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In this chapter we present the On-To-Knowledge Methodology (OTKM) for
introducing and maintaining ontology based knowledge management applica-
tions into enterprises with a focus on Knowledge Processes and Knowledge
Meta Processes. While the former process circles around the usage of ontolo-
gies, the latter process guides their initial set up. We illustrate our method-
ology by an example from a case study on skills management.

1 Introduction

In recent years Knowledge Management (KM) has become an important suc-
cess factor for enterprises. Increasing product complexity, globalization, vir-
tual organizations or customer orientation are developments that ask for a
thorough and systematic management of knowledge — within an enterprise
and between several cooperating enterprises. Obviously, KM is a major issue
for human resource management, enterprise organization and enterprise cul-
ture — nevertheless, information technology (IT) plays the crucial enabler for
many aspects of KM. As a consequence, KM is an inherently interdisciplinary
subject.

IT-supported KM solutions are built around some kind of organizational
memory [ABH98] that integrates informal, semi-formal and formal knowl-
edge in order to facilitate its access, sharing and reuse by members of the
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organization(s) for solving their individual or collective tasks [DCGR99]. In
such a context, knowledge has to be modelled, appropriately structured and
interlinked for supporting its flexible integration and its personalized presen-
tation to the consumer. Ontologies have shown to be the right answer to these
structuring and modeling problems by providing a formal conceptualization
of a particular domain that is shared by a group of people in an organization
[O’L98, Gru9j|.

There exist various proposals for methodologies that support the system-
atic introduction of KM solutions into enterprises. One of the most prominent
methodologies is CommonKADS that puts emphasis on an early feasibility
study as well as on constructing several models that capture different kinds
of knowledge needed for realizing a KM solution [SAA199]. Typically, these
methodologies conflate two processes that should be kept separate in order
to achieve a clear identification of issues [SSSS01]: whereas the first process
addresses aspects of introducing a new KM solution into an enterprise as
well as maintaining it (the so-called “Knowledge Meta Process”), the second
process addresses the handling of the already set-up KM solution (the so-
called “Knowledge Process”) (see Figure 1). E.g. in the approach described
in [PRR99], one can see the mixture of aspects from the different roles that,
e.g. “knowledge identification” and “knowledge creation” play. The Knowl-
edge Meta Process would certainly have its focus on knowledge identification
and the Knowledge Process would rather stress knowledge creation. How-
ever, Knowledge Management is a process which is not only governed by IT.
Hence, one needs to keep the balance between human problem solving and
automated IT solutions. This balancing distinguishes KM from traditional
knowledge-based systems.

Knowledge
Process

Knowledge Meta
Process

Fig. 1. Two orthogonal Processes with Feedback Loops

The here presented methodology was developed and applied in the EU
project On-To-Knowledge® [DFv02]. We now describe some general issues
when implementing and inventing knowledge management applications. Then

® http://www.ontoknowledge.org
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we focus on the knowledge meta process and the knowledge process and illus-
trate the instantiation of the knowledge meta process by an example from a
skills management case study of the On-To-Knowledge project.

2 Implementation and Invention of KM Applications

To implement and invent any KM application, one has to consider different
processes (cf. Figure 2). We experienced mainly three major process that in-
fluenced our case study, i.e. “Knowledge Meta Process”, “Human Issues” and
“Software Engineering”. These processes are not completely separate but also
interfere. As mentioned in the introduction, KM is an inherently interdisci-
plinary subject which is not only governed by information technology (IT).
Hence, one needs to keep the balance between human problem solving and
automated IT solutions. As a rule of thumb it was carefully estimated by KM
experts at a “Dagstuhl Seminar on Knowledge Management”® (cf. [0S01])
that in “real life” IT support cannot cover more than 10—30% of KM.
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Fig. 2. Relevant processes for developing and deploying KM applications

Human issues (HI) and the related cultural environment of organizations
heavily influence the acceptance of KM. It is often mentioned in discussions
that the success of KM — and especially KM applications — strongly depends

® http://dagstuhl-km-2000.aifb.uni-karlsruhe.de/
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on the acceptance by the involved people. As a consequence, “quick wins” are
recommended for the initial phase of implementing any KM strategy. The aim
is to quickly convince people that KM is useful for them and adds value to
their daily work.

Software engineering (SE) for knowledge management applications has
to fit to the other processes. Especially the requirements coming from the
knowledge processes need to be reflected.

In the following sections we will now focus on the Knowledge Meta Process
as the core process and illustrate some cross-links to the other mentioned
processes.

3 Knowledge Meta Process

The Knowledge Meta Process (¢f. Figure 3) consists of five main steps. Each
step has numerous sub-steps, requires a main decision to be taken at the end
and results in a specific outcome. The main stream indicates steps (phases)
that finally lead to an ontology based KM application. The phases are “Fea-
sibility Study”, “Kickoftf”, “Refinement”, “Evaluation” and “Application &
Evolution”. Below every box depicting a phase the most important sub-steps
are listed, e.g. “Refinement” consists of the sub-steps “Refine semi-formal on-
tology description”, “Formalize into target ontology” and “Create prototype”
etc. Each document-flag above a phase indicates major outcomes of the step,
e.g. “Kickoft” results in an “Ontology Requirements Specification Document
(ORSD)” and the “Semi-formal ontology description” etc. Each node above
a flag represents the major decisions that have to be taken at the end to pro-
ceed to the next phase, e.g. whether in the Kickoff phase one has captured
sufficient requirements. The major outcomes typically serve as decision sup-
port for the decisions to be taken. The phases “Refinement — Evaluation —
Application & Evolution” typically need to be performed in iterative cycles.
One might notice that the development of such an application is also driven
by other processes, e.g. software engineering and human issues. We will only
briefly mention some human issues in the example section.

3.1 Feasibility Study

Any knowledge management system may function properly only if it is seam-
lessly integrated in the organization in which it is operational. Many factors
other than technology determine success or failure of such a system. To ana-
lyze these factors, we initially start with a feasibility study [SAAT99], e.g. to
identify problem /opportunity areas and potential solutions. In general, a fea-
sibility study serves as a decision support for economical, technical and project
feasibility, determining the most promising focus area and target solution.
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Fig. 3. The Knowledge Meta Process

3.2 Kickoff

In the kickoff phase the actual development of the ontology begins. Similar
to requirements engineering and as proposed by [FLGPSS99] we start with
an ontology requirements specification document (ORSD). The ORSD
describes what an ontology should support, sketching the planned area of
the ontology application and listing, e.g. valuable knowledge sources for the
gathering of the semi-formal ontology description. The ORSD should guide
an ontology engineer to decide about inclusion and exclusion of concepts and
relations and the hierarchical structure of the ontology. In this early stage one
should look for already developed and potentially reusable ontologies.

The outcome of this phase is (beside the ontology requirement specifi-
cation document (ORSD)) a semi-formal description of the ontology, i.e. a
graph of named nodes and (un-)named, (un-)directed edges, both of which
may be linked with further descriptive text e.g. in form of mind maps (cf.
[Buz74, SEAT02]). If the requirements are sufficiently captured, one may pro-
ceed with the next phase. The decision is typically taken by ontology en-
gineers in collaboration with domain experts. “Sufficiently” in this context
means, that from the current perspective there is no need to proceed with
capturing or analyzing knowledge. However, it might be the case that in later
stages gaps are recognized. Therefore, the ontology development process is
cyclic.
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3.3 Refinement

During the kick-off and refinement phase one might distinguish in general two
concurrent approaches for modeling, in particular for refining the semi-formal
ontology description by considering relevant knowledge sources: top-down and
bottom-up. In a top-down-approach for modeling the domain one starts by
modeling concepts and relationships on a very generic level. Subsequently
these items are refined. This approach is typically done manually and leads
to a high-quality engineered ontology. Available top-level ontologies may here
be reused and serve as a starting point to develop new ontologies. In our ex-
ample scenario we encountered a middle-out approach, i.e. to identify the
most important concepts which will then be used to obtain the remainder of
the hierarchy by generalization and specialization. However, with the support
of an automatic document analysis, a typical bottom-up-approach may be
applied. There, relevant concepts are extracted semi-automatically from avail-
able documents. Based on the assumption that most concepts and conceptual
structures of the domain as well the company terminology are described in
documents, applying knowledge acquisition from text for ontology design helps
building ontologies automatically.

To formalize the initial semi-formal description of the ontology into the
target ontology, ontology engineers firstly form a taxonomy out of the semi-
formal description of the ontology and add relations other than the “is-a”
relation which forms the taxonomical structure. The ontology engineer adds
different types of relations as analyzed e.g. in the competency questions to
the taxonomic hierarchy. However, this step is cyclic in itself, meaning that
the ontology engineer now may start to interview domain experts again and
use the already formalized ontology as a base for discussions. It might be
helpful to visualize the taxonomic hierarchy and give the domain experts the
task to add attributes to concepts and to draw relations between concepts
(e.g. we presented them the taxonomy in form of a mind map as mentioned
in the previous section). The ontology engineer should extensively document
the additions and remarks to make ontological commitments made during the
design explicit.

The outcome of this phase is the “target ontology”, that needs to be
evaluated in the next step. The major decision that needs to be taken to
finalize this step is whether the target ontology fulfills the requirements cap-
tured in the previous kickoff phase. Typically an ontology engineer compares
the initial requirements with the current status of the ontology. This decision
will typically be based on the personal experience of ontology engineers. As
a good rule of thumb we discovered that the first ontology should provide
enough “flesh” to build a prototypical application. This application should be
able to serve as a first prototype system for evaluation.
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3.4 Evaluation

We distinguish between three different types of evaluation: (i) technology-
focussed evaluation, (ii) user-focussed evaluation and (iii) ontology-focused
evaluation.

Our evaluation framework for technology-focussed evaluation consists
of two main aspects: (i) the evaluation of properties of ontologies generated by
development tools, (ii) the evaluation of the technology properties, i.e. tools
and applications which includes the evaluation of the evaluation tool prop-
erties themselves. In an overview these aspects are structured as follows:(i)
Ontology properties (e.g. language conformity (Syntax), consistency (Seman-
tics)) and (ii) technology properties (e.g. interoperability, turn around ability,
scalability etc.).

The framework shown above concentrates on the technical aspects of on-
tologies and related ontologies. However, the aspect of user-focussed eval-
uation remains open. The most important point from our perspective is to
evaluate whether users are satisfied by the KM application. More specific,
whether an ontology based application is at least as good as already existing
applications that solve similar tasks.

Beside the above mentioned process oriented and pragmatic evaluation
methods, one also need to formally evaluate ontologies. One of the most
prominent approaches here is the OntoClean approach (c¢f. e.g. [GW02]),
which is based on philosophical notions. Applying this approach leads to more
correct hierarchies of ontologies.

The outcome of this phase is an evaluated ontology, ready for the roll-out
into a productive system. However, based on our own experiences we expect in
most cases several iterations of “Evaluation — Refinement — Evaluation” until
the outcome supports the decision to roll-out the application. The major de-
cision that needs to be taken for finalizing this phase is whether the evaluated
ontology fulfills all evaluation criteria relevant for the envisaged application
of the ontology.

3.5 Application & Evolution

The application of ontologies in productive systems, or, more specifically, the
usage of ontology based systems, is being described in the following Section 4
that illustrates the knowledge process.

The evolution of ontologies is primarily an organizational process. There
have to be strict rules to the update, insert and delete processes of ontologies
(cf. [SMMSO02]). We recommend, that ontology engineers gather changes to
the ontology and initiate the switch-over to a new version of the ontology after
thoroughly testing all possible effects to the application. Most important is
therefore to clarify who is responsible for maintenance and how it is performed
and in which time intervals is the ontology maintained.
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The outcome of an evolution cycle is an evolved ontology, i.e. typically

another version of it. The major decision to be taken is when to initiate
another evolution cycle for the ontology.

4 Knowledge Process

Once a KM application is fully implemented in an organization, knowledge
processes essentially circle around the following steps (cf. Figure 4).

Knowledge creation and/or import of documents and meta data, i.e. con-
tents need to be created or converted such that they fit the conventions
of the company, e.g. to the knowledge management infrastructure of the
organization;

then knowledge items have to be captured in order to elucidate impor-
tance or interlinkage, e.g. the linkage to conventionalized vocabulary of
the company by the creation of relational metadata;

retrieval of and access to knowledge satisfies the “simple” requests for
knowledge by the knowledge worker;

typically, however, the knowledge worker will not only recall knowledge
items, but she will process it for further use in her context.

Documents
Metadata

Creation

6 -

Retrieval / ontOIO
Access Q
Capture

Fig. 4. The Knowledge Process
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5 Example: Skills Management @ Swiss Life

We now give an example of the Knowledge Meta Process instantiation of
a skills management case study at Swiss Life (¢f. [LS02]). Skills manage-
ment makes skills of employees explicit. Within the case study existing skill
databases and documents (like e.g. personal homepages) are integrated and
expanded. Two aspects are covered by the case study: first, explicit skills
allow for an advanced expert search within the intranet. Second, one might
explore his/her future career path by matching current skill profiles vs. job
profiles. To ensure that all integrated knowledge sources are used in the same
way, ontologies are used as a common mean of interchange to face two ma-
jor challenges. Firstly, being an international company located in Switzer-
land, Swiss Life has internally four official languages, viz. German, English,
French and Italian. Secondly, there exist several spellings of same concepts,
e.g. “WinWord” wvs. “MS Word”. To tackle these problems, ontologies offer
external representations for different languages and allow for representation
of synonymity. Figure 5 shows a screenshot from the skills management appli-
cation. The prototype enables any employee to integrate personal data from
numerous distributed and heterogeneous sources into a single coherent per-
sonal homepage.

5.1 Feasibility Study

For identifying factors which can be central for the success or failure of the
ontology development and usage we made a requirement analysis of the exist-
ing skills management environment and evaluated the needs for a new skills
management system. We identified mainly the human resources department
and the management level of all other departments as actors and stakeholders
for the skills management. After finding the actors and stakeholders in the
skills management area, we named the ontology experts for each department,
which are preferably from the associated training group of each department.

5.2 Kickoff

The departments private insurance, human resources and IT constitute three
different domains that were the starting point for an initial prototype. The
task was to develop a skills ontology for the departments containing three
trees, viz. for each department one. The three trees should be combined under
one root with cross-links in between. The root node is the abstract concept
“skills” (which means in German “Kenntnisse/Faehigkeiten”) and is the start-
ing point to navigate through the skills tree from the top.

During the kickoff phase two workshops with three domain experts’ were
held. The first one introduced the domain experts to the ideas of ontolo-

" Thanks to Urs Gisler, Valentin Schoeb and Patrick Shann from Swiss Life for
their efforts during the ontology modelling.
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gies. Additional potential knowledge sources were identified by the domain
experts, that were exhaustively used for the development of the ontologies,
e.g. a book of the Swiss Association of Data Processing (“Schweizerischer Ver-
band fuer Datenverarbeitung”) describing professions in the computing area
in a systematic way similar to an ontology. Obviously, this was an excellent
basis to manually build the skills ontology for the IT domain. First experi-
ments with extracting an ontology semi-automatically by using information
extraction tools did not satisfy the needs for a clearly structured and easily
understandable model of the skills. The domain experts and potential users
felt very uncomfortable with the extracted structures and rather chose to build
the ontology by themselves “manually”. To develop the first versions of the
ontologies, we used a mind mapping tool (“MindManager”). It is typically
used for brainstorming sessions and provides simple facilities for modelling
hierarchies very quickly. The early modelling stages for ontologies contain ele-
ments from such brainstorming sessions (e.g. the gathering of the semi-formal
ontology description).
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During this stage a lot of “concept islands” were developed, which were iso-
lated sets of related terms. These islands are subdomains of the corresponding
domain and are self-contained parts like “operating systems” as sub domain
in the IT domain. After developing these concept islands it was necessary to
combine them into a single tree. This was a more difficult part than assembling
the islands, because the islands were interlaced and for some islands it was
possible to add them to more than one other island, which implies awkward
skills trees that contain inconsistencies after merging. For each department
one skills tree was built in separate workshops. A problem that came up very
early was the question where to draw the line between concepts and instances.
E.g. is the programming language Java instantiated by “jdk1.3” or is “jdk1.3”
so generic that it still belongs to the concept-hierarchy? Another problem was
the size of the ontology. What is the best depth and width of each skills tree?
Our solution was, that it depends on the domain and should be determined
by the domain expert.

As result of the kick-off phase we obtained the semi-formal ontology de-
scriptions for the three skills trees, which were ready to be formalized and
integrated into a single skills ontology. At this stage the skills trees reached a
maturity that the combination of them caused no major changes for the single
skills trees.

5.3 Refinement

During the refinement phase we formalized and integrated the semi-formal
ontology descriptions into a single coherent skills ontology. An important as-
pect during the formalization was (i) to give the skills proper names that
uniquely identify each skill and (ii) to decide on the hierarchical structure of
the skills. We discussed two different approaches for the hierarchical order-
ing: we discovered that categorization of skills is typically not based on an
is-a-taxonomy, but on a much weaker nasSuBTopric relationship that has im-
plications for the inheritance of attached relations and attributes. However,
for our first prototype this distinction made no difference due to missing cross-
taxonomical relationships. But, according to [GW02], subsumption provided
by is-a taxonomies is often misused and a later formal evaluation of the skills
ontology according to the proposed OntoClean methodology possibly would
have resulted in a change of the ontology.

In a second refinement cycle we added one more relation type, an “associa-
tive relation” between concepts. They express relations outside the hierarchic
skills tree, e.g. a relation between “HTML” and “JSP”, which occur not in
the same tree, but correspond with each other, because they are based on the
same content. “HTML” is in the tree “mark-up languages”, while the tree
“scripting languages” contains “JSP”. This is based on the basic characteris-
tics and the history of both concepts, which changed over time. But in reality
they have a close relationship, which can be expressed with the associative
relation.
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The other task in this phase was to integrate the three skills ontologies into
one skills ontology and eliminate inconsistencies in the domain ontology parts
and between them. Because the domain ontologies were developed separately,
the merger of them caused some overlaps, which had to be resolved. This
happened for example in the computer science part of the skills trees, where
the departments IT and private insurance have the same concepts like “Trofit”
(which is a Swiss Life specific application). Both departments use this concept,
but each uses a different view. The IT from the development and the private
insurance from the users view. Additionally the personal skills of any employee
are graded according to a generic scale of four levels: basic knowledge, practical
experience, competency, and top specialist. The employees will grade their own
skills themselves. As known from personal contacts to other companies (e.g.
Credit Suisse, ABB and IBM), such an approach proved to produce highly
reliable information.

As a result at the end of the refinement phase the “target skills ontology”
consisted of about 700 concepts, which could be used by the employees to
express their skill profile.

5.4 Application & Evolution

The evaluation of the prototype and the underlying ontology was unfor-
tunately skipped due to internal restructuring at Swiss Life which led to a
closing down of the whole case study.

Still, we considered the following aspects for the evolution of our skills
management application: The competencies needed from employees are a mov-
ing target. Therefore the ontologies need to be constantly evaluated and main-
tained by experts from the human resource department. New skills might be
suggested by the experts themselves, but mainly by employees. Suggestions
include both, the new skill itself as well as the position in the skills tree where
it should be placed. While employees are suggesting only new skills, the ex-
perts decide which skills should change in name and/or position in the skills
tree and, additionally, decide which skill will be deleted. This was seen as
necessary to keep the ontology consistent and to avoid that e.g. similar if not
the same concept appear even in the same branch. For each ontology (and
domain) there should exist a designated ontology manager who decides if and
how the suggested skill is integrated.

6 Related Work on Methodologies

A first overview on methodologies for ontology engineering can be found in
[FL99]. More recently, there have been joint efforts of OntoWeb® members,

8 OntoWeb, a European thematic network, see http://www.ontoweb.org for further
information.
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who produced an extensive state-of-the-art overview of methodologies for on-
tology engineering (c¢f. [GPFLCT02, FLGPE"02]). There exist also deliver-
ables on guidelines and best practices for industry (¢f. [LAB102, LBB*02])
with a focus on applications for E-Commerce, Information Retrieval, Portals
and Web Communities. With respect to this work, especially the following
approaches are noteworthy.

CommonKADS [SAAT99] is not per se a methodology for ontology de-
velopment. It covers aspects from corporate knowledge management, through
knowledge analysis and engineering, to the design and implementation of
knowledge-intensive information systems. CommonKADS has a focus on the
initial phases for developing knowledge management applications, we there-
fore relied on CommonKADS for the early feasibility stage. F.¢g. a number
of worksheets is proposed that guide through the process of finding potential
users and scenarios for successful implementation of knowledge management.

Cyc [LG90] arose from experience of the development of the Cyc knowl-
edge base (KB)?, which contains a huge amount of common sense knowl-
edge. Cyc has been used during the experimentation in the High Performance
Knowledge Bases (HPKB), a research program to advance the technology of
how computers acquire, represent and manipulate knowledge!'®. Until now,
this methodology is only used for building the Cyc KB. However, Cyc has
different micro-theories showing the knowledge of different domains from dif-
ferent viewpoints. In some areas, several micro-theories can be used, and each
micro-theory can be seen from different perspectives and with different as-
sumptions. The Cyc project strongly enhanced the visibility of the knowledge
engineering community, but at the same time it suffered from his very high
goal to model “the world”. Recently this goal has been lowered and now one
has divided this too complex task into smaller ones,e.g. the Cyc top-level
ontology was separated.

Recently, the DOGMA modelling approach [JM02, SMJ02] has been pre-
sented. The database-inspired approach relies on the explicit decomposition
of ontological resources into ontology bases in the form of simple binary facts
called lexons and into so-called ontological commitments in the form of de-
scription rules and constraints.

The Enterprise Ontology [UK95] [UKMZ98] proposed three main steps
to engineer ontologies: (i) to identify the purpose, (ii) to capture the con-
cepts and relationships between these concepts, and the terms used to refer
to these concepts and relationships, and (iii) to codify the ontology. In fact,
the principles behind this methodology influenced many work in the ontology
community and they are also reflected in the steps kickoff and refinement of
our methodology and extended them.

The KACTUS [BLCY96] approach requires an existing knowledge base for
the ontology development. They propose to use means of abstraction, i.e. a

9 Cyc knowledge base, see http://www.cyc.com
!0 HPKB, see http://reliant.teknowledge.com/HPKB/about/about.html
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bottom-up strategy, to extract on ontology out of the knowledge base as soon
as an application in a similar domain is built.

METHONTOLOGY [GP96, FLGPSS99] is a methodology for building
ontologies either from scratch, reusing other ontologies as they are, or by a
process of re-engineering them. The framework enables the construction of
ontologies at the “knowledge level”. The framework consists of: identification
of the ontology development process where the main activities are identified
(evaluation, configuration, management, conceptualization, integration imple-
mentation, etc.); a lifecycle based on evolving prototypes; and the methodol-
ogy itself, which specifies the steps to be taken to perform each activity, the
techniques used, the products to be output and how they are to be evaluated.
METHONTOLOGY is partially supported by WebODE. Our combination of
the On-To-Knowledge Methodology and OntoEdit (¢f. [SEAT02, SSA02]) is
quite similar to the combinations of METHONTOLOGY and WebODE (c¢f.
[ACFLGPO1]. In fact, they are the only duet that has reached a comparable
level of integration of tool and methodology.

SENSUS [SRKR97] is a top-down and middle-out approach for deriv-
ing domain specific ontologies from huge ontologies. The approach does not
cover the engineering of ontologies as such, therefore offers a very specialized
methodology.

TOVE [UGY96] proposes a formalized method for building ontologies based
on competency questions. We found the approach of using competency ques-
tions, that describe the questions that an ontology should be able to answer,
very helpful and integrated it in our methodology.

7 Conclusion

The described methodology was developed and applied in the On-To-Knowledge
project. One of the core contributions of the methodology that could not be
shown here is the linkage of available tool support with case studies by show-
ing when and how to use tools during the process of developing and running
ontology based applications in the case studies (cf. [SS02]).

Lessons learned during setting up and employing the methodology in
the On-To-Knowledge case studies include: (i) different processes drive KM
projects, but “Human Issues” might dominate other ones (as already outlined
by Davenport [DP98]), (ii) guidelines for domain experts in industrial contexts
have to be pragmatic, (iii) collaborative ontology engineering requires physical
presence and advanced tool support and (iv) brainstorming is very helpful for
early stages of ontology engineering, especially for domain experts not familiar
with modelling (more details on be found e.g. in [SEAT02, SSA02]).

In this chapter we have shown a process oriented methodology for in-
troducing and maintaining ontology based knowledge management systems.
Core to the methodology are Knowledge Processes and Knowledge Meta Pro-
cesses. While Knowledge Meta Processes support the setting up of an ontol-
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ogy based application, Knowledge Processes support its usage. Still, there are
many open issues to solve, e.g. how to handle a distributed process of emerg-
ing and aligned ontologies that is likely to be the scenario in the semantic
web.
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