documents which can 

be compared to the information given by an annotated bibliography (Harold & Means, 2004). It 

assigns fixed semantics to each property and provides the possibility to link several documents. 

Some of these entities are, for example: 

Entities of Dublin Core 

Title:  Name by which the described resource is referred to. 

Creator: Creator of the resource, e.g. author, composer. 

Subject: 
Subject of the resource, for instance a list of keywords like ontologies, business or 
administration. 

Description: Short text describing the resource, e.g. abstract of article. 

Date: Creation or publication date 

Type: Type by which the resource is represented, e.g. text, audio. 

Relation:  Link to another resource related to the document. 

Right: 
Information about rights or restrictions of the document that can be also used for 
Digital Rights Management. 

table 45 Exemplary entities of Dublin Core 

Among others, it is its simplicity which makes Dublin Core popular for cataloguing and 

discovering resources (Lagoze, 2001; Krcmar, 2005; Weibel, 1997). The following figure 

illustrates the simplicity by an application of Dublin Core describing three resources: the ‘Amor e 

Psyche’ statue by Canova, an article about the masterpiece and a web page listing all known 

copies of ‘Amor e Psyche’. 

 

figure 49 Toy application of Dublin Core 

                                                 
178

  As will be explained in chapter 5, a Dublin Core specification is a general ontology by providing data about resources. Having a straightforward 
set of only fifteen elements and neither rules nor axioms, it belongs to the lightweight ontologies. 

179
  The Dublin Core Metadata Element Set, Version 1.1, can be found at http://dublincore.org/documents/2006/12/18/dces/ (2007/02/17). 

180
  More information to be found online at: http://dublincore.org (2007/02/17). 
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2.2.2 UNSPSC & NAICS 

The United Nations Standard Products and Services Codes181 (UNSPSC) is an open, global multi-sector 

standard for efficient, accurate classification of general products. Containing over 20,000 

categories in 55 segments in the current version and available in ten languages, it is designed to 

facilitate global electronic commerce by the exchange of product description. The UNSPSC 

system is organized as a four-level taxonomy, each level containing a two-character numerical 

value and a textual description. In ascending order of genericness, the levels are: 

• Commodity: A group of products or services that can be substituted. 

• Class: A group of commodities sharing a common use or function. 

• Family: A group of inter-related commodity categories. 

• Segment: Logical aggregation of families for analysis. 

Part of Classification of UNSPSC 

Code Structure Meaning 

44 segment office equipment and accessories and aupplies 

10 family office machines and their supplies and accessories 

31 class printer and facsimile and photocopier supplies 

03 commodity toner 
table 46  Part of the classification of UNSPSC  

The North American Industry Classification System182 (NAICS) identifies products by means of a six-

digit code. This longer code accommodates more sectors and provides flexibility in the design of 

subsectors. The code also provides for details not necessary for all three NAICS countries: The 

international NAICS agreement fixes only the first five digits of the code. The last digit may 

differ from among USA, Canada and Mexico. The general structure of 2002 NAICS is: 

Structure of NAICS  

Code Meaning 

AB industry sector (20 broad sectors up from 10 SIC) 

ABC industry subsector 

ABCD industry group 

ABCDE industry 

ABCDEF U.S., Canadian, or Mexican National specific 
table 47  General structure of NAICS 

                                                 
181

  More information on UNSPSC version 9.1201 is available online at: http://www.unspsc.org/ (2008/06/16). UNSPSC has been created by 
the United Nations Development Program (UNDP) and Dun & Bradstreet. It is used globally. Among its users are General Electric, AOL 
and 3M. 

182
  More information is available online at: http://www.naics.org/ (2008/06/16). NAICS has been developed after the revision of the Standard 

Industrial Classification (SIC) by the Census Office of USA in cooperation with the Economic National Classification Committee of USA, 
Statistics Canada and Meaxico’s Instituto Nacional de Estadistica, Geografia e Informatica. It is used in these countries.  
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2.2.3 E-cl@ss  

E-cl@ss183 is a German initiative pursuing development and establishment of a standard 

classification for information exchange between suppliers and their customers. Currently 

available in seven languages, the current version 5.1.4 contains about 12,000 products organized 

in 21 segments. The classification is related to the UNSPSC classification and indicates for each 

product definition in e-cl@ss the corresponding UNSPSC code (Berlinger, 2003/01). 

The classification of e-cl@ss consists of four levels of concepts (i.e. ‘material classes’) with a 

numeric code: Commodity Class, Group, Main Group, and Segment. One commodity can hold 

several products, i.e. several products might share the same code. 

Part of Classification of e-cl@ss 

Code Meaning 

24 office material, office equipment, office technique, stationery 

20 expandable material for office equipment with printing function 

02 expandable material for laser printer and laser fax 

01 toner for laser printer 
table 48  Part of the classification of e-cl@ss for toner 

The difference between e-cl@ss and UNSPSC and NAICS is the set of attributes provided for 

every product. This set is an addition of individual characteristics describing the commodity 

(Gómez-Pérez, Fernández-López & Corcho, 2004). Thus, the example commodity of toner 

material (code 24-20-02-01) holds sixteen attributes like article number, color, maximum number of 

pages, and suitable printer. 

2.2.4 Rosetta Net  

Like e-cl@ss, RosettaNet184 is developed by a nonprofit consortium dedicated to the 

collaborative development of open e-business process standards that align processes within 

global trading networks. Started in the IT industry, RosettaNet is currently expanded to other 

vertical areas, notably automotive, consumer electronics and telecommunications industries. It 

consists of 14 categories and about 150 products. 

                                                 
183

  More information is available online at: http://www.eclass.de (2008/06/16). E-cl@ss has been developed by a non-profit association of 
international partners, including companies, associations, and institutions. It is used globally. The subinitiative ‘e-cl@ss for medium-sized 
enterprises’ is jointly developed with the German Federal Ministry of Economics and Technology. Among its users are BASF, Bayer, 
Audi/VW and SAP. 

184
  More information is available online at: http://www.rosettanet.org (2008/06/16). RosettaNet has been developed by a non-profit consortium 

of more than 500 companies of Electornic Components, Information Technology, Semiconductor Manufacturing and Solution Provider 
companies. It is used globally. Among its users are Hitachi, IBM, HP, Cisco, Microsoft, Samsung, and NEC. 
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RosettaNet differs from the standards introduced earlier by the fact that it is based on the names 

of the products it defines. The classification is related to the UNSPSC classification and provides 

for each product defined in RosettaNet the corresponding UNSPSC code (Gómez-Pérez, 

Fernández-López & Corcho, 2004). RosettaNet has only two levels, RN Product (i.e. a specific 

product) and RN Category (i.e. a group of products) but is nonetheless estimated to be more 

powerful than the UNSPSC code. It allows not only for the classification of products, but also 

for transactions within the trading networks and electronic connection to process transactions 

and to move information within the extended supply chain. 

2.2.5 Evaluation  

To some extent, the four approaches described above are overlapping. A product or service can 

thus already be classified in different places within each classification, even more so among 

different systems. This proliferation of different initiatives shows that consensus on coding and 

classification has not yet been reached in B2B markets (Berlinger, 2003/01; McGuinness, 2002). 

This is a drawback for global interoperability of applications, as e.g. an application using 

UNSPSC cannot read information contained in e-cl@ss coding. Meta-classifications or systems 

for ontological mappings between existing standards have been proposed by the community of 

ontologists, but definitely need more support and acceptance from the industry (Berlinger, 

2003/01; Gómez-Pérez, Fernández-López & Corcho, 2004). 

2.3 Management Ontologies  

[…] what we can do with ontologies can be done with some other technology as well.  
But […] the question [is] how much […] you have to pay […] for your solution  

in contrast to often very elegant ontology solutions with lots of implicit benefits. (Biesalski & Abecker, 2005) 

Having discussed the broad usage of ontologies between companies, this section turns to the 

inside of those organizations. Given the fact that especially global corporations hold a huge 

amount of information, data and knowledge, management ontologies would be beneficial and 

one could expect that they are already widely used in this area.  

In reality, the fields of application are rather limited185. The applicability of ontologies to human 

resource management is powerful, but deployment is still rare. I present a straight-forward 

example of such an ontology. The probably largest group of managerial ontologies are considered 

to be the newest development of knowledge management. For this application, two activities are 

described that show the potential of knowledge management ontologies in an organization 

(cf. 2.3.2.1) and within a community of researchers (cf. 2.3.2.2). 

                                                 
185

  Functional areas which might profit from ontologies are e.g. controlling, product management and logistics (Halder, 2004), project 
management (Laufs et al., 2006), and, of course, innovation management. Efforts in some of these areas exist. As they are limited to specific 
applications within the research or corporate context, their description does provide little more than anecdotic information; thus, they are not 
treated in more detail here.  
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2.3.1 Human Resource Management with Ontologies  

According to Hilb (2005), Human Resource Management of a company encompasses the 

activities of: personnel planning, recruitment, placement and development; personnel controlling 

and administration; as well as dismissals. 

To support in particular the activities of personnel planning, placement and development, 

competency catalogues are widely used. The catalogues document the actual skills of the 

employees and contain the skill profiles required for certain positions. The comparison of actual 

and required skills186 allows a matching of persons and jobs as well as an identification of possible 

gaps (Biesalski & Abecker, 2005; Biesalski, Breiter & Abecker, 2005). 

 
figure 50 Excerpt of competency catalogue (based on Biesalski & Abecker, 2005) [own translation] 

Development and use of these catalogues can well be supported and enhanced by an ontological 

approach. The University of Karlsruhe has developed in cooperation with DAIMLERCRYSLER AG 

(plant Wörth) an ontology-based framework for integrated Human Resource and Skill 

Management to improve strategic training planning via competency management. 

                                                 
186

  Skills in the profile can be weighted (e.g. beginner, advanced, expert, trainer). A reference skill profile for a position is a list of weighted skills 
needed to fulfill the requirements of this position (Biesalski & Abecker, 2005). 
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The catalogue, containing all relevant skills that are necessary to execute the processes of the 

company, was realized using the KAON187 ontology infrastructure and the KAON similarity 

framework (Biesalski & Abecker, 2005; Biesalski, Breiter & Abecker, 2005). The ontology, in 

contrast to the simple taxonomic competence catalogue, now allows drawing of basic inferences 

as the following example illustrates.  

An employee who has participated in a training imparting a specific weighted competency (e.g. Ontolingua 

programming, beginner), automatically gets attributed this skill to his individual profile. Hence, the knowledge 

management system ‘knows’ about the new competency independently of a user-initiated input to the database.  

The resulting integrated solution for personnel development consists  

• of the ontology-based employee skill database which was taken over from a simple flat 

database table, and  

• of a human resources data warehouse integrating data from legacy systems and several 

application modules, e.g. for project team building, succession or training planning (Biesalski, 

Breiter & Abecker, 2005).  

With respect to the skill database, similarity measures have been implemented at DaimlerChrysler 

which support the human resource department (Biesalski, Breiter & Abecker, 2005):  

• Exact matching of requirement and actual profiles: Possibility to specify certain competency entities 

as ‘must criteria’ for a certain position 

• Taxonomic similarity: Retrieval of person who fits best to the task at hand, if no perfect solution 

can be found  

• Compensatory matching: Identification of employees exceeding reference profiles even if they do 

not fully meet single requirements. 

• Proportional matching: Assessment of persons who do not (yet) meet all requirements, but are 

qualified in most other areas of interest and assessment of their training needs. 

2.3.2 Knowledge Management Ontologies  

Knowledge management in an organization pursues multiple objectives like identification, 

acquisition, development, dissemination, utilization and preservation of knowledge 

communication (Abecker et al., 1998). To achieve these objectives, corporate memories or 

knowledge management systems can be installed. A corporate memory is an explicit, 

disembodied, persistent representation of knowledge and information in an organization (van 

Heijst, van der Spek & Kruizinga, 1996). Besides being an information system, a corporate 

memory should also help to transform information into action (Abecker et al., 1998). Ontologies 

constitute a possibility for building such corporate memories. 

                                                 
187

  The KAON tool suite is available online at: http://kaon.semanticweb.org (2007/11/21). 
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Subsequently, two examples of knowledge management ontologies are described. The first, 

O’CoMMA, studied the corporate memory of a company as corporate semantic web. It 

developed support for the introduction of new employees as well as for the technology 

monitoring process.  

The second, (KA)2 ontologies, pursued modeling of a community of researchers with the 

ontologies built. Dealing with a research community implied a knowledge management approach 

which went beyond corporate (or academic) boundaries. (KA)2 is nonetheless described in this 

subsection as the community, not the academic employers, is considered the relevant 

organization. This can be illustrated by the fact that researchers worked towards a common goal. 

2.3.2.1 Corporate Memory Management through Agents  

O’CoMMA is the ontology developed in the EU project Corporate Memory Management through 

Agents (CoMMA188) which studied the corporate memory as a corporate semantic web (Gómez-

Pérez, Fernández-López & Corcho, 2002).  

“CoMMA researched and implemented a prototype for a corporate memory management 

framework based on several emerging technologies: agents, ontology engineering and 

knowledge modeling, XML, information retrieval and machine learning.” (Perez et al., 2000) 

CoMMA was interested in two scenarios: (1) assisting the insertion of new employees in the 

company and (2) supporting the technology monitoring process (Perez et al., 2000). It aimed at a 

highly flexible, modular and adaptive system. In this respect, multi-agent systems are very well 

suited. 

The ontological approach allows describing explicit models of the reality that agents can exploit 

in their interactions. O’CoMMA provides an insight to the system through an organizational 

model and user profiles described with ontological primitives (Gandon, 2002b).  

The ontology is divided into three main layers (starting from the most specific level; cf. figure 51): 

• Extension Layer. Specific to scenario and company, with internal complex concepts (e.g. new 

employee fact sheet or product roll out schedule) 

• Middle Layer. Large and continuously growing, consisting of a part which is generic to the 

corporate memory domain (e.g. documents or people) and a part which is dedicated to the 

specific topics of the application domain (e.g. marketing: product placement, TV spots etc.). 

• Top Layer. A very generic top, similar to other general ontologies (cf. 5.2.4). 

                                                 
188

  In his doctoral dissertation, Fabien Gandon (2002b) painstakingly documented both the approach adopted to build O'CoMMA (chapter 7) 
and the resulting ontology (chapter 8). 
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figure 51 Architecture of O’CoMMA (based on Gandon, 2002a) 

This structure shows that the top layer of the ontology and parts of the middle layer can rather 

easily be reused, as the core is independent of the scenario: On the extension layer, depending on 

the changes in the scenarios and the application domain, adaptation might be necessary (Gandon, 

2002a).  

The modeling approach of O’CoMMA is interesting from an ontology engineer’s perspective. 

O’CoMMA was developed by a hybrid approach which combined the top down, middle out, and 

bottom up approach (cf. part IV, paragraph 2.2.2.2 which explains the different approaches to 

knowledge acquisition). This unusual way was selected by the researchers as it was estimated to 

provide complementary perspectives (Gandon, 2002b). 

2.3.2.2 (KA)2 Ontologies  

The (KA)2 ontologies were built within the Knowledge Annotation Initiative of the Knowledge 

Acquisition community, known as the (KA)2 initiative189 (Benjamins et al., 1999; Decker et al., 

1999). It pursued the goal of developing an ontology that models the knowledge acquisition 

community with the ontologies built by more than a dozen groups of people at different 

locations (Gómez-Pérez, Fernández-López & Corcho, 2004). Thereby, each group focused on a 

particular topic of the (KA)2 ontologies, resulting in seven related ontologies: organization, 

project, person, publication, event, research-topic and research-product. The resulting 

comprehensive ontology was intended to form the basis to annotate World Wide Web resources 

of the knowledge acquisition community in order to enable intelligent access to them (Benjamins 

et al., 1999). 

The first release of the (KA)2 ontologies was built in FLogic (Kifer, Lausen & Wu, 1995), 

translated into Ontolingua and made accessible to the community by the Ontolingua Server in 

Madrid. The updated versions were realized in DAML+OIL (cf. 4.2.2) and maintained at the 

Institute of Applied Informatics and Formal Descriptions Methods of the University of 

Karlsruhe190. 

                                                 
189

  More information on the initiative can be found online at: http://ksi.cpsc.ucalgary.ca/KAW/KAW98/benjamins2/ (2008/06/16). 

190
  More information can be found online at: http://annotation.semanticweb.org/ (2008/06/16). 
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2.3.3 Evaluation 

The ontologies presented above have in common that they have on the one hand a scientific 

character which classifies them as potentially powerful, but on the other hand they are not useful 

for all kinds of companies. 

The ontological approach to HR Management differs from the other examples in that it is 

developed and implemented by a large, global company. I would like to stress that this is the 

context where management ontologies are particularly useful and worth the effort. Size of the 

company and resulting reuse will allow for important scale effects. Consequently, on the whole, 

necessary efforts are comparably low. For an SME, development, implementation and 

maintenance appear far too costly. 

Both examples of knowledge management are results of research projects; there is no data 

available on their practical application. For the development, implementation and maintenance of 

an ontology for corporate knowledge management apply the same restrictions apply as for an HR 

ontology. 

2.4 Note on Deployment in Other Areas  

Despite the focus of this work on business application and ontological questions related to 

management activities, a brief tour d’horizon on some outstanding ontologies in other areas seems 

indispensable. Power of the ontological method and the resulting tools are estimated to be best 

illustrated by examples.  

Medical ontologies are used to satisfy demand for the reuse and sharing of patient data, their 

transmission and /or the need of semantic-based criteria for statistics (Gómez-Pérez, Fernández-

López & Corcho, 2004). Unambiguous and detailed terminology is a crucial feature in current 

medical systems, as a number of agents must interact between them in order to share their 

results. Special attention deserve191 GALEN – a clinical terminology for specifying restrictions 

used in medical domains, UMLS (Unified Medical Language System) – a database designed to 

integrate biomedical terms collected from various sources and ON9 – a medical set of ontologies 

that includes some terminology systems. 

                                                 
191

  More information is available online at: http://www.opengalen.org/, http://www.nlm.nih.gov/research/umls/umlsmain.html and 
http://ksi.cpsc.ucalgary.ca/KAW/KAW98/gangemi/(2008/06/16). 
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Engineering ontologies contain mathematical models used to analyze the behavior of physical 

systems: They are created for the sharing and reuse of engineering models among tools and their 

users (Gómez-Pérez, Fernández-López & Corcho, 2004). Outstanding ontologies in the field are: 

• EngMath (Gruber & Olsen, 1994) – set of Ontolingua ontologies for mathematical modeling 

engineering, including conceptual foundations for scalar, vector and tensor quantities as well 

as functions of quantities and units of measure. 

• PhysSys (Borst, 1997) – ontology for modeling, simulating and designing physical systems; 

formalization of three viewpoints of physical devices: system layout, physical process behavior 

and descriptive mathematical relations. 

Chemistry ontologies model the composition, structure and properties of substances, processes and 

phenomena. They can be used for education, environmental science, scientific discovery etc. 

(Gómez-Pérez, Fernández-López & Corcho, 2004). A set of chemistry ontologies developed by 

the Ontology Group of the Artificial Intelligence Laboratory at the Universidad Politécnica de 

Madrid is described:  

• Chemicals – composed of two ontologies (Chemical Elements and Chemical Crystals) and 

used to elaborate METHONTOLOGY (Fernández-López et al., 1999) (cf. part III, 

paragraph 1.1.1.3). Chemical Elements models the chemical elements of the periodic table 

(elements, properties and combination constraints) and Chemical Crystals models the crystalline 

structure of the chemical elements (imports from Chemical Elements). 

• Ions – built on top of Chemical Elements and consists of Monatomic Ions (representing ions 

composed of one atom) and Polyatomic Ions (representing ions composed of two or more 

atoms). 

• Environmental Pollutants – composed of Environmental Parameters (definition of parameters 

which might degrade physical environment and/ or human health), Water (definition of 

parameters for water pollution) and Soil (definition of parameters for soil pollution), imports 

both Ion ontologies. 

The Legal Ontologies Working Group192 strives to (1) collect the ontologies proposed in the 

literature and maintained, (2) connect the reference persons, (3) create a website with a general 

outline of legal ontologies and dedicated links, and (4) supporting the use of formal ontologies 

for XML standards in the legal domain. Corcho et al. (2005) present how a legal ontology was 

built using METHONTOLOGY. 

                                                 
192

  More information is available online at: http://www.ics.forth.gr/isl/projects/ontoweb/working_groups.html (2007/04/28). 
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3 Potential of  Ontologies  

The chapters on concept formation and ontology deployment have shown that ‘shared 

conceptualizations’ are powerful instruments supporting different applications. Closer 

examination makes two prominent objectives of ontologies apparent: 

• The community of Artificial Intelligence researchers pursued a representation of a certain part 

of reality. To the business context, their efforts on enterprise ontologies and knowledge 

management by ontologies are particularly relevant. Application of these academically driven 

ontologies is estimated to be small. 

• To management practice, establishment of a shared vocabulary for e-business stood in the 

focus of ontology development. These languages have been developed to enable exchange of 

company data and integration of supply chains. Application of these ontologies is high. 

Both strands of research and practical use built on information which was available in a 

structured form. Taking product names (like in RosettaNet) as exemplary illustrations, an 

inherent structure is already existent which ‘only’ needed translation into a formal notion. Once 

translated and codified, the resulting ontologies functioned as knowledge bases for information 

representation and retrieval (AI context) and as shared interchange languages (business context). 

Considered to be merely instruments, little information on the potential of a shared 

interdisciplinary ontology development process or the possible support of ontologies for human 

communication were derived.  

Given this situation of successful deployment of representation and interchange ontologies, there 

is need for further research to explore the following aspects: 

• Ontologies might be able to provide structure to poorly structured or unstructured information and 

knowledge, resulting in a flexible, i.e. easily adaptable framework. 

• Such a structure could realize management support and interdisciplinary communication 

alignment, resulting in a lingua franca for the relevant part of reality. 

• Analysis and comparison of particular ontologies established within the framework could be 

used to derive information beyond operational data, e.g. strategic implications. Thereby, 

ontologies could be of management support. 
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As the chapter on the Fuzzy Front End illustrated, the unstructured knowledge and the fuzzy 

processes during the early stages of the innovation process provide an interesting field to 

establish such an ontology. Furthermore, research interest in the particularities and needs of SME 

is little. I expect the ontological Fuzzy Front End Gates (OntoGate) to contribute to an 

improvement of problems by deploying previously unrealized potential: 

• Potential concerning the Fuzzy Front End: The OntoGate establishes a flexible framework for 

the unstructured processes during the Fuzzy Front End which (a) can easily be specified, (b) is 

applicable for the management of incremental as well as radical innovations and (c) can be 

expanded, reduced, and adapted to fit diverse requirements (e.g. size of the company), 

resulting in the beginning of a lingua franca for the FFE. Besides, it provides a systematization 

of the status quo of the Fuzzy Front End in the empirical field. Comparison and analysis of 

different approaches is consequently possible, resulting in management support for the FFE. 

To sum up, the OntoGate is established to provide managerial support by establishment of an 

ontological approach to idea assessment in the early phases of the innovation process. 

• Potential of the ontological approach: The OntoGate transfers a method of Information Science 

(focus on machine-readability) to managerial use (focus on human interaction). The approach 

itself provides a theoretically derived and empirically tested procedure of development. 

Before development of the OntoGate will be addressed, some fundamental knowledge on the 

elements of ontologies has to be shared to ensure understanding of their functionalities. Chapter 

4 provides this information. Additionally, to paint a more comprehensive picture of the multitude 

of existing ontologies, chapter 5 provides a classification scheme.  
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Part III Design Science Ontology Lifecycle 

 

The deployment chapter of part II (cf. II, 2) has shown that throughout the last years, 

development of ontologies has been moving from the realm of Artificial Intelligence to “the 

desktops of domain experts“ (Noy & McGuinness, 2001).  

Consequently, many disciplines have developed ontologies that domain experts can use to organize 

information in their fields. Among these, highly structured domains like medicine or informatics 

prevail, while the less structured areas of organization and management have received 

comparatively little attention up to now.  

Accordingly, a number of ontology engineering methodologies have been devised by the research 

community of Artificial Intelligence. Focus of these academic endeavors was rather on power, 

completeness and conciseness of the resulting ontology, more on machine-readability of the 

resulting ontology than on the ease of development and feasibility of this process. Thus, 

concerning action-oriented approaches for lay users, research can still fulfill a potential to support 

the development and evaluation of an ontology. This is particularly true for the domain of 

ontologies for management and business users. 

In the area of business, the process of ontology development and evaluation is of importance. A 

computational solution is less important for ‘business ontologists’. They rather focus on the 

process of shared, interdisciplinary development which focuses the power of the ontology to unify domain-

related languages and support communication. As a result, development and evaluation of a 

management ontology requires an approach different from the ones existing in the realm of 

Artificial Intelligence. This thesis uses the insights of the field of Design Science to develop a 

methodology of ontology development and evaluation particularly suitable for the needs of 

developers and users in business.  

The resulting methodology is specifically developed for the development and evaluation of the 

OntoGate, the ontology for idea assessment and selection. It is at the same time generic and can be 

used for development of other ontologies in the field of management and business.  
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figure 69 Outline of thesis; current part (Design Science Ontology Lifecycle) highlighted 

The following chapters first give a synopsis on existing knowledge on ontology engineering. 

Subsequently, they present my newly developed method for ontology development and 

evaluation.  

Chapter 1 presents the multimethodological background necessary for development of the 

methodology. The first section gives an overview of existing methodologies proposed by the 

community of Artificial Intelligence researchers (cf. 1.1). To provide a common ground of 

knowledge on ontology engineering and evaluation, a selection of the seminal approaches of the 

community is introduced. Section 1.2 presents Design Science as the conceptual basis for ontology 

engineering. Design Science helps to derive principles for the approach to the OntoGate to 

overcome the computational orientation of existing Ontology Engineering approaches.  

Chapter 2 explains the empirical approach elaborated for ontology engineering in this thesis. The 

first section summarizes the research methodology. Section 2.2 introduces phase by phase the 

Design Science Ontology Lifecycle (OntoLife) which I will use for engineering the OntoGate.  

�

At the end of this part, relevant knowledge on ontology development and evaluation 

has been introduced in terms of principles as well as examples of deployment. 

Likewise, the principles of Design Science research have been explained. Built on 

this general knowledge, the specific approach to development and evaluation of the 

ontology for idea assessment during the Fuzzy Front End has been elaborated. 
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5 Classification – The OntoCube  

As the chapter on deployment of ontologies illustrated, there exist numerous ontologies 

significantly differing according to the requirements of their application, the formality of their 

language, their degree of expressiveness and many more.  

To make the diversity of ontological solutions accessible, the community of ontologists 

elaborated classification systems which structured single ontologies according to broader classes. 

Within these different classification systems, agreement on basic principles and measurements 

can be stated. Nonetheless, similar to the multitude of definitions of ontology, each of the 

classifications uses a particular terminology and has a specific focus. The section on existing 

classifications (cf. 5.1) introduces the ones mostly used in the literature. 

To structure the confusing multitude of existing ontologies in a comprehensive, holistic 

framework by a unifying vocabulary, I elaborated the OntoCube. The name of this classification 

scheme has been derived from the three axes I use to characterize an ontology. Integrating the 

most important classifications of the community, these three axes span a cube (cf. 5.1.7 for 

details of elaboration).  

Along these axes, the different kinds of ontologies are introduced in this chapter. The first axis, 

subject matter describes the kind of application which is supported by the ontology (cf. 5.2). 

Formality, the second axis, represents the degree of formality of the language used to develop the 

ontology (cf. 5.3). With the third axis, expressiveness of ontologies is categorized. After a 

delimitation terms, three broadly used types of (lightweight) ontologies are introduced to the 

reader (cf. 5.4). 

�

At the end of this chapter, by presentation of definitions and examples along the 

axes of the OntoCube, the multitude of different ontologies are known to the reader.  

Definition of requirements during the design of new ontologies as well as 

classification and assessment of existing solutions can be structured and managed by 

the comprehensive framework of the OntoCube. 

5.1 Existing Classifications 

Together with their contributions on concept formation, the ontology community elaborated a 

handful of seminal classification systems back in the 1990s211. To provide a shared understanding 

of the differences and the commonalities of these early contributions, the following subsections 

describe the most renowned contributions.  

                                                 
211

  Later contributions to the field specialized existing classifications by adding or focusing on particular aspects. They are referred to during the 
presentation of the OntoCube and its axes, sections 5.2 to 5.4. 
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As the community, at that time, was still small, a number of well-known names reappear: 

Guarino & Giaretta aimed at a terminological clarification by discussing seven interpretations of the 

term ‘ontology’ (cf. 5.1.1). Mizoguchi and his colleagues as well as Uschold & Grueninger then 

elaborated first coarse typologies (cf. 5.1.2 and 5.1.3). The contribution of van Heijst, Schreiber and 

Wielinga (cf. 5.1.4) provides a finer classification which can already be related to the earlier efforts.  

The aspect of (re-)usability taken up by Benjamins & Gómez-Pérez shed new light on the 

classifications of Mizoguchi and van Heijst. As it did not bring about a different classification, 

their contribution is only reffered to in a note (cf. 5.1.5). The contribution of Lassila & 

McGuiness is considerably younger (2001), but nonetheless classified as a seminal contribution; it 

newly introduces the element of expressiveness (cf. 5.1.5). Eventually, in subsection 5.1.7, 

elaboration of the OntoCube from the previously described classification systems is presented. 

5.1.1 Guarino & Giaretta’s Terminological Clarification  

In their contribution to Mars (1995), Guarino & Giaretta (1995) aim at a clarification of the then 

circulating seven interpretations of ‘ontology’. They distinguish between 

1. Ontology as a philosophical discipline212 

2. ontology as a an informal conceptual system 

3. ontology as a formal semantic account 

4. ontology as a specification of a ‘conceptualization’ 

5. ontology as a representation of a conceptual system via a logical theory, (a) characterized by 

specific formal properties or (b) characterized only by its specific purposes 

6. ontology as the vocabulary used by a logical theory 

7. ontology as a (meta-level) specification of a logical theory 

Interpretation No 1 is radically different from the following; this notion has been discussed in 

section 1.1 and will not be repeated here.  

Interpretations No 2 and No 3 refer to an ontology as a conceptual semantic entity which might be 

formal or informal (Guarino & Giaretta, 1995). No 4 which was at the time of suggestion the 

definition proposed for the community of Artificial Intelligence, has been illustrated in section 

1.2. According to No 5 to No 7, an ontology can be regarded as a specific, syntactic object, different 

from a logical theory (No 5), a vocabulary to this theory (No 6), and/ or a specification of the 

architectural components (No 7) within a particular domain. 

                                                 
212

  Remember that it was their suggestion to write the philosophical branch of ontological research with a capital ‘O’, while the field of 
Information Science uses the lowercase ‘o’. 
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figure 56 Terminological clarification by Guarino & Giaretta (1995) 

Guarino & Giaretta intend to provide terminological clarification in order to establish a clear 

terminology regarding “the technical use of […] ‘ontology’, ‘conceptualization’ and ‘ontological 

commitment’” within the knowledge engineering community (1995). Hence, while their 

clarifications were a seminal contribution to the community of ontology researchers, they are of 

little practical use as a classification system. For example, operational details like the definition of 

requirements are difficult to represent according to their insights. 

5.1.2 Typology of Ontology by Mizoguchi et al.  

At the same time as Guarino & Giaretta, Mizoguchi, Vanwelkenhuysen & Ikeda (1995) develop a 

typology of ontology, characterized by the criteria of ‘content’. They distinguish three kinds of 

content ontologies.  

Domain ontology, according to (Mizoguchi, Vanwelkenhuysen & Ikeda) is a “system of vocabulary 

for describing the domain” (1995). This vocabulary is divided in three categories:  

• The object ontology covering structure and components of the objects under consideration 

within a task; 

• The activity ontology, characterized by verbs which includes the activities in the domain; and 

• The field ontology which encompasses the theories and principles governing the domain. 

To grasp the authors’ understanding of task ontology, it is necessary to differentiate between task 

and problem: a task is to them “a sequence of problem solving steps” (Mizoguchi, 

Vanwelkenhuysen & Ikeda, 1995). Hence,  

“[a] task ontology is a system of vocabulary for describing problem solving structure of all 

the existing tasks domain-independently.”(Mizoguchi, Vanwelkenhuysen & Ikeda, 1995) 
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To sum up, a task ontology provides primitives213 by which the problem solving context can be 

described and domain knowledge can be put into the problem solving context (Mizoguchi, 

Vanwelkenhuysen & Ikeda, 1995). 

The third kind of ontology, the general or common ontology, is used for representing common sense 

knowledge – among others: things, events, time, space, causality, behavior, and function 

(Mizoguchi, Vanwelkenhuysen & Ikeda, 1995). 

 
figure 57 Typology of ontology by Mizoguchi, Vanwelkenhuysen & Ikeda (1995) 

This differentiated perspective on task ontologies has not found broad adoption; the three main 

categories of the typology by Mizoguchi et al. have been generally accepted and used for later 

categorization efforts (see below). It provides a first differentiation along the continuum of 

genericity which increases from task over domain to general ontologies. 

                                                 
213

  By analysis of task structures of real world problems task ontologies are developed which consist of: generic nouns for objects and their roles, 
generic verbs for unit activities, generic adjectives modifying the objects, and other concepts specific to the task (Mizoguchi, 
Vanwelkenhuysen & Ikeda, 1995). 
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5.1.3 Uschold’s Three Key Dimensions  

Uschold and Uschold & Grueninger published in 1996 an overview of  

“the three key dimensions along which ontologies vary” (Uschold & Grueninger, 1996): 

• Formality:  degree of formality of a vocabulary and its meaning 

• Purpose:  intended use/ application of the ontology 

• Subject Matter:  subject of the ontology. 

These three dimensions and their sub-categories214 allow for a considerable diversity of 

ontologies. Especially the dimension of formality and subject matter (which is close to the first 

level of the typology of Mizoguchi et al.) have been largely adopted by the AI community. 

 
figure 58 Key dimensions by Uschold & Grueninger (1996) 

Uschold and Grueninger use the aspect of formality as a dimension, thus shedding light on the 

different ways of implementing an ontology. 

• Highly informal indicates that the ontology is expressed in natural language, e.g. a glossary 

• Structured informal describes a restricted (i.e. structured) form of natural language. Text versions 

of coded ontologies are of this kind. 

• Semi-formal stands for an ontology in a formally defined language, e.g. in Ontolingua 

• Rigorously formal requires painstakingly defined terms, including formal semantics and 

theorems (as realized in TOVE). Proofs of soundness and completeness are provided for 

(cf. subsection 5.3.3).  

 

                                                 
214

  Uschold & Grueninger (1996) painstakingly elaborate on the different dimensions, which can not be adequately mirrored in this overview. 
Perusal of this distinguished paper as well as of the second contribution, Uschold (1998), is highly recommended to the interested reader. 
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The aspect of purpose draws attention to the use of ontologies which is clustered in three classes: 

• Communication among humans: support by an informal, though unambiguous ontology. 

• Inter-operability among systems: use of ontologies as an interchange format. 

• The various system engineering benefits encompass: re-usability (the formal representation should be 

a reusable and/ or shared component in a software system); knowledge acquisition (to enhance 

speed and reliability in ontology development, existing ontologies are recommended as basis 

for knowledge acquisition); reliability (consistency checking is a lot easier if the ontology is 

formally defined; this results in more reliable software); specification (ontologies are able to 

support requirement identification and definition of specification for IT systems). 

With respect to subject matter, the Uschold & Grueninger (1996) propose three structuring 

categories which are similar to the proposition of Mizoguchi, Vanwelkenhuysen & Ikeda (1995): 

• Domain ontology: subjects considered separately from the tasks relevant to the subject. 

• Task/ method/ problem solving ontology: centring on problem solving. 

• Representation/ meta ontology: dedicated to knowledge representation languages.  

While the dimension of formality and subject matter have become classics in the categorization 

of ontologies this applies only limitedly for the dimension of purpose (adapted, it reappears in 

Jasper & Uschold, 1999; Gandon, 2002b). By provision of the three dimensions, Uschold & 

Grueninger (1996) delivered an extensive instrument for classification and specification of 

ontologies to the research community and practitioners which is still widely used. 

5.1.4 Two-Dimensional Classification by van Heijst et al. 

In their 1997 article215, van Heijst, Schreiber & Wielinga presented two dimensions for the 

classification of ontologies: the amount and type of structure of the conceptualization and the 

subject of the conceptualization (cf. figure 59). 

The dimension subject of the  conceptualization is similar to the suggestions by Mizoguchi et al. (1995) 

as well as Uschold & Grueninger (1996). The contribution of van Heijst et al. (1997) differs in 

that it provides a more precise definition of the categories and integration of both meta-level 

ontologies: generic (Mizoguchi, Vanwelkenhuysen & Ikeda, 1995) and representation ontologies 

(Uschold & Grueninger, 1996). Van Heijst, Schreiber & Wielinga (1997) suggest four categories 

for the subject of the conceptualization. 

                                                 
215

  The classification has already been presented in a 1995 contribution, i.e. (van Heijst et al., 1995), but the 1997 article is more often mentioned 
in the literature and therefore it is cited here. 
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Application Ontology Domain Ontology Generic Ontology 
Representation 

Ontology 

• Contains definitions 
to model the 
knowledge for a 
particular application. 

• Mix of concepts taken 
from domain and 
generic ontologies or 
from an ontology 
library. 

• May contain method- 
and task-specific 
extensions. 

• Expresses specific 
conceptualization for 
domain at hand. 

• Constrains structure 
and contents of 
domain knowledge 
(which describes 
factual situations). 

• Concepts often 
defined as 
specializations of 
concepts in generic 
ontologies. 

• Concepts considered 
to be generic across 
many fields; examples 
are state, event, 
process, action 
component etc. 

• Explains the 
conceptualization that 
underly knowledge 
representation 
formalisms. 

• Neutral with respect 
to world entities. 

• Provides 
representational 
framework without 
making claims about 
the world. 

table 49 Categories for the subject of conceptualization (van Heijst, Schreiber & Wielinga, 1997) 

The dimension amount and type of structure of the conceptualization is a new contribution to the 

classification efforts. The authors distinguish three categories: 

• Terminological ontology: Specification of terms used to represent knowledge in the domain of 

discourse (e.g. lexicons). 

• Information ontology: Specification of the record structure of databases (e.g. database scheme). 

• Knowledge modeling ontology: Specification of conceptualizations of the knowledge; richer internal 

structure (compared to domain ontologies); often tuned to a particular use of the knowledge 

that they describe; knowledge modeling ontology can e.g. group observations (of an 

information ontology) to describe the decision-making process. 

The axis of amount and structure, though of potential for practical use, did not find a significant 

number of supporters in the community and has not often been reused. The dimension of 

structure, on the other hand, has found broad acceptance as it provided more details than the 

suggestions by Mizoguchi, Vanwelkenhuysen & Ikeda (1995) and Uschold & Grueninger (1996). 

 
figure 59 Two-dimensional classification of ontologies by van Heijst, Schreiber & Wielinga (1997) 
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5.1.5 Note on Benjamins’ & Gómez-Pérez’ Note on (Re-) Usability  

The classifications of Mizoguchi et al. (1995) and of van Heijst & colleagues (1997) was used by 

Benjamins & Gómez-Pérez to classify ontologies according to their content and the issue of their 

conceptualization. From this starting point, the authors focus on the degree of (re-) usability. 

Providing an interesting addition to previous classifications, it is presented in the following figure. 

 

figure 60 (Re-)usability aspect of ontologies by Benjamins & Gómez-Pérez (in prep.) 

The reusability-usability trade-off problem for ontologies says that the more reusable an ontology 

is, the less usable it is, and vice versa (Benjamins & Gómez-Pérez, in prep.). Herewith, the 

authors take up the 1991 contribution of Klinker et al. (1991) and its 1995 reprise by van Heijst 

and colleagues216. 

The course of discussion on the topic shows its marginal importance to the community which 

can only be explained by the self-evidence of the finding. As none of the contributions found the 

audience it deserved, they are only referred to in a note. 

5.1.6 The Ontology Spectrum of Lassila & McGuiness 

Lassila & McGuiness (2001) classify ontologies according to the information the ontology should 

express for the intended application and the richness of its internal structure (Gómez-Pérez, 

Fernández-López & Corcho, 2004). They distinguish the following categories along a spectrum: 

controlled vocabulary, glossary, thesaurus, informal is-a hierarchy, formal is-a hierarchy, formal 

instances, frames, value restriction and general logical constraints (Lassila & McGuinness, 2001; 

McGuinness, 2002). 

                                                 
216

  Surprisingly, Benjamins & Gómez-Pérez (in prep.) refer to Klinker et al. (1991), but not to the contribution of van Heijst et al. (1995 & 1997). 
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figure 61 Spectrum of ontologies by Lassila & McGuinness (2001) 

The categories and their meanings are (Lassila & McGuinness, 2001; McGuinness, 2002): 

• Controlled vocabulary: a finite list of terms. Catalogs are an example of this category, providing 

unambiguous interpretation of terms. 

• Glossary: a list of terms with their meanings specified as natural language statements. This 

provides more information since humans can read the natural language statements. Typically 

interpretations are not unambiguous and thus not adequate for computer agents.  

• Thesaurus: provision of some additional semantics between terms. Giving information such as 

synonym relationships, they do not supply an explicit hierarchy. In many cases, relationships 

may be interpreted unambiguously by agents.  

• Informal is-a hierarchy: i.e. hierarchy taken from specifications of term hierarchy (e.g. YAHOO). 

This is not a strict subclass or is-a hierarchy, but rather represents subordinate components. 

• Formal is-a hierarchy: including strict subclass relationships. If A is a superclass of B, then if an 

object is a subclass of B, it is necessarily a subclass of A as well. Strict subclass hierarchies are 

necessary to deploy inheritance. 

• Formal is-a hierarchy that includes instances.  

• Frames: that is, inclusion of classes and their properties which can be inherited by classes of the 

lower level.  

• Ontology with value restrictions: restrictions might be placed on what can fill a property.  

• General logical constraints: making the ontology the most expressive. Ontologists can specify 

first-order logic constraints between terms by use of ontology languages. 
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5.1.7 Development of OntoCube  

The classification elaborated for this thesis is based on the efforts of the ontology community 

which have been presented before217. It pursues the objective of a comprehensive framework for 

ontology classification which holistically covers the multitude of different ontologies by use of a 

unifying language. I call this framework OntoCube. Before entering the description of the elements 

of the OntoCube, I explain relations to previous contributions. 

 

figure 62 The OntoCube – an integrated classification system 

The work of Guarino & Giaretta is represented by the dichotomy of basis and upper part: 

philosophical Ontology forms the ground; the classification cube for ontologies of the 

Information Sciences is established on this foundation. 

For the classification cube, the works of Mizoguchi and colleagues (1995), Uschold & Grueninger 

(1996) and van Heijst et al. (1995 & 1997) are interlinked in the two dimensions of subject matter 

and formality. This integration aims at the establishment of a semantically agreed category system 

based on and unifying existing classification systems. 

                                                 
217

  To avoid repetitions, the authors already quoted in the previous sections are only cited if it is necessary for the flow of reading and 
understanding. To imply breadth and depth of the discussion in the field, focus of the following paragraphs is on researchers and 
contributions that have not yet been introduced. 
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The (re-)usability considerations of Benjamins & Gómez-Pérez (in prep.) are used to define the 

scales of the axes ‘subject matter’ and ‘formality’: Minimum stands for high usability (respectively, 

communication support), maximum stands for high reusability and automatic reasoning. 

The third dimension is derived from the ontology spectrum of Lassila and McGuiness as well as 

from the ‘amount and structure of conceptualization’ aspect of van Heijst, Schreiber and 

Wielinga. Its range of expressiveness from a simple taxonomy to a heavyweighted ontology indicates 

that different degrees may be needed and useful for the application at hand. 

5.2 Subject matter  

The subject matter that an ontology characterizes 
can be anything at all. (Uschold & Grueninger, 1996) 

The axis of subject matter clusters the different intentions for which an ontology might be 

developed. Influenced by the categorizations of Uschold & Grueninger (1996) and van Heijst, 

Schreiber & Wielinga (1997), the OntoCube provides four groups of subject matter (by increase 

of genericness): 

• Application ontologies (5.2.1): tailored for a particular application 

• Task ontologies (5.2.2): containing vocabulary and knowledge for a task 

• Domain ontologies (5.2.3): generic provision of domain knowledge and agreed understanding 

• General ontologies (5.2.4): basic notions on things, events, time, space, causality, etc. 

• Representation ontologies (5.2.5): hold primitives used to formalize knowledge 

The following paragraphs describe these main groups. Ontologies that could be classified under 

these five types are presented for illustration. 

5.2.1 Application Ontology  

An application ontology is characterized by a specific subject matter which is tailored for at least 

one specific and practical application (Uschold, 1996; Zuniga, 2001). It depicts the necessary 

knowledge for modeling a particular domain and is typically derived from general and domain 

ontologies (van Heijst et al., 1995; van Heijst, Schreiber & Wielinga, 1997; Zuniga, 2001). 

Application ontologies are sometimes called ‘domain-task ontologies’ (Fox & Grueninger, 1998; 

Uschold, 1996) and are characterized as  

“reusable in a given domain, but not across domains”. (Gómez-Pérez, Fernández-López & 

Corcho, 2002) 

Guarino, in his 1998 contribution on formal ontology, used a congruent definition to what he 

calls ‘application ontology’. Application ontologies 

“describe concepts depending both on a particular domain and task which are often 

specializations of both the related ontologies.“ (Guarino, 1998) 

Concepts in an application ontology often correspond to roles played by domain entities when 

performing a certain activity, e.g. ‘necessary equipment’ (Guarino, 1998; Maedche, 2003).  
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5.2.2 Task Ontologies  

Chandrasekaran and colleagues, in their 1999 article, ask: 

“How task dependent are ontologies? Presumably, the kinds of things that actually exist do 

not depend on our goals. In that sense, ontologies are not task-dependent. On the other 

hand, what aspects of reality are chosen for encoding in an ontology does depend on the 

task.“ (Chandrasekaran, Josephson & Benjamins, 1999) 

A task ontology depicts a vocabulary and the types of knowledge needed for the task; this is often 

derived by specialization of domain ontologies which can be, but need not be from the same 

domain (Chandrasekaran, 1994; Fensel, 2001; Mizoguchi, Vanwelkenhuysen & Ikeda, 1995; 

Kitamura & Mizoguchi, 2004; Staab & Studer, 2004a).  

Following Mizoguchi, Vanwelkenhuysen & Ikeda (1995), the set of terms of a task ontology 

allow a generic description of problem-solving methods (Wielinga & Schreiber, 1994). This 

systematic vocabulary includes generic nouns, generic verbs, generic adjectives and other 

concepts necessary for the task (Mizoguchi, Vanwelkenhuysen & Ikeda, 1995). For instance, in 

petroleum production and separation, nouns would include the concepts ‘production’ and ‘class 

of pump’ as well as the verb ‘separate’ (Chan, 2004).  

A subclass of the application ontology is the method ontology. Method ontologies provide terms 

used by specific problem solving methods to achieve their goal (Fensel, 2001; Wielinga & 

Schreiber, 1994). Thus, a method ontology refers to a domain ontology from a methodological point 

of view (Benjamins & Gómez-Pérez, in prep.). 

5.2.3 Domain Ontology  

A domain ontology is a model of and valid for  

“the particular subject matter of interest in some context considered separately from the 

problems or tasks that may arise relevant to the subject.”(Uschold, 1998) 

A domain ontology captures domain knowledge in a generic way and provides a commonly 

agreed understanding of a domain; knowledge and ontology may be reused and shared across the 

domain and its applications (Chandrasekaran, Josephson & Benjamins, 1999; Crowther, Berner & 

Williams, 2003; Fensel, 2000b; Gordijn, Osterwalder & Pigneur, 2005; Wielinga & Schreiber, 

1994).  

The vocabulary of a domain ontology is typically derived from top-level ontologies by 

specialization (Batemann, 1991; Fensel, 2001; Maedche, 2003). It consists of the concepts within 

a domain, the relationships among the concepts, the activities that take place, and the theories 

and elementary principles governing that domain (Fensel, 2000b; Gómez-Pérez, Fernández-

López & Corcho, 2002; Guarino, 1998; Uschold, 1998). There is still a lack of large domain 

ontologies (Staab & Studer, 2004b). 

Knowledge portals make use of domain ontologies by providing views onto domain-specific 

information on the internet as well as on the intranet (Bloodsworth & Greenwood, 2005). They 
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facilitate their users to find relevant, domain-specific information (Edgington et al., 2004; 

Nagypál, 2005; Staab & Maedche, 2001). Chapter 2 showed a number of business domain 

ontologies. 

5.2.4 General Ontologies  

The group of general ontologies is obviously the one class of ontologies where nomenclature lags 

behind semantic agreement. To dissolve confusion, denominations the literature provided for 

this category are summarized in the following table (by alphabetical order).  

Term Publications 

Common ontology (Mizoguchi, Vanwelkenhuysen & Ikeda, 1995) 

Common sense ontology (Fensel, 2001; Pirlein, 1995) 

Conceptual ontology (Batemann, 1991) 

Content ontology (Gruber, 1993) 

General ontology (Mizoguchi, Vanwelkenhuysen & Ikeda, 1995) 

Generic ontology (Fensel, 2001; van Heijst, Schreiber & Wielinga, 1997) 

Meta ontology (Gómez-Pérez, Fernández-López & Corcho, 2002; Uschold, 1996) 

Top-level ontology 
(Berlinger, 2003/01; Benjamins & Gómez-Pérez, in prep.; 
Gandon, 2002b; Gómez-Pérez, Fernández-López & Corcho, 2004; 
Guarino, 1997a; Guarino, 1998; Maedche, 2003) 

Upper-level ontology (Benjamins & Gómez-Pérez, in prep.) 
table 50 Some alternative denominations for general/ common ontologies 

�
For this thesis, the term ‘general ontology’ has been selected to indicate the character 

of domain trespassing as well as genericness in terms of concepts. 

General ontologies provide basic notions and concepts on things, events, time, space, causality, 

behavior, function, etc. (Batemann, 1991; Mizoguchi, Vanwelkenhuysen & Ikeda, 1995). They are 

substantial to provide a rich scaffolding for domain description; consequently, they are reusable 

across domains (Batemann, 1991; Fensel, 2001; Gómez-Pérez, Fernández-López & Corcho, 

2004). 

In a general ontology, the following characteristics are desirable (Gómez-Pérez, Fernández-López 

& Corcho, 2004; Lenat et al., 1990): 

• Universal: every concept can be linked into the general ontology in appropriate places. 

• Articulate: the distinctions made are both necessary and sufficient for most purposes. Necessary 

means that the distinctions are worth making. There is both theoretical and pragmatic 

justification. Sufficient means that enough distinctions have been made to enable and support 

knowledge sharing, natural language disambiguation, database cleaning and integration, and 

other applications.  
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General ontologies are used for an abstract organization of a substantial part of human 

knowledge (Batemann, 1991; Uschold, 1996). This capturing of general knowledge about the 

world would be facilitated by unified general ontologies for large communities of users. All terms 

in existing ontologies could then be linked to this general ontology (Benjamins & Gómez-Pérez, 

in prep.; Fensel, 2001; Guarino, 1998; Guarino, 1997b). 

The most extensive attempt to create a general scaffolding for representing general common 

sense knowledge is the Cyc218 project (Guha & Lenat, 1990; Lenat et al., 1990; Mizoguchi, 2004b). 

Cyc’s Upper Ontology, the general ontology part of the Cyc ontology, is contained in the Cyc 

Knowledge Base (Lenat et al., 1990). This knowledge base is built upon over 2,000,000 hand-

entered assertions and divided into hundreds of micro theories (bundles of assertions in a 

domain). It pursues the goal of collecting a large portion of fundamental human knowledge 

(Gómez-Pérez, Fernández-López & Corcho, 2004). The Cyc Upper Ontology is publicly 

available219 and contains around 3,000 terms capturing the most general concepts of human 

consensus reality (Batemann, 1991; Fensel, 2001; Pirlein, 1995). The terms are arranged in 43 

topical groups (fundamentals, time and dates, spatial relations etc.) (Gómez-Pérez, Fernández-

López & Corcho, 2004).  

 
figure 63 Excerpt of top-level categories of Cyc 

                                                 
218

  More information on Cyc can be found online at: http://www.cyc.com (2008/07/05). 

219
  The open source version of Cyc, OpenCyc, can be downloaded from http://www.opencyc.org/downloads (2008/07/05).  
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Other examples for general ontologies are the large general-purpose, formal Standard Upper 

Ontology220 (SUO)(Pease & Niles, 2002) and Sowa’s top-level ontology which has been derived from a 

variety of sources in logic, linguistics, philosophy and artificial intelligence (Sowa, 2002).  

5.2.5 Representation Ontologies  

Representation ontologies (van Heijst, Schreiber & Wielinga, 1997) capture the representation 

primitives used to formalize knowledge. They provide representational entities (i.e. frames) 

without stating what is represented and how representation should take place (Batemann, 1991; 

Fensel, 2001; Gruber, 1993; Mizoguchi, 2004a; Pirlein, 1995).  

The most renowned example for a representation ontology is the Frame Ontology221 (Gruber, 

1993). This ontology captures conventions used in object-centered knowledge representation 

systems, i.e. classes, subclasses, attributes, values, relations and axioms (Fensel, 2001; Benjamins 

& Gómez-Pérez, in prep.). Due to its translator functionalities, the Frame Ontology enables 

sharing of ontologies by use of different representation systems (Gómez-Pérez, Fernández-López 

& Corcho, 2002).  

5.3 Formality  

 […]an ontology varies […] in the degree of formality […].  
Formality […] can vary from natural language  

to formal logic. (Jasper & Uschold, 1999) 

According to the classification of (Uschold, 1996; Uschold & Grueninger, 1996), the dimension 

of formality comprises four degrees of abstraction, by which an ontology can be realized. With 

respect to the degree of formality needed for an application at hand, Gandon states in 2002:  

“The final formal degree of the ontology depends on the use intended […]. [T]he 

formalization task does not consist of replacing an informal version by a formal one, but to 

augment an informal version with the relevant formal aspect needed by the operational 

system. The purpose […] is to develop the formal counterpart of interesting and relevant 

semantic aspects of the informal ontology in order to obtain a documented […] operational 

ontology […]. [T]he ontologist will stop his progression on the continuum between informal 

and formal ontology as soon as he has reached the formal level necessary and sufficient for 

his system.”(Gandon, 2002b) 

The degree of formality is correlated positively to the degree of machine processability and 

correlated negatively with the usefulness for communication (cf. figure 64). It follows that a 

natural language ontology is well suited to support communication in cases where automation is 

of little importance (Fox & Grueninger, 1998; Fernández-López, Gómez-Pérez & Juristo, 1997). 

                                                 
220

  More information can be found on the homepage of the Standard Upper Ontology Working Group of IEEE, at http://suo.ieee.org/ 
(2008/04/28). 

221
  More information is available online at: http://www-ksl.stanford.edu/people/brauch/demo/frame-ontology/ (2007/12/28). 



Formality 187 

On the contrary, an ontology intended to be automatically processed is more challenging to 

develop because it claims a high level of formality222 (Nagypál, 2005; Jasper & Uschold, 1999).  

 
figure 64 Overview degree of formality  

The decision on the final degree of formality223 has not to be taken initially, but accompanies the 

process of designing an ontology. For instance, during the early stages of ontology development, 

natural language, structured informal or semi-formal notations (cf. 5.3.1 and 5.3.2) are supposed to be 

best suited. These representations are easily accessible to domain experts and ease 

communication of relevant elements and properties of the designed ontology.  

5.3.1 Informal Notation 

An informal or natural language ontology consists of definitions loosely expressed in natural 

language (Fox & Grueninger, 1998). It primarily intends to provide an easily accessible, shared 

vocabulary to facilitate communication (Uschold, 1996; Zelewski, Schuette & Siedentopf, 2001): 

“Formal languages and logics may be vital for computational implementation, yet the natural 

language and the terms remain the natural means of access for humans.“ (Gandon, 2002b). 

Precision, low ambiguity, capture of intuitions, motivated distinctions of terms and a number of 

clarifying examples also have to be ensured during the development of a natural language version. 

This is necessary to (a) ensure intelligibility to (non-technical) human users and (b) to ease later 

translation to formal systems, understandable to machines, too (Gandon, 2002b; Uschold & 

Grueninger, 1996). 

                                                 
222

  Note that formality has a major, though ambiguous impact: it can guarantee the properties of soundness and completeness on the one hand, 
but limits the latitude of design on the other hand. These aspects must be balanced carefully, also with respect to the expressive power the 
chosen formalism entails. 

223
  Note that according to Studer et al. (2001), an ontology has to be machine-processable. They exclude natural language ontologies. 
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The informal version of an ontology is frequently not only an intermediary step on the way to 

formalization, but an integral part of the later formal form with its informal definitions, remarks 

and comments. It plays an important role for documentation as well as for reuse, reengineering 

and reverse-engineering of the ontology (Gandon, 2002b). 

Probably the most renowned example of an informal ontology is WordNet224, created (in 1985) by 

Miller, Fellbaum and their colleagues. WordNet is a large online lexical reference system for 

English whose design has been inspired by current psycholinguistic theories of human lexical 

memory (Fellbaum, 1998; Fensel, 2001; Mizoguchi, 2004b). WordNet 3.0 encompasses, as of mid 

2008, more than 150,000 terms – nouns, verbs, adjectives and adverbs – organized into synonym 

sets. Each of such synsets contains a group of synonymous words, their meaning being further 

clarified by short definitions. Most synsets are connected to other synsets via a number of 

semantic relations which include among others (cf. figure 65): 

• antonomy (A is an antonym to B if they are opposite in meaning), 

• hyponymy (A is a hyponym of B if every B is a (kind of) A; human and child), 

• meronymy (A is a meronym of B if As are parts of or members of B; children and family)(Snow, 

Jurafsky & Ng, 2006). 

 

figure 65 A partial view of the category of nouns of WordNet 

The success of WordNet is based on a dictionary which provides more than a simple alphabetic 

list of words and its free online availability (Fensel, 2001). Like all hand-crafted taxonomies, 

WordNet suffers from insufficient coverage, inappropriate organization of concepts and very 

limited possibilities for automatic reasoning support (Fensel, 2001; Mizoguchi, 2004b; Snow, 

Jurafsky & Ng, 2006). 

                                                 
224

  More information on WordNet is available online at: http://wordnet.princeton.edu/ (2008/06/05), use of WordNet is possible at 
http://wordnet.princeton.edu/perl/webwn (2008/06/05). 
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5.3.2 Semi-Informal and Semi-Formal Notation  

Semi-informal or structured informal ontologies are expressed “in a restricted and structured 

form of natural language, greatly increasing clarity by reducing ambiguity” (Uschold, 1996). 

As informal ontologies, semi-informal ones cannot fulfill the demands arising from the notion of 

formal ontologies, in particular machine-processability. Their potential derives from the provision 

of a structured, though human-processable vocabulary which can support the development of a 

shared language. 

Semi-formal ontologies provide weak axiomatizations of the terminology, e.g. taxonomies (Fox & 

Grueninger, 1998). They are expressed in an artificial and formally defined language (Benjamins 

& Gómez-Pérez, in prep.; Uschold, 1996). Their semantics implicitly originate from the patterns 

in which the data is represented, e.g. similar document structure or element categorization (Sheth, 

Ramakrishnan & Thomas, 2005). Frequently, they are represented using graphical notations or 

diagrams like UML or Entity Relationship Models (Gogolla & Richters, 1998). Semi-formal 

ontologies can be used as a framework for shared understanding, but, just like structured 

informal versions, they are often insufficient to support interoperability and integration due to 

ambiguity (Fox & Grueninger, 1998; Ruiz & et. al., 2004). 

As example for semi-formal ontologies, reference is made to the e3-value approach which is based 

on a semi-formal ontology. It is intended to support a preliminary business and requirements 

analysis (Gordijn & Akkermans, 2001):  

“[A] small set of generic ‘model deconstruction’ operators is able to generate design 

variations on a given e-business model, so that upfront analysis of the characteristics and 

consequences of a range of alternative e-business models becomes possible.“ (Gordijn & 

Akkermans, 2001) 

5.3.3 Formal Notation  

Formal ontologies rigidly and systematically define the language for the envisioned system. 

Thereby, 

“[…] ‘formal’ takes into account both the meanings of the adjective ‘formal’: on one side, 

this is synonymous of ‘rigorous’, while on the other side it means ‘related to the forms of 

being’. Therefore, what formal ontology is concerned in is not so much the bare existency of 

certain individuals, but rather the rigorous description of their forms.” (Guarino, 1995) 

Relevant semantic attributes with formal semantics, theorems and proofs of such properties as 

soundness225 and completeness226 are set following rules of logic or even mathematics (Bunge, 

1977; Gandon, 2002b; Guarino & Giaretta, 1995; Uschold, 1996). A set of axioms expresses 

relationships between concepts and guides interpretation (Fox & Grueninger, 1998).  

                                                 
225

  A formal system is sound if and only if all statements are consistent, i.e. I cannot derive a statement and its contradiction. 

226
  A formal system is complete if every valid statement can be derived syntactically from the other statements. 
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Formal ontologies are computable (Bunge, 1977; Fernández-López, Gómez-Pérez & Juristo, 

1997; Russell & Norvig, 2003; Steimann & Nejdl, 1999). (Re-)Use of such domain and task 

independent knowledge is easy and of high value (Guarino, 1995). 

However, the expressive power of every formal ontology language is restricted by the constructs 

and axioms it can support (Horrocks, Patel-Schneider & van Harmelen, 2003; Antoniou & van 

Harmelen, 2004). Existing ontology languages can be classified with respect to their expressive 

power (Gómez-Pérez, Corcho, Fernández-López & Angele, 2002).  

High expressive power brings about increased computational complexity, up to an extent that 

algorithms (e.g. automated reasoning) cannot be executed efficiently or cannot be determined 

(Horrocks, Patel-Schneider & van Harmelen, 2003). The design of an ontology is therefore 

always a trade-off between the expressivity and the efficiency of the operations which are 

supposed to be applied thereon. 

A seminal contribution to the field of formal ontology is the mereology ontology which defines the 

part-of relation and its properties. Mereology allows to express that devices are assembled of 

components, each of which might again be decomposed into subcomponents (Benjamins & 

Gómez-Pérez, in prep.; Fensel, 2001; Guarino, 1995; Mizoguchi, 2004a).  

Most of the existing ontologies are implemented in formal languages (see section 4.2), like 

Ontolingua227, CycL228, Loom229, and FLogic; de-facto standard is OWL (Horrocks, Patel-

Schneider & van Harmelen, 2003; Antoniou & van Harmelen, 2004). 

5.4 Expressiveness  

The multitude of existing ontologies can be categorized according to the expressed information 

and the richness of their internal structure (cf. 5.1.5). Based on the suggestion of Lassila and 

McGuiness (2001), expressiveness was integrated into the OntoCube with a separate axis.  

Contrary to the spectrum of Lassila and McGuiness (2001), expressiveness is subdivided into five 

clusters. This leads to the criteria essential for a model to be considered an ontology 

(cf. McGuinness, 2002): 

• mandatory properties: finite controlled (and extensible) vocabulary; defined semantics between 

the terms; and hierarchical subclass relationships between terms 

• sufficient properties: specification of classes; unambiguous interpretation of classes and term 

relationships; and design allows further development towards formal ontology 

                                                 
227

  More information available online at: http://www.ksl.stanford.edu/software/ontolingua/ (2008/03/10). 

228
  CycL is described at http://www.cyc.com/cycdoc/ref/cycl-syntax.html (2008/04/28). 

229
  The homepage of the Loom Project can be found at http://www.isi.edu/isd/LOOM/ (2008/06/05). 
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Consequently, two of the simple ontologies which are listed by Lassila & McGuiness (controlled 

vocabulary and glossary) have been excluded from the continuum of expressiveness. The author 

estimates both to be important intermediate steps for ontology development, nonetheless.  

Besides, Lassila & McGuiness detailed subdivision of formal ontologies (formal is-a hierarchy, 

frames, value restrictions, general logical constraint) has been combined to heavyweight ontology. The 

heavyweight ontology is considered the unifying class, while frames or value restrictions rather 

present details of realization and consequently might disturb the structuring effort. 

Starting with the least structured alternative, taxonomy, then including thesaurus and topic 

map230, expressiveness is increasing along the continuum. In the last subsection, these lightweight 

ontologies are – as a group – delimited from their heavyweight alternatives.  

5.4.1 Taxonomy  

A taxonomy describes a hierarchical classification system or set of pairwise relations for objects 

and their relationships in a certain domain (Simon, 1998; Snow, Jurafsky & Ng, 2006).  

Representation is typically done by a tree structure which exhibits the most common relation: 

inheritance (Avesani, Giunchiglia & Yatskevic, 2005; Krcmar, 2005; Snow, Jurafsky & Ng, 2006). 

The single inheritance relation limits the amount of information about a term which is derived 

from its position in the hierarchy (Wielinga et al., 2001). Often, besides the inheritance relation, a 

conglomerate of various relations (e.g. part-of or similar-subject-matter) are used in taxonomies, 

complicating (automatic) exploitation (Jasper & Uschold, 1999).  

                                                 
230

  Topic maps are included in the spectrum as they are more expressive than thesauri, but do not yet reach expressiveness of a hierarchy. 
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The Tree of Porphyry (cf. figure 66) is the oldest known taxonomy based on Aristotle’s categories 

(Sowa, 2000). The root element of taxonomy (the node at the top of the tree structure) is 

‘substance’. On the next level, it has to be decided whether the substance at hand can be touched 

(‘material’) or not (‘immaterial’) and so forth. 

 

figure 66 Tree of Aristotle’s categories by Porphyry  

Besides their own right to exist, taxonomies, as matchers of hierarchical structures, build the basis 

for interoperability among heterogeneous data (Avesani, Giunchiglia & Yatskevic, 2005) and 

often constitute the starting point for ontology development.  

5.4.2 Thesaurus  

A thesaurus adds relations to the hierarchical taxonomy structure, e.g. the similarity, synonym or 

homonym relationship231. The result is a systematic collection of structured vocabulary terms in a 

certain domain (Krcmar, 2005; Ullrich, Meier & Angele; Wielinga et al., 2001). An example for a 

thesaurus can be seen in figure 67.  

                                                 
231

  For more details on relations, cf. paragraph 4.1.1.3. 
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Wielinga et al. (2001) sum up three requirements for a thesaurus to efficiently support knowledge 

organization: 

• Provision of a hierarchical structure with unambiguous interpretation, 

• linkage between parts of description to parts of the thesaurus, 

• and constraint to value-sets for parts of the thesaurus. 

 

figure 67 Toy thesaurus on researchers  

The above illustrated thesaurus allows to express that the object ‘professor’ is similar to the 

object ‘assistant’. In addition, it can be illustrated that the object ‘PhD candidate’ is a synonym to 

the object ‘assistant’. These qualities are important as they permit the automatic exploitation of 

knowledge embedded in the thesaurus. A search query to retrieve information from the thesaurus 

about white-collar workers can use the terms ‘assistant’ and ‘PhD candidate’ with the same results 

(Gandon, 2002a; Ullrich, Meier & Angele). 

5.4.3 Topic Map  

Topic Maps are created for a delimited scope with a particular subject. Topic Maps were first 

proposed by the librarian community, e.g. to index and merge electronic documents (Gandon, 

2002b). A topic map consists of objects (or topics), associations (relations constrained to only 

relate topics), and occurrences to connect the objects to external information resources.  
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The topics, represented as nodes, are depicted by multi-headed links which point to the different 

occurrences of the object (Gandon, 2002a; Krcmar, 2005). Characteristic of a topic is a set of 

names, occurrences and roles; roles are subgroups of occurrences. Topics can be grouped in 

classes (topic types) (Gandon, 2002b). In a topic map, the associations can be defined freely (Garshol 

& Moore, 2006; Ullrich, Meier & Angele). 

 

figure 68 Toy topic map on researchers 

As the toy topic map above shows, every research assistant has a specific academic level, a degree. 

Furthermore, every researcher is assigned to a research topic which is written about by a 

researcher. First name, last name and age are attributes which are assigned to the researcher. 

5.4.4 Lightweight & Heavyweight Ontology  

From time to time, the literature uses the term ontology for any knowledge representation or 

structure. For better distinguishment, this contribution denominates simple ontologies as 

lightweight ontologies (Fluit, Sabou & van Harmelen, 2004; Gómez-Pérez, Fernández-López & 

Corcho, 2004). They contain classes and (taxonomic) relations between the classes (Gómez-

Pérez, Fernández-López & Corcho, 2002). 

“In the short term, light-weight ontologies […] can be easier to apply in working systems. An 

excellent example of this […][are] ontologies used to semantically structure an information 

repository as a basis for search and retrieval. (Jasper & Uschold, 1999) 

Heavyweight ontologies encompass, besides classes and relations, also rules and axioms and have thus 

higher strength of expression than the lightweight versions (Gómez-Pérez, Fernández-López & 

Corcho, 2002). 

“[…] in the search area, there are obvious benefits of richer ontologies. For example, they 

can support inference […] used to increase both precision and recall in a semantically well 

structured information repository. (Jasper & Uschold, 1999)  
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The distinction between lightweight and heavyweight ontologies has been made accordingly by 

Guarino (1998), when he discussed the trade-off between coarse (i.e. lightweight) and fine-

grained (i.e. heavyweight) ontologies. He explains that  

“A coarse ontology […] may consist of a minimal set of axioms written in a language of 

minimal expressivity, to support only a limited set of specific services, intended to be shared 

among users which already agree on the underlying conceptualization.” (Guarino, 1998) 

However, fine-grained ontologies get closer to the meaning intended by the vocabulary and 

might hence be used to establish consensus about sharing that vocabulary. On the other hand, 

“[…] it may be hard to develop and to reason on, both because the number of axioms and 

the expressiveness of the language adopted.” (Guarino, 1998) 

For this work, I will use the following definitions:  

�

Lightweight ontologies are pre-versions of heavyweight ontologies, i.e. midterm results. 

Their lightest version is the taxonomy, the topic map has the richest internal 

structure.  

Heavy-weight ontologies are fully fledged ontologies, final formal results of an 

ontology development process. 
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Part IV Results: The OntoGate 

Part three described the approach with which I address development of an ontology for idea 

assessment and selection during the early stages of the innovation process. The following 

chapters present the results of the exploratory empirical work in a selection of small and medium 

sized enterprises. 

The design of the research project targeted a number of contributions to the knowledge bases of 

innovation management as well as of ontology development. The major aims were: 

• Advancing the knowledge of idea assessment in the early stages of the FFE (domain) by 

empirical evidence on small and medium sized enterprises. 

• Deployment of ontologies and ontology development in the domain of innovation 

management to demonstrate applicability and potential of the method to this field (domain) 

and to gain methodological insight into ontology development (method). 

These aims led to the research activities described in the last part – which, in turn, resulted in 

research outcomes shown in the following chapters. Due to their transitional nature, some 

intermediate results have already been described in the previous part (cf. part III, chapter 2) and are 

subsequently only mentioned with reference to the respective section. Consequently, the 

following chapters present final results in detail263.  

 

figure 87 Outline of Thesis; current part (Results: the OntoGate) highlighted  

                                                 
263

  Development of the methodology and the ontology was intended to show the applicability of ontologies to the field of idea assessment during 
the Fuzzy Front End. A company-wide pilot or role out is not necessary for this objective and consequently not developed. 
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The description of results follows the empirical approach presented in part III. Presentation 

commences by results elaborated during the pre-development activities of prepare (cf. chapter 1).  

Chapter 2 presents results of develop/ build. The ontology specification is an intermediate result of 

Kick-Off, the first activity (cf. 2.1). Section 2.2 presents the participating companies and their 

particular process of idea assessment being the results of knowledge acquisition.  

Section 2.3 describes the stage of formalization, the core of ontology development. The ensuing 

subsections introduce results of formalization, i.e. the OntoGate, by order of increasing formality. 

First, the informal language taxonomy (cf. 2.3.1), including the corresponding glossary (cf. 2.3.1.5) is 

presented. Section 2.3.2 starts with general information on the development of the formal ontology. 

Subsequently, paragraph 2.3.2.3 presents the classes, slots and slot values of the formal version as 

well as the incorporated relations and instances.  

The elaborated ontology, the OntoGate, is a formal domain heavyweight ontology. The OntoGate is 

formal because it is realized in a formal language. It is a domain ontology as it represents the terms 

used to describe idea assessment and selection during the early stages of the innovation process 

in the participating companies. By this representation, the ontology visualizes knowledge on the 

domain. Below, figure 88 positions the OntoGate in the OntoCube (cf. part II, chapter 5): 

 

figure 88 The OntoGate positioned in the OntoCube 



Part IV Results: The OntoGate 255 

Chapter 3 discusses outcomes of the twofold evaluation process. The result of the iterative 

process between development and evaluation of the artifact  is the company-specific OntoGate. 

Having presented this result in much detail during chapter 3, focus of the evaluation chapter is 

on the validation of genericness. 

�
At the end of this part, development and evaluation of the ontology for idea 

assessment during the Fuzzy Front End have been described. Results as well as 

experiences of both activities have been introduced. 
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1 Multimethodological Background 

This chapter introduces fundamentals of the empirical approach to the OntoGate, action-

oriented ontology engineering and the meta perspective of Design Science. The methods 

suggested by the community of ontologists are mainly action-oriented and derived from a specific 

development process for an application. Design Science can ease this problem by providing a 

more generic approach. 

Section 1.1 presents the most renowned methods for ontology development as well as for 

ontology evaluation. The more theoretical approach of Design Science to artifact development is 

subsequently described (cf. section 1.2). An overview of the research field and its principles is 

completed by two examples which link the scientific concept to the topics of my research. 

�
At the end of this chapter, the two foundations of ontology development and 

evaluation for this research have been elaborated. 

1.1 Ontology Engineering  

 […] theoretical principles for the design and development of ontologies  
meeting the goals of generality and detail remain weak. (Batemann, 1991)  

Since John Bateman has made the introductory statement in 1991, nearly twenty years have 

passed. In the meantime, major progress has been made which is subsequently described.  

The first subsection gives an overview on the variety of methodologies used for ontology engineering 

(cf. subsection 1.1.1). Early, conceptual approaches to ontology development (cf. 1.1.1.1) as well 

as recent practical guidelines (cf. 1.1.1.5) are presented, rules for top-level modeling (cf. 1.1.1.2) as 

well as support for the development of the bottom and middle layer (cf. 1.1.1.6) are provided. 

Regarding geographic coverage – the methodologies of 1.1.1.2 and 1.1.1.4 have been developed 

in Europe. The method presented in paragraph 1.1.1.6 is from Japan, while the others originated 

in America – these methods represent the variety of methodologies developed for ontology 

engineering.  

Subsection 1.1.2 is dedicated to the methodologies elaborated for ontology evaluation. Although 

evaluation is necessarily part of any application development process, it is set separately as 

distinct efforts have been dedicated to the field. In the subsequent table 51, I give an overview on 

the subsequently presented approaches. Double ticks indicate that the features are treated 

explicitly in the methodology, singles stand for indirect reference. 
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Overview on Ontology Engineering Approaches 

Author(s) Lenat & 
Guha 

Gómez- 
Pérez et 

al. 

Uschold, 
King et al. 

Fox & 
Grue-
ninger 

Noy & Mc 
Guiness 

Sure, 
Studer  
et al. 

Edgington 
et al. 

Mizoguchi 

Year 1989/ 90 1997 1996 1992 2001 2002 2004 2004 

Based on Cyc 
Methon-
tology 

Enterprise  
Ontology 

TOVE - 
on-to-

knowledge  
ontology 

ontology 
at Intel 

functional 
ontology 

Reference 

(Lenat, 1989; 
Guha & 
Lenat, 1990; 
Lenat & 
Guha, 1990; 
Lenat et al., 
1990) 

(Fernández
-López, 
Gómez-
Pérez & 
Juristo, 
1997) 

(Uschold & 
Grueninger, 
1996; 
Uschold et 
al., 1998;) 

(Fox, 1992; 
Grueninger 
& Fox, 
1995) 

(Noy & 
McGuin-
ness, 2001) 

(Sure & 
Studer, 
2002; 
Sure, Staab 
& Studer, 
2004) 

(Edgington 
et al., 2004) 

(Kitamura & 
Mizoguchi, 
2004) 

Steps 

Problem discovery       �� � 
Use cases    ��  �� ��  
Competency 
questions    �� �� ��   

Reuse of existing 
ontologies  ��   �� ��  �� 

Specification  � �� ��  �� �� �� � 
Knowledge 
Acquisition �� �� �� �� �� �� �� �� 

 Top down ��  ��  �� �� �� �� 
 Bottom up ��  �� �� �� �� �� �� 
Informal ontology ��  �� �� �� �� �� � 
Semi-formal 
ontology �� �� ��  �� ��  �� 

Formal ontology �� �� �� �� �� �� �� �� 
Iteration with users �� �� �� ��  �� �� � 
Proof of soundness 
& completeness  �  ��  ��   

Technological 
evaluation  ��    �� ��  

Maintenance & 
evolution � ��    ��   

Parallel activities 

Documentation � �� ��           
Management/ 
support activities    ��             

legend: �� explicitly mentioned; � implicitly mentioned, i.e. can be derived 
table 51 Overview on ontology engineering approaches 
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1.1.1 Synopsis on Ontology Engineering 

In the past years, only a few research groups  
proposed methodological approaches guiding  

the ontology development process. (Maedche, 2003) 

Starting with a number of outstanding works on how to develop ontologies methodologically, 

this subsection illustrates by chronological order the approaches232 of Cyc, the proceedings 

suggested by Uschold, Grueninger and Fox, METHONTOLOGY, and the On-To-Knowledge 

methodology. I close this subsection with two examples of rather practically oriented methods by 

Noy and McGuiness and Mizoguchi. 

1.1.1.1 Cyc Method 

[…] much of the ‘I’ in these ‘AI’ programs is in the eye -  
and ‘I’ of the beholder. (Lenat et al., 1990) 

�
The Cyc methods is an incremental approach necessitating a large extent of manual 

coding. Being one of the first methods, its importance is derived from the fact that it 

actually allowed the establishment of a large knowledge base. 

Lenat, Guha and their colleagues at Stanford University divided establishment of a large 

knowledge base into three steps (1990):  

• Development of a language (respectively, a logic) to express knowledge. This representation 

language needs a declarative semantics to ensure interoperability.  

• Building a set of procedures for knowledge retrieval and use. 

• Establishment of the knowledge base itself. This implies coding knowledge in the language 

developed, in order to allow humans or machines to apply to it the reasoning mechanisms of 

the set of procedures to it (Lenat et al., 1990; Lenat & Guha, 1990). 

Development of the vocabulary for Cyc took place via hand-coded documentation of common 

sense knowledge. Thus, the language was augmented step by step. Development paused every 

year or two to smooth out the ‘patchwork’ resulting from this proceeding (and one of the main 

points of criticism Cyc has to face) (Lenat et al., 1990; Lenat & Guha, 1990).  

Such an ‘incremental engineering approach’ was also taken to build the inference engine (step two): 

Frequently used inferences were replaced by special mechanisms to enable more efficient use 

(Lenat, 1989; Lenat et al., 1990). 

Step three, the ontology itself, was developed alternating bottom up and top down approaches233 

and using the framework of evolving prototypes. A significant part of the effort was devoted to 

identifying, formalizing and entering ‘micro theories’ of various topics (Lenat et al., 1990).  

                                                 
232

  Evaluation, the last phase of the engineering process, has attracted a number of authors publishing exclusively on this phase. The topic is 
hence treated separately in subsection 1.1.2. 

233
  Top down stands for an initial grasping of meta concepts which are specialized step by step. Bottom up starts with the special concepts and 

generalizes them to broader notions. For more details on this topic, cf. 2.2.2.2. 
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Once an ontology developed by the Cyc methodology is comprehensive enough, new common 

sense knowledge can be acquired either by using natural language or by delegation to machine 

learning tools (Gómez-Pérez, Fernández-López & Corcho, 2002; Guha & Lenat, 1990; Lenat & 

Guha, 1990). Validation of the ontology takes place by getting persons with common sense 

knowledge to use the system and feedback thereon (Lenat et al., 1990). 

1.1.1.2 Methods of Enterprise Ontology and TOVE  

�

Uschold, King, Grueninger and Fox documented their experiences of the university-

industry cooperation of the Enterprise Ontology and TOVE. The resulting 

guidelines describe the activities necessary for establishment of a formal ontology as 

an intelligent way of enterprise modeling. 

In 1996, Uschold, King and their colleagues came up with methodical outlines elaborated during 

development of the Enterprise Ontology (Uschold, 1996; Uschold & Grueninger, 1996; Uschold et 

al., 1998). They suggested the following procedure:  

Guidelines for Ontology Building 

Purpose & Scope 
• Identification and characterization of intended users (e.g. managers, programmers) 
• Identification of the purpose(s)  
• Production of user requirements document 

Scope 

• Motivating (detailed) scenarios  
• Informal competency questions that the ontology should be able to answer  
• Brainstorming session to collect all potentially relevant terms and phrases 
• Grouping of the collected terms 

Capture (by a middle out approach234): Identification of key concepts and 
relationships; production of precise unambiguous text definitions for concepts and 
relationships; identification of terms to refer to concepts and relationships; and 
agreement on all above 

Coding: Commitment to basic terms (meta-ontology), selection of formal 
representation language, and writing of code 

Building 

Integration: Decision on how and how much existing ontologies are integrated 

Evaluation Review process includes endusers as usability judges 

Documentation Establishment of guidelines for documentation 

table 52 Guidelines for ontology building (based on Uschold & Grueninger, 1996; Uschold, 1996) 

                                                 
234

  Middle out combines the top down and the bottom up approach, for details cf. paragraph 2.2.2.2. 
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The methodology Grueninger & Fox (1995) proposed based on the Toronto Virtual Enterprise 

(TOVE) is similar to the methodology Uschold & King (1996) developed. It also targets the 

development of a more intelligent approach to enterprise modeling. Their suggestion takes 

advantage of the robustness of classic logic, and focuses on the transformation from informal 

scenarios into computable models. It is hence a more formalized approach than the one 

elaborated with the Enterprise Ontology. 

 
figure 70 Processes suggested by Grueninger & Fox (based on Gómez-Pérez, Fernández-López & Corcho, 2004) 

In a first step, the main scenarios are intuitively identified. Secondly, via natural language 

competency questions, the scope of the ontology is determined. The competency questions are also 

used to extract the main concepts, their properties, relations and axioms which are formally 

defined in first order logic. At the end of the process, the competency questions are used to 

rigorously evaluate the ontological commitments that have been made to see whether the ontology 

meets the requirements (Gandon, 2002a; Gómez-Pérez, 2004; Gómez-Pérez, Fernández-López 

& Corcho, 2004). 

1.1.1.3 METHONTOLOGY  

�
METHONTOLOGY is an academically developed methodology which has been 

frequently reused in the realms of research. 

METHONTOLOGY has its roots in the main activities identified by the software development 

process and in knowledge engineering methodologies (Gómez-Pérez, Fernández-López & 

Corcho, 2004). The methodology includes three components, partially supported by a software 

environment called (Web) Ontology Design Environment ((Web)ODE) (Arpírez et al., 2001; 

Arpírez et al., 2003; Fernández-López et al., 1999):  

• the development process of an ontology with its main activities (evaluation, configuration 

management, conceptualization, integration, implementation, etc.);  

• a lifecycle based on evolving prototypes;  

• the methodology itself, specifying the steps necessary for each activity, the techniques used, the 

products to be output and their evaluation (Fernández-López, Gómez-Pérez & Juristo, 1997). 
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The ontology development process (cf. figure 71) is divided in three categories of activities (Corcho et 

al., 2005; Fernández-López, Gómez-Pérez & Juristo, 1997; González, in prep.): 

• Ontology management activities include: scheduling (tasks, their arrangement, necessary time 

and resources); control (warranty of completion as intended); and quality assurance (check of 

outputs - ontology, software and documentation). 

• Ontology development oriented activities are: pre-development (environment and feasibility 

study); development (specification with intended use cases and endusers, conceptualization 

structuring the domain knowledge, formalization transforming the conceptual into a formal 

model, implementation); and post-development (maintenance and reuse).  

• Ontology support activities comprise: knowledge acquisition (knowledge gathering from experts 

or by (semi)automatic ontology learning); integration (reuse, merging or alignment235); 

evaluation activity (check of ontology, software and documentation against a frame of 

reference); documentation (detail on completed stage and result); and configuration 

management (recorded versions to control changes). 

 

figure 71 Ontology development process (Corcho et al., 2005; Fernández-López et al., 1997; Gómez-Pérez et al., 2004)
236

 

The second part of METHONTOLOGY, the ontology lifecycle, schedules the activities presented 

previously by organizing the stages of ontology existence (Fernández-López, Gómez-Pérez & 

Juristo, 1997; González, in prep.). The authors criticize the waterfall model as well as the 

incremental lifecycles and propose the evolving prototype lifecycle because it allows the 

ontologist to timely modify, add, and remove (incremental) definitions in the ontology at any 

time if a definition is missing or wrong (Fernández-López, Gómez-Pérez & Juristo, 1997; 

Gandon, 2002b).  

                                                 
235

  Merging produces a new ontology from the combination of existing ones; alignment establishes mappings and preserves the original 
ontologies (González, in prep.). 

236
  In Fernández-López et al. (1997), ‘specification’ is still part of pre-development. Here, as in Gómez-Pérez et al. (2004), it is included in the 

development activities as this more closely follows the IEEE standard for software development. 
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The methodology of METHONTOLOGY proceeds as follows: 

• After a scheduling activity, the development activities are started.  

• The prototype ontology moves along the different stages, although it does not need to pass all. 

Fernández-López, Gómez-Pérez & Juristo (1997) rightly declare that it is impossible to define 

the completeness of an ontology specification document.  

• Before making the ontology available, it should therefore be evaluated.  

• Once evaluation has taken place, a new development cycle starts, taking into consideration the 

validating results (González, in prep.).  

The management and support activities take place simultaneously with the development activities 

(Fernández-López, Gómez-Pérez & Juristo, 1997). The efforts applied to knowledge acquisition, 

integration and evaluation are greater during ontology conceptualization, due to the importance 

of knowledge gathering and avoidance of errors at the beginning of the development (Corcho et 

al., 2005; Gómez-Pérez, 2004; González, in prep.).  

 

figure 72 Efforts for management and support activities (based on Gómez-Pérez, Fernández-López & Corcho, 2004) 

METHONTOLOGY and ODE have been frequently reused to build diverse ontologies, e.g. 

CHEMICALS (Fernández-López et al., 1999), legal ontologies (Corcho et al., 2005), 

environmental pollutants ontologies, and the restructured version of the (KA)2 ontology 

(Fernández-López, Gómez-Pérez & Juristo, 1997) have been developed with their support. 
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1.1.1.4 On-To-Knowledge Methodology  

�

On-To-Knowledge originated from a research project and targets intelligent access 

to large volumes of semi-structured and textual information sources. It has been 

adopted to build virtual enterprises, to organize corporate memories, and to support 

desk functionality in call centers (Gómez-Pérez, Fernández-López & Corcho, 2004). 

The On-To-Knowledge methodology (OTKM) was developed in the European project237 of the 

same name. It is based on software engineering and consequently similar to methodologies for 

software development. It separates the knowledge process (maintenance of a knowledge 

management (KM) solution) from the meta knowledge process (set up of a KM solution), providing a 

set of guidelines in particular for the latter. On-To-Knowledge proposes to build ontologies by 

taking into account their application. As a result, ontologies developed with this methodology are 

highly dependent on the application (Gómez-Pérez, Fernández-López & Corcho, 2004). 

1.1.1.4.1 Knowledge Processes 

The Knowledge Process comes into action once a knowledge management solution is fully 

implemented. It addresses aspects of maintaining the application, essentially comprising the 

following steps (Sure, Staab & Studer, 2004; Sure, 2005): Knowledge creation and/ or import of 

documents and meta data, capture of knowledge items, retrieval of and access to knowledge, and 

further procession and use of data. 

The Knowledge Meta Process covers establishment of an ontology as it is considered to be supportive 

to the introduction of a knowledge management system as well as the continuous enlargement 

and adaptation of this ontology (Staab, 2002; Sure, Staab & Studer, 2004; Sure, 2005). The 

approach of the On-To-Knowledge methodology is based on CommonKADS238 (Schreiber et al., 

2002).  

                                                 
237

  The results of the project are available at: http://www.ontoknowledge.org (2007/11/10). 

238
  More information on CommonKADS can be found online: http://www.commonkads.uva.nl/ (2008/04/28). 
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1.1.1.4.2 The Knowledge Meta Process 

The Knowledge Meta Process consists of five main steps. Each step requires a decision to be 

taken at its end and results in a specific outcome. The most important aspects of the process are: 

• The main process indicates phases finally leading to an ontology based KM application: feasibility 

study, kickoff, refinement, evaluation and application & evolution. 

• Below each phase, its most important sub-steps are listed, e.g. kickoff comprises the sub-steps 

capture requirements and analyze sources (not integrated here). 

• Above each phase, the document flag indicates major outcomes of the step, e.g. results of the 

refinement in the target ontology. 

• The nodes on top of the flags represent the major decisions to be taken at the end of the phase 

in order to proceed. The outcomes serve as decision support. 

• The cyclic flashes connecting the phases refinement, evaluation and application & evolution indicate 

that these phases may need to be performed in iterative cycles. 

 

figure 73 Knowledge meta process (based on Staab, 2002; Sure, Staab & Studer, 2004; Sure, 2005) 

The feasibility study is the starting point of the Knowledge Meta Process. It helps to identify related 

stakeholders which are split into users and supporters of the system, as well as to use cases 

describing and/ or supporting the usage scenarios. If the feasibility study results in a ‘Go’ 

decision, the results of the modeling serve as an input for kickoff (Studer et al., 2001; Sure, Staab 

& Studer, 2004; Sure, 2005). 

The actual development of the ontology begins with the kickoff phase. Similar to software 

engineering and as proposed by (Fernández-López et al., 1999) an ontology requirements specification 

document (ORSD) is the result of the first step. The ORSD should guide an ontology engineer in 

his development work. The requirements specification encompasses domain and objective of the 

ontology, design guidelines, knowledge sources (especially reusable ontologies and domain 

experts), (potential) users and usage scenarios, competency questions, and supported 

applications. 
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The stage of refinement uses the top down and bottom up approach239 to knowledge extraction, 

including various sources which are treated specifically according to their particularities (Sure, 

Staab & Studer, 2004; Sure, 2005). 

Formalization starts with a (visualized) taxonomy of the initial semi-formal description of the 

ontology. Next, relations other than the is-a relation are added by the ontology engineer, 

extensively documenting the additions to make ontological commitments explicit. Depending on 

the intended application to be supported, an appropriate representation language has to be 

chosen (Sure & Studer, 2002; Sure, Staab & Studer, 2004; Sure, 2005). 

The outcome of refinement is the target ontology which will be evaluated in the next step. Now it 

has to be decided whether the target ontology is mature enough to fulfill the requirements 

captured during kickoff (Sure, 2005). 

Refinement is closely linked to evaluation. If the evaluation shows gaps or misconceptions, they are 

used as input for the (next) refinement phase. It might be necessary to perform several iterative 

steps (Sure, Staab & Studer, 2004; Sure, 2005). The On-To-Knowledge Methodology provides a 

three-fold evaluation which has a technology, user and ontology focus. Outcome of this three-

fold approach is an evaluated ontology, ready for roll-out:  

“A systematic evaluation of ontologies might lead to a consistent level of quality and thus 

acceptance by industry.“ (Sure & Studer, 2002) 

                                                 
239

  For a description of the particularities of the top down, the bottom up and the middle out approach to knowledge acquisition, 
cf. paragraph 2.2.2.2. 
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1.1.1.5 Ontology Development 1x1  

It is impossible to cover all the issues that an ontology developer  
may need to grapple with […].[…] we try to provide a starting point; […]  

The ideas […] present […] are the ones 
that we found useful in our […] experience. (Noy & McGuinness, 2001) 

�
The Ontology Development 1x1 is a practical guideline for ontologists. It is a step-

by-step manual, no method or even methodology. 

Noy & McGuiness (2001) derive in their Ontology Development 1x1 some suggestions from their 

ontology development experiences. The rather practical list of questions they provide is 

summarized in the following paragraph, omitting the detailed guide on de facto coding. 

Guideline for Ontology Development 

Determine the 
domain and scope of 
ontology 

• What is the domain that the ontology will cover?  

• For what we are going to use the ontology?  

• For what types of questions the information in the ontology should 

provide answers?  

• Who will use and maintain the ontology?  

Consider reusing 
existing ontologies 

• Reuse is a requirement if the system interacts with other applications 

committed to ontologies.  

List important terms 
in the ontology 

• What are the terms we would like to talk about?  

• What properties do those terms have?  

• What would we like to say about those terms? 

Definition of 

• the classes and the class hierarchy 

• the properties of classes – slots 

• the facets of the slots 

Create instances 

Evaluation of the 
ontology via 
competency questions  

• Does the ontology contain enough information to answer these types 

of questions?  

• Do the answers require a particular level of detail or representation 

of a particular area?  

table 53 Guideline for ontology development (Noy & McGuinness, 2001) 
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1.1.1.6 Guidelines for Bottom & Middle Layer 

�
Similar to Noy & McGuiness (2001), Mizoguchi’s guidelines (2004a) provide hands-

on advice to the practitioners of ontology development. 

Mizoguchi (2004a) identifies three layers which ontology development has to cover: 

• The most general, coarse top-layer defines the development process compliant with software 

development as the result is a kind of software, too. 

• On the middle layer, generic constraints and guidelines have to be established which specify 

major activities as well as their schedule.  

• On the bottom layer are the finest grained guidelines, e.g. those for class identification. 

As Mizoguchi notices a lack of methodologies for the middle, and prominently for the bottom 

layer, he proposes a number of guidelines directed at these layers (2004a). 

Guidelines for Development of the Bottom Layer 

• Reliance on upper ontology if there is a need for general and high level distinctions of 
categories. 

• Acceptance of the vagueness of the boundary between similar concepts. 
• If multiple meanings are identified in a term, creation of a new term is necessary 
• No hesitation to create new terms. 
• Definition of essential property for each concept and instance. 
• Class partition is not a part-of relation 
• Differentiation between basic concepts (man) and role concepts (teacher). 
• Subclasses are distinguished by the value of one attribute of the super class. 
• Is-a inherits the essential property of its super classes. 
• Avoidance of multiple inheritance relation. 
• Effort to make the ontology context independent by making the context explicit. 

Guidelines for Development of the Middle Layer 

• Concepts rather than terms: Ontology has to be independent of terminological problems. 
• Mix of top down, bottom up and middle out 
• Early identification of top-level category  
• For every concept, identification of ‘part-of’ relation as well as main attributes. 
• Is-a-hierarchy is more important than term definition. 
• Each term has to correspond to exactly one concept in the ontology. 
• Provision of necessary conditions for terms instead of definitions. 
• When is-a hierarchy and informal term definition is finished, axiom writing can take place. 
• Arrangement and resolution of terminological problems are the last steps. 

table 54 Guidelines for ontology development (Mizoguchi, 2004a) 
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1.1.2 State of Research on Ontology Evaluation 

[…][an] ontology may have errors if it […] has not been deeply evaluated. […]  
ontologies have to fulfil stronger requirements […] before being used […] or reused […].  

[…] ontology evaluation is a key activity […]. (Gómez-Pérez, Fernández-López & Corcho, 2002) 

As any other software application, the developed ontologies should be evaluated before (re)use 

by one or more applications and users. Adapting the terms from the knowledge base evaluation 

field, ontology evaluation can be defined240 

“[…] as a technical judgment of the content of the ontology with respect to a frame of 

reference during each phase and between phases of their lifecycle.” (Gómez-Pérez, 2004) 

Evaluation is a must to prevent inconsistent, incorrect, or redundant ontologies (Noy, 2004). At 

present, the field of ontology evaluation is only emerging. The following subsection presents an 

overview of the efforts to establish a methodology for evaluation of content and software 

environments used to build ontologies.  

OntoClean, the philosophically founded methodology by Guarino and Welty, marks the beginning 

of the subsection and is still the reference method of evaluation (cf. 1.1.2.1). Next, I present two 

methods which address function and content of the ontology: On-To-Knowledge Methodology 

has a three-fold evaluation which adds user and technology evaluation to the ontology evaluation 

(cf. 1.1.2.2). The second main effort on content evaluation is attributed to the works of Asunción 

Gómez-Pérez. Her reflections are presented in 1.1.2.3; she sheds light on general questions 

guiding evaluation and on the criteria of evaluation. These academically-driven approaches are 

enriched by the practical suggestions of Noy in the last paragraph 1.1.2.4. She proposed a way of 

evaluation by integration of ontology consumers which links to the sections on customer 

integration to the Fuzzy Front End in part II. 

1.1.2.1 OntoClean  

[…] oceans are not ‘kinds’ of water, they are composed of water.  
(Guarino & Welty, 2004) 

OntoClean, the taxonomy evaluation theory and methodology of Guarino and Welty, analyzes 

the subsumption relations in an ontology. It aims to remove those relations which are defined 

incorrectly. The method has been constantly used and developed further241 since its introduction 

in 2000 (e.g. Guarino & Welty, 2000).  

                                                 
240

  For a terminological clarification of the terms evaluation, verification, validation, and assessment, reference is made to Gómez-Pérez (2004).  

241
  OntologyWorks (http://www.ontologyworks.com) has designed a system which allows automatic consistency checking of formal ontologies, 

Document Development Corporation (http://www.docdev.com) uses OntoClean as part of their knowledge engineering process, to name 
two industrial examples. In the academic context, OntoClean is being integrated with METHONTOLOGY and is used by several 
(European) projects. Besides, it is applied for cleaning the upper level of the WordNet taxonomy. Ontology building tools, WebODE and 
OntoEdit, support OntoClean methodology (Mizoguchi, 2004a). 
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OntoClean utilizes philosophical principles based on the notions of rigidity, identity and unity 

(Gómez-Pérez, Fernández-López & Corcho, 2002; Guarino & Welty, 2004). OntoClean is based 

on attaching to each property (i.e. class) in an ontology the suitable set of these principles (or 

metaproperties) (Guarino & Welty, 2002).  

As result of an ontology evaluation process via OntoClean, three main advantages are reached 

(Guarino & Welty, 2000; Guarino & Welty, 2004): The taxonomy is cleaner due to the semantic 

constraints imposed on the is-a relation, the backbone taxonomy is identified, and the analyst is 

forced to make ontological commitments explicit. The following figure juxtaposes an ontology 

with its OntoCleaned version:  

Messy Taxonomy OntoCleaned Taxonomy 

 

 

figure 74 Comparison of messy and OntoCleaned taxonomy (Guarino & Welty, 2000) 

1.1.2.2 Evaluation by OTKM 

A systematic evaluation of ontologies and related technologies  
might lead to a consistent level of quality and thus acceptance by industry. (Sure & Studer, 2002) 

A three-fold evaluation process which allows focusing on technology, users and the ontology 

itself is included in On-To-Knowledge (cf. 1.1.1.4) (Sure & Studer, 2002; Sure, 2005). It aims at 

creating an ontology ready for roll-out into a productive system (Sure, Staab & Studer, 2004). 

On-To-Knowledge Evaluation 

Properties of ontologies: language conformity (syntax) and consistency (semantics) Technology 
focused 

evaluation 
Technological properties: interoperability, turn around ability, performance, memory 
allocation, scalability, integration into frameworks, connectors & interfaces 

User focused 
evaluation 

Presentation of a prototype showing core functionalities of the target solution to 
beta users, in order to check whether the developed ontology suffices the ontology 
requirements specification document and whether the ontology based application 
answers the competency questions.  

Ontology focused 
evaluation 

Use of OntoClean methodology (cf. 1.1.2.1) 

table 55 Evaluation of On-To-Knowledge (based on Sure, Staab & Studer, 2004; Sure, 2005) 
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1.1.2.3 Gómez-Pérez’ Work on Evaluation  

One of the more interesting research issues in ontology design  
is the formal evaluation of the created ontology.  

(Gómez-Pérez, Juristo & Pazos, 1995)  

With various contributions since 1995, Asunción Gómez-Pérez explores some general questions 

on evaluation, e.g. which elements should be evaluated and by which set of criteria. She also lists 

possible types of errors made when domain knowledge is structured in an ontology (Gómez-

Pérez, 1995; Gómez-Pérez, Juristo & Pazos, 1995; Gómez-Pérez, 2001; Gómez-Pérez, 2004). 

The following paragraphs give a structured overview of the mentioned aspects. 

The general questions guiding an ontology evaluation, introduced in 1995 as ‘primary ideas’, give an 

overview on the reasons and contents of ontology evaluation (Gómez-Pérez, 1995). Although far 

from being a guideline, Gómez-Pérez’ general questions are essential for any evaluation. 

Guiding Questions for Ontology Evaluation 

Why?  
To guarantee endusers the correctness and completeness of the ontologies’ definitions, 
documentation and software. 

What? 

• intermediate or final definitions 
• set of definitions 
• documentation 
• software environment  

When? 
• iterative process 
• performed during and between phases of the Lifecycle 
• early detection of wrong, incomplete, or missed definitions  

How? standard techniques  

Where? anywhere, e.g. at the lab (technical evaluation) or at the end user location (assessment)  

Who? 
• development team (technical properties of the definitions) 
• other development teams (technical properties)  
• endusers (utility within a given organization or by other software agents) 

Against what? 
• ontology evaluation: against a frame of reference (a set of competency questions, 

requirements, or the real world) 
• software evaluation: against its requirements  

table 56 Questions guiding evaluation (based on Gómez-Pérez, 1995) 

Objective of the evaluation process is to determine the degree of correctness of the ontology. 

Looking at the scope of definitions and axioms, the extent of inference has to be figured out. To 

guide evaluation, the following criteria were identified: consistency, completeness, conciseness, 

expandability and sensitiveness. 

Consistency describes whether valid input data can result in contradictory conclusions: 

“A definition is consistent if and only if the individual definition is consistent and no 

contradictory sentences can be inferred from other definitions or axioms.” (Gómez-Pérez, 2004).  
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Incompleteness is a fundamental problem with ontologies. In fact, completeness cannot be proven, 

but incompleteness of particular definitions (resulting in incompleteness of the ontology) and 

incompleteness of an ontology (if at least one definition is missing) can be shown (Gómez-Pérez, 

2004). Completeness is given if and only if all that is supposed to be in the ontology is explicitly 

stated or can be inferred and if each definition is complete (i.e.: Is the required knowledge (not) 

explicit? If it is not explicit, can it be inferred?) 

A concise ontology does not store any unnecessary or useless definitions, does not contain explicit 

redundancies between definitions, and redundancies cannot be inferred from other definitions 

and axioms (Gómez-Pérez, 1995; Gómez-Pérez, 2004). 

The criterion of expandability refers to the effort required to add new definitions and to add more 

knowledge to existing definitions (Gómez-Pérez, 2004). Sensitiveness relates to how small changes 

in a definition change the set of properties (Gómez-Pérez, 2004). 

Below, figure 75, presents possible errors made by ontologists when structuring domain knowledge 

by a frame-based approach in taxonomies in an ontology (Gómez-Pérez, 2001). They are listed 

according to the criteria illustrated in the previous paragraph (errors are restricted to the upper 

levels, more details can be found e.g. in Gómez-Pérez (2004)). 

 

figure 75 Types of errors in ontology development by (Gómez-Pérez, 2004) 
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1.1.2.4 Evaluation with Consumers 

In her 2004 contribution, Noy proposes an evaluation method which is concerned with ontology 

consumers. Developers who try to discover which ontologies exist and would be suitable for their 

tasks, can derive only little use from technological or formal evaluations. Integration of endusers 

in this case to judge the usability and usefulness of an ontology is crucial to the further use of the 

ontology. It can thus add an interesting new perspective to existing evaluation methodologies 

(Gómez-Pérez, 2004). Because of its potential for practice, evaluation with consumers is included 

in this subsection, although it is not yet a methodology. 

Knowledge on the degree of correctness according to formal criteria might support the decision 

to use an ontology, but does not provide information on the usability for a particular purpose. To 

help the decision process, Noy (2004) suggests an abstract or summary of what the ontology 

covers. This summary, generated automatically or added as metadata by the authors, might 

include a graphical representation of the top-level concepts and their relations. In addition, the hub 

concepts of the ontology might be included indicating the concepts which have the largest number 

of links in and out of them. 

Secondly, Noy (2004) suggest a review system  for ontologies, similar to the ones of amazon.com. 

The reviews should of course include qualitative assessment, in particular experience reports.  

A third suggestion concerns different views  provided for evaluation:  

“To evaluate an ontology properly, users might need to see a view of an ontology that takes 

into account their expertise, perspectives, the required level of granularity, or a subset of the 

domain the ontology they’re interested in covers.“ (Noy, 2004) 

Different views should be available according to different user profiles – e.g. an extensive 

perspective for the expert and a trimmed-down view for novices. Evaluation of an ontology with 

the concepts related to the consumers’ concepts of interest is generally easier than evaluation of a 

large general reference resource. 

1.2 Design Science  

[…] solving a problem simply means representing it  
so as to make the solution transparent. (Simon, 1998) 

The guidelines for ontology engineering presented in the previous sections are based on 

principles of (software) engineering and practical experiences. They essentially rely on domain 

knowledge, consequently limiting the potential of ontologies.  

Software engineering, as in fact every engineering science, is based on the principles of Design 

Science. Design Science is a theoretical framework which goes beyond the restrictions of a domain. 

I use this universal approach as basis for the research. The following section consequently 

introduces an approach to ontology development following Design Science.  
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The first subsection gives an introduction to the relatively new application of Design Science to 

research in Business Administration (cf. 1.2.1). The subsequent section presents the important 

contributions in the field (cf. 1.2.2). Subsection 1.2.3 then presents two examples where Design 

Science has been linked to the topics of this thesis: an organizational support tool and a business 

model ontology. 

1.2.1 Introduction to Design Science  

[…] a scientist is a designer when he designs instruments to test theories.  
Because he applies scientific theory in implementing his designs and the scientific method to test them,  

a designer is also sometimes a scientist. (Walls, Widmeyer & El Sawy, 1992) 

Design242 is defined by Design Science researchers as directed towards a goal which is usually a 

solution to a problem:  

“Design […] is concerned with how the things ought to be, […] to attain goals.” (Simon, 

1998)  

Consequently, Design Science researchers strive to solve problems by an action-oriented approach, 

in order to find a viable artifact, i.e. a solution to the problem. 

“In the design-science paradigm, knowledge and understanding of a problem domain and its 

solution are achieved in the building and application of the designed artifact.” (Hevner et al., 

2004) 

Simon (1998, first published 1969) introduced an adjective to characterize such a solution: 

intended to be good or better, but not necessarily optimal, he names it satisficing. To reach such a 

satisficing solution, activity is necessary. Design products are satisficing artifacts which work243 well 

for the specified class of problems (Hevner et al., 2004). Long-standing disciplines following the 

principles of design are engineering, medicine, and architecture. 

Science is, to Design Science researchers, of analytic nature, concerned primarily with the discovery 

and establishment of facts and laws, generating and testing theories (Brooks, 1996; Walls, Widmeyer 

& El Sawy, 1992). Testing of theories is done by careful observation and experiment (Walls, 

Widmeyer & El Sawy, 1992). Consequently, researchers in the field of science strive to understand 

problems by an explanative and descriptive approach, in order to create a theory of subject 

matter. Examples of fields following the principles of science are natural sciences (e.g. physics), and 

arts (e.g. history). 

Design is distinguished from science by emphasizing that utility decides about merit: 

“[…] in design, in contrast with science, novelty in itself has no merit. […] we test [our 

artifacts] by their usefulness and their costs, not their novelty.”(Brooks, 1996) 

                                                 
242

  The interesting, though limitless discussion of design in the Arts cannot even be touched here. The discussion is limited to the definitions and 
discussion in the field of design research. 

243
  It is typical for the field that establishment of a working solution as well as the characterization of the environments in which this artifact 

works are of primary concern, even if it cannot (yet) be explained completely why the solution works (Hevner et al., 2004). 
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For this thesis, the terms are used as follows: 

�

Design is a search process as well as the resulting, satisficing and working solution to 

a problem. The solution is to be evaluated by its utility.  

Design Science is the application of the design paradigm in science, i.e. the objective of 

scientific research is the creation of a useful artifact. 

1.2.2 Overview of the Field  

However, we ought to be doing research studies that others,  
outside of our community, sometimes find of interest.  

(Kemerer, 2002) 

After the introduction of the term science of design by Simon (1969), Design Science has taken, in 

accordance with its inherent evolving character, some detours to find its place in Information 

Systems research.  

As godfathers and –mothers of the discipline, six (committees of) authors can be identified (by 

order of chronological appearance) 244: Simon, Nunamaker et al., Walls et al., March & Smith, 

Markus et al. and Hevner and his colleagues. The following sections provide an insight to the 

mentioned contributions. 

1.2.2.1 Sciences of the Artificial 

Simon introduces, in his 1969 book, the topic of science of design. In contrast to ‘natural’ sciences 

which deal with natural things, engineering and other ‘applied’ sciences develop (design) manmade, 

artificial things that have a set of desired properties. Simon (1998) states  

“Schools of engineering, as well as schools of architecture, business, education, law, and 

medicine, are all centrally concerned with the process of design.“ (Simon, 1998) 

Though not explicitly listed, this enumeration also includes the field of computer science or IS 

research which could draw inspiration and reference from these other schools.  

Simon pleads for the (re-) establishment of a theory of design, leading to an academic Design 

Science curriculum. Its role would be complementary to the natural science curriculum, offering 

the possibility of uniting both worlds. His contribution, though not revived by the IS community 

for approximately two decades, already set out an important agenda for IS research (Venable, 

2006).  
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  Chronological order was chosen to provide a bird’s-eye view on the field. Venable (2007), in his recent article the role of theorizing in Design 
Science, gives an overview from this particular perspective.  
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Develop a 
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1.2.2.2 System Development in IS Research 

Systems development is the hub of research […].  
In IS research, no one research methodology […]  

is sufficient by itself. (Nunamaker, Chen & Purdin, 1991) 

Nunamaker et al. present an integrated program for conducting IS research (1991). They 

differentiate between theory building, systems development, experimentation and observation 

(Nunamaker, Chen & Purdin, 1991). The approach is illustrated in the figure below.  

 

figure 76  A multimethodological approach to IS research (Nunamaker, Chen & Purdin, 1991) 

Theory building covers the development of any innovations (ideas, concepts, models etc.). 

Experimentation includes laboratory or field experiments as well as simulations as possible research 

strategies. Case or field studies and sample surveys are research methods suggested for observation. 

In the center of the figure, systems development (cf. figure 77) represents the hub of research 

interacting with the other methods, resulting in a simultaneously integrated and dynamic research 

program. Results of the research process contribute to the body of knowledge in the field 

(Nunamaker, Chen & Purdin, 1991). 

 

figure 77 Process for systems development research (Nunamaker, Chen & Purdin, 1991) 
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1.2.2.3 An Information System Design Theory 

That we as a discipline are not more concerned  
about design theory is surprising […].  

The IS discipline needs to articulate and develop  
a class of ‘design theories’. (Walls, Widmeyer & El Sawy, 1992) 

Walls, Widmeyer & El Sawy (1992) introduce the duality of design product and design. The 

objective of their design theory is consequently to prescribe the intended properties of an artifact 

necessary to achieve certain goals as well as the methodology of artifact construction. The 

contribution lists the following distinctive features of design theories which, based in theory, 

provide guidance to practitioners:  

• Design theories must deal with goals as contingencies. Goals are intrinsic to a design theory. 

• A design theory can never involve pure explanation or prediction. If it explains, it explains the 

properties or the design process of an artifact. If it predicts, it predicts achievement of the 

intended goals by the artifact. 

• Design theories are prescriptive. They integrate explanatory, predictive, and normative aspects. 

• Design theories are composite theories which encompass kernel theories from natural science, 

social science and mathematics. Design theories tell from these theories ‘how to/ because’.  

• Design theories show how explanatory, predictive, or normative theories are practically used.  

• Design theories are theories of procedural rationality (Simon, 1998). They involve both the 

application of scientific theory and the use of the scientific method to test design theories. 

The formal components Walls, Widmeyer & El Sawy (1992) identify for an Information System 

Design Theory are illustrated in the following table: 

Design Product 

Component Description of Component 

Meta-Requirements class of goals to which the theory applies 

Meta-Design class of artifacts supposed to meet meta-requirements 

Kernel theories theories from natural or social sciences governing design requirements 

Testable design product 
hypotheses 

used to test whether meta-design satisfies meta-requirements 

Design Process 

Component Description of Component 

Design method description of artifact construction 

Kernel theories theories from natural or social sciences governing design process 

Testable design process 
hypotheses 

used to verify whether design method results in artifact consistent with 
meta-design 

table 57 Components of an Information System Design Theory (Walls, Widmeyer & El Sawy, 1992) 
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Walls, Widmeyer & El Sawy (1992) emphasize that a good theory must be subject to empirical 

evaluation and potential dismissal. The assumption that a set of attributes will enable an artifact 

to meet its goals can be verified by building and testing the artifact. Using a method to develop 

an artifact and testing its capability to act as a solution can accordingly be a test to the method. It 

is obvious that prototype construction is a major aspect of design theory research (Walls, 

Widmeyer & El Sawy, 1992). 

1.2.2.4 Design Research on Information Technology 

Rather than posing theories, design scientists strive to create  
models, methods, and implementations  

that are innovative and valuable. (March & Smith, 1995) 

March & Smith (1995), not referencing the works of Nunamaker, Chen & Purdin (1991) and of 

Walls, Widmeyer & El Sawy (1992) present a first framework for Design Science research, 

consisting of four distinct research activities and an equal number of research outputs (cf. table 

58).  

Research  
Activities 

Research  
Output 

Build Evaluate Theorize  Justify 

Constructs     

Model     

Method     

Instantiation     

table 58 Design Science Research Framework (March & Smith, 1995) 

Concerning research activities, March and Smith (1995) identify build and evaluate as the two main 

issues in Design Science. To these two Design Science research activities, the authors add the 

natural (presumably including social and behavioral) science activity tandem which are theorize and 

justify. 

Build refers to the realization of the artifact, demonstrating that the artifact can be constructed to 

perform a specific task (Osterwalder, 2004). The build activity results in one or more design 

artifacts, like constructs, models, methods, and instantiations (March & Smith, 1995). 

Evaluate encompasses a) the development of criteria and b) the assessment of artifact 

performance against those criteria (Osterwalder, 2004). Evaluation means determining whether 

the design artifacts produced are effective, i.e. achieve their purpose, provide value, and/or 

produce adverse or unwanted side-effects (March & Smith, 1995). 

Theorize refers to the construction of theories. Theorizing involves an explanation of why and 

how the effects came about, i.e. why and how the constructs, models, methods, and instantiations 

work. This activity attempts to unify the observations of effects into theory (March & Smith, 

1995). 
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Justify refers to theory proving and performs empirical and/or theoretical research to test the 

theories posed. It requires the gathering of scientific evidence that, by following the natural 

science methodologies, supports or refutes the theory (March & Smith, 1995; Osterwalder, 2004). 

Justified theories can provide direction for the development of additional and better technologies 

(March & Smith, 1995). 

Research in Information Science results in four possible kinds of artifacts: constructs, models, 

methods and instantiations. Thereby, constructs are the vocabulary of a domain.  

“They constitute a conceptualization245 used to describe problems within the domain and to 

specify their solutions.” (March & Smith, 1995)  

Constructs range on a scale of formality between informal as in cooperative work (consensus, 

participation, satisfaction) and highly formalized as in semantic data modeling formalisms. 

Evaluation of constructs validates completeness, simplicity, elegance, comprehensibility, and ease 

of use (March & Smith, 1995). 

A model is a set of propositions or statements which expresses relationships among constructs. In 

design activities, models describe situations as statements of problem and solution. Models are 

evaluated in terms of their fidelity with real world phenomena, completeness, level of detail, 

robustness, and internal consistency (March & Smith, 1995). 

A set of steps (an algorithm or guideline) used to perform a task is a method. Methods build on 

underlying constructs and a representation of the solution space. Evaluation of methods 

considers operationality, efficiency, generality, and ease of use.  

Once a working artifact is realized in its environment, it is an instantiation. Instantiations 

operationalize constructs, models, and methods, demonstrating the feasibility and effectiveness 

of the contained elements. It might happen that an instantiation precedes the development of its 

underlying elements. Evaluation of instantiations weighs the efficiency and effectiveness of the 

artifact and its impacts on the environment and its users. Evaluating instantiations is difficult as is 

necessitates the separation of the instantiation from the constructs, models, and methods 

embodied in it (March & Smith, 1995). 

                                                 
245

  The notion of construct, conceptualization and model illustrate the proximity of Design Science efforts and ontology engineering methods. 
The main difference is the inclusion of solutions in Design Science which is not relevant to modeling an ontology. Cf. part II, section 1.2 for 
the ontologists’ definition of conceptualization. 
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1.2.2.5 A Design Theory 

Markus, Majchrzak and Gasser reported in 2002 on their experiences with TOP Modeler, a 

system to support organizational design. Besides breaking ground for what is called design theory, 

they make a contribution especially important to this thesis by linking emerging knowledge 

processes and Design Science. Markus et al. (2002) build on the contribution by Walls et al. 

(1992) to further the idea of a design theory. They describe a design theory as a normative package 

of three interrelated elements: 

• a set of user requirements, 

• a set of system features (or principles which allow the selection of system features) and 

• a set of principles deemed effective for guiding the process of development. 

In accordance with Walls, Widmeyer & El Sawy (1992), Markus, et al. (2002) describe design 

theories as theory-based (be it an academic hypothesis or a practitioners’ theory in use) and 

subject to  

“[…] scientific tests of explanatory or predictive power […] [and] […] tests of practice: Does 

the system work? Does the system do what it was supposed to do? Is the system elegant and 

aesthetically appealing?”(Markus, Majchrzak & Gasser, 2002) 

According to the authors, the value of an IS design theory, lies in the reduction of uncertainty by 

limiting the system features and development activities to a manageable set. Thus, reliability of 

development as well as likelihood of success could be increased and research be stimulated. 

1.2.2.6 Design Science in Information Systems Research 

Artifacts must accurately represent  
the business and technology environments used in the research […].  

These artifacts must be implementable […]. (Hevner et al. 2004) 

In 2004, Hevner et al. published their widely accepted contribution on Design Science research. 

Based on all aforementioned contributions, they develop the framework which also guides the 

empirical research of this thesis. Hevner, March, Park and Ram (2004) establish a conceptual 

framework as well as guidelines for Design Science research in the realm of Information Systems. 

They define the design-science paradigm as a problem-solving paradigm.  

By creating innovative artifacts, the analysis, design, implementation, and use of information 

systems can be effectively and efficiently accomplished (Denning, 1997; Hevner et al., 2004; 

Tsichritzis, 1998). These artifacts build on existing kernel theories (Markus, Majchrzak & Gasser, 

2002; Walls, Widmeyer & El Sawy, 1992) used and further developed by the researcher. 

Design Science research often simplifies a problem in that it represents at first only the relevant 

part of the world. Step by step, the artifact becomes more realistic and valuable as the scope of 

the design problem is expanded (Hevner et al., 2004). These artifacts range from informal natural 

language descriptions to software and formal logic (Hevner et al., 2004). 
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The following figure presents the conceptual framework which Hevner et al. (2004) propose for 

‘understanding, executing and evaluating IS research’. Its components are subsequently 

introduced. 

 

figure 78  The Information Systems research framework (Hevner et al., 2004) 

The environment defines the problem space (Simon, 1998) containing the phenomena of interest. 

For IS research, environment encompasses people, (business) organizations, and their technologies 

(Silver, Markus & Beath, 1995). The environment holds the goals and problems which define the 

business needs as recognized by the people within the organization. These perceptions are 

characterized and influenced by the roles, capabilities, and characteristics of people within the 

organization. 

Assessment and evaluation of business needs takes place with respect to organizational  strategies, 

structure, culture and existing processes. Existing technology infrastructure, applications, 

communication architectures, and development capabilities build the frame of reference against 

which perceived needs are weighed.  

Business needs, as characterized by people, organizational conditions and the technology 

situation define an IS problem as perceived by the researcher; research relevance is ensured as 

business needs are addressed.  
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Given a business need, the authors suggest two complementary research phases for IS research. 

Overcoming the traditional difference between natural science (develop and justify) and Design 

Science activities (build and evaluate) affirmed by March & Smith (1995), Hevner et al. propose a 

reduction to two complementary phases (2004). They combine develop and build to develop/ build 

and accordingly proceed to establish justify/ evaluate246. 

Due to the complexity of IS research problems, activities are iterative and the build-and-evaluate 

loop is typically iterated a number of times before the final design artifact can be generated 

(Markus, Majchrzak & Gasser, 2002; Hevner et al., 2004). The final goal of the develop/ build 

activity is utility:  

“[…] truth and utility are inseparable. Truth informs design and utility informs theory. An 

artifact may have utility because of some as yet undiscovered truth. A theory may yet to be 

developed to the point where its truth can be incorporated into design.”(Hevner, March, 

Park & Ram, 2004) 

Results of the develop/ build activity can take three forms: 

• The viable artifact extends the knowledge base (see below) or applies existing knowledge in an 

innovative way (Ball, 2001). 

• Novel processes or theories improve the existing foundations in the knowledge base, e.g. 

innovative information systems (Markus, Majchrzak & Gasser, 2002; Walls, Widmeyer & El 

Sawy, 1992). 

• Evaluation methods  and metrics which are creatively developed and deployed, also provide 

Design Science research contributions, e.g. the TAM method (Venkatesh, 2000). 

Research assessment via the justify/ evaluate activities test the soundness and suitability of the 

artifact for the commercial world. Relevance of built systems to business requirements is of 

prime importance (Au, 2001; Ball, 2001). Evaluation can result in the  

“identification of weaknesses in the theory or artifact and the need to refine and reassess.” 

(Hevner et al., 2004)  

The knowledge base is the stone pit used by IS researchers to build their artifacts from. It consists 

of foundations and methodologies.  
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  Hevner, March, Park & Ram (2004) differentiate between behavioral science activities (development and justification of theories) and Design 
Science activitities (building and evaluation of artifacts). Due to limitations in space and stringency of thought, this discussion is not further 
elaborated in the context of this work. For the interested reader, reference is made to the original publication. 
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Foundation, closely related to the research results of March & Smith (1995), is derived from earlier 

contributions. It comprises the following components important to the develop/ build phase: 

• Constructs are the vocabulary and symbols used to define problems and solutions.  

• Models use constructs to represent a real world situation, the design problem and its solution 

space (Simon, 1998).  

• Methods define processes, guiding the search process in the solution space. 

• Instantiations show the feasibility of implementing constructs, models, or methods in a 

working system. 

Methodologies provide guidelines for the justify/ evaluate phase. Widely used in Design Science are 

computational and mathematical evaluation methods, testing the quality and effectiveness of 

artifacts. The authors also include empirical testing (Hevner et al., 2004). 

The following table presents the seven guidelines Hevner et al. (2004) establish for IS Research. 

Section 2.1 will show how the thesis follows these guidelines. 

Guideline Description 

Design as an Artifact 
Design-science research must produce a viable artifact in the form of a 
construct, a model, a method, or an instantiation. 

Problem Relevance 
The objective of design-science research is to develop technology-based 
solutions to important and relevant business problems. 

Design Evaluation 
The utility, quality, and efficacy of a design artifact must be rigorously 
demonstrated via well-executed evaluation methods. 

Research Contributions 
Effective design-science research must provide clear and verifiable 
contributions in the areas of the design artifact, design foundations, and/or 
design methodologies. 

Research Rigor 
Design-science research relies upon the application of rigorous methods in 
both the construction and evaluation of the design artifact. 

Design as a Search Process 
The search for an effective artifact requires utilizing available means to 
reach desired ends while satisfying laws in the problem environment. 

Communication of Research 
Design-science research must be presented effectively both to technology-
oriented as well as management-oriented audiences. 

table 59 Design Science guidelines for IS Research (Hevner et al., 2004) 
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1.2.3 Design Science & the Topics of this Thesis 

Principles of Design Science have already been used for ontology engineering as well as for the 

development of a system supporting unstructured knowledge processes. Below, these two cases 

are illustrated. In terms of Design Science, they are contents of the knowledge base relevant for 

this thesis. 

1.2.3.1 Design Science and Emergent Knowledge Processes 

Markus et al. (2002) address the design problem of providing IT support for emergent247 knowledge 

processes (EKP). EKPs are defined as an organizational activity pattern having a significant extent 

of the following three characteristics (kernel theory): an emergent process of consideration and 

decision-making with no best structure or sequence; an actor or user set that is unpredictable in 

terms of job roles or prior knowledge; and knowledge requirements for general and specific 

distributed expertise.  

An example of an emergent process is new product development, characterized by a series of 

recursive iterations between problem finding and solution evaluation (Bhattacharya, Krishnan & 

Mahajan, 1998; Iansiti, 1998). The development of systems to support EKP has to face some 

challenges: 

• Typically, a system developer for EKP support knows in advance neither the future users of his 

system, nor the moments or intentions of use.  

• Information retrieval usually requires looking for information in poorly structured and 

indexed documents.  

• Knowledge is characterized by a high degree of tacitness, what makes it more difficult to 

capture and share (von Krogh, Ichijo & Nonaka, 2000; Nonaka & Takeuchi, 1995).  

• Knowledge tends to be distributed. Some of it is local (e.g., conditions in a certain geographic 

locale), and some is general (e.g., scientific knowledge). Distributed expertise must be linked to 

knowledge to avoid faulty activities (Markus, Majchrzak & Gasser, 2002). 
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  The authors deliberately use the term emergent instead of unstructured as the former does not imply that structuring is possible and desirable 
(Markus, Majchrzak & Gasser, 2002). For the early innovation process, this is different: Processes and knowledge therein are unstructured, and 
shall be structured. This thesis tries to prove that this is possible by use of an ontological approach. 
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Based on the presented characteristics and challenges of emergent knowledge processes and the 

preceding work of Walls, Widmeyer & El Sawy (1992), Markus, Majchrzak & Gasser (2002) 

proposed an IT system to support the specific needs of EKPs. They elaborated six principles for 

establishing a software solution for emergent knowledge processes (Markus, Majchrzak & Gasser, 

2002):  

• Design for customer engagement by seeking out inexperienced users. 

• Design for knowledge translation through iterative development with functional prototypes. 

• Design for offline action, i.e. to induce change of user behavior (offline) on the basis online 

generated knowledge. 

• Integrate expert knowledge with local knowledge sharing. 

• Design for implicit guidance through a dialectical development process. 

• Componentize everything, including the knowledge base. 

The authors plead for the necessity of a specific design methodology addressing EKPs, as they 

believe that  

“[…] a general IS design methodology would solve a particular EKP design problem, but it 

would not result in a general solution applicable to the class of EKPs.”(Markus, Majchrzak & 

Gasser, 2002) 

It is subject to discussion to which extent the suggested design theory for EKPs, derived from a 

single development process, may be generalized for future application development for emergent 

knowledge processes (Hevner et al., 2004). As the six principles are directly derived from their 

experiences with a specific case, generalization seems difficult. Application of general Design 

Science principles as of Hevner et al. (2004), March & Smith (1995) and Walls, Widmeyer & El 

Sawy (1992) will therefore guide the empirical work of this thesis.  

Nonetheless, the experiences of Lynne Markus and her colleagues imply a suitability of Design 

Science research to the field of emergent or, in this case, unstructured knowledge processes. As 

part II explained, this is indeed what the early phases of innovation management are.  

1.2.3.2 Design Science and Business Model Ontology 

 […] over the last 10 years, attention has been devoted […]  
to the use of ontology to provide some theoretical basis  

for the advancement of the [...] modelling discipline.  
(Green & Rosemann, 2004) 

In his doctoral thesis, Osterwalder (2004) describes the development of a business ontology on 

the basis of Design Science. He used the Design Science research framework by March & Smith 

(1995) (cf. 1.2.2.4). Osterwalder shows that an ontology can be developed on the basis of Design 

Science; he does not use any method elaborated by the Ontology Engineering community248.  
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  Note again that Ontology Engineering as Software Engineering or Engineering in general are particular fields of Design Science. The 
distinctive feature of Osterwalder’s approach is the sole focus on the most basic theory, i.e. ‘pure’ Design Science. 
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It was Osterwalder’s first aim to develop an ontology which allows for conceptual, structured 

expression of the business logic of a firm (2004). Secondly, he was interested in applying this 

model to a possible use case. In terms of March & Smith (1995) this meant finding the constructs 

of a business model and building an ontology expressing the relationships among those 

constructs as well as the evaluation of the constructs and the model based on an adequate 

measurement system. Out of the four by four research matrix of March & Smith (1995) (cf. table 

58), Osterwalder (2004) selects the build and the evaluate column for his thesis249 (cf. table 60).  

Build &  
Evaluate 

Research  
Output 

Goal Build Outcome 
Evaluation 

Metrics 
Methodology 

Constructs 
identification of 
relevant issues in 
business models 

• 9 business model 
elements 

• completeness 
• comprehen-

sibility 

• literature 
• interviews 
• student cases 

Model 
formal description 
of business logic 
of an enterprise  

• business model 
ontology 

• fidelity with real 
world 
phenomena 

• completeness 

• literature 
• interviews 
• student cases 
• instantiation  

Method no research output 
generated 

• XML/ BM2L 
• alignment 

methods 

• no research 
output generated 

• literature 

Instantiation 
apply ontology to 
business 
application 

• BM2L & 
application 

• alignment 
• applicability • case study 

table 60  Research outline for business model ontology (Osterwalder, 2004) 

Evaluation concentrates on the constructs and the model as the author considers them to be the 

major outcome and contribution of his research. Instantiations are illustrated by cases which, 

although it proves applicability of the ontology, leaves room for future researchers to carry out a 

fully fledged evaluation (Osterwalder, 2004). 

Osterwalder (2004) lists four direct qualitative methods and two indirect more quantitative 

methods for evaluation of the ontology. Below, table 61 presents these methodologies. I will 

come back to this catalogue for the evaluation procedure of the OntoGate (cf. subsection 2.2.3). 

Direct Methods of Evaluation Indirect Methods of Evaluation 

• Compare ontology with literature 
• Evaluate ontology by practitioners 
• Test ontology with case studies 
• Interest by the research community 

• Test ontology in the field 
• Test ontology vs. other model 

table 61  Evaluation methods for business model ontology (Osterwalder, 2004) 

Osterwalder’s work, using Design Science to create a business model ontology, is important to 

this thesis. Tough dealing with a domain better structured than the early stages of the innovation 

process; he convincingly showed that Design Science is a viable basis for developing an ontology.
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  The theorize and justify columns are not covered by Osterwalder’s thesis (2004), but are addressed briefly in the evaluation of research results. 
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2 Empirical Approach  

Research is a systematic, intensive study  
directed toward fuller scientific knowledge […].(Blake, 1978)  

At the beginning of empirical work, the researcher(s) define objectives which they would like to 

reach with their studies. With the OntoGate, the main objective was the development and testing of an 

ontological approach to the idea assessment during FFE.  

I suggest an ontology, the OntoGate, which allows to visualize, formally model, analyze, and 

compare the idea assessment during the Fuzzy Front End. It was to be accompanied by a 

methodology for ontology engineering. During the development and testing of the OntoGate 

further results were derived: 

• concerning idea assessment during the early stages of the innovation process: structuring of 

existing research (cf. part I) and development of ideal assessment of ideas 

• concerning ontology and ontology engineering: systematization of research on ontologies and 

on ontology engineering (cf. part II); development and evaluation of an ontological approach 

to the domain; as well as integration of Design Science principles in development and testing 

The OntoGate has been developed and tested with SME. This design was chosen as the resulting 

ontology is intended to support SME with the design, analysis and comparison of their idea 

assessments by ontological means. 

The following sections present the empirical work from the research design to the results and 

remaining open questions. Presentation starts with a synthesis of the research methodology (cf. 

2.1). This section includes the research framework derived from Design Science as well as the 

methodology for ontology engineering. In the last subsection, I introduce my research partners, a 

set of small and medium sized enterprises. 

Section 2.2 describes in detail the sequence of steps and methods elaborated to develop and 

evaluate the ontology. I call this methodology Design Science Ontology Lifecycle, indicating a) the 

methodological basis (Design Science) and b) the natural flow of ontology development (Lifecycle). 

The Design Science Ontology Lifecycle is a generic process for ontology engineering, 

encompassing a selection of methods for each stage. 

In the next part, I will introduce results of the empirical work. Development and evaluation of 

the ontology produced intermediate as well as final results. I present both categories according to the 

stages of the Design Science Ontology Lifecycle in which they were elaborated. 

�

At the end of this chapter, the outline of the empirical research project has been 

presented. The multimethodological research framework, participating companies 

and a lifecycle-oriented method with four stages including several activities have 

been introduced. 
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2.1 Research Methodology 

A research methodology consists of […] the process, methods, and tools […]  
used in conducting research in a research domain. (Nunamaker, Chen & Purdin, 1991) 

The basis of the research methodology is a research framework which was adapted from Design 

Science. The description of the research methodology starts with the presentation of this 

framework in subsection 2.1.1.  

In order to establish a repeatable process for ontology engineering, I elaborated a methodology 

based on Design Science which integrates the insights documented by the community of 

ontology engineers. Subsection 2.1.2 puts forward the resulting methodology for ontology 

engineering, the Design Science Ontology Lifecycle (OntoLife). This section closes with a presentation 

of the SME which formed the field of study (cf. 2.1.3).  

2.1.1 Framework 

The basis of development and evaluation of the OntoGate forms the research framework 

proposed by Design Science. This approach transcends the theory base of Osterwalder (2004) 

who primarily used Design Science for ontology engineering (cf. 1.2.3.2). He mainly built on the 

works of March & Smith (1995) (cf. 1.2.2.4). For the Design Science Ontology Lifecycle 

(OntoLife), the more comprehensive IS Design Science framework of Hevner et al. (2004) (cf. 

1.2.2.6) serves as basis (cf. figure 78).  

In the slightly adapted version of the Design Science framework in figure 79, develop/ build and 

justify/ evaluate are merged into one block. This illustrates the importance I attribute to the cyclic 

approach of continuous alternation between development and validation. 

 

figure 79 Adapted generic research framework (based on Hevner, March, Park & Ram 2004) 
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For purpose of this thesis, I will proceed according to the framework in figure 80. It is based on 

the concept of (Hevner et al., 2004), but was modified by specification of 

• the environment components (left box) 

• the main research activities (center box) 

• the foundations and methodologies drawn from the knowledge bases of Management Science, 

Innovation Management, Design Science and Information Science (right box). 

 

figure 80  Specific research framework (based on Hevner et al., 2004)  

To provide more details of the research output of the two phases, I refer to the earlier framework of 

March & Smith (1995). It provides four kinds of output: constructs, model, method and 

instantiation (cf. 1.2.2.4). Below, table 62 shows the merged research frameworks of Hevner et al. 

(2004) and March & Smith (1995); the framework proposed by March & Smith (1995) is 

highlighted by the bold black box. 

Environment 

Research  
Activities 

Research  
Output 

Develop/  
Build 

Justify/ 
Evaluate 

Knowledge Base 

Constructs 
 

 

 

Model 
 

 

 

Method 
 

 

 

People 
• Roles 
• Capabilities 

Organizations 
• Structure 
• Processes 

Technology 
• Communications 

Architecture 
Instantiation 

 

 

 

Foundations 
• Constructs 
• Models 
• Methods 
• Instantiations 

Methodologies 
• Data Analysis 

Techniques 
• Formalisms 
• Validation Criteria 

table 62 Research framework with details on research output (based on Hevner et al., 2004; March & Smith, 1995) 
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This research process follows a set of guidelines which Design Science researchers established to 

determine the quality of research in the field of Information Science. The deployment column of 

table 63 illustrates how research on the OntoGate aims to follow the guidelines. 

Guideline Description Deployment for OntoGate 

Design as an 
Artifact 

Design-science research must produce a 
viable artifact in the form of a construct, a 
model, a method, or an instantiation. 

Resulting artifacts are the ontology for 
idea assessment (model and 
constructs) and the methodology to 
engineer an ontology. 

Problem 
Relevance 

The objective of design-science research is 
to develop technology-based solutions to 
important and relevant business problems. 

The business problem addressed by 
the solution is the moment of idea 
assessment in the innovation process.  

Design 
Evaluation 

The utility, quality, and efficacy of a design 
artifact must be rigorously demonstrated via 
well-executed evaluation methods. 

Evaluation takes place via a statical 
analysis as well as a black and white 
box testing (cf. part V) 

Research 
Contributions 

Effective design-science research must 
provide clear and verifiable contributions in 
the areas of the design artifact, design 
foundations, and/or design methodologies. 

Contributions are expected to both the 
area of idea assessment (artifact) as 
well as ontology development 
(methodology). 

Research Rigor 
Design-science research relies upon the 
application of rigorous methods in terms of 
construction and evaluation of the artifact. 

Guidelines from the field of Design 
and Information Sciences are followed 
for ontology engineering. 

Design as a 
Search Process 

The search for an effective artifact requires 
utilizing available means to reach desired 
ends and satisfy laws in the environment. 

Guidelines for ontology design are 
applied for the first time to the area of 
idea assessment. 

Communication 
of Research 

Design-science research must be presented 
effectively both to technology-oriented as 
well as management-oriented audiences. 

Results of research are presented to 
industrial partners as well as to the 
research community. 

table 63 Design Science guidelines and their deployment during development of OntoGate 

2.1.2 Methodology  

The process of development and evaluation of the ontology for idea assessment is based on the 

ontology lifecycle proposed within the On-To-Knowledge methodology (cf. 1.1.1.4 and figure 

81)(Sure, 2005). 

 
figure 81 The lifecycle of OTK (based on Sure, 2005) 
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Prepare Develop/ Build Justify/ Evaluate

• Analysis of 
Knowledge Bases

• Feasibility Study

• Kickoff
• Knowledge 

Acquisition
• Formalization

• Evaluation of the 
Artifact

• Validation of 
Genericness

FFE 
roadmap
OntoCube
OntoLife

OntoGate OntoEva

The lifecycle for the OntoGate goes beyond this suggestion, though. It integrates works by other 

members of the community of ontology engineers as well as principles of Design Science. In its 

establishment, I relied on the insights accumulated in the publications of (Fernández-López, 

Gómez-Pérez & Juristo, 1997), (Hevner et al., 2004),(Sure, 2005),(Uschold & Grueninger, 1996) 

as well as (Uschold et al., 1998). For evaluation, (Guarino & Welty, 2004) was used.  

The resulting Design Science Ontology Lifecycle (OntoLife) is illustrated in figure 82. Section 2.2 

introduces the stages one by one. 

 

figure 82 The Design Science Ontology Lifecycle (OntoLife) 

The Design Science Ontology Lifecycle was developed in order to fulfill two crucial 

requirements. At first, it is expected to be sufficiently specific: The OntoLife is the basis for the 

development and evaluation of an ontology for idea assessment in SME (cf. figure 83). At the 

same time, it has to be outmost generic: The OntoLife is a structured methodology to develop and 

evaluate an ontology, independent of the characteristics of the modeled domain. It enables also 

lay ontologists. The different steps performed for develop and evaluate of the OntoGate according 

to the Design Science Ontology Lifecycle are illustrated in figure 83. Subsequently, the steps are 

summarized. 
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figure 83 Research proceeding for the OntoGate 

During formalization, i.e. during develop/ build, three company-specific informal taxonomies are 

developed which represent the process of idea assessment and selection in the focus companies. 

The entirety of components which are present in these taxonomies are used to establish the 

comprehensive informal taxonomy. This is transformed in the comprehensive formal ontology by definition 

of classes, slots, slot values, relations, and instances. 

Parallel to the development of the comprehensive informal ontology, the justify/ evaluate activities start. 

Of the elements common to all three company specific taxonomies, the typic informal taxonomy is 

developed. In parallel, the process of idea assessment and selection in the reference company is 

documented by development of a formal ontology. This company-specific formal ontology builds on 

the typic formal ontology. Comparison of the typic formal ontology with the details of the formal ontology 

of the reference company and subsequent distillation of shared elements lead to the generic informal 

taxonomy. 
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2.1.3 Field  

This subsection provides information on the companies which participated in the development 

and evaluation of the OntoGate. I first describe the criteria used for the selection of the 

participating companies: 

Criterion Specification  Reason 

Area of business 
technology-based 
products 

Prominent kind of 
innovation 

incremental product 
innovation 

Technology-based incremental product innovation 
is identified to be of particular importance and 
interest and is thus focus of thesis (cf. part I, 
section 1.4) 

Industry 
Manufacturing of tools 
and components  

Manufacturers of tools and components are in 
constant need of technology-based incremental 
product innovation. 

Size 

small and medium-sized 
enterprises250 with 
approximately 1,000 to 
10,000 employees 

Small companies have few informal processes, large 
companies deploy multiple, formal process. 
Medium-sized companies are supposed to strike an 
interesting balance.  

Small and medium-sized enterprises are of crucial 
importance for German economy and relatively 
invest significantly more in innovation activities 
(Guenterberg & Kayser, 2004).  

Open Innovation 
integration of customers 
in the early phases of 
the innovation process 

Academically and practically indicated importance 
of customer integration (cf. part I, 
subsections 2.2.2, 2.3.2.3, 2.4.1.3, and 2.5.1) 

Location 
headquarters as well as 
R&D in Southern 
Germany 

Location in geographic proximity ensures 
comparable corporate cultures as well as access to 
companies for interviews. 

table 64 Criteria for selection of participating companies 

 

According to the above mentioned criteria, the field participating companies are selected. It 

consists of four companies, split in two groups: three focus companies and a reference company. The 

focus companies are selected because of their similarity in size and the strong entrepreneurial spirit 

(still) inspired by the founding families. Concerning early idea assessment and selection, intuitive 

and informal proceeding is expected. On the contrary, the reference company as the largest of the 

sample is expected to display more formal processes. 

As figure 83 illustrates, unification of the different perspectives at the focus companies (typic 

approach) and the reference company leads to the generic OntoGate.  
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  Literally, the selected companies do not conform to the recommendation of the EU commission on small and medium sized enterprises 
which sets the limits of less than 250 employees250 as well as a turnover lower than EUR 50 million and/ or an annual balance sheet not 
exceeding EUR 43 million (Recommendation 2003/361/EC, 2003). The staff headcount criterion accounts for the most important part of the 
definition. Financial criteria are added to grasp the competitive position and as turnover by nature of business varies between companies, the 
balance sheet total is added as an indication of corporate wealth. It is possible to exceed either of the two criteria (Recommendation 
2003/361/EC, 2003). 
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The participating companies are summarized in the subsequent table. Details on the four 

companies and especially to their approach to idea assessment and selection are presented in 

part IV, section 2.2. 

Synopsis of Participating Companies251 

Name of 
company 

HANS EINHELL 

AG 
C. & E. FEIN 
GMBH 

MARQUARDT 

GMBH 

ROHDE & 
SCHWARZ GMBH 

& CO. KG 

Role of company 
in this thesis 

focus company reference company 

Industry 
electric tools, 
equipment and 
machinery  

electric power 
tools for 
professional users 
in industry and 
trades 

switches and 
switching systems 

technologies for 
measurement, 
information and 
communication 

Divisions 

• cars and tools 
• garden and 

leisure 
• air conditioning 

and heating 

• - 

• switches and 
switching 
systems for 
automobiles 

• power tool 
switches, 
switches 

• sensors and 
system solutions 

• test & 
measurement 

• radio-
communications  

• broadcasting 
• antennas 
• IT-security 
• signal 

intelligence 
• spectrum 

monitoring 

Number of 
employees 

approx. 1,000 approx. 850 approx. 4,000 approx. 6,900 

Board of 
directors 

• Andreas Kroiss  
• Jan Teichert 
• Dr. Markus 

Thannhuber 

• Richard E. 
Geitner  

• Klaus Wartlik 

• Dr. Harald 
Marquardt  

• Matthias 
Marquardt 

• Ernst 
Kellermann 

• Michael Vohrer 
• Manfred 

Fleischmann 
• Christian Leicher 

Turnover 2006 � 410 million confidential � 407 million � 1,33 billion 

Headquarters Landau/ Isar 
Schaebisch-
Gmuend/ Bargau 

Rietheim-
Weilheim 

Munich 

Website 
http://www. 
einhell.com 

http://www. 
fein.de 

http://www. 
marquardt.de 

http://www. 
rohde-
schwarz.com 

Information in this table is based on publicly available information on the participating companies and on 
statements of the interview partners (for details on sources of information, cf. table 68). 

table 65 Overview participating companies 
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  Order of the companies is alphabetical. 
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2.2 Design Science Ontology Lifecycle 

To whom who has only a hammer, the whole world looks like a nail.  
We see the world through the eyes of our instruments.  

(Weizenbaum, 1976) 

The Design Science Ontology Lifecycle (OntoLife) for development and evaluation of the 

OntoGate has been defined to comprise three main and one supportive activities. The main 

activities are prepare, develop/ build, justify/ evaluate and the supportive activity is document. 

The following subsections describe252 the research process along these activities, providing 

information on the methods which I applied. Description starts with prepare which comprises all 

activities necessary during the pre-development of an ontology (cf. 2.2.1). Develop/ build is the 

phase when most work is done: knowledge is acquired and formalization of information takes 

place (cf. 2.2.2). Develop/ build is followed by justify/ evaluate activities which give details on the 

different validations of the OntoGate (cf. 2.2.3). This subsection is concluded with the 

continuous supportive activity document (cf. 2.2.4). The phases maintenance and reuse are not dealt 

with as they do not form part of my research (cf. 2.1.2).  

2.2.1 Prepare 

Let's start at the very beginning, 
A very good place to start. 

(Hammerstein, 1965) 

The first phase of the Design Science Ontology Lifecycle, pre-development (Fernández-López, 

Gómez-Pérez & Juristo, 1997), is termed prepare to indicate that its component activities need to 

be taken in preparation, i.e. before the actual development begins. Besides, I wanted to unify 

nomenclature of the three main phases by using a verb.  

Prepare begins with an analysis of the knowledge bases (cf. 2.2.1.1). For ontology development, this 

analysis should include 

• knowledge bases containing information on the methodology, i.e. information on ontologies and 

on ontology engineering as well as 

• knowledge bases containing information on the domain to be modeled, in this project 

information on idea assessment in the early phases of the innovation process. 

In paragraph 2.2.1.2, I present the feasibility study for the OntoGate. A feasibility study typically 

covers the identification of usage scenarios as well as identification of relevant stakeholders of the 

future ontology. Here, some adaptation was necessary as the literature does not cover cross-

company approaches like the one realized during this research project. 
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  For ease of reading, this section is written in the present tense. 
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2.2.1.1 Analysis of Knowledge Base 

The first step of prepare is the analysis of the knowledge bases in the fields of interests. The 

analysis for the OntoGate covered knowledge bases containing information on ontologies and on 

ontology engineering (methodology) as well as knowledge bases containing information on idea 

assessment during the FFE (domain). It is carried out mainly via library research and literature analysis 

(cf. part II, paragraph 2.2.3.2). Library research and literature analysis serve to provide the 

researcher with a deepened understanding of his field(s) of interest. It might already allow for 

some new insights, but its main use is the preparation and structuring of existing knowledge according to 

the focus (or foci) of research. 

Library research is based mainly on the review of existing literature and builds the starting point to 

what are the relevant and recent topics in the field (Palvia et al., 2003). For the thesis at hand, 

library research mainly covered the knowledge bases of Innovation Management, General 

Management Science, ontologies and ontology engineering as well as of Design Science. 

Literature analysis broadens the descriptive perspective of library research by analysis, critical 

discussion and extension of existing knowledge. Distillation of new or alternatively applied (basic) 

knowledge is one of the central goals. Literature analysis is conducted within the same knowledge 

bases as library research. A particular focus is set on the details relevant for the OntoGate: e.g. I 

focus on the Fuzzy Front End instead of dealing with the complete innovation management and 

I shed light on the relation between Information and Design Sciences.  

2.2.1.2 Feasibility Study  

The second step in ontology development is the feasibility study. It is (explicitly) mentioned as the 

first phase of the On-To-Knowledge methodology as well as in the experiences derived from 

TOVE and Enterprise Ontology (Uschold & Grueninger, 1996; Uschold et al., 1998; Sure, 2005). 

The goal of the feasibility study is twofold:  

• identification of the ontology stakeholders and  

• development of motivating scenarios which describe and/ or support the use cases. 

2.2.2 Develop/ Build 

With the third step of develop/ build, ontology elaboration starts. The comprehensive stage 

encompasses three groups of activities: kickoff, knowledge acquisition and formalization. 

Presentation starts with kickoff, the definition of scope and purpose of the future ontology 

(cf. 2.2.2.1). In paragraph 2.2.2.2, acquisition of knowledge is described. It includes the important 

decision on the approach by which knowledge is to be gathered: top down, bottom up or middle 

out. Formalization describes the steps by which the accumulated knowledge is iteratively 

transformed into a taxonomy and a formal ontology (cf. 2.2.2.3). 



Design Science Ontology Lifecycle 239 

OntoGate

Invisible 
Funnel

Concept 
Gate

Innovation 
Gate

2.2.2.1 Kickoff: Purpose Definition & Classification  

The first activity of develop/ build is kickoff. During this step, the ontologist defines the purpose 

of the ontology. As long as the purposes are unclear, or too varied, consistent organization of 

knowledge as well as efficient use will be difficult to achieve (Batemann, 1991).  

This work follows the suggestions for an ontology requirements specification document of (Sure, 

2005). Hence, a document should be agreed upon which specifies the following aspects: 

• Scope, i.e. domain and use cases of the ontology – as derived from the motivating scenarios 

and use cases during the feasibility study 

• Classification of the ontology – according to the ranges identified in part II, chapter 5 

• Supported activities (computer-based activities and/ or human behavior) 

• Knowledge sources – domain experts, reusable ontologies, internal documents, literature etc. 

• Stakeholders – as identified during the feasibility study. 

Considering scope, I would like to stress that the developed formalizations consists of a number 

of different parts. This approach is due to the trisection of idea assessment. As part I showed, 

idea assessment does not take place at one specific moment prior to development, but the 

assessment and selection processes are threefold. Consequently, a part-ontology for every gate is 

developed. These part-ontologies are modeled by specification of generic modules. According to 

the elaborated differences of the assessments, the number of classes, concepts, instances etc. 

increases from the Invisible Funnel to the Innovation Gate. Together, the three part-ontologies 

form the OntoGate. It illustrates how a company addresses the assessment and selection of 

innovative ideas.  

 

figure 84 Part-whole relationship in the OntoGate 
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2.2.2.2 Knowledge Acquisition  

Knowledge acquisition is a continuous activity during the entire ontology lifecycle (Fernández-

López, Gómez-Pérez & Juristo, 1997). I still classify it as a develop/ build activity for two 

reasons: 

• The decisions on the approach (cf. 2.2.2.2.1) and the methods (cf. 2.2.2.2.2) by which 

knowledge is acquired, are mainly253 taken at the beginning of development. 

• The majority of knowledge necessary for ontology building has to be gathered at this early 

stage to allow for a realistic conceptualization. 

Below, the three possible approaches and a selection of methods to build an ontology are 

introduced. The proceeding follows in the last subsection. 

2.2.2.2.1 Approach 

Basically three approaches have been identified in the literature for building the taxonomy of 

concepts: bottom up, top down and middle out. 

The bottom up approach starts from the most specific concepts and builds the structure by 

generalization. The ontology is developed by starting with the low taxonomic level concepts and 

continuously generalizing them (Gandon, 2002b; Noy & Hafner, 1997). This approach is typically 

supported by an automatic document analysis. Thereby relevant lexical entries are extracted semi-

automatically from available documents.  

The bottom up approach leads to tailored and specific ontologies with detailed, finely grained 

concepts. Elaborated inductively, resulting ontologies typically deliver a good representation of 

the information supply. The gathering of several views being the most prominent problem of 

knowledge acquisition, is probably never completed. Necessary information might be not limited 

on the available documents for example. Besides, semi-automatic text extraction is not yet able to 

produce semantics but delivers instead a (more or less) complete list of relevant concepts, i.e. a 

taxonomy (Sure, 2005).  

Ontologies established bottom up are e.g. WORDNET (cf. part II, section 5.3.1 ) and PLINIUS 

(van der Vet & Mars, 1998). 

Start by defining classes for ‘Pauillac’ and ‘Margaux’ wines. Next, create a common superclass for these two 

classes - ‘Medoc’ - which in turn is a subclass of ‘Bordeaux’. (Noy & McGuinness, 2001) 

Following a top down approach, the ontology is build by modeling lexical entries on a very generic 

level and subsequently specializing them. This approach is prone to the reuse of ontologies and 

therefore well suited if there is already deeply structured and comprehensive knowledge available 

(Apke & Dittmann, 2003; Gandon, 2002b; Noy & Hafner, 1997). Top down is typically done 

manually and leads to a high-quality engineered ontology (Sure, Staab & Studer, 2004; Sure, 

2005).  

                                                 
253

  I use mainly because due to future iterations it might be necessary to change the approach and/ or the methods of knowledge acquisition. 
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The top down approach delivers a good representation of the information demand, but manual 

gathering of the concepts often requires an immense effort. Nonetheless, the ontology will 

remain limited to the (small) area where knowledge capture and representation were feasible. 

Often, reality will be too complicated to allow for a top down approach.  

An ontologies established top down is e.g. Sowa’s top level ontology (Sowa, 2002). 

Start with classes for the general concepts of ‘Wine‘ and ‘Food’. Next, specialize the ‘Wine’ class by creating 

subclasses: ‘White wine’, ‘Red wine’, ‘Rosé wine’. The ‘Red wine’ class can be further specialized, e.g., into 

‘Syrah’, ‘Red Burgundy’, ‘Cabernet Sauvignon’. (Noy & McGuinness, 2001) 

A middle out approach resuls in a medium level of detail. Development starts with the identification 

of the most important concepts which are then complemented in teams and structured 

hierarchically (Apke & Dittmann, 2003; Noy & Hafner, 1997; Sure, 2005). The higher level 

categories naturally resulting from this procedure are more likely to be stable, leading to less re-

work and less overall effort (Uschold & Grueninger, 1996). Detail arises only as necessary, by 

specializing the basic concepts (Gandon, 2002b).  

This approach is particularly suited if the domain knowledge still limited and unstructured (Apke 

& Dittmann, 2003). It encourages the emergence of thematic fields and enhances modularity and 

stability of the result (Gandon, 2002b). The middle out approach may include various knowledge 

sources depending on their availability and their reliability. It individually combines the sources 

with the appropriate method to extract relevant knowledge. Due to this flexibility it appears to be 

the most appropriate solution (Sure, 2005). 

Ontologies established middle out are e.g. TOVE (cf. part II, 2.1.2) and KOWIEN254. 

Start with a few top-level concepts such as ‘Wine’, and a few specific concepts, such as ‘Margaux’. Relation can be 

made of both to a middle level concept, such as ‘Medoc’. (Noy & McGuinness, 2001) 

2.2.2.2.2 Methods 

The following paragraphs give an overview on methods which are mainly suitable for 

develop/ build activities. The selection is based on insights from the field of Artificial 

Intelligence255, Design Science256, Knowledge Management and General Management. 

                                                 
254

  More information on this nationally funded German research programme on cooperative knowledge management can be found online at: 
http://www.kowien.uni-essen.de/ (2008/06/05). 

255
  In his dissertation on distributed artificial intelligence, Gandon (2002b) lists a number of data gathering methods suitable for ontology 

engineering. 
256

  In the field of Design Science, Palvia et al. (2003) summarizes data collection methods for management information systems; these might be 
used for the development of the taxonomy and the ontology, too.  
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The presented methods are also supportive to other stages of the OntoLife. In table 66, I match 

the methods to the stages they provide most help to. Further information on the method is 

added, e.g. its degree of academic reliability and the number of persons involved. To ensure 

common understanding, I subsequently257 describe the methods. I note the phase of the 

OntoLife to which the method is most useful in brackets . 

Overview of Methods 

Methods  
Phase of 
ontology  
lifecycle 

Reliability 
Exploring 
unknown 
aspects 

Effort for  
preparation 

Effort for  
data  

collection 

Effort for  
data  

evaluation 

Character 
of method 

Persons 
involved 

Brainstorming prepare � �� ��� ��� �� qualitative 3 to 10 

Library 
Research  

prepare ��� � ��� � � qualitative 1 

Literature 
Analysis  

prepare ��� � ��� � � 

qualitative 
& 

quantitative 
1 

Secondary 
Data  

prepare &  
evaluate �� � ��� � �� 

qualitative 
& 

quantitative 
1 

Document 
Analysis 

develop/ 
build ��� � �� �� �� 

qualitative 
& 

quantitative 
1 

Focus Groups 
develop & 
evaluate �� ��� ��� ��� �� qualitative 3 to 10 

Survey 
develop & 
evaluate ��� � � � � quantitative 

un- 
limited 

Interviews 
develop & 
evaluate ��� ��� � �� �� qualitative 2 to 3 

Observation 
develop & 
evaluate �� �� � � � qualitative 1 

Case Study  
develop & 
evaluate ��� � � �� �� qualitative 1 

legend for each column:  
��� 
reliable 

��� 
many aspects 

���  
little effort 

���  
little effort 

���  
little effort 

  1: researcher 

table 66 Overview of possible methods for develop/ build 

Brainstorming (prepare) is the generation of ideas in a group situation, based on spontaneous and 

unrestrained contributions from all members. This method is helpful to initially come up with a 

number of potentially relevant terms and phrases of the ontology (Uschold & Grueninger, 1996). 

For more information on the method (cf. part I, subsection 2.2.3). 

                                                 
257

  It is neither purpose nor intention of this paragraph to provide an exhaustive insight in the different quantitative and qualitative research 
methods particularly elaborated in the field of empirical social research. Here, I limit description to methods necessary for the development of 
an ontology by a Design Science approach. If methods have already been presented in the part on the Fuzzy Front End, mainly reference 
thereto is made. For a more detailed elaboration on the topic of research methods, reference is made to the literature on research 
methodology. Maxwell (2005) provides pragmatic guidance to qualitative methods, while Atteslander & Cromm (2007) and Schnell, Hill & Esser 
(2005) can be recommended for an insight to quantitative research. For an introduction to both methods, Easterby-Smith, Thorpe & Lowe 
(2002) and Stier (1999) are useful readings. 



Design Science Ontology Lifecycle 243 

Library Research and Literature Analysis (prepare) belong to the standard repertoire of a researcher. 

Library research summarizes and synthesizes existing literature in the field. Going beyond 

conclusions found by library research, literature analysis examines past contributions in a 

particular area and conducts meta analysis of the cumulative knowledge (Palvia et al., 2003).  

Analysis of Secondary Data (prepare & justify/ evaluate) utilize existing organizational and business 

data, e.g. financial and accounting reports, case studies, annual reports, archival company data, 

information in public domain and commercial database services (Palvia et al., 2003).  

Document Analysis (develop/ build) supports the identification of the relevant terms and concepts. In 

a first step, this acquisition of knowledge might be done informally and manually. To limit 

efforts, application of tools is recommended (Fernández-López, Gómez-Pérez & Juristo, 1997). 

By using natural language processing tools (based on experiences in Linguistics and empirical 

Social Research), ontology engineering can process even large amounts of documents 

(Atteslander & Cromm, 2006; Gandon, 2002a). For more information on the method cf. part I, 

paragraph 2.2.3.2. 

Focus Groups (develop/ build & justify/ evaluate) are supportive to exploration, especially if there is 

little prior knowledge (Reid & Reid, 2005). This makes focus groups a useful tool for concept 

gathering in the develop/ build stage. At times of evaluation, focus groups can be used to test the 

understability and practical applicability of the ontology. For more information on the method cf. 

part I, paragraph 2.2.3.5. 

Surveys (develop/ build & justify/ evaluate) use predefined and structured questionnaires to capture 

data from individuals. They allow conducting research in an efficient way, especially if an online 

or e-mail version is used. Quantitative surveys are recommended for the develop/ build phase if 

there is already broad knowledge of the field. In cases of little existing knowledge, the method 

should be rather used as a possible evaluation method by which the accuracy of the developped 

ontology is adressed. For more information on the survey method of conjoint analysis, cf. part I, 

paragraph 2.2.3.3. 

Interviews (develop/ build & justify/ evaluate) are especially promising in research situations with a 

complex subject (Maxwell, 2005; Stier, 1999). During in-depth interviews the interviewer is free 

to elaborate on a number of pre-defined questions. Typically, guided interviews consist of a 

number of key questions (asked in any case) and a number of optional questions (posed 

depending to the discussion) (Maxwell, 2005). Previous deliberations indicate that qualitative 

interviews can prove helpful to derive concepts and their relations during the develop/ build 

phase. Once conceptualization has been finished, evaluation of the implementation can also be 

done by interviews. 
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Observation (develop/ build & justify/ evaluate) enables researchers to collect natural reactions in a real 

environment, resulting in the potentially most accurate behavioral data. It helps to understand 

how and if users can handle an artifact. However, with this method, ethical aspects (e.g. duty of 

secrecy) have to be treated carefully (Easterby-Smith, Thorpe & Lowe, 2002). It is advisable to 

use observation once a functional prototype has been developed (cf. part I, paragraph 2.4.2.4). 

This allows to make necessary changes according to the observed interactions. Besides, it can well 

be used to evaluate the final artifact, too. 

Case Studies (develop/ build & justify/ evaluate) allow to study a single phenomenon in much depth, 

typically in an organizational setting and over a considerable time frame (Hevner et al., 2004). 

While credited with much internal validity, external reliability in terms of possible generalization 

is much lower. Generalization is only possible to theoretical propositions and not to populations. 

In this sense, a case study is best used to expand and generalize theories by doing a generalizing 

analysis (Yin, 2005). Osterwalder (2004), in accordance with Hevner et al. (2004), used the case 

study method for evaluation of his business model ontology. This approach exemplarily showed 

the applicability of an ontology. Case studies can hence be recommended as a method for 

evaluation. Furthermore, the method can also be used to gather information during the 

develop/ build period. 

2.2.2.2.3 Approach and Methods Selected  

I will develop the OntoGate by a middle out approach, as suggested by a majority of the experts:  

“The combination approach is often the easiest […], since the concepts ‘in the middle’ tend 

to be the more descriptive […].“ (Noy & McGuinness, 2001) 

According to theory, this requires the deployment of a number of methods. Thus, three methods 

have been chosen for the develop/ build activities: 

• Brainstorming with domain and research experts to establish a basic understanding of the 

problem as well as of potential ways to solution. 

• Library Research and Literature Analysis to elaborate a structured overview of existing 

contributions to the field as well as a better understanding on the possibilities to sharpen and/ 

or even resolve the research question. 

• Qualitative interviews with domain experts to derive terms, concepts as well as relations among 

these which are of daily use in the field and to test the taxonomy built on the basis of the 

qualitative interviews. 

Based on Osterwalder (2004) and Palvia et al. (2003), the subsequent table combines the selection 

of approach and methods to the IS Design Science research framework of Hevner et al. (2004) 

and March & Smith (1995). 



Design Science Ontology Lifecycle 245 

Research  
Activities 

Research  
Output 

Methods Used for Develop/ Build 

Constructs 

Model 

Middle Out Approach 
• Brainstorming 
• Library Research/ Literature Analysis 
• Interview 

Method 
• Visualization and Taxonomy Building 
• Formalization 

Instantiation • OntoGate 

table 67  Method mix for the develop/ build research activities  

Subsequently, table 68 documents interview partners258, date and time as well as an overview of 

content of the qualitative interviews (order of the companies is alphabetical).  

Hans Einhell AG 

 1st interview 2nd interview 3rd interview 

Interview partner 

Dr. Markus 
Thannhuber, Chief 
Technical Officer 

Dr. Markus Kathan,  
head of marketing 

Josef Thannhuber, 
chairman of the 

supervisory board 

Dr. Markus 
Thannhuber, Chief 
Technical Officer 

Date and time 
2007/03/06,  
12:00-15:00 

2007/03/15, 
11:00-14:00 

2007/08/06,  
14:00-16:00 

Location headquarters of HANS EINHELL AG in Landau/ Isar 

Content of Interview data gathering on idea assessment and selection 
discussion of draft 

taxonomy & ontology 

Further sources of 
information 

Further information has been derived from publicly available sources, e.g. the 
website (http://www.einhell.com) and the annual reports259 and a festschrift 

published for the 50th anniversary of founding of HANS EINHELL AG. 
 

                                                 
258

  Due to confidentiality reasons the publication of names of interview partners and some details of interviews is forbidden at ROHDE 

&SCHWARZ GMBH & CO. KG. 
259

  For the annual reports of HANS EINHELL AG, cf. Hans Einhell AG (2003, 2004, 2005 & 2007). 
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C. & E. Fein GmbH 

 1st interview 2nd interview 

Interview partner 
Richard E. Geitner, Chief Executive Officer 

Dr. Alfred Schreiber, head of R&D 

Date and time 
2007/02/16,  
15:00-17:00 

2007/07/03, 
10:30-11:30 

Location 
seat of C. & E. FEIN GMBH in 

Stuttgart 
telephone interview 

Content of Interview 
data gathering on idea assessment and 

selection 
discussion of draft informal 

taxonomy and ontology 

Further sources of 
information 

Further information has been derived from publicly available sources, e.g. the 
website (http://www.fein.de), as well as from internal documents kindly made 

available by C. & E. FEIN GMBH. 
 

Marquardt GmbH 

 1st interview 2nd interview 

Interview partner Dr. Harald Marquardt, Chief Executive Officer 

Date and time 
2007/03/28, 
14:00-16:30 

2007/07/17,  
09:30-11:30 

Location 
headquarters of MARQUARDT GMBH 

in Rietheim-Weilheim 
Forum am Schlosspark, Ludwigsburg 

Content of Interview 
data gathering on idea assessment and 

selection 
discussion of draft informal 

taxonomy and ontology 

Further sources of 
information 

Further information has been derived from publicly available sources, e.g. the 
website (http://www.marquardt.de), publications of Dr. Marquardt (e.g. 
Marquardt, 2006), and from internal documents kindly made available by 

MARQUARDT GMBH. 
 

Rohde & Schwarz GmbH & Co. KG 

 1st-3rd interview Continuous Feedback 

Interview partner 
interviews with two directors of subdivision and a 

head of division of the departments radio-
communications, broadcasting & signal intelligence 

Ernst Pohn, 
development processes 
& project controlling 

Date and time 

2007/07/05, 10:00-11:30 

2007/07/06, 14:30-15:30 

2007/07/12, 09:00-10:30 

continuous discussion 
between 2007-01-04 and 

2007-08-31 

Location headquarters of ROHDE & SCHWARZ GMBH & CO. KG, Munich 

Content of interview 
data gathering on idea assessment and selection at 

ROHDE & SCHWARZ GMBH & CO. KG 
discussion of first 
(formal) ontology 

Further sources of 
information 

Further information has been derived from publicly available sources, e.g. the 
website (http://www.rohde-schwarz.de) and Rohde & Schwarz GmbH & Co. 
KG (2007), as well as from whitepapers, internal workshops, and presentations 
kindly made available by the company. Special support has been provided by 

Andreas Brandmaier, former intern and now young executive of 
ROHDE & SCHWARZ GMBH & CO. KG. 

table 68  Details on qualitative interviews 
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2.2.2.3 Formalization  

The objective of the third step of develop/ build is to produce a mature, formal ontology. The 

formalization process of the OntoGate is divided into three activities (cf. figure 85). The first step 

results in the company- specific informal taxonomies and the accompanying glossary (for results of this 

activity cf. part IV, section 2.3.1). During the second, intermediate step of formalization, the 

comprehensive informal taxonomy which includes all components found among the participating 

companies is developed. This comprehensive informal taxonomy serves as the basis for the more 

important third step of formalization, when the formal ontology is developed (for results of this 

activity cf. part IV, section 2.3.2). 

Below, figure 85 shows formalization activities which are based on the concept of evolving 

prototypes as suggested by METHONTOLOGY (cf. 1.1.1.3), the OTK methodology (cf. 1.1.1.4) 

and being congruent with Design Science principles (Fernández-López, Gómez-Pérez & Juristo, 

1997; Hevner et al., 2004; Markus, Majchrzak & Gasser, 2002; Sure, 2005). 

 
figure 85 Formalization of OntoGate 

Formalization begins with the first interviews at the focus companies on the basis of previously 

accumulated theoretical knowledge. On the basis of the results of these interviews I develop the 

first drafts of the company-specific informal taxonomies, plans for the formal ontology as well as a first draft of 

the glossary.  

Taxonomy, glossary as well as plans of the ontology are subject to feedback during the second row 

of interviews with the focus companies. The taxonomy and the glossary are consequently reworked 

into the company-specific informal taxonomies and the accompanying glossary.  

All the elements of the three informal taxonomies are united in the comprehensive informal taxonomy 

which is subsequently transformed in the comprehensive formal ontology. This is done by defining 

classes, attributes, attribute values, and relations other than the taxonomical is-a relation. 
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2.2.3 Justify/ Evaluate 

[…] a toolmaker succeeds as, and only as, the users of his tool succeed with his aid.  
However shining the blade, however jeweled the hilt,  

however perfect the heft, a sword is tested only by cutting.  
That swordsmith is successful whose clients die of old age. (Brooks, 1996) 

The phase of justify/ evaluate is twofold, targeting different objectives. I primarily evaluate the 

correctness and quality of the OntoGate according to a number of methods. Besides, I am interested 

in the degree of genericness of the ontological components and consequently validate the company-

specific taxonomies of the focus companies according to the insights gathered at the reference company. 

I denominate this twofold evaluation method OntoEva. 

The first strand is the evaluation of the developed artifact(s) as suggested by Design Science. I elaborate 

and use a method based on the conceptual framework of Design Science (cf. 1.2). During this step, 

I perform descriptive, experimental, and analytic evaluation. Additionally, I validate the ontology 

several times by interviews with domain and ontology experts.  

The second strand of evaluation examines the level of genericness in the developed ontologies. In a 

first step, the company-specific OntoGate of the focus companies are condensed to a typic informal 

representation of idea assessment during FFE. This typic formal ontology is not restricted to 

specific procedures in the companies and thus comprises components typical for all the focus 

companies. Secondly, by comparison of the typic taxonomy with the reference ontology, I establish a 

generic version of the OntoGate. This generic taxonomy holds the components which were observed 

in all participating companies. 

2.2.3.1 Foundations of OntoEva 

Two […] criteria for success in a tool are:  
It must be so easy to use that a full professor can use it,  

and it must be so productive that full professors will use it.  
[italics in original](Brooks, 1996) 

The first decision when selecting an evaluation method is on the guiding framework. For the 

OntoGate, I choose the five evaluation methods of Design Science (Hevner et al., 2004), adding 

Noy’s suggestion of evaluation with customers (Noy, 2004). I start the description of OntoEva 

by introducing the framework in table 69. 
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Method Description of Method 

Observational 
• case study: study artifact in depth in business environment  
• field study: monitor use of artifact in multiple projects  

Analytical 

• static analysis: examine structure of artifact for static qualities  
• architecture analysis: study fit of artifact into technical IS architecture  
• optimization: demonstrate inherent optimal properties of artifact or provide optimality 

bounds on artifact behavior  
• dynamic analysis: study artifact in use for dynamic qualities  

Experimental 
• controlled experiment: study artifact in controlled environment for qualities 
• execute artifact with artificial data 

Testing 

• functional or black box testing: execute artifact interfaces to discover failures and 
identify defects 

• structural or white box testing: perform coverage testing of some metric in the artifact 
implementation 

Descriptive 

• informed argument: use information from the knowledge base to build a convincing 
argument for the artifact’s utility  

• scenario building: construct detailed scenarios around the artifact to demonstrate its 
utility  

table 69  Design Science evaluation methods (Hevner, March, Park & Ram 2004) 

In a second step, the selection of evaluation methods must be matched with the designed artifact 

(Hevner et al., 2004). It is obvious that the Design Science framework, elaborated for a viable and 

working IS design artifact, has to be adapted for the research project.  

The OntoGate deals with unstructured knowledge what makes it poorly adapted to the use of 

quantitative metrics. Consequently, evaluation is mainly done by description,  experiment, analysis, and 

testing. I base this selection on the approach taken by Osterwalder (2004). In table 70, his 

proceeding of evaluation is compared to the suggestion of Hevner et al. (2004). 

Method 
Description by  

Hevner et al. (2004) 

Description by 

Osterwalder (2004) 

Observational 
• Case study 
• Field study 

• Test with case studies 

Analytical 

• Static analysis (e.g. complexity) 
• Architecture analysis (fit to IS) 
• Optimization  
• Dynamic analysis (e.g. performance) 

 

Experimental 
• Controlled experiment 
• Simulation  

Testing 
• Functional test (failure test) 
• Structural test (coverage test) 

• Test in the field 
• Test vs. other model in the field 

Descriptive 
• Informed argument 
• Scenario building 

• Compare with literature 
• Evaluation with practitioners 
• Interest by research community 

table 70 Evaluation methods by Hevner et al. (2004) and Osterwalder (2004) 
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The next table presents the evaluation methods selected from the framework for the OntoGate. 

The last column shows the validation criteria which March & Smith (1995) provided for each 

research output:  

Research  
Activities 

Research  

Output 

Justify/ Evaluate 
Character of 

Evaluation 
Validation Criteria 

Constructs 

• Completeness 
• Simplicity 
• Elegance 
• Comprehensibility 
• Ease of use  

Model 

• Compare with 
literature 

• Evaluation with 
practitioners 

• Static Analysis 

• Descriptive 
• Analytic 

• Efficiency 
• Generality 
• Ease of use 

(Method) • (not evaluated) • (not evaluated) • (not evaluated) 

Instantiation • Case Study  • Observational 

• Fidelity with reality  
• Completeness 
• Level of detail 
• Robustness 
• Internal consistency 

table 71 Integrated evaluation methods 

Method is put into brackets to indicate that this thesis is concentrated on resulting constructs, 

model, and instantiation. The methods provided for in the knowledge base will be used. Hence, 

evaluation of methods will not take place. 

Evaluation of constructs, model and instantiation mainly take place via experimental interviews with 

ontology consumers during first evaluation. Experimental interviews means that ontology consumers 

test the ontology and are simultaneously and subsequently interviewed with respect to the 

validation criteria listed in table 71. In the reference company, a case study was also carried out.  

2.2.3.2 Step 01 of OntoEva: Evaluation of the Artifact 

Step 01 of OntoEva focuses on evaluation with ontology consumers and ontology experts. As 

soon as development allows, static analysis is continuously performed by the ontologist. This 

more operational validation is not in the center of interest here. 

The first evaluation with consumers takes place with the interview partners in the focus 

companies260. Before the interview, interview partners are provided with the first draft of the 

natural language taxonomy of their idea assessment as well as with the glossary. During the 

interview, observation of use and interpretation of the taxonomy by domain experts takes place. 

Additionally, every element of the ontology is subject to discussion to test the modeling 

according to the criteria listed below, in table 72. 

                                                 
260

  Note that the same procedure applies for the establishment of the ontology in the reference company.  
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Constructs  Instantiation 

• Correctness 
• Completeness 
• Elegance 
• Simplicity 
• Comprehensibility 

• Completeness 
• Fidelity with real world  
• Internal consistency  
• Level of detail  
• Robustness 

table 72  Criteria of evaluation (based on Hevner et al., 2004) 

Following this evaluation, the informal taxonomy is adapted according to the new insights and 

changes resulting therefrom. Development of the formal ontology starts based on the adapted 

taxonomy.  

Simultaneous to development of the formal ontology, the newly adapted informal taxonomies are 

sent to the companies for another evaluation by the aforementioned criteria (cf. table 72). After 

this second feedback, both the informal taxonomy and the semi-informal ontology undergo 

another cycle of adaptation. 

2.2.3.3 Step 02 of OntoEva: Validation of Genericness 

The second phase of OntoEva examines the degree of genericness261 of the empirically found 

elements. As indicated above (cf. figure 83 ), the activities of develop/ build and justify/ evaluate, 

especially the strand ‘validation of genericness’, are closely interlinked. Below, figure 86 gives a 

synopsis of the activities performed to establish the typic informal taxonomy as well as the 

generic informal taxonomy262 and thus validate genericness of components. 

 

figure 86 Step 02 of OntoEva: Validation of genericness 

                                                 
261

  It has been my objective to perform an exemplary ontology development and evaluation. This section shows the feasibility of a validation of 
genericness. It does explicitly not claim validity beyond the examined companies. 

262
  For the validation of genericness, development and presentation of the formal versions of the typic and the generic OntoGate cannot yield 

insights beyond the informal taxonomies. At the same time, formal versions are more difficult to understand. Consequently, these 
representations have been selected to ease reading especially for lay ontologists. 
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In a first step, the typic formal taxonomy (derived from the common elements in the taxonomies of 

the focus companies) is used to develop the formal ontology on idea assessment and selection at the 

reference company. Comparison of the company-specific formal ontology and the typic informal 

taxonomy leads to the identification of shared components. These elements common to both 

ontologies are validated to be generic. They are used to establish the generic informal taxonomy, i.e. the 

generic OntoGate. 

2.2.4 Support Activity: Document 

As METHONTOLOGY explains, documentation is to be continuously done during the 

ontology development process (Fernández-López, Gómez-Pérez & Juristo, 1997). Decisions, 

important assumptions and steps taken are documented (Apke & Dittmann, 2003; Uschold & 

Grueninger, 1996). 

(Fernández-López, Gómez-Pérez & Juristo, 1997) believe that the absence of a documentation is 

an important obstacle when it comes to reuse, maintenance or sharing of ontologies. 

Furthermore, (natural language) documents can support the appropriation of the (formal) 

ontology by the users of the ontology. 

For the OntoGate, documentation of processes takes place in the previous sections which describe 

prepare, develop/ build and justify/ evaluate. The following part on findings documents step by step the 

knowledge which is elaborated during ontology development.  



256 Results of Prepare 

1 Results of  Prepare 

The activities of prepare form a starting step for future activities. Results derived from prepare 

enable subsequent research activities. Consequently, with regard to the final result OntoGate, 

they are intermediate results. On the other hand, with regard to the different academic knowledge 

bases, their degree of novelty makes them contributions, i.e. end results. 

The first section summarizes the outcomes of analysis of the relevant knowledge bases. They were 

elaborated to facilitate development and evaluation of the OntoGate. Consequently, previous 

parts on Innovation Management, Ontology and Design Science introduced the knowledge bases 

in detail. Section 1.1 gives a synopsis. The second section illustrates results of the feasibility study, 

i.e. definition of the most relevant stakeholders and use cases (cf. 1.2). 

1.1 Analysis of Knowledge Base 

Analysis and evaluation of the Knowledge Base of General and Innovation Management, 

Information Science, Artificial Intelligence, and Design Science resulted in: 

• The Roadmap for the Fuzzy Front End (cf. part I) is a multi-staged structure for the early stages 

of the innovation process. It holds details on participants, methods and output of each stage. 

The suggestion is derived from existing experiences contained in the knowledge base of 

Innovation Management and Management Science. 

• The OntoCube, presented in part II, is a synopsis of different approaches to the classification of 

ontologies stems from research, analysis and interpretation of existing publications on 

ontologies.  

• The Design Science Ontology Lifecycle is a method for ontology development and evaluation 

(cf. part III). I elaborated the OntoLife by analysis and evaluation of the knowledge base on 

Ontology Engineering as well as on Design Science. 

These results are of intermediate character with respect to the OntoGate. Seen from the academic 

perspective of the diverse knowledge bases, each of them is an end result (cf. conclusion, 

section 2.3). 
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1.2 Feasibility Study 

The feasibility study results in two outcomes: identification of stakeholders and definition of 

motivating scenarios in the form of use cases. To execute the feasibility study, some adaptation of 

theoretical prescription was necessary. The literature on ontology engineering does not cover 

cross-company approaches. This is due to the fact that previous ontology developments were 

either company-independent (e.g. B2B applications, cf. part II, section 2.2) or highly specific to 

the company (e.g. HR ontology in part II, section 2.3.1). The different version of the OntoGate 

are both, highly specific and of impact beyond the boundaries of the focal company. 

Consequently, the stakeholders, i.e. the groups affected by the ontology, have to be identified on 

the basis of a more general conception. 

Identification of stakeholders for the OntoGate is based on the findings of a community which 

examines the importance of stakeholders to a company from different perspectives (Einwiller, 

Kloepfer & Nies, 2006; Mueller-Stewens & Lechner, 2005; Schmid & Lyczek, 2006; Will, 2007). 

Following their insights, a number of potential stakeholders have been investigated: politics, 

public and NGOs, customers and consumers, staff members, executives, investors, state, 

suppliers and competitors. 

Out of these, I focus on internal stakeholders (‘staff members’ and ‘executives’). They have been 

identified during empirical data collection as being most concerned with the ontology and its 

potential impact on organizational routines. For external stakeholders, only ‘competitors’ have been 

included. The participating companies state that they would like to compare their process with 

that of their competitors, but would not open it to players on other levels of the value chain. In 

figure 89 selected stakeholders are highlighted by bold letters and a black box. 

 
figure 89 Possible and selected stakeholders (black boxes indicate selected stakeholders) 
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As motivating scenarios for the participating companies, three use cases were developed which are 

illustrated in the following table: 

Representation of the State of the Art 
 

representation of state of the art concerning idea assessment during the early stages of the 

innovation process in small and medium sized enterprises 

Comparison of Company Routines 

 

comparison of company routines with customs in and beyond the industry 

Support of Communication 

 
support of communication between departments and between the company and its partners 

figure 90 Use cases of the OntoGate
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2 Results of  Develop/ Build 

Results of this stage stem from three activities: kickoff, knowledge acquisition and formalization. 

Develop/ build is initiated by the ontology specification document established during kickoff (cf. 

2.1). Knowledge acquisition gathers the information on idea assessment and selection during the 

early stages of the innovation process of the participating companies (cf. 2.2). Formalization, 

finally, transfers this domain knowledge into a structured ontology (cf. 2.3). The OntoGate is 

formalized in two steps: informal taxonomy and glossary (cf. 2.3.1) and formal ontology (cf. 2.3.2).  

2.1 Kickoff 

The result of the kickoff activity is the ontology specification document for the OntoGate 

(cf. table 73).  

Ontology Specification Document for OntoGate 

Scope 
• idea assessment in early phases of innovation process (Invisible Funnel, Concept 

Gate, Innovation Gate) on the basis of four selected companies 
• elaboration on a company-specific, typic and generic level 

Classification 
• 1st formalization: informal taxonomy 
• 2nd formalization: formal lightweight domain ontology 

Supported 
activities 

• analysis of SME state of the art concerning idea assessment during FFE 
• comparison of company routines with customs in and beyond the industry  
• support of communication between departments and between the company and its 

partners 

Knowledge 
sources 

• literature on General and Innovation Management, Information Science, Artificial 
Intelligence, and Design Science 

• domain experts (business practice) and methodological experts (academia) 

Stakeholders 
• internal: staff and executives 
• external: competitors 

table 73 Specification of the OntoGate 
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2.2 Knowledge Acquisition 

The following subsections introduce the participating companies. For each company, I 

summarize history and activities, provide some figures and highlight past innovations. The 

second part of each subsection describes the empirically identified approach to idea assessment 

and selection in each of the participating companies. The three focus companies show 

commonalities as well as differences in their approaches to idea assessment and selection264. In 

the presentation of the participating companies, I focus on the particularities of the companies265. 

Subsection 2.2.5 compares the approaches according to a selection of criteria. 

In this section, especially readers less at ease with formal representations are provided with direct 

access to the domain-related results of my empirical work.  

2.2.1 Hans Einhell AG266 

Brand quality for the price conscious.  
(HANS EINHELL AG) 

2.2.1.1 Presentation of Company 

Corporate headquarters of HANS EINHELL AG are in Landau/Isar, Germany. The company was 

founded in 1964 by Joseph Thannhuber. It started contract manufacturing transformers, 

switchgear and construction site distribution boxes which featured an innovative 3-phase 

reversing switch. 

Mr. Joseph Thannhuber directed the company as CEO and later on as chairman of the board of 

directors until 2002. Since January, 1st of 2003, Andreas Kroiss heads HANS EINHELL AG as 

chairman of the board of directors, together with Jan Teichert (Chief Financial Officer) and 

Dr. Markus Thannhuber (Chief Technical Officer).  

When Mr. Joseph Thannhuber took over chairmanship of the supervisory board in 2003, HANS 

EINHELL AG had been public for 15 years (IPO in 1987). About 86% of common shares are held 

by the Thannhuber AG. Thus, Thannhuber AG holds about 48% of the total of common and 

(publicly floating) premium shares. 

HANS EINHELL AG has about 1,000 employees who in 2006 generated a turnover of roughly 

410 million Euro (2005: �  390 million) and accumulated profits of approximately 

9,5 million Euro (2005: � 27,5 million). 

                                                 
264

  While this and subsequent sections of formalization mainly deal with specific aspects, their commonalities allow for the establishment of an 
ontological framework valid beyond individual modeling (cf. section 2.3). 

265
  Order of the companies is alphabetical. 

266
  This section is mainly based on my qualitative interviews at HANS EINHELL AG (for details on the interviews, cf. part III, section 2.1.3). 

Further information has been derived from publicly available sources, i.e. the website (http://www.einhell.com) and annual reports of Hans 
Einhell AG as well as a festschrift published for the 50th anniversary of founding of Hans Einhell AG.  
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figure 91 HANS EINHELL AG: headquarters at Landau/ Isar 

HANS EINHELL AG develops and markets solutions for the handyman and professional. The 

product portfolio covers home, garden and recreational use. Its three divisions of car & tools, 

garden & leisure, and air conditioning & heating strive to stay ahead of competition by a product 

policy based on velocity, flexibility and innovativeness.  

Products of HANS EINHELL AG are of high quality at an attractive price. Its current portfolio 

comprises about 3’500 items: Car accessories and tools as well as products for garden, leisure and 

household use. Every year, about 900 new products are developed.  

Since the 1970s, HANS EINHELL AG has developed a series of innovative products including the 

Aquaductor, a swimming pool filter and the Economy 3 heating system computer.  

   

Cordless drill set,  
division car & tools 

Electric chain saw,  
division garden & leisure 

Split air conditioner,  
division air conditioning & heating 

table 74 The 3 divisions of HANS EINHELL AG 

Manufacturing is carried out inhouse as well as outsourced to suppliers. According to a strong 

quality assurance program, purchasing as well as collaborative manufacturing is worldwide done; 

one of the most markets is China. Parts of the engineering department are located in Shanghai, 

where qualified HANS EINHELL AG technicians coordinate and are responsibility for all activities.  

Retail is carried out by specialty stores, mail order, garden centers and discount chains around the 

world. Subsidiaries and affiliated partners around the globe ensure a high service level. 
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2.2.1.2 Idea Assessment and Selection 

Efficiency and flexibility of processes are the outstanding characteristics of the early stages of the 

innovation process at HANS EINHELL AG. Idea generation and collection as well as assessment 

of ideas are done in an almost exclusively intuitive way. 

Despite its size and international activity (cf. part III, section 2.1.3), HANS EINHELL AG has 

preserved its Fuzzy Front End most flexible and adaptive to daily needs. Incoming ideas are 

directly assessed by the marketing department. This informal evaluation is the decisive moment 

between ideation and development at HANS EINHELL AG. 

Input to evaluation comes from a number of sources and in different degrees of maturity. 

• Manufacturing suggests additional and/ or new features for existing products. These 

incremental ideas emerge without requirement267 during the process of daily business. 

• Suppliers, especially product designers, but also subcomponent suppliers, present sketches or 

sometimes even prototypes of new features, a changed design, or a product entirely novel to 

HANS EINHELL AG. Though typically commissioned to solve specific tasks, suppliers 

additionally submit their own ideas. 

• Board members suggest new products or even new product lines.  

• Direct customers, i.e. retailers, ask for new functionalities. Their suggestion is either based on 

their customers’ feedback (i.e. represents the opinion of end-consumers) or their own ideas. 

Suggestions of retailers are collected by sales representatives who are in continuous interaction 

with the retailers. If a specific proposal is identified by a certain number of retailers, sales 

conveys it to evaluation. Typically, retailers provide ideas for incremental changes of features 

and functionalities. 

• Final customers, i.e. end-consumers contribute in a twofold way to idea generation: On the one 

hand, they complain about problems with a product. Quality management is responsible to solve 

such problems. Problems are immediately solved without internal assessment. Ideas which are 

derived from complaint management are mainly incremental. On the other hand, they invent 

incrementally or radically new products or features.  

Until recently, the head of department in which the idea emerged, evaluated it directly. 

Departments involved in the process were mostly research and development, quality and 

marketing.  

                                                 
267

  In the terminology of the taxonomy and the ontology, ideas/ concepts which were asked for by the company are denominated continuous. 
Surprising, unexpected ideas which have not been explicitly required, are called discontinuous. 
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Nowadays, the department which disposes of best insight into the company’s product portfolio is 

responsible for decision-making. Marketing does the assessment of ideas with the exception of 

complaint management (for which quality management is responsible) and radical suggestions by 

the board. The latter requires strategic decision-making which is done by the board and the 

supervisory board268. Marketing disposes of a crossfunctional internal network and decides on a 

multifaceted basis, including information on: 

• Current product portfolio: The idea is supposed to fit in the current portfolio or stretch the 

product-line. 

• General consumer studies: The idea should comply with market requirements. 

• Sales: Sales staff provides valuable information about needs of retailers and end-consumers. 

• Manufacturing: The new idea has to comply with manufacturing capacities. 

Assessment of suggested ideas does not follow a pre-defined structure to process this information. 

Experiences from previous projects, market and product knowledge as well as crossfunctional 

input by other departments are combined to reach a decision.  

In case of positive assessment, the idea is given to product management, quality management and 

buying. They first assess the technological feasibility of the idea. If feasibility is positively 

assessed, purchase identifies possible suppliers for subcomponents. At that moment of hand-

over, the back end of the innovation process starts and consequently project management takes 

over. HANS EINHELL AG does not allow for refinement or rework of a suggested idea; an idea is 

either accepted or discarded. Discarded ones are not stored. 

In figure 92, a synopsis of the Fuzzy Front End at HANS EINHELL AG is presented. Subsections 

2.3.1 and 2.3.2 introduce details on the individual components. 

 

figure 92 Fuzzy Front End of HANS EINHELL AG 

                                                 
268

  Suggestions by the board typically imply changes in the product portfolio (e.g. introduction of a new product-line) are rare, i.e. arise only 
every three to five years. As they are radical innovations, I exclude them from further discussion. 
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The way HANS EINHELL AG addresses its Fuzzy Front End can be explained by the 

characteristics elaborated for the Invisible Funnel in part I, subsection 2.3.1. Its flexibility and 

absence of bureaucratic obligations (e.g. scheduling an assessment between different 

departments) ensure quick and efficient decision-making. Consequently, time-to-market is short. 

These fast processes of HANS EINHELL AG solidify its position of a price market leader which is 

ahead of competition due to innovations coming at low cost for the customer. This approach is 

adequate for the requirements of HANS EINHELL AG because development and manufacturing 

are mainly done in Asia. The comparatively low (labor) costs of development allow to delay idea 

assessment until after market introduction.  

2.2.2 C. & E. Fein GmbH269  

Powered by innovation. 
(C. & E. FEIN GMBH) 

2.2.2.1 Presentation of Company 

Corporate headquarters of C. & E. FEIN GMBH are in Stuttgart, Germany. C. & E. FEIN GMBH 

was founded in 1867 by 25 year old Wilhelm Emil Fein and his brother Carl. In 1895 W. E. Fein 

constructed the world’s first electric power tool: an electric hand drill. 

  

figure 93 C. & E. FEIN GMBH: company logo and first electric hand drill 

C. & E. FEIN GMBH operated under family management until 2001, when Hans-Wolfgang Fein 

resigned as chairman of the board. Since 2002, Richard E. Geitner is CEO at C. & E. FEIN 

GMBH together with Klaus Wartlik (marketing and sales). A majority of the company is still 

family-owned by the descendants of the FEIN brothers. C. & E. FEIN GMBH has about 300 

employees. 

FEIN develops and produces electric power tools for professional users in industry and manual 

trades. It targets assistance and facilitation of work in a variety of fields. In particular, three target 

groups of professional users are addressed: metal processing, interior outfitting & renovation and 

automotive. 

                                                 
269

  This section is mainly based on my qualitative interviews at C. & E. FEIN GMBH (cf. part III, section 2.1.3 for details on the interviews). 
Further information has been derived from publicly available sources (e.g. http://www.fein.de), as well as from internal documents kindly 
made available by C. & E. Fein GmbH. 
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The current FEIN product program includes over 200 tailored professional tools for handicraft 

and industry. The product portfolio won a number of awards. The table below shows a selection 

of the most important awards received since 2000: 

Award Product Description Product Illustration 

MAMMUT: 

Bundespreis 2002 
(prize of the jury 
of the handicrafts 

fair 2002) 

This innovative offset screwdriver with 
extremely high torque is the first to 
make screwing in wood screws up to 
16mm in difficult to reach places 
possible.  

 

ASW 12-18  
cordless torque 

wrench: 

iF Design Award 
2002  

reddot award 
2002 

The ASW 12-18 cordless torque wrench 
was designed for special assembly 
situations, primarily for automobile 
assembly lines. It has outstanding 
ergonomic features; especially a new grip 
concept and an outstanding balance due 
to its optimized weight distribution. 

 

WSB 20-180/230 
angle grinder: 

tool of the year 

The readers of the magazine BAUEN 
UND RENOVIEREN elected the angle 
grinder as the top tool of its category: 
“Looks as well as visible and 
comprehensible innovative features add 
up the plus points.” 

 

 

 
 

WSB 25-230 
angle grinder & 

WSG 12-70 E 
universal angle 

grinder & 

drill/driver SCS:  

reddot award 
2001 

In 2001, three tools won the prestigious 
design award: the angle grinder WSB 25-
230, the universal angle grinder WSG 
12-70 E as well as the drill/driver SCS. 
These prizes illustrate the importance 
C. & E. FEIN GMBH attributes to a 
combination of usability with 
ergonomics and design. 

 

table 75 Selection of awards won by C. & E. FEIN GMBH products since 2000 

Development and manufacturing of C. & E. FEIN GMBH products is done in Stuttgart, Schwaebisch 

Gmuend-Bargau and Sonnenbuehl-Genkingen. Retail is done by specialty stores. 
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Start 
Time to Market

End 
Time to Market

Product 
Marketing 

Plan

Analysis of 
Market

Q-Gate 0

Q-Gate 1
Specification

Product 
Marketing II

ConceptQ-Gate 2

Q-Gate 3 Development Pre-Series

Q-Gate 4

Market 
Introduction

Q-Gate 5

Q-Gate 6 Series

Analysis and Observation of Market

Strategic Management of Project Portfolio & Project Controlling

2.2.2.2 Idea Assessment and Selection 

C. & E. FEIN GMBH disposes of a detailed product development or innovation process which is 

formally documented (cf. figure 94).  

 

figure 94 Product development process of C. & E. FEIN GMBH [own translation] 

A stage-gate process guides the ideas from discovery over an extensive analysis and observation of 

market and subsequent filtering via two Q-Gates (abbreviation of Quality Gates) until 

development.  

Analysis and observation of market covers a number of activities for generating and collecting ideas:  

• Product Management..  C. & E. FEIN GMBH is active in three segments of business (metal 

processing, interior outfitting and automotive; cf. part III, section 2.1.3). For each of the 

segments, C. & E. FEIN GMBH has specified a target group of customers and three to four 

core applications. Product managers are responsible for gathering relevant information on 

account of their products and applications270 thereof. Product managers have extensive 

product knowledge, a distinct feature of the customer service of C. & E. FEIN GMBH. Based 

on their product knowledge, they engage in an intensive dialogue with customers (i.e. retailers 

or OEMs) as well as with lead users271 (i.e. end-consumers). Possible topics of these 

discussions include (mainly incremental) changes in the (core) application of the product; 

product acceptance in the market; competitive position as well as ideas of employees or lead 

users for mostly incremental product innovations. 

• Quality Management. Retailers and quality management regularly discuss the quality of products. 

Retailers announce arising problems in quality reports. Ideas resulting from this exchange 

mainly cover incremental improvements by means of a technological solution.  

                                                 
270

  C. & E. FEIN GMBH does not only take its products into consideration, but also the fields of application these products cover. A product 
might be applied in different contexts, while an application might require several products. 

271
  Discussion with lead users is intensive up to definition of the specification and again when it comes to evaluation of prototypes. 
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• Inventors. Product management or staff members responsible for patent management keep 

contact with (groups of) inventors. Occasionally, there are also invitations to submit 

suggestions. The outcome f this are mostly incremental suggestions for accessories, but 

sometimes also sketches of radically new products. 

• Technology Observation. Technology observation and identification of new, potentially powerful 

and/ or important technologies is done by cooperation of R&D with universities and research 

institutes. Unsystematic literature analysis is also carried out. Implementation of a systematic 

radar system to identify radical technological shifts is currently under consideration. 

Decisions on the realization of supplemented ideas from quality are mainly taken at an operational 

level to quickly remedy quality issues. These ideas do not enter the formal process of idea 

assessment. 

Inputs from product management, inventors, and technology observation are first assessed by colleagues 

and superiors at Q-Gate 0 (the Invisible Funnel). As the gate number ‘0’ indicates, this very first 

assessment is based on experience and informally assesses the potential of the idea in the market. 

Only after passing Q-Gate 0, the idea enters the formally documented innovation process of 

C. & E. FEIN GMBH. 

If an idea passes the Invisible Funnel, i.e. wins support by colleagues and superiors, a product 

marketing plan is elaborated by the innovator or the innovative team. This document consists of 

the product concept and its marketing plan. The product manager presents it to the Jury of Ideas at 

Q-Gate 1 (in my nomenclature, the Concept Gate). The jury consists of both executive directors272, 

the heads of development, national as well as international sales managers and responsible 

product managers. If possible, feedback from lead users is collected and used as support for the 

decision. Decision-making takes place on a team-basis.  

Q-Gate 1 is a gentle gate, where the idea is evaluated according to its (estimated) compliance with 

core products and applications of C. & E. FEIN GMBH as well as according to its market 

potential. Concerning market potential, the Jury of Ideas estimates the risk of market entry by 

assessment of the current situation and the potential of the new idea. Decision-making is mainly 

based on previous experiences. 

If an idea successfully passes Q-Gate 1 (Concept Gate), the development team has to fulfill four 

subsequent tasks: 

• Definition of project start and project team 

• Analysis of information on norms and patents in the field 

• Development of product sketches, planning of costs and agenda 

• Elaboration of functional specification 

The development team hands in the entirety of results of their tasks (new release of product 

marketing plan) for assessment at Gate 2 (in my nomenclature: Innovation Gate). Again, the product 

                                                 
272

  C. &E. FEIN GMBH is managed by two executive directors. While development and controlling report to one of them (G1), sales and 
product management report to the other (G2). 
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manager presents the project to the Jury of Ideas. The jury is the same as at Q-Gate 1; if possible, 

feedback from lead users is collected and used as decision support. Decision-making at Q-Gate 2 

includes a rough assessment of (planned) costs as well as first considerations on partners for 

competitive benchmarking273 (cf. part I, paragraph 2.5.2.3.2).  

Both Q-Gates work like a traffic light: If assessment is not entirely positive or if information is 

missing, it shows yellow lights. In such a case, the development team tries to solve identified 

problems or to provide required information. Subsequently, the idea must again pass the Q-Gate.  

Storing of ideas which were discarded at Q-Gate 1 or Q-Gate 2 takis an informal process. The 

database holding the information on discarded ideas is open to all employees for information or 

further development. Knowledge management is under continuous development. 

In figure 95, the Fuzzy Front End at C. & E. FEIN GMBH is illustrated. Details on the individual 

components are presented in sections 2.3.1 and 2.3.2. 

 

figure 95 Fuzzy Front End of C. & E. FEIN GMBH 

Q-Gates 1 and 2 correspond to the Concept and Innovation Gate. Their requirements concerning 

input are remarkably higher than those elaborated for the Concept and Innovation Gate. For 

example, the marketing plan at Q-Gate 1 requires much more information than required at the 

Concept Gate.  

                                                 
273

  Results of benchmarking are assessed at the next gate (Q-Gate 3). 
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Both process and structure of phases and gates are meticulously elaborated and exactly defined. 

This proceeding exceeds expectations I had when selecting a medium-sized company for 

participation (cf. part I, section 1.4 and part III, section 2.1.3). C. & E. FEIN GMBH tries to 

gather and analyze information as early as possible, thus reducing the risk of an expensive 

misjudgment of market potential. The reason for this careful approach is probably the necessary 

investment for product innovations: C. & E. FEIN GMBH does research, development and 

manufacturing in Germany only. In such a high wage country, labor costs alone represent a 

significant investment which asks for careful consideration. 

2.2.3 Marquardt GmbH274 

2.2.3.1 Presentation of Company 

Corporate headquarters of MARQUARDT GMBH are at Rietheim-Weilheim, Germany. The 

company was founded by Johannes Marquardt and Johannes Marquardt as “Specialized factory 

for electrical supplies and fine mechanics”. In 1953, MARQUARDT GMBH became the first 

German company to produce snap action switches. Another important innovation were the 

Keyless Go systems for automobiles, brought to the market in 2000.  

  

figure 96 MARQUARDT GMBH: company logo, car key and part of keyless go system 

MARQUARDT GMBH is family-managed in the third generation. Until 1995, together with his 

brother Ewald and their colleague Erich Marquardt, Jakob Marquardt led the company as 

Managing Director. Today, Ernst Kellermann, Dr. Harald Marquardt and Matthias Marquardt 

head the board of directors.  

MARQUARDT GMBH has more than 4,000 employees who generate a turnover of roughly 

470 million Euro in 2007 (2006: 407 million, 2005: � 369 million). About two third of turnover 

stems from products which have been on the market less than five years. The majority of the 

company is family-owned. 

MARQUARDT GMBH develops switches and switching systems which relate user and appliance. 

The product portfolio covers switches and switching systems for automobiles275, power tool switches, and 

switches, sensors and system solutions. The company is a system supplier to electrical equipment 

manufacturers and belongs to the best mechatronics specialists worldwide. 

                                                 
274

  This section is mainly based on my qualitative interviews at MARQUARDT GMBH (cf. part III, section 2.1.3 for details on the interviews). 
Further information has been derived from publicly available sources (e.g. http://www.marquardt.de), publications of Dr. Marquardt (e.g. 
Marquardt, 2007), and from internal documents kindly made available by MARQUARDT GMBH.  

275
  Note that the account on the early stages of the innovation process at MARQUARDT GMBH mainly concerns its automotive division. 
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Its three divisions strive to stay ahead of competition by an innovative product portfolio based 

on close cooperation with its customers and suppliers.  

   

Key solution for cars,  
division switches and switching 

systems for automobiles 

Single- & double pole switch,  
division power tool switches 

Switches in domestic appliance  
division switches, sensors and system 

solutions 
table 76 The 3 divisions of MARQUARDT GMBH 

Manufacturing takes place in Germany as well as seven other countries. Processes are based on 

system competence in mechatronics which allows for just in time production. 

2.2.3.2 Idea Assessment and Selection  

MARQUARDT GMBH has established an iterative process of product development or innovation 

which is based on close interaction with its customers. The iterative approach corresponds well 

with the trisected process of idea assessment identified as best practice in part I, chapter 1.  

Idea collection and generation at MARQUARDT GMBH relies on three main sources: 

• OEM: ideas range from features to novel solution systems; suggestions of OEM form the 

most important share of ideas 

• suggestions for (mostly) incremental innovations by employees (novel features, new product, 

process improvements, etc.) 

• output276 of research institutes (technologies, materials, process improvements etc. ) 

Once inside MARQUARDT GMBH, ideas are first assessed by the process of informal filtering on a 

low hierarchical level (Invisible Funnel). Colleagues and superiors try to roughly estimate the 

feasibility and the potential of the idea. Estimations are based on previous experience with similar 

projects and market as well as on technological knowledge.  

Ideas which are positively estimated, enter refinement. During this stage, a first product concept 

as well as an early financial assessment (e.g. risk, market potential) are developed. Results thereof 

serve as input to the first official assessment of ideas (Concept Gate). The executive board, senior 

representatives of finance, quality, marketing, R&D, and the customer center manager form the 

Jury of Ideas. They discuss feasibility, risk, cost/ benefit ratio, and market potential of the concept.  

                                                 
276

  At MARQUARDT GMBH, output of research institutes typically introduces a) a radical change (e.g. new material) or b) a process change (e.g. 
new kind of bonding). As both types of innovation (cf. part I, section 1.2) are not the focus of this thesis, I will not further elaborate on this 
kind of input. 
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In case of positive assessment, the concept is subsequently discussed with suppliers as well as 

with the OEM, i.e. the customer. On the one hand, discussions concern preliminary financial 

analysis (e.g. target costing and break-even analysis). On the other hand, technical aspects like 

product features and other specific requirements of the OEM are dealt with.  

New and/ or additional financial data and the more elaborated product concept are the input to 

the second assessment (Innovation Gate). The same Jury of Ideas is responsible for the evaluation 

which is similar to the first, but stricter and more thorough. This second assessment can be 

repeated a number of times, with the same jury and increasingly detailed data. Repetition depends 

on the development process and results of negotiations with subcomponent suppliers and OEM. 

Both assessments include the possibility of rework, if necessary. If assessment is not entirely 

positive or if information is missing, the development team is given homework. In such a case, the 

team tries to solve identified problems or to provide required information. In both cases, new 

negotiations with suppliers and customers might be necessary. Subsequently, the idea is assessed 

again.  

Storing of ideas which were discarded is systematically done. Re-assessment takes place on an 

irregular schedule.  

Below, figure 97 shows the Fuzzy Front End at MARQUARDT GMBH. Subsections 2.3.1 and 2.3.2 

provide more details. 

 

figure 97 Fuzzy Front End of MARQUARDT GMBH 
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A distinguishing characteristic of the early stages of the innovation process at MARQUARDT 

GMBH is the close interaction with customers, i.e. the OEM. The importance of this factor is 

mirrored by the customer centers. Each of them is responsible for a single OEM; it is supposed to 

hold about 80% of all the knowledge available within MARQUARDT GMBH on the OEM and on 

the (previous) cooperation. However, general marketing is responsible for public affairs, 

corporate identity as well as acquisition of new customers on company level . 

Assessment of ideas at MARQUARDT GMBH consequently is not limited to corporate and market 

aspects. It rather focuses on a very important player in this market, i.e. the OEM. Depending on 

the relationship, this player might either be much involved in decision-making and details of 

development or rather act as a customer with a certain willingness to pay. In any case, its 

requirements and offerings are the most important external factor of decision-making on new 

ideas at MARQUARDT GMBH.  

2.2.4 Rohde & Schwarz GmbH & Co.KG277 

Pushing Limits. 
(ROHDE & SCHWARZ GMBH & CO. KG) 

2.2.4.1 Presentation of Company 

ROHDE & SCHWARZ GMBH & CO. KG has been founded in 1933 by Dr. Lothar Rohde and Dr. 

Hermann Schwarz. It is a group of companies specializing in electronics. 

ROHDE & SCHWARZ GMBH & CO. KG has a global presence in over 70 countries.  

About 6900 employees achieved a net revenue of 1.3 billion Euro in fiscal year 05/06 (July 05 to 

June 06). Approximately 80% of the total turnover is achieved outside Germany. Company 

headquarters are in Munich, Germany. 

 
 

figure 98  ROHDE & SCHWARZ GMBH & CO. KG: company logo and headquarters at Munich 

The company is a solution supplier in the fields of test and measurement, broadcasting, radiomonitoring 

and radiolocation as well as mission-critical radiocommunications.  

                                                 

277  This section ia mainly based on qualitative interviews at ROHDE & SCHWARZ GMBH & CO. KG (for details on the interviews, cf. part III, 
section 2.1.3). Further information has been derived from publicly availablesources , e.g. the website (http://www.rohde-schwarz.de) and 
Rohde & Schwarz GmbH & Co. KG (2007), as well as from whitepapers, internal workshops, and presentations kindly made available by 
Rohde & Schwarz GmbH & Co. KG.  
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Due to its comprehensive know-how and innovative strength, ROHDE & SCHWARZ 

GMBH & CO. KG belongs to the technological leaders in all of its business fields. The following 

table gives an overview on the most innovative contributions of 

ROHDE & SCHWARZ GMBH & CO. KG during the last decades:  

Year Innovation 

1930s World‘s first portable crystal clock 

1940s 
Europe‘s first VHF sound broadcast 
transmitter  

 

1950s EK 07 standard shortwave receiver  

1960s Europe‘s first air traffic noise monitoring system 

1970s First microprocessor-controlled radio tester 

1980s First processor for automatic setup of shortwave links 

1990s GSM system simulator: start of the era of digital mobile radio 

2000 First complete line of software radios for modern MIL platforms (e.g. Eurofighter) 

2002 World‘s first universal transmitter, covering analogue & digital TV standards 

2005 World‘s first 8-port network analyzer up to 8 GHz 

table 77 Some innovative milestones set by ROHDE & SCHWARZ GMBH & CO. KG 

Manufacturing is done in Memmingen and Teisnach, Germany, and Vimperk (Czechia). A 

worldwide sales network is coordinated by the ROHDE & SCHWARZ GMBH & CO. KG 

Vertriebs GmbH (RSV), Berlin. Apart from independent sales companies in Europe, 

ROHDE & SCHWARZ GMBH & CO. KG has a network of sales organizations in Africa, America, 

Asia and Australia. Today, the network of affiliates, representatives and agencies is present in 

more than 70 countries around the globe. 

W
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2.2.4.2 Idea Assessment and Selection  

At ROHDE & SCHWARZ GMBH & CO. KG, three processes exist for the early stages of idea 

generation and collection: 

• Ideas of employees which are invisibly funneled. The range of this innovative input covers 

change of product features, new products as well as ideas for new areas of business. Most 

important for this thesis are the suggestions for product features and/ or new products which 

lead to the development of standard equipment. 

• Ideas of employees which enter the employee suggestion system. Typically, employees suggest 

rather small organizational improvements in this channel, but propositions for product or 

process innovations are also made (see linkage in figure 99). 

• Ideas/ orders of customers which require development of highly specific products. Special 

customer orders typically lead to a customized product development process. 

Regarding possible results of the innovation process, the development of standard equipment is of 

particular importance. At ROHDE & SCHWARZ GMBH & CO. KG, an innovative idea passes three 

stages to enter development: 

• Product ideas emerge and are communicated to the superiors of the innovative employee. In 

case of positive assessment (i.e. Invisible Funnel), the idea is pursued and enters selection. 

• During selection, development of product groups is devised by use of a product road map. 

• The research request for the innovative idea is written during the phase of pre-definition. At the 

end of pre-definition, management assesses the innovative idea and decides on its future. This 

decision is a go/ no go decision on development. Future assessments of the product mostly 

concern functional details. 

The employee suggestion system is a crossfunctional process open for ideas by all employees. 

Suggestions might concern changes of certain procedures or structures of the company as well as 

new/ additional product features or products. It is mainly used to propose relatively small 

(process) improvements. Inputs to the system are assessed by employees who are responsible for 

the process. If a suggestion is realized, the ‘inventor’ is awarded a premium. Customized development 

is a special case: the process is dependent on customer input and requirements from idea 

generation to delivery of the manufactured product.  
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figure 99 Innovation management at ROHDE & SCHWARZ GMBH & CO. KG 

The following considerations on the Fuzzy Front End of ROHDE & SCHWARZ GMBH & CO. KG 

focus on the development of standard equipment and the suggestions contributed to the 

employee suggestion system. The highly specific customized development provides little general 

information and is therefore not dealt with in this thesis.  

Analysis of the Fuzzy Front End at ROHDE & SCHWARZ GMBH & CO. KG draws attention to 

differences between the formal employee suggestion system and the Invisible Funnel. While the 

employee suggestion system results in propositions of relatively small impact, ideas concerning 

product features or new products enter the Invisible Funnel. 

ROHDE & SCHWARZ GMBH & CO. KG considers this to be a result of its innovative culture which 

fosters immediate publication of ideas within the working environment. 

2.2.5 Comparison of Approaches 

Before turning to formalization (method), this subsection focuses on three particular interesting 

empirical findings in the domain of idea assessment.  

The first aspect is the importance of top management involvement in the assessment of ideas. 

The literature is unambiguous on this point as repeatedly stressed in part I. Section 2.2.5.1 

compares the business reality of the focus companies with this theoretical claim. 

Subsequently, I address the concept of open innovation within the focus companies. Part I repeatedly 

addressed the topic in terms of the integration of customers. Section 2.2.5.2 compares the focus 

companies according to this aspect. 

The subsection closes with some considerations on the pool of potential. Its necessity and/ or utility 

are unambigously estimated by the literature. Therefore, the insights of the case studies form 

another contribution to the knowledge base. 
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2.2.5.1 Jury of Ideas  

For the focus companies, decision-making during Fuzzy Front End is a ‘matter for the boss’. Already 

in the phase of the Invisible Funnel, heads of R&D and marketing decide on the upcoming, 

discontinuous278 ideas. Senior executives recognize their responsibility to assess ideas. Below, 

table 78 summarizes findings on the process of idea assessment and selection by the Jury of Ideas 

in the focus companies. 

Jury of Ideas in the Focus Companies 

 HANS EINHELL AG C. & E. FEIN GMBH MARQUARDT GMBH  

First assessment of 
idea/ concept, i.e.  

Concept Gate 

• Assessment of ideas by 
head of marketing 

• Assessment of ideas by 
both directors; head of 
R&D, sales, and quality; 
product manager 

• Assessment of ideas by 
director(s); head of 
R&D, quality, and 
finance; customer 
center manager 

Second assessment 
of idea/ concept, 

i.e. 

Innovation Gate 

• (does not apply) 

• Assessment of ideas by 
both directors; head of 
R&D, sales, and quality; 
product manager  

• Assessment of ideas by 
director(s); head of 
R&D, quality, and 
finance; customer 
center manager 

table 78  Jury of ideas in the focus companies 

Solely responsible its single moment of decision-making at HANS EINHELL AG is the head of 

marketing. On the contrary, C. & E. FEIN GMBH and MARQUARDT GMBH have a 

crossfunctional Jury of Ideas. Heads of R&D, marketing, quality and finance take part in the 

decision-making. The jury is completed by product managers at C. & E. FEIN GMBH and 

customer center managers at MARQUARDT GMBH. Thus, general knowledge on the corporate 

situation is combined with specific knowledge on a single product or a customer. It ensures a 

holistic perspective on the ideas. Both companies furthermore stress the importance of 

participatory decision-making. Nevertheless, both directors claim to have a final say in the 

improbable case of conflict. 

At the end of this subsection, a notion on the person presenting the idea to the jury of ideas is 

necessary. At HANS EINHELL AG the internal or external inventor personally presents the idea or 

concept. This might be done face-to-face or in written form. In C. & E. FEIN GMBH and 

MARQUARDT GMBH such personal propositions are only possible during the Invisible Funnel. 

Once the idea has passed informal filtering, the responsible product manager or customer center 

manager presents it to the Jury of Idea. The inventor is subsequently informed about the 

outcome of the discussion. 

                                                 
278

  In the nomenclature of this thesis, discontinuous indicates that the idea came up without assistance (cf. the paragraphs on formalization, 
particularly 2.3.1.1). In the wording of the OntoGate, discontinuous is consequently not used as a synonym of radical innovation as it has been 
explained in part I, subsection 1.2.2. 
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2.2.5.2 Open Strategy  

An innovation strategy with corporate objectives and trajectories is the starting point of every 

innovative activity. At the three focus companies strategizing is to a large extent an externally driven 

activity. Hence, open strategy is the title of this subsection, in the style of open innovation (cf. part I, 

2.2.2). In the focus companies, strategizing is oriented towards their customers – as these vary, they 

also have different influence on the companies, too.  

HANS EINHELL AG and MARQUARDT GMBH are both characterized by a strong, though 

indirect279 influence of business customers. These retailers of tools and manufacturer of cars are 

similar customers: both take their buying decision based on the comparison of costs. 

Requirements of customers drive innovative activities and influence strategy making. 

Business customers of HANS EINHELL AG and C. & E. FEIN GMBH are retailers of different 

types: specialty stores, DIY stores, garden centers and supermarkets. Besides providing the 

companies with details on sales, they can be an important catalyst to requirements and feedback 

of endusers.  

MARQUARDT GMBH is strongly influenced by single business customers which are often original 

equipment manufacturers (OEM) in the automotive sector. As costs for development are shared 

or even fully born by the customer, the interests of MARQUARDT GMBH depend to a certain 

extent on the requirements of the OEM. The customers’ future needs, together with the 

competitive situation in these areas are the basis for strategizing at MARQUARDT GMBH. 

However, MARQUARDT GMBH takes its decisions at its biannual product conferences, when 

decision on the possible future areas of activities is taken, unaffected by any direct influence of 

the OEM. 

C. & E. FEIN GMBH can be distinguished from the other companies by having end-consumers 

give their opinion on the innovative strategy. Positioned as a quality brand for handymen or small 

businesses, C. & E. FEIN GMBH has established a lead user system which provides valuable input 

to strategy making as well as feedback on the current trajectory. 

Among the three focus companies, C. & E. FEIN GMBH and MARQUARDT GMBH have in 

common the strong integration of external partners in their strategy making process. 

C. & E. FEIN GMBH has the most structured process. This can be explained by the fact that 

C. & E. FEIN GMBH is positioned in the high-quality sector where a fine-tuned understanding of 

business customers as well as of end consumers is particularly important.  

At MARQUARDT GMBH, open strategy is tailored according to the needs of the specific customer, 

the OEM. This interaction is an essential part of the general business processes. It does not 

require a structured process, though. Rather, an individual relationship is important. 

                                                 
279

  Neither HANS EINHELL AG nor MARQUARDT GMBH allow for the presence of their customers at strategy meetings. This is why their 
customers’ influence is labeled ‘indirect’. 
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Due to its comparatively low costs of development which allow for market testing, HANS 

EINHELL AG does not have a process to integrate external partner in its strategy-making but 

gathers information rather intuitively. This enables fast decision-making, important for its 

positioning as a technology follower and price market leader. 

A common characteristic of three focus companies is an integration of customers in their strategy 

processes. A close connection to external sources of information is estimated to be of vital 

importance to the internal process of strategizing. However, the details on customer integration 

depend on the particularities of the company, though.  

2.2.5.3 Pool of Potential 

The focus companies unanimously stress the importance of quick decisions as a decisive element of 

successful innovation management. A vast majority of ideas are turned down in this process – the 

three companies unanimously state that a maximum of five out of hundred emerging ideas reach 

the development stage. Therefore, it is interesting to note how the focus companies handle the 95% 

of unrealized ideas.  

• C. & E. FEIN GMBH disposes of a knowledge management system which is in use, but does 

not yet fulfill its potential. The company is drawn between the possible advantages of a 

holistic, active knowledge management tool and the efforts its maintenance would entail. The 

most important advantage is seen in the possibility to re-assess previously discarded ideas 

from time to time, when market or technology have changed. For the moment, however, 

necessary effort seems to exceed this potential. 

• HANS EINHELL AG focuses on the selected ideas and concepts, consciously discarding ideas 

and concepts which cannot be realized immediately. HANS EINHELL AG relies on a constant 

flow of ideas which will enable the company to stay ahead of its competitors. A systematic 

knowledge management is estimated to be too expensive and retard decision-making by 

bureaucratic procedures. 

• MARQUARDT GMBH disposes of a systematic knowledge management system. Re-assessment 

of discarded ideas is a routine procedure in the company. In order to avoid additional efforts 

of redevelopment, even immature ideas are stored.  

The position the HANS EINHELL AG takes towards knowledge management is congruent with 

the way it addresses idea assessment. High velocity is at the heart of the corporate culture; risk of 

wrong decision is comparatively, too (cf. 2.2.1.2). A knowledge management system focusing on 

discarded ideas would be contradictory in such an environment. 

The discrepancies between C. & E. FEIN GMBH and MARQUARDT GMBH can probably be 

explained with their differences in size. The comparatively small company C. & E. FEIN GMBH 

can still rely on knowledge and experience of its employees. Within larger MARQUARDT GMBH 

(having about ten times as much employees as C. & E. FEIN GMBH), personal exchange is more 

difficult. As a result, the support of a systematically maintained knowledge management system is 

considered to be worth the effort.  
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2.3 Formalization 

The roadmap for the Fuzzy Front End suggests three assessments for idea selection during the 

early stages of the innovation process (cf. part I, sections 2.3, 2.3.1, and 2.5). Intensity of 

assessment as well as requirements regarding input are increasing with the progress of the 

innovative idea towards development. The empirical evidence also suggested such a structure. 

The OntoGate mirrors these three assessments by a trisected structure (cf. figure 100). It consists 

of the Invisible Funnel, the Concept Gate, and the Innovation Gate280. Together, these three 

part- representations form the OntoGate.  

 

figure 100 Part-whole structure of the OntoGate 

As the process of idea assessment and selection becomes more detailed according to the 

development stage of the idea and/ or concept, the part ontologies differ in size and 

comprehensibility. While the representation of the Invisible Funnel comprises only a rather 

general component called market observation, the Innovation Gate includes a much more detailed 

structure regarding the market. Consequently, that the taxonomy of the Invisible Funnel is the 

smallest and coarsest of all three parts. Contrarily, the vocabulary of the Innovation Gate is the 

most granular as well as the most extensive. 

Subsequent sections introduce the different degrees of formality by which the OntoGate is 

elaborated281. First, an informal taxonomy (cf. 2.3.1) is established, and on the basis thereof, the 

formal ontology (cf. 2.3.2) is elaborated.  

The trisected structure is best seen in the informal taxonomy, where a distinct part-taxonomy for 

each gate has been developed. The informal taxonomy allows only for inheritance relations 

(cf. part II, paragraph 4.1.1.3). It is a visual representation particularly suitable to gather feedback 

from practitioners. Therefore, completeness and usability were the most important factors in the 

development of the taxonomy. 

The formal OntoGate is richer in structure due to the increasing degree of formality. It enables a 

single ontology modelling the three assessments by use of an elaborate class structure and relations 

other than is-a. As a result, development is more complex, driven by a need for utmost 

correctness. In the last subsection, the extensive activities of formalization are summarized 

(cf. 2.3.3). 

                                                 
280

  For ease of reading, the names of the gates denominate not only the stage of the Fuzzy Front End, but also the taxonomic and ontological 
representation thereof.  

281
  For the development process, cf. part III, 2 Empirical Approach. 
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2.3.1 Informal Taxonomy 

The importance of the visual system is affirmed by the fact that […]  
the information carrying capacity […] of the visual system  

is greater than for any other sense. (Friedhoff, 1989) 

The first formalization of empirical data is a taxonomy of the field of interest. For representation 

of the taxonomy, I use a tree structure. It holds all concepts identified in the context of the part-

taxonomy in question. Concepts are depicted as branches of the tree, their degree of detail growing 

with distance to the trunk.  

The most important advantages of this presentation are 

• (relatively) fast development as well as simple integration of changes and 

• high degree of comprehensibility also for lay users. 

The second argument has been of particular importance for the OntoGate, confirming the 

experiences made with the On-To-Knowledge methodology (Sure, Staab & Studer, 2004). 

Establishment of an intercompany taxonomy requires finding solutions which can be 

immediately accessed and understood by all partners. It is important to note that the taxonomy is 

developed to ease access to and to increase comprehensibility of idea assessment and selection during the 

Fuzzy Front End.  

On the one hand, the term informal taxonomy consequently indicates that natural language is used for 

modeling. On the other hand, informal means that some guidelines for taxonomic logic have been 

sacrificed to enhance readability. To illustrate this procedure, figure 101 shows an excerpt of the 

formally strict taxonomy for idea assessment and selection. 

 

figure 101 Taxonomically correct representation of input (excerpt) 
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The modeling illustrated above is taxonomically correct and at the same time difficult to read for 

lay users, i.e. the industrial interview partners. Consequently, an abridged version of the 

taxonomy was developed. Its components show the relevant elements of idea assessment and 

selection. Starting from the trunk along the branches, the reader gets to know at first the criteria 

according to which the modeling took place and subsequently sees possible instantiations 

(cf. figure 102). 

 

figure 102 Abridged taxonomy of input (excerpt) 

The following subsections introduce the informal taxonomy. Description starts with presentation 

of the generic modules used for modeling (cf. 2.3.1.1). Each part of the taxonomy provides 

details on input, participants, assessment and output. 

For each of the participating companies, I elaborated a trisected taxonomy representing the idea 

assessment of the respective company. In the paragraphs 2.3.1.2 to 2.3.1.4, I introduce these. 

Finally, a partial view introduces the glossary (cf. 2.3.1.5). The glossary contains all terms 

incorporated in the taxonomy and their meanings (cf. paragraph 2.3.1.5 for an excerpt and annex, 

chapter 1, for the full version of the glossary).  
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2.3.1.1 Modules  

This paragraph introduces the modules used for representation of the assessments: input, 

participant, assessment and output. Input describes the objects of assessment. It consists of origin, 

components and character.  

 

figure 103 Generic module input 

• Origin denotes where the innovative idea or concept stems from. It can be internal, i.e. 

published by a member of the company, or external, i.e. stemming from outside of the 

company.  

• Component are, according to the Jury of Ideas, neccessary elements of the idea or concept, e.g. 

product specification.  

• Character indicates the level of involvement invested in the idea. If the idea is discontinuous, it 

emerged without assistance. On the other hand, a continuous idea or concept was consciously 

sought. 

Participant indicates who takes part in the process of assessment. This participation can be direct, 

i.e. by taking part in the meeting of the jury of ideas, or indirect. Indirect participation occurs a) if 

input is presented by the management, not by the inventor or b) if feedback from leadusers is 

collected before the actual assessment. Participant comprises the submodules of origin and role. 

 

figure 104 Generic module participant 



Formalization 283 

strategy

assessment

market

methodsfocus

criteria

methodsfocus

criteria

technology

methodsfocus

criteria

• Origin denotes where the participants stem from. They can be internal or external, comparable to 

origin of input. Internal is used for members of staff, external for all other participants. 

• Role comprises two submodules: member of jury and presentor. Members of jury are the jury of ideas. 

They assess the idea/ concept. The presentor can be, but need not be the inventor. He or she 

presents the idea/ concept to the members of jury. 

The assessment module is the largest module. It consists on a first level of detail of three 

submodules. They represent the validation of the innovative idea/ concept taking into account 

three perspectives: market, strategy, and technology. Each of the perspective consists of two 

components focus and methods (2nd level). On the third level, criteria are listed for each focus. 

 

figure 105 Generic module assessment  

The following table explains the submodules of the generic module assessment. 

Submodules of Assessment 

1st Level of Detail 

Market 
Assessment of aspects related to the competitive situation, customer requirements, 
development of core segments as well as information on financial data like cost/ 
benefit ratio or ROI. 

Strategy 
Evaluation of the idea/ concept with relation to its consistency with strategic decisions 
of the respective business unit or the company. 

Technology 
Checking for feasibility, evaluation of existing technological knowledge, estimation of 
risk involved, assessment of compliance with existing applications etc. 

2nd Level of Detail 

Focus Topics of assessment, e.g. corporate position or core applications. 

Methods Methods which are used to perform assessment. 

3rd Level of Detail 

Criteria Criteria by which the idea/ concept is assessed. 

table 79 Submodules of the generic module assessment 
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hold
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Output describes consequences of assessment. It comprises three submodules: invest, hold and stop.  

• Stop indicates that the idea/ concept is abandoned. 

• Hold lists the necessary rework until re-assessment. 

• Invest defines the input to be delivered by the development team at the next assessment. 

 

figure 106 Generic module output 

By use of the generic modules, representation of the idea assessment in a company can be 

modeled. The following subsections will illustrate this modeling. 

2.3.1.2 Invisible Funnel 

The Invisible Funnel is the smallest of the three part-taxonomies. This corresponds to my 

findings described in part I, subsection 2.3.1. A high degree of flexibility and change are 

characteristic to informal idea assessment. Consequently,  

• (typically internal) input mostly consists of a vague description or sketch, 

• participants for internal input are the inventor and direct superior and for external input the 

inventor and an executive of marketing or R&D 

• assessment is mainly done by discussion on the basis of previous experiences and 

• output require a more detailed elaboration of the idea. 

In all companies, the percentage of internal ideas is low, estimated to be maximally 10%. As 

interviews indicated, C. & E. FEIN GMBH most consciously uses Invisible Funneling to let staff 

experiment on its own ideas. At MARQUARDT GMBH and C. & E. FEIN GMBH, the majority of 

input to the Invisible Funnel concerns process improvements.  

As aforementioned, HANS EINHELL AG does not perform any formal assessment prior to 

development. Consequently, I model its approach as an Invisible Funnel with the head of 

marketing as sole member of the jury. Input to assessment covers ideas as well as concepts. This 

represents the fact that product concepts are also proposed at HANS EINHELL AG. Due to its 

size, idea assessment and selection of HANS EINHELL AG is presented last in the following table. 
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figure 107 Invisible Funnel of C. & E. FEIN GMBH 



286 Results of Develop/ Build 

 

figure 108 Invisible Funnel of MARQUARDT GMBH 
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figure 109 Invisible Funnel of HANS EINHELL AG  
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2.3.1.3 Concept Gate 

The Concept Gate is the first official and formal assessment of ideas (cf. part I, section 2.3). At 

C. & E. FEIN GMBH and MARQUARDT GMBH this first assessment is a jour fixe, i.e. a regular 

meeting day. During the meeting, an executive jury of ideas assesses presented inputs. The 

Concept Gate leads to a first decision on investment of resources, e.g. a test case. In both 

companies,  

• (internal or external) input consists of an idea, already discussed and consequently refined 

during Invisible Funnel, 

• participants are executives,  

• assessment is done mostly by comparison of the new suggestion with existing offering and 

• positive output requires a more detailed elaboration of the idea as well as market data. 

Alternatively, output requires rework or stops innovative activities. 

At MARQUARDT GMBH, requirements regarding subsequent activities, called homework, are high. 

Refinement of the product concept has to take place simultaneously with negotiations with OEM 

and subcomponent suppliers.  

C. & E. FEIN GMBH is also exigent. Until the next assessment, a product specification is required 

as well as a preliminary planning of the project. Besides, a number of technological as well as 

financial and legal checks and assessments are necessary.  

Below, the Concept Gate of C. & E. FEIN GMBH and MARQUARDT GMBH are illustrated.  
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figure 110 Concept Gate of C. & E. FEIN GMBH 
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figure 111 Concept Gate of MARQUARDT GMBH 
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2.3.1.4 Innovation Gate 

At the Innovation Gate, positive evaluation leads to the beginning of development. In this case, 

financial commitment becomes substantial.  

The Innovation Gate is a formal assessment at C. & E. FEIN GMBH and MARQUARDT GMBH 

(cf. part I, section 2.5). The meeting is staffed by senior management who assess tangible 

concepts (e.g. a prototype) as well as accompanying data (e.g. market analysis). Assessment 

encompasses assessments of financial impact as well as technological considerations.  

To summarize, 

• (internal) input consists of an innovative concept, typically constituted of a prototype or model 

and intangible components, e.g. estimations on market growth, 

• participants are the top level of management,  

• assessment is done by comparing the new suggestions with each other on the basis of planning 

and estimations, 

• output starts the back end of the innovation process, i.e. development, requires rework or stops 

innovative activities. 

At C. & E. FEIN GMBH and MARQUARDT GMBH, assessment at the Innovation Gate requires 

data on all major areas, e.g. potential customers, targeted market segments, time and cost of 

development, necessary (human) resources. Decisions at the Concept Gate might still rely on 

experiences and qualitative assessment. The Innovation Gate requires hard data wherever 

possible.  

Below, the Innovation Gates of the two companies are illustrated.  
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figure 112 Innovation Gate of C. & E. FEIN GMBH 
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figure 113 Innovation Gate of MARQUARDT GMBH 
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2.3.1.5 Glossary 

The glossary comprises all the terms used within the taxonomies together with their meanings. 

The subsequent table shows the first five entries of the glossary, the complete version is 

presented in annex, chapter 1. 

Term  
Explanation  

(entries marked with rely on the online version of Merriam-Webster, 2002)  

agenda a list or outline of things to be considered or done for the innovative activity 
 
* 

alternative solutions elaboration of alternative ways to address product development   

application 
usage scenario // a use to which product or service is put // capacity of 
practical use 

 
* 

application, core  
most important usage scenario // main use of a product as defined by the 
company (cf. core) 

  

assessment 
to determine the importance, size, or value of // to weigh strengths and 
weaknesses, opportunities and threads of an innovative idea/ concept 

  

table 80  First entries to glossary of taxonomy 

2.3.2 Formal Ontology  

When principles of design replicate principles of thought,  
the act of arranging information becomes an act of insight. 

(Tufte, 1997) 

The second result of the formalization activities is the formal ontology282. This version of the 

OntoGate is based on the informal taxonomy. It is richer in structure and reduces drawbacks of 

the informal taxonomy: 

• The informal taxonomy allows only for the representation of is-a relations (i.e. inheritance, 

cf. part II, 4.1.1.3) 

• Attributes and roles cannot be directly modeled. Their modeling is only insofar possible as it 

creates new taxonomic (sub)divisions. 

Both drawbacks significantly deprive the informal taxonomy of power of expression. The formal 

ontology overcomes these problems. It adds semantics by transforming the components into a 

formal language and adding relations other than is-a. 

                                                 
282

  For the development of the formal ontology, an intermediate step was taken (cf. part III, 2.2.2.3): A comprehensive informal taxonomy which 
includes all components found among the participating companies is developed. This comprehensive informal taxonomy serves as the basis 
for the more important third step of formalization, when the formal ontology is developed. Due to its intermediate character, this comprehensive 
informal taxonomy is not introduced. Instead, this subsection presents its formal version in detail. 
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Contrary to the taxonomy, the richer structure and information content of the formal model 

allows to represent the three gates in one single ontology. This formal OntoGate is a frame 

ontology. It integrates the empirical data found among all participating companies and is 

consequently richer than the company-specific, typic and generic versions. An application of this 

formal frame ontology in a specific business context requires adaptation to the particularities of 

the implementing company. 

Following paragraphs introduce the formal version. First I show the basic structure of the 

subsequent modeling (cf. 2.3.2.1). Paragraph 2.3.2.2 introduces the principles of development. 

On this basis, paragraphs 2.3.2.3 and 2.3.2.4 present the class structure of the formal OntoGate 

as well as the according slots slot values, and the relations pointing to the different classes. 

Subsequently, a visual representation of the OntoGate with its classes, subclasses, slots and 

relations is provided as an overview (cf. 2.3.2.5). The penultimate paragraph 2.3.2.6 introduces 

details of the classes and subclasses by presentation of their instances. A synopsis of 

formalization activities concludes the subsection (cf. 2.3.3). 

2.3.2.1 Overview 

The following schematic figure 114 illustrates the iterative proceeding and the most important 

elements (and their relations) of idea assessment during the Fuzzy Front End. This cyclic process 

is formally modeled in the OntoGate.  

 

figure 114 Cyclic process of idea assessment represented in the OntoGate 

Relations imprinted in bold letters illustrate the iterative process of generation of input, 

assessment thereof and rework according to the results of the assessment. It indicates that 

positively evaluated output of one gate meeting is subject to rework and thus transformed into 

input for the next gate meeting. Subsequently, the four core elements of the iterative process of 

idea assessment are introduced:  
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Core 

Element 
Short Description Details 

Participant 

Participant is the 
internal and external 
(human) person who 
works on the 
innovative idea and/ 
or concept and thus 
takes part in the Fuzzy 
Front End (cf. part II, 
section 2.3 and part II, 
section 2.5). 

• The Participant initiates the innovation process by generation of 
innovative Input. 

• The Participant takes_part in Gate when the entirety of innovative 
ideas is assessed. Participation in the Gate can be direct, i.e. the 
person is physically present, or indirect, e.g. if an idea has been 
submitted by a consumer not present at the Gate meeting. 

• The Internal_participant executes Assessment, thereby deploys Method, 
and works_on Output in order to transform it into Input to the 
next Gate. 

Input 

Input stands for the 
innovative idea or 
concept which is 
subject to assessment 
and selection by the 
jury of ideas.  

• It originates from a Participant who is a member of staff 
(Internal_participant) or an external partner of the company 
(External_participant).  

• Externally developed Input is always related to an internal 
contact person. 

• Input is subject_to Gate; at the Gate meeting, it is assessed along a 
number of different perspectives which are balanced at the 
meeting.  

• Its future treatment is determined by Output which results of 
Gate. In case of positive evaluation at the Gate, Output leads to 
elaboration and transformation of Output to Input for the next 
Gate.  

Gate 

 

Gate is the meeting 
when evaluation and 
selection of innovative 
ideas and concepts 
takes place. 

• Gate meetings are executed by instances of the class Participant. 
• A Gate integrates a number of previously elaborated Assessments, 

weights their specific results and reaches a holistic Output which 
defines the further treatment of the idea. 

Output 

Output is the result of 
Gate. It subsumes two 
possible choices: 
Negative_output, and 
Positive_output (cf. part 
II, section 2.3 and 
cf. part II, section 2.5). 

• Positive_output receives further elaboration by the 
Internal_participant. Their work transforms Positive_output into 
Input for the next Gate meeting (invest decision) or reworks it to 
be re-assessed at the same Gate (hold decision).  

• In case of Negative_output, either concluding activities are 
performed (stop decision). 

table 81 Core elements of idea assessment and selection 

Below, figure 115 shows the top level of the formal OntoGate. Additionally to the core elements, 

it includes the two classes Assessment and Method (superclasses are printed in bold letters, classes in 

normal fonts). 

• Assessment can be oriented on market, strategy or technology. Each evaluates Input by means of 

specific methods (cf. part II, CG and part II, IG). A Participant executes Assessment by use of 

methods. Results of Assessment are integrated at the Gate meeting and result in Output. 

• Method describes the methods applied and tools used to perform the different assessments. 

Participants make use of different methods in order to execute assessments. 
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works_on

Participant

Input

generates
subject_to

Output

results_in
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Assessment
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figure 115 Top level of the formal OntoGate 

2.3.2.2 Principles  

Two superclasses and nine classes were used for the development of the formal ontology283. During 

their elaboration, a number of conventions have been respected in order to secure uniformity and 

comprehensibility of the ontology. These are: 

Convention Details of Convention 

Naming 
Conventions284 

• Classes are set in singular. They are indicated by uppercase and italics; superclasses 
additionally underlined (e.g. Participant).  

• Names consisting of more than one word are separated by non-breaking spaces 
(e.g. Internal_participant). Although this reduces ease of reading, this was chosen 
ensure direct compatibility with systems which do not allow for blanks in names. 

• Relations285 are written in italics (e.g. executes). Auxiliary verbs and articles are not 
integrated in relations (e.g. works_on), passive and active voice are used according 
to natural reading (e.g. Output leads_to Input, but Input subject_to Gate). 

Cardinalities286 
• In order to increase flexibility of relations, they are specified without cardinalities.  
• A relation can be used any number of times (or not at all). 

Qualified Fields 
of Description 

• It can often be stated that fields of description are misused to store extensive 
information. Consequently, in the OntoGate, fields of description are qualified: It 
is indicated what they describe, e.g. methods. This eases future evaluation and 
limits information storage.   

table 82 Conventions respected during development of the OntoGate 

                                                 
283

  The formal version of the OntoGate is the realization of the semi-informal version in Protégé. Structure and components of the ontology are 
the same for both versions.  

284
  Naming conventions are based on (Noy & McGuinness, 2001). 

285
  For a list of the relations employed during development of the FFE Gate, cf. 2.3.2.4. 

286
  The cardinality of a relation indicates how often the relation can be set. 
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relation

Superclass

• Slot
• Slot
• Slot

Class

• Slot
• Slot
• Slot

inheri-
tance

relation

Visualization is done by formal graphs which base on the principles of UML (Booch, Martin & 

Newkirk, 1999). It deploys the following syntax and semantics:  

Visualization Element 
 

Classes are depicted as squares. In the upper part 
appears the name of the class. In the lower square, 
one or many slots are listed. 

 Relations link a class with one or many other classes. 
If a number of classes are used as targets, these are 
referred to as superset. 

 
An inheritance relation points from the superclass to 
the subclass which inherits all relations and 
attributes of the superclass. 

  

table 83  Visualization of elements used for the OntoGate 

2.3.2.3 Classes, Slots and Values 

The following subsections present the (super)classes modeled in the OntoGate. Two superclasses 

were used for the development of the formal ontology287: Participant and Output. A superclass 

contains a number of classes to which it is related by an inheritance relation. This relation 

represents the strong taxonomic relation between the superclass and its component classes. Nine 

classes are represented in the OntoGate: Gate, Assessment, Method, Input, Internal_participant, 

External_participant, Positive_output, and Negative_output. For each of them, slots and values are 

listed. A visual excerpt of the relevant part of the ontology and a list of relations pointing to the 

(super)class are provided, too. 

2.3.2.3.1 Participant 

The superclass Participant is used to describe the different possible persons who take part in the 

process of idea assessment and selection. It is the most ‘active’ class, i.e. it has relations to all the 

other (super)classes. 

                                                 
287

  The formal version of the OntoGate is the realization of the semi-informal version in Protégé. Structure and components of the ontology are 
the same for both versions.  
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Slots and Values 

Participants differ by the role they fulfill during the early stages of the innovation process. They 

can actively take part in the gate meetings, either as a member of the jury of ideas (decider, member 

of jury) or as the person who presents the innovative idea (presentor). Alternatively, a participant can 

be an innovator, i.e. the one who had the novel idea in the first place and continuously develops it 

further or a consultant. Below, table 84 describes the slots of the superclass Participant. 

Participant 

Slot Description Values288 Type289 

role function of the participant in the 
process of idea assessment and 
selection  
(multiple choice possible) 

• decider_(veto) 
• member_of_jury_(no_veto) 
• presentor 
• innovator 
• consultant 

enumerated 

table 84 Description of Participant 

The superclass Participant is subdivided in the classes Internal_participant and External_participant, 

both inheriting the slots and relations of their superclass Participant. 

The class Internal_participant is used to characterize those participants who work for the company. 

Internal_participant can be further differentiated according to their function in the company, their 

hierarchical position and their responsibility (cf. table 85). 

                                                 
288

  Values of a slot show the range of allowed values for the definition of instances. The OntoGate proposes specific values to the user for each 
slot. Values are either listed in the table or a class is indicated as range of allowed values. In that case, the class provides for instances which 
can be selected.  

289
  Value types describe what types of values can fill the slot. There exist five value types which are typically used in ontologies (Noy & 

McGuinness, 2001): string (character string), number (numeric values), boolean (yes-no values), enumerated (list of specific allowed values) 
and instance (values are instances of a class). Of the majority, the OntoGate uses string and enumerated values.  
The addition functional indicates that no value or exactly one value can be selected. Otherwise, multiple choice is possible. 
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Internal_participant (subclass of Participant) 

Slot Description Values Type 

This class inherits all slots of the superclass Participant. 

focus scope of responsibility; related to 
content  
(multiple choice possible) 

• commercial 
• technological 

enumerated 

function department in which the 
participant is employed 
 

• R&D 
• marketing 
• sales 
• manufacturing  
• quality 
• finance 
• industrial_property_right 
• headquarters 
• other_function 

enumerated 
(functional) 

position hierarchical position of the 
participating staff member in the 
company  

• employee 
• lower_management 
• middle_management 
• upper_management 
• top_management 

enumerated 
(functional) 

scope scope of responsibility; related to 
region 

• business_unit 
• company_national 
• company_international 

enumerated 
(functional) 

table 85 Description of Internal_participant 

Subsequently, table 86 illustrates the differentiation of the external partners of the company who 

take part in the early stages of the innovation process. They can be distinguished according to the 

the attitude they have towards the company.  

External_participant (subclass of Participant) 

Slot Description Values Type 

This class inherits all slots of the superclass Participant. 

attitude attitude of participant towards 
the innovating company 

• pro 
• contra 
• neutral 

enumerated 
(functional) 

table 86 Description of External_participant 
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Relations 

In table 87, an alphabetically ordered list is provided of the relations which link the superclass 

Participant and the subclasses Internal_Participant and External_Participant to other classes within the 

OntoGate. Description of relations follows the direction of the relation, i.e. class indicates where 

the relation starts and related class where it points to. 

Relations of Participant 

Class Relation Description Related Class 

External_Input related_to • connection 
• External_input is related to 

Internal_participant, the later being 
the internal contact person for the 
external submission. 

Internal_Participant 

Internal_Participant works_on • activity 
• Participant takes activity on 

Positive_output, thus transforming it 
to Input at next Gate. 

Positive_output 

Internal_Participant executes • performance 
• Internal_participant performs 

activities necessary for Assessment. 

Assessment 

Internal_Participant deploys • use 
• Internal_Participant uses Method in 

order to perform an Assessment. 

Method 

Participant generates • origin 
• Participant generates Input. 

Input 

Participant takes_part • participation 
• Participant is part of Gate. 

Gate 

table 87 Relations of Participant, Internal_Participant, and External_Participant 

Excerpt of OntoGate 

Below, the excerpt of the OntoGate relevant for Participant is provided as a visual synopsis: 

 

figure 116 Formal representation of Participant, its relations, and related classes 
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2.3.2.3.2 Input  

The class Input describes the innovative ideas and concepts which are subject to Assessment at the 

Gate meetings. 

Slots and Values 

Input is differentiated according to the degree of maturity of Input as well as to its type. Four 

different types of ideas have been identified and modeled as slot values: 

• suggestion_for_improvement: A suggestion for improvement is a little idea which influences 

daily procedures, e.g. an eased access to data is based290. 

• process_idea: A process idea suggests a novel process. It can target organizational as well as 

manufacturing processes, a part of a process or the entire procedure (cf. part I, 

paragraph 1.2.1.3). 

• product_idea: A product idea proposes changes of existing products, suggests a new product 

or even a novel product series (cf. part I, paragraph 1.2.1.1). 

Character indicates whether Input has been requested and/ or expected (continuous) or whether it 

was suggested as a surprise (discontinuous). The slot form describes whether the innovative input is 

available as a visualization and/or a tangible solution. Origin, indicates whether Input has been 

generated intra muros, by external partners or in a joint effort. 

The superclass Input is subdivided in the classes Internal_input and External_input, both inheriting 

the slots and relations of their superclass Input. For External_Input, a relation to the internal 

contact person, an instance of Internal_participant, is indicated.  

                                                 
290

  The suggestion for improvement is not identical with the suggestions contributed to the Employee Suggestion System at ROHDE & SCHWARZ 

GMBH & CO. KG. In the nomenclature of the OntoGate, such a little idea might also encompass a product or process idea – of rather small 
impact, though. 
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Input 

Slot Description Values Type 

character degree to which contribution to 
the FFE was expected (multiple 
choice possible) 

• continuous 
• discontinuous 

enumerated 

degree_of_ 
maturity 

degree of maturity of innovative 
input 
(multiple choice possible) 

• flash_of_genius291 
• idea 
• concept 

enumerated 

form whether the innovative input can 
be touched 
(multiple choice possible) 

• tangible 
• intangible 

enumerated 

origin where the innovative input 
comes from 
(multiple choice possible) 

• internal 
• external 

enumerated 

type_of_input type of innovative input292 
(multiple choice possible) 

• suggestion_for_improvement 
• process_idea 
• product_idea 

enumerated 

table 88 Description of Input 

Relations 

Below, table 89 lists the relations which link Input to other classes within the OntoGate. The 

alphabetically ranked description of relations follows the direction of the relation, i.e. class 

indicates where the relation starts and related class where it points to. 

                                                 
291

  Flash of genius describes the idea at the moment of first surfacing. 

292
  Innovative input stands for the type of input, a distinction according to the degree of maturity, i.e. flash of genius, innovative idea or concept 

is done in that slot. 
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Relations of Input 

Class Relation Description Related Class 

Input subject_to • treatment 
• Input is treated at the Gate 

meeting. 

Gate 

External_Input related_to • connection 
• There is a connection between 

External_input and an 
Internal_participant, with the later 
being the contact person for the 
external submission. 

Internal_Participant 

Input allowed_at • condition 
• Depending on the kind of 

Assessment, instances of input have 
to fulfill certain conditions to be 
suggested for Assessment. 

Assessment 

Participant generates • origin 
• Participant generates Input; Input 

originates from Participant. 

Input 

Positive_output  leads_to • consequence 
• Positive_output results in new Input 

for the next Gate meeting.  

Input 

table 89 Relations of Input, Internal_input and External_input 

Excerpt of OntoGate 

Below, the excerpt of the OntoGate relevant for Input is provided as a visual synopsis 

(superclasses are denoted by bold letters): 

 

figure 117 Formal representation of Input, its relations, and related classes 
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2.3.2.3.3 Gate  

The class Gate represents the meeting during which the different assessments of Input are 

evaluated and balanced. Instances of Participant take part in the meeting. It results in a decision, 

i.e. Output, on the future of the assessed idea or concept.  

Slot and Values 

The class comprises a single slot which indicates the moment in the Fuzzy Front End at which 

the decision-making takes place (cf. table 90). The three values of the slot allow the modeling of 

the three different idea assessments in a single ontology. 

Gate 

Slot Description Values Type 

type_of_gate type of gate meeting, i.e. 
moment of decision-making 
during the Fuzzy Front End  

• Invisible Funnel 
• Concept Gate 
• Innovation Gate 

enumerated 

table 90 Description of Gate 

Relations  

In table 91 I list the relations which link Gate to other classes within the OntoGate. The relations 

are presented by alphabetical order. Description follows the direction of the relation, i.e. class 

indicates where the relation starts and related class where it points to. 

Relations of Gate 

Class Relation Description Related Class 

Gate integrates • part-whole 
• Gate subsumes a number of 

Assessments. 

Assessment 

Gate results_in • outcome 
• The outcome of Gate is (positive 

or negative) Output. 

Output 

Input subject_to • treatment 
• Input is treated in some way at the 

Gate meeting. 

Gate 

Participant takes_part • participation 
• Participant is part of Gate. 

Gate 

table 91 Relations of Gate 
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Excerpt of OntoGate 

Below, the excerpt of the OntoGate relevant for Gate is provided as a visual synopsis 

(superclasses are denoted by bold letters): 

 

figure 118 Formal representation of Gate, its relations, and related classes 

2.3.2.3.4 Assessment  

The class Assessment represents the idea evaluation by various methods. At the Gate meeting, the 

results of Assessment are integrated and balanced to reach a shared decision. Assessment is executed 

by Internal_participant. It can be done only on Input which fulfils the conditions of the Assessment 

e.g. related to the degree of maturity. 

Slot and Values 

Every assessment has a particular focus (cf. e.g. part I, paragraphs 2.5.2.1, 2.5.2.2, and 2.5.2.3) and 

can be executed with different degrees of intensity according to the moment of the Fuzzy Front 

End. Below, table 92 describes the Class. 

Assessment 

Slot Description Values Type 

focus_assessment focal interest of assessment 
(multiple choice possible) 

• economic/financial 
• organizational  
• strategic 
• technological 

enumerated 

intensity intensity and depth of 
assessment 

• intuitive 
• soft 
• strict 

enumerated 
(functional) 

required_input type of innovative input 
required for assessment 
(multiple choice possible) 

• suggestion_for_improvement 
• process_idea 
• product_idea 

enumerated 

table 92 Description of Assessment 
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Relations  

In table 93, the relations are listed which link Assessment to other classes within the OntoGate by 

alphabetical order. Description of relations follows the direction of the relation, i.e. class indicates 

where the relation starts and related class where it points to. 

Relations of Assessment 

Class Relation Description Related Class 

Gate integrates • part-whole 
• Gate subsumes a number of 

Assessments. 

Assessment 

Input allowed_at • condition of entry 
• Depending on the kind of 

Assessment, instances of input have 
to fulfill certain conditions to be 
assessed. 

Assessment 

Assessment uses • utilization 
• In order to perform assessments, 

methods are used. 

Method 

Internal_Participant executes • performance 
• Internal_participant performs 

activities necessary for Assessment. 

Assessment 

table 93 Relations of Assessment 

Excerpt of OntoGate 

Concluding the representation of Assessment, a visual synopsis of the class is provided 

(superclasses denoted in bold letters and boxes): 

 

figure 119  Formal representation of Assessment, its relations, and related classes 

2.3.2.3.5 Method 

The class Method encompasses the different tools by which an Internal_participant executes the 

Assessment. 
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Slots and Values 

Method is described by a focus which indicates for which kind of assessment the method is best 

suited. Further, by the quality which describes the character of the method and its results 

(qualitative and/ or quantitative). The slot horizon describes field of observation which is addressed 

by the method. 

Method 

Slot Description Values Type 

focus_method focal usage area of method 
(multiple choice possible) 

• economic/financial 
• organizational  
• strategic 
• technological 

enumerated 

horizon field of observation addressed by 
the method as well as of its 
results  
(multiple choice possible) 

• current/ state_of_ art 
• future/new 

enumerated 
 

quality quality of the method used for 
assessment as well as of its results  
(multiple choice possible) 

• qualitative 
• quantitative 

enumerated 
 

table 94 Description of Method 

Relations  

Below, table 93 alphabetically presents the relations which link Method to other classes within the 

OntoGate. Description of relations follows the direction of the relation, i.e. class indicates where 

the relation starts and related class where it points to. 

Relations of Method 

Class Relation Description Related Class 

Assessment uses • utilization 
• In order to perform assessments, 

methods are used. 

Method 

Internal_Participant deploys • use 
• Internal_participant makes use of 

different methods to perform the 
Assessment. 

Method 

table 95 Relations of Method 

Excerpt of OntoGate 

Concluding the representation of Method, a visual synopsis of this superclass is provided: 

 

figure 120  Formal representation of Method, its relations, and related classes 
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2.3.2.3.6 Output 

Results of the Gate meeting are represented in Output. Basically, there are two decisions possible: 

A positive decision which entails further development of the idea/ concept (Positive_output) and a 

negative decision (Negative_output). The positive decision hold requires rework and subsequent re-

assessment. In case of the Positive_output invest, the idea/ concept is further elaborated to be 

presented at the next Gate meeting. Negative_output describes concluding activities, e.g. storage or 

discarding of the idea/ concept.  

Slots and Values 

Output is specified by the information and the incentive which are or are not given to the innovator. 

Output 

Slot Description Values Type 

incentive bonus to the innovator 
(multiple choice possible) 

• nothing 
• voucher 
• bonus 
• recommendation 

enumerated 

information indication whether and if, how 
the innovator gets informed on 
the result  
(multiple choice possible) 

• no_information 
• written 
• face_to_face 

enumerated 
 

table 96 Description of Output 

As indicated, Output has two subclasses: Positive_output and Negative_output. Positive_output entails a 

number of required activities until the next gate meeting. Negative_output, on the other hand, 

either requires rework (in case of a hold decision) or leads to concluding procedures (stop 

decision).  

The class Positive_output represents activities following an invest or hold output. Further 

development activities are done by Internal_participant. By this elaboration, the innovative idea is 

either reworked and consequently re-assessed at the same Gate or transformed into Input for the 

next Gate meeting. 

Positive_output (subclass of Output) 

Slot Description Values Type 

This class inherits all slots of the superclass Output. 

treatment_ 
positive 

Further elaboration of the 
innovative idea or concept in 
case of a positive decision (i.e. 
hold or invest). 

• rework_&_reassessment 
• next_stage_of _FFE 
• development 

enumerated 
(functional) 

table 97 Description of Positive_output 
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Negative_output is specified by the closing activities performed in case of a negative, i.e. stop 

decision. 

Negative_output (subclass of Output) 

Slot Description Values Type 

This class inherits all slots of the superclass Output. 

treatment_ 
negative 

Further elaboration of the 
innovative idea or concept in 
case of a negative decision (i.e. 
stop). 

• idea_pool_&_reassessment 
• idea_pool 
• keep_in_mind 
• discard 

enumerated 
(functional) 

table 98 Description of Negative_output 

Relations  

In table 93 I list the relations which link Assessment to other classes within the OntoGate.  

Relations of Output, Positive_output and Negative_output 

Class Relation Description Related Class 

Gate results_in • outcome 
• The outcome of Gate is (positive 

or negative) Output. 

Output 

Internal_Participant works_on • activity 
• Participant takes activity on 

Positive_output, thus transforming 
Positive_output to Input at next Gate. 

Positive_output 

Positive_output  leads_to • consequence 
• Positive_output results in new Input 

for the next Gate meeting or re-
assessment at the same Gate.  

Input 

table 99 Relations of Output, Positive_output, and Negative_output 

Extract of OntoGate 

Concluding the representation of Output, a visual synopsis of this superclass is provided: 

 

figure 121  Formal representation of Output, its relations, and related classes 
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2.3.2.4 Relations  

The relations used for the formal OntoGate are listed in the subsequent table: 

Name Explanation 

Name of Relation; Way of Reading Short Denomination; Explanation 

allowed_at; X is allowed at Y 
condition of entry; X is only allowed at Y if the condition is 
fulfilled 

deploys; X deploys Y use; X uses Y with intention 

executes; X executes Y performance; X performs necessary activities of Y 

generates; X generates Y origin; X generates Y, with X being the origin of Y 

integrates; X integrates Y part-whole; a number of Y form X 

is a; X is a Y inheritance; X inherits all slots and slot values from Y 

leads_to; X leads_to Y consequence; X results in Y (Y might be new state of X) 

related_to; X is related to Y connection; between X and Y exist a connection 

results_in; X results_in Y outcome; Y is the result of X 

subject_to; X is subject_to Y treatment; X is treated in some way by Y 

takes_part; X takes_part in Y participation; X is participant to Y 

uses; X uses Y utilization; X utilizes Y 

works_on; X works_on Y activity; X takes activity on Y, thus changing Y in some way 
table 100  List of relations used in 2nd formalization 
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2.3.2.5 Visual Representation 

By the definition of the classes, values and slots, formal ontology development for idea 

assessment and selection is concluded. Below, figure 122 shows the visual representation of the 

formal ontology, including classes, slots and relations.  

 

figure 122 Visual representation of formal OntoGate 
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2.3.2.6 Instances  

By the definition of classes and slots, the formal OntoGate has established the basis for the 

intended ontology. In that form, it is applicable to a vast number of companies. 

Specification of the ontology for the situation of an individual company takes place by definition 

of instances, particular specimen of a class. Consequently, for the formal version of the 

OntoGate, instances have been defined. Development followed empirical findings at the 

participating companies. In the subsequent sections, those instances which were judged most 

important by practitioners are shortly introduced. For instances of Method, I enriched the list by 

the methods most frequently recommended by the literature. The instances form a possible set; to 

represent the particularities of a specific company, an adaptation is necessary. 

2.3.2.6.1 Instances of Internal_participant 

The instances of the class Internal_participant are members of staff. They can be employees or 

executives of the departments which active during the early stages of the innovation process. 

Additionally, members of top management can be instances, too.  

Below, table 101 lists instances of internal participants and provide the corresponding 

descriptions293.  

                                                 
293

  Particularities of the participating companies are highlighted if differentiation provides additional insight. 



314 Results of Develop/ Build 

Instances: Internal_Participant 

Instance Description 

Controller typical employee in finance and controlling responsible for the 
economic and financial details of the innovative project 

Customer_centre key account manager, e.g. responsible for all communication with the 
customer 
Particularly important to MARQUARDT. 

Developer typical developer, often with good contacts to customers 

Head_of_department middle management: functional responsibility for a department (e.g. 
quality) 

Head_of_division upper management 
At FEIN, MARQUARDT, and ROHDE & SCHWARZ, this corresponds 
to the responsibility for a business unit (e.g. power tool switches). 

Internal_consultant internal support, independent of department 
Particularly important to ROHDE & SCHWARZ. 

Internal_patent_office group concerned with property rights, especially patents 

Management lower management 
Corresponds at ROHDE & SCHWARZ to the heads of the laboratories, 
at MARQUARDT and FEIN to the lowest level of hierarchy. 

Manufacturing_employee typical employee in manufacturing, critically regarding production and 
deriving new ideas 

Member_executive_board top management: CEO, COO and CIO of a company 
At FEIN, MARQUARDT, and ROHDE & SCHWARZ, this corresponds 
to the executive board.  

Member_supervisory_board supervisors 
At FEIN and MARQUARDT, this corresponds to the advisory board, at 
Einhell to the supervisory board. 

Product_management product manager, e.g. responsible for the analysis of market and 
competition 
Particularly important to FEIN and ROHDE & SCHWARZ. 

Project_leader responsible head of innovative project 

Quality_staff typical member of quality planning and assurance 

Sales_representative typical representative of sales who is in close interaction with 
customers, deriving ideas of these communications 
table 101 Instances of Internal_participant 
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2.3.2.6.2 Instances of External_participant 

External participants to idea assessment and selection are described as typical representatives of 

their industry, respectively of their relationship to the company. Obviously, this focus on 

representativeness does not include all individual specimens of external partners. These 

deviations are acceptable as long as the abstract process description does not suffer. 

Instances: External_participant 

Instance Description 

Competitor typical competitor; by competitor analysis, own innovative ideas 
emerge 

Component_supplier typical supplier; long standing relationships often result in innovative 
ideas 
Particularly important to EINHELL, MARQUARDT, and ROHDE & 
SCHWARZ. 

Customer typical (business) customer; by analysis of customer requirements and 
complaints, new ideas emerge 

End_user_consumer typical end user and/ or end consumer; by analysis of requirements 
and complaints of consumers, new ideas emerge 

External_consultant typical consultant, commissioned to resolve tasks not internally 
delivered; out of his activity, new ideas can emerge 
Particularly important to ROHDE & SCHWARZ. 

Industrial_designer typical industrial designer; innovative ideas can be provided with 
requested designs. 
Particularly important to EINHELL. 

Lead_user particulary interested and innovative customer/ enduser/ end-
consumer who is in advance of the market concerning requirements 
and suggestions for innovative solutions 
Particularly important to FEIN and ROHDE & SCHWARZ. 

OEM original equipment manufacturer; by analysis of customer 
requirements and complaints, new ideas emerge 
Particularly important to MARQUARDT. 

University typical universities and/ or research institutes which propose 
innovative (technological) ideas 
Particularly important to FEIN, MARQUARDT, and ROHDE & 
SCHWARZ. 
table 102 Instances of External_Participant 
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2.3.2.6.3 Instances of Internal_input 

Instances of Internal input describe the sum of ideas which originates within the boundaries of 

the company – across the levels of hierarchy and functional particularities. In table 103, instances 

of Internal_input as well as their description are presented. 

Instances: Internal_Input 

Instance Description 

Input_customer_centre ideas of key account manager, resulting of close interaction with 
the customer. 
Particularly important to MARQUARDT. 

Input_developer input of typical developer, e.g. new product features 

Input_head_of_department ideas resulting of functional activities, e.g. new design resulting of 
marketing feedback 

Input_head_of_division ideas proposed by upper management resulting of broad 
perspective on technology, competition and market 

Input_management ideas of lower management, often resulting of a number of 
invisibly funneled flashes of genius 

Input_manufacturing_employee ideas of employee in manufacturing, critically regarding 
production and deriving new ideas 

Input_member_executive_board ideas of top management resulting of broad perspective on 
technology, competition and market (often strategically driven) 

Input_member_supervisory_board ideas of supervisors resulting of broad perspective on technology, 
competition and market (often strategically driven) 

Input_product_management ideas proposed by product manager, e.g. addition of related 
product to the portfolio 
Particularly important to FEIN. 

Input_quality_staff (mostly small) ideas (for improvement) suggested by a member 
of quality planning and assurance, resulting of quality testing and 
customer complaints 
Particularly important to EINHELL. 

Input_sales_representative ideas of sales representative derived from close interaction with 
customers 

table 103 Instances of Internal_input 
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2.3.2.6.4 Instances of External_input 

Subsequently, table 104 describes the origin of ideas which stem from the environment of the 

company. They encompass particularly required Input (e.g. commission of external consultants) as 

well as unexpected ideas, as might emerge of competitor analysis. 

Instances: External_input 

Instance Description 

Input_competitor (discontinuous) ideas which result of activities of competitor 

Input_component_supplier innovative ideas for new features/ new products/ new processes by 
the component supplier 
Particularly important to EINHELL, MARQUARDT and ROHDE & 
SCHWARZ. 

Input_customer ideas derived from expressed customer requirements and complaints 

Input_end_user_consumer ideas derived from requirements, complaints and innovative 
proposition of consumers  

Input_external_consultant (requested) idea for the solution of a particular problem 
Particularly important to ROHDE & SCHWARZ. 

Input_industrial_designer (requested) ideas for designs and (discontinuously) beyond 
Particularly important to EINHELL. 

Input_lead_user ideas of particularly interested and innovative customer/ enduser/ 
end-consumer concerning alteration of existing or development of 
new products 
Particularly important to FEIN and ROHDE & SCHWARZ. 

Input_OEM innovative suggestions and/ or ideas derived from requirements and 
complaints of the OEM  
Particularly important to MARQUARDT. 

Input_university ideas originating from cooperation with universities and/ or research  
Particularly important to FEIN, MARQUARDT, and ROHDE & 

SCHWARZ. 
table 104 Instances of External_input 
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2.3.2.6.5 Instances of Gate 

The OntoGate encompasses three moments of idea assessment and selection: Invisible Funnel, 

Concept Gate and Innovation Gate. Consequently, there are three instances of the class which 

describe the holistic decision-making during the Fuzzy Front End. 

Instances: Gate 

Instance Description 

Invisible_Funnel integration of the results of the very intuitive idea assessments and 
holistic decision-making on the future of the innovative input (1st gate 
in the Fuzzy Front End) 

Concept_Gate integration of the results of the mostly qualitative idea assessments 
and holistic decision-making on the future of the innovative input 
(2nd gate in the Fuzzy Front End) 

Innovation_Gate integration of the results of the qualitative and quantitative idea 
assessments and holistic decision-making on the future of the 
innovative input (3rd gate in the Fuzzy Front End) 

table 105 Instances of Gate 

2.3.2.6.6 Instances of Assessment 

There exist a number of assessments to evaluate the innovative idea or concept. In table 106, 

empirically found instances are listed and described. The instances indicate what should be 

assessed, but do not provide for criteria against which the idea should be measured. The definition 

of such criteria is highly company-specific. Thus, it could not add value to my purpose of 

developing a frame ontology. 
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Instances: Assessment 

Instance Description 

Application_existing similarity with current applications, thus creating leverage 

Competition competitive situation and degree of rivalry in the target market of the 
innovative idea 

Customer_potential (estimated) number of customers 

Financing financing of the innovative idea 

Property_rights state of own (protection) and foreign (danger) property rights 

Market_potential (estimated) market potential of innovative idea 

Requirements requirements of customers which have to be met 

Resources_human necessary resources for realization of the innovative concept in terms 
of manpower (competence, availability etc.) 

Resources_money necessary resources for realization of the innovative concept in terms 
of financial means 

Strategy_business_unit Accordance of the innovative idea with the corporate strategy (valid 
for a particular business unit company) 

Strategy_corporate Accordance of the innovative idea with the corporate strategy (valid 
for the whole company) 

Technological_feasibility technological feasibility of the innovative idea 

Technology_existing similarity with mastered technologies, thus creating leverage 
table 106 Instances of Assessment 

2.3.2.6.7 Instances of Method 

Specific methods or tools which are used during idea assessment and selection are summarized in 

table 107. Of particular importance is the empirically required integration of experience and 

estimation as methods. I established the list based on the methods used by the participating 

companies, and the methods proposed by the literature (cf. part I). 
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Instances: Method 

Instance Description 

Business_case aggregation of details on the economic impact of the idea 

Checklist comparison of the characteristics of the innovative idea with a list of 
must meet and should meet criteria 

Comparison comparison of the current situation with the estimated situation after 
the realization of the innovative idea 

Competition_analysis analysis of competitive activities and products in order to derive 
information on their future course 

Cost_benefit_analysis analysis of costs and benefits of research, development and 
manufacturing of a new or altered product  

Estimation experience-based ‘good guessing’ on account of the future idea – can 
be done on account of many aspects 

Experience experience of participants, derived from previous and/ or similar 
projects 

Financial_assessment evaluation of financial data 

House_of_quality holistic method to balance customer requirements with characteristics 
of the innovative product 

Killing_criteria comparison of the characteristics of the innovative idea with a list of 
must meet criteria 

Lifecycle method to estimate the potential future development of an innovative 
product along its lifetime 

Market_assessment observation of market in order to analyze its potential and estimate its 
future development 

Organization_Chart development of an organization chart to support organization and 
assignment of human resources 
Particularly important to ROHDE & SCHWARZ. 

Patent_Research legal assessment whether the idea can be protected by property rights 
or hurts/ be touched by existing property rights  

Portfolio_management comparison of existing products and the innovative idea in a portfolio 
Particularly important to FEIN. 

Product_road_map roadmap to juxtaposition existing and innovative products including 
an temporal aspect  

Q_method structured team discussion 

Risk_management estimation of risk as well as development of risk-minimizing strategies 

Scoring_method comparison of the characteristics of the innovative idea with a 
weighted list of criteria 

SWOT_analysis identification of internal strengths and weaknesses as well as external 
opportunities and threads related to the innovative idea 
Particularly important to ROHDE & SCHWARZ. 

Technology_assessment observation of technology development in research and practice to 
identify important trends 

table 107 Instances of Method 
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2.3.2.6.8 Instances of Positive_output 

If an idea successfully passed through a Gate meeting, its further development is described by 

instances of Positive_output. In the subsequent table, theoretically recommended and empirically 

found activities have been associated. 

Instances: Positive_output 

Instance Description 

Creativity_tools use of creativity tools to identify possibilities of enhancement as 
well as trajectories to do so 

Development entry to the back end of the innovation process  

Document_analysis analysis of scientific publications and patents to accordingly refine 
the innovative idea 

Focus_groups use of focus groups to gather information on necessary refinement 
of the innovative idea 
Particularly important to FEIN and ROHDE & SCHWARZ. 

Lead_user cooperation with lead users to refine the innovative idea 
Particularly important to FEIN and ROHDE & SCHWARZ. 

Marketing_plan details on intended marketing approach for the innovative idea 
Particularly important to FEIN. 

Morphology decomposition of open questions in subproblems, identification of 
possible solutions and reintegration 

Product_concept first description of planned product in order to reduce volatility of 
ideas 
Particularly important to FEIN and MARQUARDT. 

Product_sketch first visual representation of the innovative idea 
Particularly important to FEIN. 

Product_specification detailed (technological) description of the innovative idea 
Particularly important to FEIN. 

Project_schedule details on project team, start date, estimated costs and agenda 
necessary for the realization of the innovative idea 
Particularly important to FEIN. 

Prototyping elaboration of a viable prototype or model of the innovative idea 

Scenario_planning development of diverse future product stories  

Technology_forecasting continuous observation of possible weak signals which indicate a 
new technological trend to follow 
table 108 Instances of Positive_output 
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2.3.2.6.9 Instances of Negative_output 

In table 109, the resulting treatments of a rejected idea are listed and described. Classification has 

been done according to the Gate of which the negative output results. 

Instances: Negative_output 

Instance Description 

hold_invisible_funnel treatment of innovative idea after a hold decision at the Invisible 
Funnel (e.g. rework) 

stop_invisible_funnel treatment of innovative idea after a stop decision at the Invisible 
Funnel (e.g. discard) 

hold_concept_gate treatment of innovative idea after a hold decision at the Concept 
Gate (e.g. rework) 

stop_concept_gate treatment of innovative idea after a stop decision at the Concept 
Gate (e.g. pool of potential) 

hold_innovation_gate treatment of innovative idea after a hold decision at the Innovation 
Gate (e.g. rework) 

stop_innovation_gate treatment of innovative idea after a stop decision at the Innovation 
Gate (e.g. discard) 
table 109 Instances of Negative_output 

2.3.3 Summary of Formalization 

The activities of formalization lead to two results, the informal taxonomy and the formal 

ontology. These research outcomes differ in their process of elaboration and in the content of 

the resulting structure. The subsequent tables provide a synopsis of these differences. 

Informal Taxonomy 

Characteristics of Elaboration Characteristics of Result 

The collective process of taxonomy elaboration 
targets establishment of a shared language. 
The interactively developed vocabulary and 
inheritance relations support interdisciplinary 
communication and interchange already in the 
process of elaboration.  

Mutual activity towards taxonomy development 
creates a feeling of commitment and involvement 
among participants. 

Shared development is eased by use of computer 
tools which are simple to utilize by ontologists and 
domain experts, e.g. mindmaps. 

The taxonomy coarsely visualizes the central 
elements of the domain. In its glossary, it comprises 
the agreed on terms and their definitions for the 
domain of idea assessment and selection. 
The vocabulary and inheritance relations support 
interdisciplinary communication and interchange – 
internally as well as between the companies. 
Besides, it is well suited to review and refine the 
vocabulary used for the domain. 

The taxonomy can be used to further stimulate 
discussion on the components of idea assessment 
and selection in the company and/ or for 
comparison among companies.  

table 110 Summary of elaboration and result of first formalization 
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Formal Ontology 

Characteristics of Elaboration Characteristics of Result 

On the basis of the informal taxonomy, the formal 
ontology is developed by researchers and provided 
for feedback to domain experts. 
The process of elaboration is driven by 
methodological rules in order to reach a correct 
ontological representation of idea assessment and 
selection. 

 

The formal ontology finely represents the central 
elements of the domain. By use of relations other 
than inheritance, it is able to represent more details 
in a structured way. 
Discussion and comparison of approaches is eased 
by provision of a detailed, structured 
representation. This representation is available in 
graphical as well as textual version. 

table 111 Summary of elaboration and result of second formalization 

The second result, the formal ontology, is computable if realized in an ontology language, e.g. 

OWL. By an OWL implementation, the data becomes understandable and processable to both, 

humans and machines. Consequently, communication with other applications which require machine-

readability or automatic large-scale analysis and comparison of data would require an ontology 

language version of the OntoGate. 

For the development of the ontology in OWL the free, open source ontology editor Protégé294 is 

suggested. The definition of Protégé requires some changes in definition of relations. Below, 

figure 123 shows an excerpt of the OWL code, representing a part of the class Internal_participant. 

The third line indicates that Protégé defines relations as object property of a class, i.e.: 

<owl:ObjectProperty rdf:ID="deploys">.  

<owl:Class rdf:ID="Internal_participant"> 

<rdfs:subClassOf rdf:resource="#Participant’ /> 

<owl:ObjectProperty rdf:ID="deploys">  

 <rdfs:domain rdf:resource="#Internal_participant"/> 

 <rdfs:range rdf:resource="#Method"/>  

 </owl:ObjectProperty> 

</owl:Class> 

<Quality rdf:ID="Bob_Miller"/> 

figure 123 OWL version of the class Internal_participant 

                                                 
294

  More information on Protégé as well as the ontology editor and several plug-ins are available online: http://protege.stanford.edu/ 
(2008/06/16). 
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3 Results of  Justify/ Evaluate  

For the OntoGate, the stage justify/ evaluate is a twofold process. On the one hand, the taxonomy 

and the ontology, i.e. the artifacts, are repeatedly evaluated by practitioners for correctness. This 

first stage aims at establishing the company-specific representations of idea assessment and 

selection during the early stages of the innovation process. 

On the other hand, the elements are validated for genericness on an intercompany level. In this 

context, typic elements (common to all focus companies) and generic components (common to all 

participating companies) have been identified. 

According to the Design Science Ontology Lifecycle, development and evaluation take place in 

iterative cycles (cf. round flashes in figure 124). Consequently, evaluation of the artifact was 

continuously done during the development of the company-specific informal taxonomy (cf. 2.3.1), 

the formal ontology (cf. 2.3.2). Representatives of the focus companies have repeatedly reviewed the 

taxonomy and ontologies and provided their feedback.  

Besides, the use cases have been discussed with all participating companies (cf. 1.2). Especially 

the scenarios of “comparison of company routines with customs in and beyond the industry” and 

the “support of communication between departments” have been evaluated positively.  

 

figure 124 Design Science Ontology Lifecycle, box indicates justify/ evaluate activities 

As the results of the first evaluation have already been presented in chapter 3, this chapter 

focuses on typic and generic versions. These result from second evaluation, the validation of 

genericness, when a typic OntoGate and later on generic versions are elaborated. The typic taxonomy 

comprises the elements which can be found within all focus companies. It is based on the elements 

common to all company-specific ontologies. The generic version results from the validation of 

the typic taxonomy with the specific ontology for idea assessment and selection of the reference 

company. Elements which are included both in the OntoGate of the reference company and in 

the typic version form the generic OntoGate.  
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The specific representations of idea assessment and selection shown in section 2.3 hold detailed 

information on the corporate process. These taxonomies and ontologies are only valid for the 

company for which they have been established. By nature, the typic and generic OntoGate hold 

higher level information on the proceeding of idea assessment and selection during the early 

stages of the innovation process than the specific OntoGate. Thus, the typic and genric OntoGate 

provide a meta perspective on this stage which is valid for a number of companies. Subsequently, 

results of this second evaluation are presented. 

3.1 Typic OntoGate 

After completion of the specific idea assessment of a single company, the development of the 

typic OntoGate starts. For this purpose, commonalities among the company-specific approaches 

are analyzed. Components being identified in all focus companies are classified typical for the 

industry (companies)295. From these components, the typic informal taxonomy with its three part-

taxonomies is developed. The three part-taxonomies of the typic informal taxonomy can be seen 

in the following figures.  

                                                 
295

  It has been my objective to perform an exemplary ontology development and evaluation. This section shows the feasibility of a validation of 
genericness. It does explicitly not claim validity beyond the examined companies. 



326 Results of Justify/ Evaluate 

 

figure 125 Typic Invisible Funnel 
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figure 126 Typic Concept Gate 
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figure 127  Typic Innovation Gate  
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3.2 Generic OntoGate 

During the second part of validation of genericness, the OntoGate of the comparison company is 

developed according to the Design Science Ontology Lifecycle (cf. part III). 

The resulting ontology is compared with the typic model to identify elements which are 

incorporated in both OntoGates. These shared elements form the generic taxonomy with its three 

part-taxonomies, and the generic formal ontology. The three part-taxonomies of the generic 

informal taxonomy can be seen in the following figures. 
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figure 128 Generic Invisible Funnel 
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figure 129 Generic Concept Gate 
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figure 130 Generic Innovation Gate 



Summary of Justify/ Evaluate 333 

corporate
typic

generic 
part

3.3 Summary of Justify/ Evaluate  

The stage of justify/ evaluate evaluated the degree of genericness in different approaches to idea 

assessment and selection during the early stages of the innovation process. The elaboration of the 

essence of proceeding within the focus companies (typic OntoGate) and not being restricted to a 

specific industry (generic OntoGate) has shown that a remarkably large proportion of activities is 

similar within the participating companies. This proportion is greater among the focus companies 

than among all participating companies. 

Thus, it can be stated that there is a basic common understanding of the necessary activities during 

idea assessment and selection which increases along with similarity among the companies. On 

this shared basis, each of the companies has its particular routines which have been shown in 

sections 2.2 and 2.3. The following figure shows how the corporate routine of idea assessment 

and selection are classified according to their degree of genericness: 

 

figure 131 Degree of genericness in idea assessment and selection 

The evaluation of genericness is only the first part of a larger scale study. This study would 

document and compare corporate approaches to idea assessment and selection by use of 

ontologies. Thus, the generic core, the activities typical for the industry and corporate routines 

would be elaborated on a larger scale. This elaboration would then allow deriving research 

requirements as well as requirements for application of existing knowledge in the field. 
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Conclusion  

Concluding a research project with an assessment of work done and an outlook to further 

activities brings both regret and joy. Regret because a number of question necessarily remain open 

which one would have liked to answer during the process. Joy, because a number of novel 

questions have arisen throughout the process which will be most interesting to deal with in the 

future – together with the ones not yet answered.  

After a synopsis of the thesis (cf. chapter 1), a two-part résumé of the research project is 

provided. First, an ex post assessment and a summary of experiences is given (cf. 2.1). 

Subsequently, section 2.2 presents central empirical findings. In accordance with the 

multimethodological research approach, elaborated outcomes contribute to different knowledge 

bases. This is shown in the subsequent section 2.3. Identification of suggestions for further 

research (cf. 3.1), and implications for business (cf. 3.2) finally conclude this thesis.  

 

figure 132  Outline of thesis; current part (Conclusion) highlighted 

Abschnittswechsel nächste Seite
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1 Synopsis of  Thesis 

Research and practice agree on the importance of innovation to manufacturing companies which 

face globalized, ever tightening competition. Increasing complexity and velocity are accompanied 

by an affluence of knowledge. In this situation, filtering of information, distinguishing good ideas 

from less potential ideas and identification of opportunities along simultaneous risk management 

have become vital tasks. These moments of assessment and selection are of particular importance 

early in the innovation process when the course for future development is set. 

It has therefore been the objective of this thesis to increase effectiveness of management of idea 

assessment and selection during the early stages of technology-based incremental product innovation by 

elaboration of an ontology. The focus has been on small and medium sized manufacturing 

enterprises. 

Following the presentation of the problem in the introduction, part I first delimits innovation, 

innovation management and the fuzzy front end of the innovation process. By analysing and structuring 

of existing contributions to the field, a roadmap for the Fuzzy Front End is subsequently developed. 

Its four phases of Ideation, Concept Gate, Concept Development and Innovation Gate are uniformly 

described in terms of their participants, methods, and outputs. Elaboration of the roadmap 

illustrates the lack of a holistic, action-oriented methodology to address the early stages of the 

innovation process, in particular idea assessment and selection.  

Based on these insights, part II introduces a potential solution: ontologies. After providing an 

introduction to their historical development, fields of use in the business area are illustrated. 

These examples are used to develop open research questions and highlight the potential of an 

ontological approach to the Fuzzy Front End. Subsequently, the most important ontological 

principles are introduced and a classification system for the multitude of different ontologies is 

developed: the OntoCube.  

Part III then illustrates the methodology for developping an ontology for the field of idea 

assessment and selection during the early stages of the innovation process. After a synopsis of 

existing knowledge on ontology engineering, the newly developed methodology for ontology 

development and evaluation is presented. This Design Science Ontology Lifecycle (OntoLife) is based 

on experiences made with ontology engineering as well as on the principles of Design Science. 

The resulting domain ontology representing knowledge on idea assessment and selection, the 

OntoGate, is introduced in part IV. After a description of the participating companies and their 

approach to idea assessment and selection, both versions of the OntoGate are introduced: the 

informal taxonomy, including a glossary, and the formal ontology.  

By the visualization in the informal taxonomy and structured representation of idea assessment and 

selection in the formal ontology, the research project achieved its objective: Together or separately, 

the results are able to provide support to effective management during the early stages of the 

innovation process. 
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2 Résumé  

The conclusion summarizes the research project and its results by a research perspective. To 

begin with, the research project undergoes an ex post assessment (cf. 2.1). Assessment first takes 

place according to the criteria of domain, objective, and approach of research (2.1.1, 2.1.2, and 

2.1.3), and subsequently, the degree of genericness is evaluated (cf. 2.1.4).  

The second section is dedicated to empirical findings of this thesis. The specific characteristics 

found within the participating companies are illustrated in subsection 2.2.1. Subsequently, 

subsection 2.2.2 presents general findings of all participating SME.  

The chapter closes by presenting the contributions to the knowledge base. Research on the 

OntoGate is based on the scientific areas of General and Innovation Management, Design 

Science, Information Sciences and/ or Artificial Intelligence. Consequently, it also provides 

output to these knowledge bases.  

2.1 Assessment of Research Project 

This section resumes the particularities of this research project in comparison to other 

approaches in the relevant fields. 

2.1.1 Research Domain 

From the perspective of an ontologist, the domain of idea assessment in the early stages of the 

innovation process contains unstructured knowledge. Previous efforts of ontology development 

were aimed at domains which hold at least loosely structured knowledge. Consequently, ontology 

development rather focused on correct representation of the domain.  

For the OntoGate, this problem could be solved by the conceptually induced FFE Roadmap. 

This framework was primarily created as a structured guideline providing orientation in the 

chaotic early stages of the innovation process. Its deployment is expected to support effective 

management of the Fuzzy Front End. Secondly, the FFE Roadmap proposed a structure which 

allowed for systematization of the domain. Thus, ontology development was facilitated. 
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2.1.2 Research Objectives 

In the past, ontologies have mainly been developed to represent and retrieve knowledge in a 

certain domain to provide for some (early) kind of artificial intelligence (e.g. allow automatic 

reasoning). The ontology for idea assessment had a different objective. 

The OntoGate is intended to unify language and facilitate crossfunctional understanding within the 

domain. Together with the structure provided by the FFE roadmap, it is expected to increase 

effectiveness of the early stages of the innovation process. 

2.1.3 Research Approach 

The Design Science Ontology Lifecycle (OntoLife) is based on two foundations, experiences of 

Artificial Intelligence as well as research in the field of Design Science.  

The community of ontologists use and propose empirically induced, action-oriented procedures for 

ontology development and evaluation. They are mostly derived from a specific development 

project. As a result, abstraction and generalization can imply considerable effort. 

Being a very general framework, the Design Science IS Research framework (Hevner et al., 2004) 

offers a number of possibilities for adaptation to specific use. Its principles address development 

of artifacts by a methodological, comprehensive perspective. Consequently, it provides mainly meta-

level guidelines.  

The two foundations are different, but of complementary nature. Merging them resulted in a 

theoretically induced, action-oriented method in which the advantages of one approach are 

balanced against the drawback of the other. 

2.1.4 Degree of Genericness 

Typically, ontology development targets either a generic (frame) ontology, a domain or an 

application ontology. Methods for ontology development are derived of experiences made during 

the engineering of a particular ontology. The OntoGate and the Design Science Ontology 

Lifecycle, are elaborated on both, a generic as well as a specific level. 

The generic versions provide an ontology and a method which are independent of their application 

and can be adapted to particular situations and requirements. For the frame ontology, this implies 

that the highly specific Fuzzy Front End of any company can be represented by instantiation of 

the ontology. The method, on the other hand, allows for ontology development in any domain. 

The specific versions of the OntoGate and the empirical approach to its development and 

evaluation have been established to show feasibility as well as exemplary application.  



Résumé 339 

2.2 Empirical Findings 

Empirical findings of the research project illustrate how the participating small and medium sized 

enterprises approach idea assessment and selection. A contribution to practical knowledge is 

made by the representations of their Fuzzy Front End.  

The presentation starts with a synopsis of company-specific findings. Subsequently, an analysis of 

commonalities going beyond this individual scope is presented. 

2.2.1 Company-Specific Findings 

The cases show that every company addresses idea assessment in a highly specific way. Typically, the 

approach of idea assessment has evolved over the years and is well adapted to the innovation 

strategy, culture and operations of the company. 

Efficiency and flexibility of processes are the outstanding characteristics of the early stages of the 

innovation process at HANS EINHELL AG. Idea generation and collection as well as assessment 

of ideas are done in an intuitive way. The Fuzzy Front End of HANS EINHELL AG is highly 

flexible and adaptable to daily needs. Incoming ideas are assessed by the marketing department. 

Assessment and selection of ideas does not follow a pre-defined structure: Experiences from 

previous projects, market and product knowledge as well as crossfunctional input by other 

departments are flexibly balanced against each other to reach a decision. This quick, informal 

evaluation is the decisive moment between ideation and development. 

At C. & E. FEIN GMBH, innovations follow a detailed process. A stage-gate process funnels the 

ideas from discovery during market observation and subsequent filtering at two Quality Gates to 

development. It tries to process relevant information as early as possible, thus reducing the risk 

of an expensive misjudgment of market potential.  

• Innovative input is first assessed by colleagues and superiors. In case of positive evaluation, a 

product concept as well as a marketing plan are elaborated.  

• At the gentle Q-Gate 1, product and marketing plan are assessed. The jury consists of 

executive directors, the heads of development and sales and responsible product managers. 

Decision is taken on a team-basis. As far as possible, feedback from lead users is collected 

before the meeting and used as decision support.  

• Positive assessment of the innovative idea leads to refinement and secondary assessment at Q-

Gate 2. At that moment, decision-making includes a rough assessment of (planned) costs as 

well as considerations on partners for competitive benchmarking.  
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MARQUARDT GMBH has established an iterative innovation process which is based on close 

interaction with its customers, i.e. OEM. OEM represent an important external factor of 

decision-making on new ideas. 

• First, ideas are assessed by an informal filtering on a low hierarchical level, i.e. by colleagues and 

superiors. Positively evaluated ideas enter refinement. 

• At the first official assessment, feasibility, risk, cost/ benefit ratio and market potential of the first 

product concept are discussed. The jury is composed of the executive board, senior 

representatives of finance, quality, marketing, R&D, and the customer center manager. 

• In case of positive assessment, the product concept is technologically improved. In addition, it is 

subsequently subject to negotiations with suppliers as well as the OEM, i.e. the customer.  

• The refined product concept as well as new and/ or additional financial data are re-assessed. 

Evaluation is stricter and more thorough than at the first assessment. Depending on the 

development process and results of negotiations with subcomponent suppliers and OEM, 

several re-assessments might take place. 

At ROHDE & SCHWARZ GMBH & CO. KG, the innovation process is divided into three stages. 

Characteristic to the process are two different ways by which an innovative idea can enter the 

process: the formal employee suggestion system and the Invisible Funnel. 

• The employee suggestion system processes employees’ formal suggestions of improvement. 

Assessment is done by specifically assigned staff members. The employee suggestion system 

mainly produces propositions of little impact. 

• Alternatively, product ideas emerge and are informally assessed by the direct superiors. In case 

of positive assessment (i.e. Invisible Funnel), the idea is pursued and enters selection. During 

selection, development of product groups is devised. 

• The research request for the innovative idea is written during pre-definition. At the end of pre-

definition, management assesses the innovative idea and decides on its future. This decision is a 

go/ no go decision on development. Future assessments of the product mostly concern 

functional details. 

2.2.2 General Findings 

Common to all companies is the situation of high uncertainty in which decisions have to be taken, 

mainly based on incomplete information. In this situation, senior executives recognize their 

responsibility to assess ideas personally. Strategic decision-making during Fuzzy Front End is a 

‘matter for the boss’ in the participating companies.  

Typically, informal assessment is done on a low hierarchical level, while formal assessments are 

carried out by senior management. With the exception of HANS EINHELL AG, decision-making is 

achieved by a crossfunctional discussion. 
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This discussion is based on the (tacit) knowledge of individuals, experiences with previous 

projects, and market and technology assessments. It is guided by the innovation strategy of the 

company, which is in all companies oriented at requirements of their customers. In the process of 

idea assessment, a majority of ideas are turned down – the companies all consider a maximum of 

five out of hundred emerging ideas.  

Methods for improving effectiveness of decision-making are considered to hold a lot of potential. 

Existing solutions, though, do not provide sufficient added value to justify necessary efforts for 

implementation and maintenance of these methods. 

2.3 Contribution to Knowledge Bases 

The difference between routine design and design research is […]  
the […] contribution to the archival knowledge base 

of foundations and methodologies. (Hevner et al., 2004)  

Research of this thesis is based on the scientific areas of General and Innovation Management, 

Design Science, Information Sciences and/ or Artificial Intelligence. Consequently, it also 

provides output to these knowledge bases. The following table gives a synopsis of all major 

research outcomes: 

Phase of Lifecycle Result 
Kind of 

Result 
Broadened Knowledge Base(s) 

FFE Roadmap F Innovation Management 

OntoCube F 
Information Science &/ or Artificial 

Intelligence 

Analysis of 
knowledge 

base 
Design Science 

Ontology Lifecycle F Design Science, Information Science &/ or 
Artificial Intelligence 

Prepare 

Feasibility 
study 

Use cases F Innovation Management 

Kickoff ontology 
specification 

F Innovation Management, Information Science 
&/ or Artificial Intelligence 

glossary F Innovation Management 

taxonomy F Innovation Management, Information Science 
&/ or Artificial Intelligence 

Develop/ 

Build Formalization 

formal ontology F Innovation Management, Information Science 
&/ or Artificial Intelligence 

Evaluation 
methodology 

methodology M Design Science, Information Science &/ or 
Artificial Intelligence Justify/ 

Evaluate Publication thesis F Design Science, Innovation Management 
Information Science 

Document Documentation Design Science 
Ontology Lifecycle F Design Science, Information Science &/ or 

Artificial Intelligence 

legend: 'kind' of contribution F = foundation (theory, framework, instruments, construct, model, method, instantiation) 
M = methodology (data analysis techniques, formalisms, measures, validation criteria) 

table 112 Results of thesis 
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From these outputs, I consider a certain number to be of particular importance. These results 

show the highest degree of novelty with respect to the knowledge base in question:  

• the structured approach FFE roadmap (cf. part I) (contribution to foundations) 

• the ontology classification scheme OntoCube (cf. part II) (contribution to foundations) 

• the Design Science Ontology Lifecycle OntoLife (cf. part III) (contribution to foundations) 

• the insights on idea assessment in SME (cf. part IV) (contribution to foundations) 

• the taxonomy and ontology OntoGate (cf. part IV) (contribution to foundations) 

• the twofold evaluation method OntoEva (cf. part IV) (contribution to methodologies) 

Concerning the knowledge base(s) broadened by the above listed results, the FFE roadmap is a 

result relevant for the knowledge base of Innovation Management. It broadens existing knowledge 

on the Fuzzy Front End by providing a structured approach with details on participants, methods 

and outputs. 

The ontology classification scheme OntoCube is a contribution to the knowledge base of 

Information Sciences and/ or Artificial Intelligence. It unifies the existing approaches to ontology 

classification in a single holistic scheme. 

The Design Science Ontology Lifecycle contributes to the knowledge bases of General and Innovation 

Management, Information Sciences and/ or Artificial Intelligence, and Design Science. 

• Knowledge of General and Innovation Management is broadened by the OntoLife. Built on 

the insights of Information Sciences and/ or Artificial Intelligence, applicability and potential of the 

OntoLife to the field of General and Innovation Management is shown.  

• It is a foundation to Information Sciences and/ or Artificial Intelligence and Design Science. It 

proposes a method for ontology engineering which unifies experiences of the ontological 

community with the principles of Design Science.  

The insights on idea assessment in SME are a contribution to the knowledge bases of General and 

Innovation Management. They provide first information on the way SME perform idea 

assessment and selection during the early stages of innovation management (cf. part IV, 

section 2.2). 

The OntoGate is a contribution to the knowledge base of Innovation Management as well as of 

Information Sciences and/ or Artificial Intelligence, and Design Science. 

• It provides a highly flexible framework for the representation and modeling of the idea 

selection during the Fuzzy Front End (contribution to Innovation Management). 

• Being an ontology, i.e. an IS artifact, the OntoGate furthers the knowledge base of Information 

Sciences and/ or Artificial Intelligence. 

• The artifact OntoGate has been developed and validated following the principles of Design 

Science. Consequently, these principles enrich the knowledge base of Design Science. 
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The twofold evaluation method contributes to the realm of Innovation Management, Design Science, 

and Information Sciences and/ or Artificial Intelligence. 

• Validation of genericness is a contribution to the knowledge base of Innovation Management. The 

method supports categorization of components of idea assessment according to their degree 

of genericness.  

• The evaluation of the artifact provides a method of ontology evaluation based on criteria and 

principles of Design Science.  

• Integrating knowledge from the field of Innovation Management and Design Science, both 

evaluations contribute to existing methods in the knowledge base of Information Sciences and/ or 

Artificial Intelligence. 
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3 Outlook  

This chapter introduces open research questions and indicates need for further activity in the 

field. First, section 3.1 illustrates three strands of research which might be followed to further 

investigate the OntoGate. The research strands target validity of the OntoGate, its potential 

deployment in a business context and the details of the Design Science Ontology Lifecycle.  

Besides their academic influence, research results on idea assessment and selection have 

implications for management. Therefore, in addition to the suggestions for further research, 

possible implications of this thesis for business are presented (cf. section 3.2). 

3.1 Further Research  

This is not the end. It is not even the beginning of the end.  
But it is, perhaps, the end of the beginning. 

(Winston Churchill) 

The previous sections have indicated the pioneering character of the research project and the 

fundamental character of research outcomes. By elaboration of the OntoGate, a method has been 

added to the knowledge base which is able to increase effectiveness of idea assessment during the 

Fuzzy Front End. It has been exemplarily shown that an ontological approach to this field is 

feasible.  

From this point of departure, three strands of research seem particularly interesting: 

• the validity of the OntoGate, i.e. its correct representation of the business domain,  

• the potential of the OntoGate in a business context, as well as  

• the activities of the Design Science Ontology Lifecycle.  

To improve the validity of components of the OntoGate, the method ought to be applied to a 

representative number of companies. Research might be done along various trajectories. I suggest 

three possibilities which contribute to the refinement of the frame ontology.  

• Representation of idea assessment of technology-driven manufacturing small and medium-sized 

enterprises. This allows for analysis and comparison of company-specific approaches and to 

enhance validity of the typic OntoGate. 

• Representation of idea assessment of small and medium-sized enterprises from (several) different 

industries. Possible research questions include the analysis and comparison of company-specific 

approaches in each industry and refinement of the generic OntoGate. 

• Representation of technology-driven manufacturing large companies. Analysis and comparison of the 

different approaches would provide more detailed insights into the importance of company 

size for idea assessment. 



Outlook 345 

Concerning the potential of the OntoGate in a business context, several strands of research are possible.  

• The first strand is to examine the effect of introducing the OntoGate to a number of companies. 

This research would lead to data illustrating the potential of the ontological approach to 

improve effectiveness of idea assessment.  

• As an alternative, the potential of the OntoGate as a method of analysis and comparison could be 

explored. Benchmarking against the theoretically developed best practices of the FFE 

roadmap might be examined, on the one hand. Alternatively, by representation and central 

storage of a number of company-specific OntoGates, competitive benchmarking might be 

significantly facilitated. In this context, a combination of the ontological approach with 

existing efforts to assess the ability to innovate296 might be particularly interesting. 

• The third strand targets deployment of the OntoGate in a different functional area. Development 

of an ontological approach to the adjoining disciplines of R&D and technology management 

is also expected to provide interesting results. 

Concerning the activities of the Design Science Ontology Lifecycle, insights can be derived from all 

previously described research activities. Research focus on the OntoLife would be realized by 

analysis of development and evaluation of the ontologies from a methodological point of view.  

3.2 Implication for Business 

As the previous section has shown, empirical research further stressed the need for 

methodological support to idea assessment. I will now address the potential of the method for 

business use. 

For executive practitioners, the transfer of ontologies from the servers of computer experts into 

the laptops of management holds quite some potential. Up to now, business applications of 

ontologies, e.g. business to business application and knowledge management (cf. part III, 

chapter 2), had a technical, information-related character:. 

The establishment of the OntoGate by using the Design Science Ontology Lifecycle has shown 

that fulfillment of the main research objective – to increase effectiveness of idea assessment by use 

of ontologies – comprises implications which go beyond this research project. 

Ontologies can provide methodological support to every field of management – be it marketing, 

controlling or, as in this thesis, innovation management. They provide for a systematization and 

structured representation of knowledge in a domain. Besides, ontologies help to overcome 

communication deficits by establishing a lingua franca. Due to their systematic approach unifying 

communication, they allow for analysis as well as comparison with other departments, companies or 

theoretically developed best practices. Consequently, ontologies are able to set the starting point 

for improvement and necessary change. 

                                                 
296

  The nationally funded project InnoScore allows SME to self-assess their ability to innovate. It is currently expanded to a European level and 
might be an interesting partner for a research cooperation. More information on the project as well as the assessment are available online 
http://www.innoscore.de (2008/04/28). 
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The Design Science Ontology Lifecycle provides for an action-oriented method which supports 

ontology development by non-technical business persons. 

By structuring and logically organizing the represented domain, ontologies provide a new 

perspective on the well-known. As Möslein put it, 

“[v]isualizations make us take up a perspective and make the known appear in a new light. 

Being directed towards power of expression, attention and impression, they provoke 

astonishment, wonder and surprise.“ (Moeslein, 2000)(own translation) 

Ontologies are capable to provoke exactly the power of astonishment, wonder and surprise 

Möslein describes. They have been shown to be a powerful method of structured representation, 

leading to a better understanding of the status quo. Ontologies are not only able to change 

perception, but also serve as a point of departure for necessary change.  

Hopefully, the ontological approach receives the attention it deserves in terms of usage and 

continuous improvement, as 

“[… the respective context of action] does never require that we perceive the 

‘environment’ as it is ‘in reality’ (what would anyhow be impossible), but 

requires only, that, what we perceive, enables us to take successful action.”(von 

Glasersfeld, 2006)  

Might many a manager perceive that ontologies enable them to take successful action! 

ABSCHNITTSWECHSEL NÄCHSTE SEITE 
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Annex 

1 Glossary of  Informal Taxonomy 

term  explanation (entries marked with * rely on the online version of Merriam-Webster, 2002)  

agenda 
a list or outline of things to be considered or done for the innovative 

activity 
* 

alternative 

solutions 
elaboration of alternative ways to address product development   

application 
usage scenario // a use to which product or service is put // capacity of 

practical use 
* 

application, core  
most important usage scenario // main use of a product as defined by the 

company (cf. core) 
  

assessment 
to determine the importance, size, or value of // to weigh strengths and 

weaknesses, opportunities and threads of an innovative idea/ concept 
  

assessment, legal to determine the cf. legal position of the innovative idea/ concept   

benefit earnings from the sale of an item // opposite to cost * 

brand image 
image related to brand, might encompass quality, service life, 

workmanship etc. 
  

budget 

statement of the financial position for a definite period of time based on 

estimates of expenditures during the period and proposals for financing 

them // plan for the coordination of resources and expenditures // 

amount of money that is available for, required for, or assigned to a 

particular purpose  

* 

business unit 
organizational part of a company; can be defined functionally, regionally, 

according to products etc. 
  

character 
reason for which idea/ concept enters the company (cf. continuous, cf. 

discontinuous) 
* 

company 
an association of persons for carrying on a commercial or industrial 

enterprise 
* 

comparison 
examination of two or more items to assess and weigh similarities and 

dissimilarities 
* 
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competitor 
person or company active in the same (segment of) market as company, 

selling or buying goods or services in the same market as another 
* 

compliance 
consent to // confirm to // demonstrate adherence to corporate policies 

(e.g. strategy) // maintenance of status quo 
* 

components parts by which idea or concept is described at the moment of assessment   

concept 

An innovative concept is the first predevelopment version of a 

combination of purpose and means which is qualitatively different from 

existing forms. It might become a novel solution to a problem and has 

been elaborated from an innovative idea.  

* 

consumer 
group of persons using or consuming the products of the participating 

companies; encompasses cf. end-users and cf. end-consumers  
  

continuous standard process of idea generation   

core 
basic, essential, traditional, most important or enduring // property of 

application, technology, segment (of market) 
  

corporate  of or relating to a company    

corporate 

guidelines 

rules the company has decided to adhere to in a specific are, e.g. quality 

standards 
  

cost 

amount paid or charged for something // outlay or expenditure made to 

achieve an object // opposite to benefit // expenditure for innovative 

activities 

* 

cost/ benefit 

data on the (estimated) relation of cost and benefit // value indicating the 

cost-effectiveness of an operation, procedure, or program // value 

indicating the cost-effectiveness of innovative activities 

* 

criterion, plural 

criteria 

condition/ rule which enables a choice // condition/ rule upon which a 

decision or judgment can be based // condition/ rule upon which an 

element of assessment is judged 

  

current 
existing, known, mastered, state of the art // status as of moment of 

assessment 
* 

customer 
person or company that purchases a product or service of the company; 

can be a cf. consumer, cf. retailer or cf. OEM 
  

customer center 

manager 

executive in charge of a division targeting one particular customer (e.g. an 

OEM) 
  

decision 
result of assessment of ideas/ concepts, encompassing decision on the 

future of the idea/ concept and next steps to be taken 
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degree of novelty 
difference in necessary knowledge between existing/ mastered/ core/ 

current knowledge on technology and new/ future technology 
  

description 
statement or account of the future product by words (might include cf. 

sketches) 
  

design 
arrangement of elements or details in a product // aesthetic or functional 

properties of product 
  

development period between the innovation gate and market introduction of product   

director 
member of the executive board of a company; typically responsible for a 

number of business units 
  

discard 
to stop consideration of negatively assessed ideas or concepts // dispose 

of an idea or a concept 
  

discontinuous idea generation beyond standard process, i.e. 'surprise' ideas   

economic 

of, relating to, or based on the production, distribution, and consumption 

of goods and services // having commercial and/ or industrial 

significance: affecting material resources // of, relating to, or based on 

business and finance 

  

employee 

member of staff // one employed by another usually for salary and in a 

position below the executive level // participant to the assessment by a) 

input of ideas, b) being part of the development team, c) assessment of 

ideas during Invisible Funnel 

* 

end-

user/consumer 

natural person consuming/ using product or service of the company; 

aggregated in cf. consumer 
* 

estimation 
'good guessing', i.e. building on experiences derived from previous 

projects and soft data on the topic 
  

executive member of staff with administrative or managerial responsibility * 

experience 

existing knowledge within company, derived from past (un)successful 

projects, (a) used for the assessment of idea/ concept and (b) used for 

further development of idea/ concept 

  

extension 
enlargement in scope or operation // part constituting an addition (e.g. to 

strategy of business unit) // improvement of status quo 
* 

external 

from, connected to or to the outside of the company // situated outside, 

apart, or beyond // arising or acting from outside // opposite of cf. 

internal // not part of staff of company 
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feasibility 
capability of the innovative idea/ concept being mastered, done, carried 

out by the company 
  

feature 
property of product, relevant for customers' satisfaction // property 

which is characteristic of a product or service  
  

finance 
department responsible for management of funds // accounting // 

controlling 
  

focus area of interest // perspective, by which object is regarded   

future 
cf. new // progress/ change in comparison to state of the art with regard 

to a particular fact, implicitly additive and positive  
* 

head of 
member of staff heading a department; not being part of the board // one 

in charge of a division or department in a company 
  

hold 
possible cf. decision of assessment // requirement of rework after 

assessment and re-assessment after its delivery 
  

idea  

An innovative idea is the more or less vague perception of a combination 

of purpose and means, qualitatively different from existing forms. It might 

become a novel solution to a problem. 

  

industrial designer 
external person or agency who conceptualize new/ additional features of 

an existing product or create a new product concept  
  

information of 

team 

face to face notification of team of the (negative or positive) decision of 

the jury of ideas 
* 

innovation 

An innovation is an exploitable combination of purpose and means which 

is perceived as qualitatively different from existing forms. It is a novel 

solution to a problem and has been elaborated from an innovative 

concept. 

  

input object which is assessed at concept or innovation gate   

internal 

from, connected to or to the inside of the company // situated (near the) 

inside // arising or acting from inside // opposite of cf. external // part 

of staff 

* 

inventor 

person who to produces an idea for the first time through the use of 

imagination or of ingenious thinking and experiment; can be, but is not 

necessarily a consumer of the products of the company 

* 

invest invest resources in the idea/ concept in order to develop it    

jury of ideas 
group of persons executing the assessment of ideas/ concepts (cf. 

participant) 
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lead user 

highly innovative end-user/ consumer // suggests new, and/ or 

additional features/ products for assessment// gives feedback on input to 

assessment 

  

legal 
of or relating to law // conforming to or permitted by law or established 

rules, incl. patent law // created by the constructions of the law 
  

level 
level of hierarchy // degree of assigned administrative or managerial 

responsibility  
  

market 

geographic area of demand for products/ services // specified category of 

potential buyers // opportunity for selling // available supply of or 

potential demand for specified goods or services // area of economic 

activity in which buyers and sellers come together and the forces of supply 

and demand affect prices // part of assessment which deals with market 

and/ or financial aspects 

  

marketing & sales department responsible for activities concerning marketing and sales * 

marketing plan general plan of marketing and sales strategy for the idea/ concept * 

member of jury 
person who takes part in the meeting of the jury of ideas and has decision-

making authority 
  

model 

a description or analogy used to help visualize something that cannot yet 

be directly observed // a pattern of something to be made // a usually 

miniature representation of something // a toy representation of the 

innovative concept 

* 

model, functional a working toy representation of the innovative concept   

new 
cf. future // progress/ change in comparison to state of the art with 

regard to particular fact, implicitly additive and positive  
  

norms 

an authoritative standard // a principle of right action binding upon the 

members of a group and serving to guide, control, or regulate proper and 

acceptable behavior  

* 

observation, 

market 
observation of market and its development   

observation observation of focus of interest and its development   

observation, 

technology 
observation of technology and its development   

OEM 

Original Equipment Manufacturer from the automotive industry// source 

of ideas on product features and products// provider of feedback on 

input to assessment 
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origin 

a) where the idea or concept to be assessed comes from (cf. external, cf. 

internal) 

b) where the participant of assessment comes from (cf. external, cf. 

internal) 

* 

participant 

person taking part in the meeting of the cf. jury of ideas; participation can 

be direct, by being a cf. member of jury or indirect a) by submission of an 

idea/ concept for assessment or b) by provision of feedback before the 

actual meeting  

  

patent protection 
securing for a term of years the exclusive right to make, use, or sell an 

invention 
* 

pool of potential 
(virtual) place/ database where stopped ideas get stored; possible re-

assessment 
  

portfolio 

management 

examination of two or more items on the basis of an internal and an 

external criterion in order to represent and consequently assess similarities 

and dissimilarities 

* 

position, 

corporate 

competitive position of company compared to the state of the industry, 

i.e. number of competitors and degree of rivalry among them 
  

position, financial result of financial assessment   

position, legal  
position of idea/ concept in a cf. legal way: possibility of cf. patent 

protection/ copyright/ cf. norms etc. 
  

preliminary data 
result of assessment of financial/ market data which will be continuously 

refined during the Fuzzy Front End 
  

presentor 
person who takes part in the assessment of ideas and presents the idea or 

concept to be assessed 
* 

price 

the quantity of money that is exchanged in sale for the product// the 

amount of money set as consideration for the sale of a specified thing // 

assessed in relation to the development costs of the product 

  

product manager 
member of cf. staff in charge of a division targeting a certain group of 

products (e.g. green houses) 
  

project 
unique activity performed by a group with predefined goal, budget and 

time limiters 
  

prototype 
a first full-scale and usually functional form of a new type or design of a 

construction 
  

Q method 
structured group discussion to analyze and unify perspectives of the 

participants according to a particular criterion 
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quality 
degree of excellence of product/ design/ service life/ safety/ etc. // 

department responsible for activities concerning quality 
* 

R&D 
department responsible for research, researching cooperation and 

development 
* 

re-assessment (scheduled or irregular) re-assessment of stopped ideas/ concepts * 

requirements 
implicitly or explicitly stated properties which customers expect the 

product/ service to have in order to satisfy their needs 
  

retailer 
person or company selling products of the company // cf. customer of 

the company 
  

risk 

potential impact of an event, determined by combining the likelihood of 

occurrence and the impact of occurrence // danger of failure in 

development of innovative product and results thereof 

  

ROI return on investment resulting of innovative activity * 

role set of expected behavioral attitudes of the participants of the assessment * 

safety 
condition of product of being safe from causing hurt, injury, or loss // 

exclusion of dangers stemming from the product 
* 

sales 
department responsible for operations and activities involved in 

promoting and selling goods or services 
  

schedule 
a procedural plan that indicates the time and sequence of each operation 

necessary for the innovative activity 
* 

schedule a procedural plan that indicates the time and sequence of each operation * 

segment 

parts of market which can be defined locally, by customers, by time etc. 

// one of the constituent parts into which a market is divided or marked 

off by or as if by natural boundaries 

* 

segment, core most important part of market as defined by the company (cf. core)   

sketch visual representation of the future product by graphics   

specification 
a detailed, precise presentation of the idea/ concept // a written 

description of the idea/ concept (also used for patent application) 
  

staff body of persons working at a company   

start moment of beginning the innovative activity   

start beginning of activity (e.g. of development project)   

stop disinvestment in terms of time and/ or resources to the idea/ concept   
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strategy 

plan of action intended to accomplish a specific goal // part of 

assessment which is concerned with strategic impact on the level of 

company or business unit 

  

strategy, business 

unit 

plan of action intended to accomplish a specific goal on level of business 

unit (cf. strategy, company) 
  

strategy, company 
plan of action intended to accomplish a specific goal on company level 

(cf. strategy, business unit) 
  

subcomponent 

supplier 

company or person who provides for subcomponents to products // 

satisfies the needs or wishes of the company concerning components of 

their products 

  

supplier 
company or person who provides for // makes available for use // 

satisfies the needs or wishes of the company  
* 

team 
group of people sharing a common goal and working to achieve it // 

group of persons active to deliver the innovative activity 
  

technology particular technological concept // part of assessment * 

tool 

instrument or method applied to assess object on the is based of criteria 

// means to the end of assessment // (figurative) device that aids in 

accomplishing assessment  
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