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Preface

Knowledge Management (KM) is one of the key progress factors in organizations. It involves explicit and persistent
representation of knowledge of (geographically) dispersed groups of people in the organization, so as to improve the
activities of the organization. Although KM is an issue in human resource management and enterprise organization
beyond any specific technology questions, there are important aspects that can be supported or even enabled by
intelligent information systems. Especially Al and related fields provide solutions for important parts of the overall
KM problem.

Identification and analysis of a company's knowledge-intensive work processes (e.g., product design or strategic
planning). Knowledge Engineering and Enterprise Modeling techniques can contribute to this topic. The analysis of
information flow and involved knowledge sources allows to identify shortcomings of business processes, and to specify
requirements on potential IT support.

In an organization, know-how may relate to problem solving expertise in functional disciplines, experiences of human
resources, and project experiences in terms of project management issues, design technical issues and lessons learned.
The coherent integration of this dispersed know-how in a corporation, aimed at enhancing its access and reuse, is called
"corporate memory" or "organizational memory" (OM). It is regarded as the central prerequisite for IT support of
Knowledge Management and is the means for knowledge conservation, distribution, and reuse. An OM enables
organizationallearning and continuous process improvement.

Activities underlying knowledge management in an organization can comprise detection of needs, construction,
distribution, use and maintenance of the corporate memory. It demands abilities to manage disparate know-how and
heterogeneous viewpoints, to make it accessible and suitable for adequate members of the organization. When the
organization knowledge is distributed onseveral experts and documents in different locations all over the world, the
Internet or an Intranet inside the organization and World Wide Web (WWW) techniques can be a privileged means for
acquisition, modelling, management of this distributed knowledge.

Examples of interesting topics for organizational memories are:

e Dimensions of knowledge management: organization, competence, methodology...

e  Enterprise modeling

e Artificial Intelligence methods or techniques for construction of computational corporate memories (knowledge
bases, case bases, intelligent documentary systems, agent-based systems...)

e Business Intelligence Solutions for KM

e Intranet Solutions for KM

¢  Document Management Solutions for KM

e  MultiMedia solutions for KM

e  Content Management solutions for KM

e Architectures for KM/OM systems

e Integration of formal and informal knowledge in KM/OM

e Integration of knowledge from different groups in an organization

e Knowledge sharing between different groups in an organization (possibly via Internet/Intranet)
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Cooperative (possibly Web-based) building, adaptation and evolution of a corporate memory
Building and Exploiting a Corporate Semantic Web

Web-based repositories for sharable ontologies and reusable problem-solving methods
Web-based terminology servers

Assessment of concrete applications for knowledge management

Case studies of building KM/OM in enterprises

Active, context-dependent knowledge supply
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Enhancing Experience Management and Process
Learning with Moderated Discourses: the indiGo
Approach

Klaus-Dieter Althoff', Ulrike Becker-Kornstaedt', Bjorn Decker',
Andreas Klotz’, Edda Leopold®, Jorg Rech', Angi Voss®

Abstract. The indiGo project aims at improving process
knowledge by successive consolidation of feedback, ranging
from private annotation, through structured communication in
communities of practice, to improved process models and
lessons learned. It develops a methodology and integrates
previously independent software for process modeling,
moderated discourses, experience management and text
mining. Both will be evaluated in case studies.

1 INTRODUCTION

The business process models of organizations operating in
innovative, knowledge-intensive or service-oriented markets
are one of their major knowledge assets and a competitive
advantage. However, these models need to be constantly
evaluated and hardened in the business of those organizations
and enhanced by further knowledge to make them operable.
The approach of the project indiGo® (Integrative Software
Engineering using Discourse-Supporting Groupware) is to
support this evaluation and enhancement offering members of
an organization to engage in discourses about the process
models and their execution (communities of practice) and by
presenting process-related lessons learned fitting to the current
project context. On the organizational level, finished
discourses will be analyzed and summarized to improve
process models (process learning) and create new lessons
learned (learning from experience).

To achieve these objectives, indiGo will develop an integrated,
comprehensive set of methods and a technical infrastructure as
a joint effort of two Fraunhofer Institutes: Fraunhofer IESE
(Institute for Experimental Software Engineering) in
Kaiserslautern and Fraunhofer AIS (Autonomous Intelligent
Systems) in Sankt Augustin.

2 THE FRAMEWORK

indiGo’s key objective is to create and sustain living process
models, that is, process models that are accepted by the
organizations members, adapted to organizational changes on
demand, and continuously enriched with experience from the
operating business of the organization.

2.1 Example

For example, assume Ms. Legrelle, a team leader in the
organization, has to compose an offer for a subcontract from a
small start-up. The process model for the acquisition of
industrial projects has a subprocess devoted to the contract. It
suggests that the payment scheme should not be too fine-
grained in order to minimize administrative overhead. Ms.
Legrelle feels uncomfortable with this guideline. The year
before she had had a subcontract with another start-up, Orion,
which got bankrupt, so that the last payment was lost for her
team although they had completed the work. Ms. Legrelle
prefers to design the new offer with a frequent payment
schedule, at the cost of more overhead in the administrative
unit.

Clearly, Ms. Legrelle would not like to modify the
organization’s process model (1) for industrial project
acquisition on her own - it is not her job and her view may be
too subjective. She would probably agree that her experience
with the Orion project be recorded as a lesson to be learned,
but even so, she would hardly take the trouble to fill in the
required form to create an “official” case (2). Rather, she
would like to suggest her exception from the guideline to her
colleagues, backed up by the example of Orion, and wait for
their responses (3). Whatever the conclusion, she would
probably add it as a personal note (4) to the guideline in the
respective subprocess. A discourse is a deliberative, reasoned
communication, it is focused and intended to culminate in
group decision making (Erickson 1999). An e-discourse is
text-based and conducted (partially) through internet
technology. In e-discourses, more persons can participate, the
audience may be distributed in space and time, vary in size,
composition, background. However, in today’s web-based
discussion forums, a high tendency to incoherence, drift, and
dissolution can be observed. To bridge this tradeoff between
promise and reality additional value must be created, and this
should be done by exploiting the persistent nature of e-
discourses: they may be browsed, replayed, searched,
annotated,  visualized,  analyzed, restructured, and
recontextualized.

! Fraunhofer IESE, Sauerwiesen 6, D-67661 Kaiserslautern, althoff@iese.fraunhofer.de
2 Fraunhofer AIS, Schloss Birlinghoven, D-53754 Sankt Augustin, angi.voss@fraunhofer.de



2.2 Knowledge compaction, usage and
construction

indiGo takes into account all four kinds of knowledge
occurring in the example and supports them as successive
stages in a process of knowledge compaction (aggregation,
condensation, summarization, or classification). Figure 1
arranges the four knowledge categories on one layer and
embeds it into layers of knowledge usage and knowledge

construction.
E private annotations S|

e-moderation

group discussions -«
learning
L
project experiences *
text mining
organization’s

process models

knowledge construction  knowledge compaction knowledge usage

Figure 1. Layers of knowledge compaction, usage and creation for
process-centered applications

Knowledge compaction is a process of decontextualization (a)
and formalization (b) with the goal of decreasing modification
times (c) as well as increasing lifetime (d) and obligingness
(e); and of course more obliging knowledge should be more
visible (f). As indicators of knowledge compaction (a-f) are
correlated, and they exhibit a clear progression from private
annotations to group discussions, to stored cases, to an
organization’s process models. Private annotations are highly
contextualized, informal, secret, and non-binding, they have a
short lifetime and can be updated often, while process models
are highly decontextualized, formal, public, and obliging, they
have a long lifetime and are updated infrequently.

The central issue in knowledge usage is how to offer the right
knowledge at the right time. As the domain of indiGo is
dominated by process models, they should form the backbone
for knowledge delivery. While applying (instantiating) a
particular process model, members of the organization should
find - a mouse click away - supplementary knowledge in
associated cases that are dynamically retrieved with regard to
the users’ current project context. The supplementary
knowledge is provided through associated discussions in the
users’ groups and in their private annotations.

? indiGo (http://indigo.fhg.de) is funded by the German
Ministerium fiir Bildung und Forschung under grant number
01 AK 915 A

If no relevant knowledge is available, the users have
encountered a gap in the knowledge. If they know a solution
themselves, they may write a quick private note and attach it
to the current part of the process model. Otherwise, they may
raise the problem in one of their discussion groups. Other
users may be able to help, possibly they had been confronted
with a similar problem formerly and had written a private note
to remember the solution. Then they may bring this note into
the group discussion.

Either way, if a new solution turns up and stands its test, it
may be added as a new case to the experience base. The
process model would be adapted periodically as substantial
feedback is accumulated from the discussions and the new
experiences. Again, contributing new bits of knowledge
should be a matter of very few mouse clicks.

To extract knowledge from a discussion for the experience
base, the indiGo system will be enhanced by text mining tools,
and the experience base should offer analytic tools that cluster,
categorize, or differentiate the cases as input for improving the
process models.

On the one hand, indiGo is more comprehensive than
approaches to experience management like (Althoff et al.
2001, Tautz 2000, Bergmann 2001, Minor & Staab 2002)
because it bridges the gap between informal, communication-
oriented knowledge and formal, organization-oriented
knowledge and provides a socio-technical solution that covers
individual knowledge usage as well as social knowledge
creation. On the other hand, indiGo is more focused than
comprehensive approaches to organizational learning like
ENRICH (Mulholland et al. 2000).

3 THE SOFTWARE PLATFORM

The indiGo technical platform integrates two independent
types of systems for a completely new service. While one
system acts as a source for documents, like descriptions of
business process models, the other acts as a source for related
information, like private annotations, public comments or
lessons and examples from an experience base. The business
process model repository CoIN-IQ acts as the document
source, related information is provided by the groupware Zeno
or the experience management system CoIN-EF (Althoff et al.
1999).

Figure 2 shows the components of the indiGo platform as
planned for the final version. This paper will focus on the
version presented at CeBIT 2002, which comprises an
integrator, CoIN-IQ, and Zeno.
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CoIN-IQ Integrator Zeno

Document‘ A indiGo Core

Help Systems Related Info

Figure 2. Information flow in the indiGo platform (upper level
presented at CeBIT 2002)

The integrator acts as a middleware between the document and
information source. On the left hand side CoIN-IQ, as the
document source, hosts the business process models that can
be supported by the information from the second system.
Zeno, as the information source on the right side, manages
annotations and discussions about the business process models
from CoIN-IQ.

To enhance the functionality of indiGo we connected Zeno
with CoIN-PR (CoIN Project Registry), a project repository
that stores all information about the projects and associated
users. Information about the projects include, for example, the
project type (e.g., research & development, transfer, or
consulting), status, funding, project staff, project manager, or
the list of participating partners.

CoIN-PR delivers information about a specific user’s current
projects, which is used to index contributions in Zeno with a
project context and to construct queries for CoIN-EF. Beside
commenting the business process models, the user will have
the opportunity to recall context-specific lessons learned from
CoIN-EF. To support and enhance the various roles in indiGo
text-mining tools will be applied to analyze the discussions in
order to detect new, previously unknown or hidden
information for moderators and other roles, especially with the
goal to extend or improve the lessons learned and the process
models.

Based on standard internet technology indiGo is a truly
distributed system. While Zeno is hosted on a web server at
Fraunhofer AiS in Sankt Augustin, Germany, the CoIN system
family is located at and maintained by Fraunhofer IESE in
Kaiserslautern, Germany.

3.1 The integrator

The integrator is the glue between a document server like
CoIN-IQ and a server for related information like Zeno. It
provides an integrated view upon a document and related
information (see figure 3). Based on Perl the integrator is a
CGI script that offers three fundamental functions that are
called either by CoIN-IQ or Zeno:

e Discuss: This function creates a split view upon a
document and related information. In the current indiGo
context this is a view on the specific business process
model from CoIN-IQ in the upper part and beneath the
appropriate discussion from Zeno.

e Annotate: Analogous to the previous function, the
integrator creates a split view upon a business process
model and a personal annotation for the current user.

e Destroy: To work with only one system this function
collapses the split view of indiGo to a single frame. This is
particularly helpful if the user wants to turn off the
discussions from Zeno or if he switches into another
discourse in Zeno that is not related to business processes.
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3.2 CoIN-1Q

Figure 3. Split View with CoIN-IQ at the top and a related discussion in Zeno beneath

For the general purpose of process models, Curtis, Kellner,
and Over (1992) identify five different categories: Facilitate
human understanding and communication, support process
improvement, support process management, automate process

CoIN-IQ is IESE’s business process model repository (Decker
and Jedlitschka, 2001). The topics currently covered range
from core processes (e.g., project set-up and execution) to
support processes (e.g., using the IESE information research
service) to research focused processes (e.g., performing Ph.D.

guidance, and automate execution. According
classification scheme, CoIN-IQ fits into the first category of
facilitating human understanding and communication: The
processes are executed by human agents (i.e., [IESE members),

to this

work at IESE).

3.2.1 Baseline

The objectives of CoIN-IQ can be positioned according to four
criteria: (1) The purpose of process models, (2) the origin and
(3) usage of the process models, and (4) the modeling

techniques. In summary,

describing empirical and theoretical process models to be
executed by human agents. This is detailed in the following.

based on the process description. Supporting and enforcing
process execution beyond this human-based approach (e.g., by
workflow modeling and enactment as in (Maurer and Holz
1999)) was regarded as non-suitable for the purposes of IESE
due to the creative nature of its business processes.
Furthermore, processes according to the process models are
executed rather infrequently (< 10 times per month), therefore
(a) automation of the processes was not supposed to leverage a
high cost/benefit and (b) tracking of process status can be done
by asking the responsible process executor. In addition, the
experience made with the Electronic Process Guide (EPG)
(Becker-Kornstaedt & al. 1999) showed that web-based

CoIN-IQ uses structured text



process descriptions are a feasible way of distributing process
knowledge within creative environments such as software
business. In particular, changes to web-based process models
can be communicated much quicker than paper-based process
models, thus enabling quick integration of experience.

The origin of process models can be empirical (i.e., based on
actual processes (Bandinelli, Fugetta et. al 1995)) and
theoretical (i.e., reflecting a planned process execution).
Process models in CoIN-IQ have both origins: Some of the
process models reflect well-established processes (like, e.g.,
the administrative project set-up), others represent new
procedures (e.g., the reflection of recent changes in the
organizational structure of IESE).

The usage of process models can be descriptive (i.e., a
description of a process) or prescriptive (i.c., intended to be
used as an instruction for process execution). The process
models within CoIN-IQ are prescriptive with different degrees
of obligation. In general, administrative procedures (e.g.,
project accounting) have to be followed without exception;
best-practice process models like project management
procedures are to be seen as recommendations.

The process modeling technique of CoIN-IQ is structured text,
which is due to several reasons: Zero effort training,
straightforward modeling, and perpetuation in industrial
strength applications. Zero effort has to be spent on training,
since any IESE member can read structured text without
previous training. Furthermore, straightforward modeling
means that any IESE members can model processes using
structured text, if supported by guidelines and the CoIN team.
This aspect is additionally fortified by the experience in
scientific publishing of most IESE members.

3.2.2 Concepts

To achieve these objectives, the following information is

captured within CoIN-I1Q:

e Process descriptions describe the activities captured within
ColN (e.g., project management). Complex processes are
structured into a hierarchy of super- and sub-processes.

e Role descriptions describe the roles that are involved in the
execution of processes.

o Agent descriptions are used within role descriptions to
name roles that are performed by a specific IESE member.

e Product representations represent a document to be used
during process execution.

e Overviews structure the other objects within CoIN-IQ to
facilitate browsing.

The discussions in indiGo are related to process descriptions,
which consist of "Actions and Subprocesses", "When to
apply?", "Objectives, Results, and Quality Measures", “Roles
involved”, “Templates”, “Checklists”, and "Guidelines" (see
Figure 4).

“Actions and Subprocesses” describe the steps of the process
execution. In CoIN-IQ, a distinction is made between actions
and sub-processes. Actions are atomic steps that are not
refined any further. Sub-processes are described in a separate
process description according to this structure. The super-
process contains a link to the sub-process, followed by a short
explanation of the sub-process content.

"When to Apply” gives a short overview of a process’ context,
thus helping the user to determine if the current process
description is the desired one. To facilitate this overview even
more, it is again structured into three sub-sections: Scope,
Trigger and Viewpoint. “Scope” contains one or two sentences
about the thematic range of a process and thus, the content of a
process description. “Trigger” as the second sub-section
describes the condition that starts the execution of a process.
These triggering conditions can be events released from
outside IESE (e.g., a customer telephone call), dependencies
with other process executions (e.g., start or finish of a process)
or dependencies from product states (e.g., a deliverable is
about to be finished). “Viewpoint” contains the role from
whose view the process is described.

“Objectives, Results and Quality Measures” is information
intended to guide the execution of a process. The difference
between the three sub-sections is the increasing degree of
quantification of quality information. "Objectives" are general
objectives of the process. "Results" are tangible outcomes of
the process (e.g., meeting minutes). "Quality Measures"
describe properties of such results (e.g., the number of pages
of the meeting minutes should range between 10 and 20) or
the process itself (e.g., the effort spent on preparing a meeting
should not exceed one person day).

“Roles involved” provides an overview of the roles involved
in the process and links the Role Descriptions. An experienced
user can quickly find the Role Descriptions that are distributed
within the “Actions and Subprocesses” and “Guidelines”
Section.

“Templates” lists the products referenced by the process
description. This overview is intended to support IESE
members, who are accustomed to the process and just need
quick access to artifacts.

“Checklists” is also intended for the experienced user. It
summarizes important steps and results of the Process
Description.



“Guidelines ” give hints for performing a process, like “do’s
and don’ts” or frequently asked questions about a process.
Furthermore, frequently used variances of a process are
modeled as guidelines. This reduces the number of similar
process descriptions and lowers the effort to maintain the

process description. Each guideline has a “speaking headline”
in the form of a question or statement, followed by
explanatory text.
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Figure 4. Screenshot of a process description. (Figure shows anonymized demonstrator)

3.2.3 Integration

In the indiGo platform, CoIN-IQ’s start page is automatically
generated by Zeno from articles in a special section for
announcements. Other modifications of CoIN-IQ for indiGo
concern the insertion of buttons for private annotations, group
discussions, and lessons learned. The buttons are displayed or
hidden at the user’s discretion. Buttons are inserted for entire
processes and for all process elements. Internally, each process
and element is identified by a unique number for the indiGo
integrator and the other components; this number will not
change even if the process model is reorganized.

3.3 Zeno

Zeno is an e-participation platform (www.e-partizipation.org)
(Voss 2002) with a spectrum of functions for moderated
discourses on the web.

3.3.1 Baseline

Zeno comprises and extends (1) simple threaded discussions,
(2) document-centered discourses, and (3) information
structuring during group decision making.

Most electronic discussion forums, like the ones mentioned
above but also newsgroups, support simple threaded
discussions (1). Some tools, e.g. http://icommons.harvard.edu/,
recognize URLs or even HTML tags in the contributions or
allow to attach documents.

D’E belongs to category (2). It can process any hierarchical
HTML file into a frames-based environment with automatic
hyperlinking for navigating around sections, checking
citations and footnotes, and tight integration with a discussion
space for critiquing documents. Moderators may influence the
look and feel of a discussion space, they may edit, hide, or
delete contributions. D’E is available as open source
(http://d3e.sourceforge.net/) (Sumner & Buckingham Shum
1998). The e-learning platform Hyperwave eLearning SUITE
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supports annotations and discussions of course units.
Moreover, it offers a set of labels to characterize contributions
as notes, questions, responses, acceptance, and rejection
(www.hyperwave.com).

Predefined labels for qualifying contributions are more
familiar in tools for group decision making (3), especially for
brainstorming (www.facilitate.com). Softbicycle’s QuestMap
(www.softbicycle.com) distinguishes questions, ideas, pros,
cons, decisions, notes, and references, a variant of the famous
IBIS grammar (Kunz & Rittel 1970) which was first
implemented in gIBIS (Conklin & Begemann 1988). Tools in
this category usually allow to restructure the contributions,
that is, they support maps rather than threads, deliberative
argumentation rather than spontaneous reaction.

The first version of Zeno, which also supported a variant of
IBIS (Gordon & Karakapilidis 1999), was presented at CeBIT
1996 and continuously improved up to version 1.9 in 1999.
Since then a completely new system has been realized that
addresses a broader spectrum of discourses in the knowledge
society: Participatory problem solving, consensus building
(Voss, Roder & Wacker, 2002), mediated conflict resolution
(Mirker, O., Hagedorn, H., Trénel, M. & Gordon, 2002),
teaching, and consulting. The new Zeno focuses on e-
discourses and supports e-moderators in turning discussions
into discourses, elaborating the argumentation, and carving out
rationales.

A discourse is a deliberative, reasoned communication; it is
focused and intended to culminate in decision making

(Erickson 1999). (Turoff et al. 1999) argued that building a
discourse grammar, which allows individuals to classify their
contributions into meaningful categories, is a collaborative
effort and its dynamic evolution is an integral part of the
discussion process. A discourse grammar (or ontology) defines
labels for contributions, labels for references (directed links)
between contributions, and may constrain links with respect to
their sources and targets. Supporting communities in evolving
their own discourse grammars has been a key issue in the
design of Zeno.

3.3.2 Concepts

As a consequence, Zeno distinguishes three kinds of objects:
Sections to tailor the settings for an e-discourse, articles as
units of a communication (contributions), and links as directed
relations between articles or even sections (see Figure 5).
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Figure 5. The search view in the overview section of a spatial decision making discourse in Zeno

Moderators specify the readers, authors, and co-editors of
the section, its discourse grammar, a style sheet to control the
presentation, and plugged-in functionality (for mapping,
awareness, polling, etc).

An article has a title, usually a note (plain text or html), and
possibly document attachments. From its author it may get a
label to indicate its pragmatic (or ontological) role in the
discourse (e.g. issue, option, criterion, argument, decision,
summary, question, comment), and it may receive an
additional qualifier from the moderator (e.g. green, yellow, red
cards). Articles may be selected (and deselected) as topics and
may be ranked to influence their ordering. An article may have
temporal references (to be displayed on a timeline), keywords
(to be searched together with the title and note), and attributes
related to its visibility and accessibility.

Links between articles or sections may be labeled to express
relations, such as refers-to, responds-to, justifies, questions,
generalizes, suggests, pro, contra) so that complex networks
(or hyperthreads) can be built. Links between Zeno articles
and sections are visible at both end points and can be traversed
in both directions. They are automatically maintained by

Zeno, so moderators may edit, copy, and move groups of
articles with their links.

Zeno links may also point to external web resources; they are
used for document references in indiGo and for spatial
references (to be displayed on a map) in KogiPlan
(www.kogiplan.de).

Users are received on a personal home page. Here they can
bookmark and subscribe sections in order to be notified of
their latest contributions. Each section offers different views:
The latest articles, the topics, the complete article structure, a
sorted list of articles as a result of a full-text search, the
hierarchy of subsections, or the timeline. Authors may create
or respond to articles in a section, and moderators may edit,
move and copy articles, change links and assign labels, and
manipulate sections. Users and groups are administered
through an address book.

Zeno can be accessed from any regular web browser without
any local installations. The Zeno server is implemented on top
of open source products: tomcat as web server and servlet
runner, velocity for templates in the user interface, Java for the
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kernel, and MySQL for the data base. Zeno itself is available
as open source (http://zeno.berlios.de/).

3.3.3 Integration

In Zeno, document-centered discourses, or more specifically,
discourses about process models, are made possible through
the indiGo integrator and some indigo-specific adaptations of
Zeno.

The structure and ordering of process models and their
elements is reflected in the hierarchies of sections and their
ranking. The mapping between these structures is
accomplished through Zeno links, the names of which encode
identifiers for the process model and element.

Moderators first create entries for users and groups in the
address book. Next, to generate a section for discussing a
process, the moderators click on the “discussion” button of the
process or any of its elements and then select a group as
readers and writers for the discussion. Subsections for
discussing process elements are created on demand, when
users click on the associated processes and selects the
discussion group. The subsections inherit the discourse
grammar of their super-section and are restricted to the
selected group as authors.

When a user clicks on an “annotation” button for the first time,
a personal section is created. This section and its subsections
can only be accessed by this user with all rights of a
moderator. Subsections for processes and their elements are
again created on demand, when the user clicks on the
corresponding “annotation” buttons.

The start page of the indiGo system is automatically
generated. The upper part displays announcements. These are
articles in a section called “StartPage” , can be edited by all
indiGo moderators. Beneath the announcements, the start page
lists all new articles in the user’s discussion groups. This
service replaces the subscription and notification mechanism
that is otherwise available on the users’ personal home page in
Zeno. For the introduction and operational phases different
discourse grammars will be available. “info”, “question”,
“comment”, “suggestion”, “example” are the article labels
during introduction, “observation”, “problem”, “suggestion”,
“solution”, “example” and “summary” are the article labels
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during operation. Link labels are in both phases “re”, “pro”,
“con”, “see also”. Qualifier will include “closed” to indicate
threads with a conclusion, and “invalid” to indicate threads
that may have become invalid due to modifications of the
process model. To come back to the introductory example, Ms
Legrelle could have attached a “problem” to the guideline on
payment schedules, “re”sponded with a “suggestion”
concerning small start-ups, and supported it with a “pro”
“example” from the Orion project.

S CONCLUSIONS AND OUTLOOK

indiGo aims at supporting all kinds of knowledge that have
been identified as being import for process learning, namely
process models (with their associated templates), experiences

from instantiating process models in concrete projects,
discussions about processes in closed or open groups, and
private annotations of process models. Thus, with indiGo, any
concerned organization member can make private annotations
for a newly introduced, or changed, business process model.
Staff can decide which of the issues that attracted their
attention should be discussed within a selected group of
people.

This paper focused on the technical infrastructure of indiGo,
as presented at CeBIT 2002. It enables the organization of
various process-related annotations and moderated discussion
groups based on a customizable discourse grammar.

How an organization can accomplish process learning using
the indiGo platform is the core of the indiGo methodology. In
(Althoff et al. 2002) the methodology is described in more
detail. It is itself phrased as a set of process models. The self-
description of the indiGo methodology through indiGo process
models offers the opportunity to ‘bootstrap’ indiGo, that is, to
apply indiGo to itself. First, it allows having a test run of both
the methodology and the technical infrastructure during the
introduction of indiGo. Furthermore, since the persons
involved in the indiGo introduction directly perform and
experience this approach, it will be their prime interest to
resolve occurring difficulties. Therefore, the members of the
organization can rely on a tested infrastructure and a
consolidated team to support them in the roll-out phase.

In April 2002, the indiGo case study has been started, carried
out at Fraunhofer IESE in Kaiserslautern, Germany. New
project and research processes will be introduced for the
whole institute. We expect very valuable feedback for all the
described indiGo methods and technologies.

In parallel, work on the software platform is progressing with
specified but not yet implemented features. For instance, if a
process model is modified or reorganized, the corresponding
annotations and discussions should automatically be marked
for re-validation or be reorganized accordingly. Next, the
components indicated in Figure 2 will be integrated, starting
with CoIN-EF.

indiGo’s e-moderation method guarantees that discussions are
carried out in a structured and goal-oriented manner. This
helps to identify valuable experiences, which then are
represented as semi-formal cases, and stored in the experience
base. Using case-based reasoning, these experiences are then
available for both process improvement/change and process
execution.

As soon as discussions will become available from the case
study, text mining experiments can begin (Kindermann et al.
2002, Leopold and Kindermann 2002). For that purpose, the
discussions in Zeno will be exported in GXL, an XML dialect
for graph structures. Private annotations remain private and
will not be subject to text mining.

Beyond the current project we consider the possibility to
extend the indiGo approach to applications where process
models do not play such a central (“backbone”) role. Although
a platform for organizational learning should eventually cover
all knowledge categories treated in indiGo, the first steps to
organizational learning need not necessarily involve process
models. Maybe, an organization would first like to invest into
an experience base or into a communication platform, and add
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process models only later. The challenging research question
here is, to which degree indiGo’s methods and technologies
can still be applied or easily tailored to such an organization’s
needs.
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Abstract. The growing awareness by organizations that
knowledge is a key asset has led to an intense interest in tools
that support knowledge management tasks. Ideally, such tools
will support not only the discovery of knowledge by induc-
tive exploration of data but also the fluent exploitation of
that knowledge to produce actionable information. This pa-
per expresses a position that a logic-based approach to the
integration of knowledge discovery and deductive query an-
swering offers significant advantages in terms of effectiveness
and usability. Adopting a knowledge management perspec-
tive throughout, the paper describes an engine that exhibits
integrated inductive and deductive inference capabilities and
briefly considers the issues that arise in such an integration
endeavour. A proof-of-concept implementation of the engine
has been built and the paper uses it to suggest the poten-
tial benefits accruing from the position adopted. This is done
by describing the deployment of the prototype in a classical
knowledge management workflow. The paper aims to con-
tribute an approach to logic-based knowledge management
tools that have the potential for high levels of effectiveness
and usability as a direct consequence of the uniformity in both
the representations used and in the algorithmic treatment by
means of which data, knowledge and information are made
used of or derived from those representations. In this respect,
the goal is to support in as fluent as possible a manner a more
comprehensive set of knowledge management workflows than
has hitherto been possible.

1 Introduction

The last few decades have delivered efficient, reliable and
relatively inexpensive technologies for the management and
exploitation of data stocks. This has helped consolidate the
view of data stocks as primary assets of modern organizations.
More recently, there has been a surge of interest in treating
knowledge' too as a primary asset [6]. By definition, the main
purpose of data and knowledge is to feed the processes com-
prising information production.

From this viewpoint, actionable information is the ultimate
goal in the value-adding chain that has roots in data and

L In this paper, by knowledge is meant ezplicit knowledge, i.e.,
knowledge that can be formally represented for use in information
production processes.

knowledge stocks. Nonetheless, it is increasingly clear that, in
most organizations, an ever larger proportion of the available
data stocks lies largely unexploited. Correspondingly, most
organizations now realize that the amount of knowledge they
effectively exploit is far smaller than it needs to be if they
are to remain competitive. Therefore, organizations are now
more conscious than ever that valuable, actionable informa-
tion might be waiting to be uncovered in the data stocks they
already hold or can easily acquire.

Increases in knowledge stocks, on the other hand, are much
harder to achieve, as technological support for that is not yet
in place. This paper is motivated by the desire to contribute
to the foundations of a class of knowledge management tools
that are likely to prove particularly useful in this context.

Although database technology has delivered the means to
manage and exploit data stocks and recent progress in knowl-
edge discovery from databases justifies a certain degree of
optimism, there is still no detailed proposal for an integrated
platform for the combined management and exploitation of
data and knowledge stocks. For instance, the link between
knowledge discovery and knowledge management is very much
under-explored [19]. This paper presents one such proposal,
which we refer to as inductive-deductive databases (IDDBs).

A proof-of-concept implementation of the algorithms and
policies contributed by Section 4 has been carried out? and
the motivating example discussed in Section 2 runs exactly as
described. Note, however, that no claim is made that this pro-
totype implementation is a contribution on its own. Rather,
it has been built solely for the purpose of allowing the poten-
tial effectiveness and (in some respects) usability of IDDBs,
as opposed to their potential efficiency, to be experimented
with. This is precisely how the prototype is used in Section 2,
viz., to provide more concrete motivation for the benefits that
might accrue from the contributions of the paper.

The remainder of the paper is structured as follows. Sec-
tion 2 uses a prototype implementation of the combined in-
ference engine to present an extended example and show how
the databases characterized in Section 4 constitute a step in
the direction of providing suitable platforms for organizations
that aim at faster rates of growth in their knowledge stocks.

2 Available for download at http://www.cs.man.ac.uk/ aragaom/
iddb-1.tar.gz



This section assumes the reader possesses basic knowledge of
logic programming and deductive databases [3], including the
syntactic conventions in those areas. Technical background
is introduced in Section 3. Section 4 characterizes IDDBs by
presenting the algorithms that model the operation of their
combined inference engines. Section 5 discusses how the ID-
DBs defined in Section 4 can comprise more than a single
inductive engine. Related work is discussed in Section 6. Fi-
nally, Section 7 points at both work that is underway and at
future work that the contributions of the paper make possible
while drawing a few conclusions stemming from the latter.

2 Deploying IDDBs in Knowledge
Management

Data and knowledge stocks feed the processes of information
production and must be refreshed, adjusted, adapted and,
ultimately, increased if information stocks are to underpin fu-
ture competitiveness in organizations. The simplified dataflow
diagram in Figure 1 illustrates how diverse and interdepen-
dent data, knowledge and information management tasks are.
One key challenge arising from the complexity illustrated in
Figure 1 lies in devising platforms that can fluently support
most of those tasks and foster purposeful growth and exploita-
tion of all the stocks involved. This section exemplifies how
IDDBs might be used in a range of tasks depicted in Figure 1
with levels of effectiveness and fluency that are a direct con-
sequence of the uniformity in both the representations used
and in the algorithmic treatment by means of which data,
knowledge and information are made used of or derived from
those representations.
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Figure 1. Information Management Activities (inspired by [11])

The authors have built a prototype IDDB to begin explor-
ing the validity of this claim. The prototype implements the
engine and policies formalized in Section 4. The remainder of
this section consists of a summarized, step by step, description
of how a workflow involving the exploitation and growth of
data and knowledge stocks for the production of actionable
information can be carried out using the prototype IDDB.
Each step is annotated with reference to the tasks in Figure 1
that the step contributes to.

Step 1: [preserve] Suppose an organization records data
about its employees (the convention is followed in the paper
that metadata, e.g., schema expressions are signalled by an
initial ‘$ ).

$employee (<name>,<position>,<degree>,<graduate_from>).
$involves (<position>,<skill>).
employee (mary, programmer, maths, oxford).

involves (programmer, databases).

The fragment above shows that, for each employee, their
name, position, degree, and the university from which they
graduated is recorded. The skills (e.g., databases ) that each
position involves are also recorded.

Step 2: [develop] Assume now that the organization de-
cides to implement a personnel policy of allocating employees
to positions that minimize the need for training.

$suitable (<name>,<position>).

suitable (Employee,Position):-
competent (Employee,Skill),
involves(Position,Skill).

The policy can be roughly described by the rule above. It de-
fines an employee as suitable for a position if s/he is competent
in the skills involved. The rule is asserted in the intensional
part of the database.

Step 3: [develop, apply] However, for this policy to be
effective, one must be able to characterize the competences
that employees possess. In particular, because the definition
of how competences arise is taken to be complex and to suf-
fer from volatility, the organization decides to characterize
competent/2 as an inducible concept (signalled by an initial
‘¢ ’). There is a need, therefore, to induce a definition for it in
terms of skills. To do so, examples are needed. So, a sample
of employees is invited to reply to a survey about what skills
they consider themselves to have. The results of the survey
are used to augment with an additional attribute the data
stocks about those employees that replied to the survey.

&competent (<name>,<skill>).
competent (fiona, databases).

This can take the form of asserted positive examples of
such as indicated above. Note that, if the in-
duction algorithm cannot learn from positive data only (as is
the case with mFOIL [7] used in the prototype IDDB built by
the authors), a set of negatives examples can be methodically
generated (as is the case in the prototype) by appealing to the
closed-world assumption inherited by IDDBs from databases
in general.

Step 4: [develop, preserve, transfer] Given the current
background knowledge, the positive examples obtained from
the survey and, possibly, negative examples valid under the
closed-world assumption, the prototype learns the definition
below for competent/2 . The request for the definition to be
learned is signalled by an initial ‘?- ’ (as is a request for a
query to be answered). The prototype responds with the def-
inition of competent/2 below.

competent/2

?- competent (Employee, Skill).



competent (Employee,Skill) : -
employee (Employee,Position, _Degree,_Graduate),
involves(Position,Skill).

Note that, of course, the prototype takes quite a simplistic
view of how language bias is specified (as can be verified in
Section 4). A more expressive implementation would allow
more sophisticated mechanisms for specifying language biases,
ideally with single-task granularity.

Note also that assuming, e.g., a policy for assimilation of in-
ductive outcome that updates the knowledge stocks with the
new definition and re-partitions appropriately the set of de-
ducible and inducible predicates symbols, the stock of knowl-
edge grows as a result of the system’s having learned the
definition above. Because of the uniform representation and
algorithmic treatment, the new knowledge is fluently made
available for information production.

Note, finally, that if, instead of submitting an explicit learn-
ing task as above, the user had requested the performance of
the deductive task ?-suitable(Employee,Position), then,
the definition above would be learnt on the fly, because
the deductive evaluation of suitable/2 depends on that of
competent/2, so, if the latter lacked a definition one would be
inductively derived there and then. In other words, the imple-
mented prototype behaves lazily and suspends the deductive
process to induce a definition for the required predicate and
resumes the former once the latter has been obtained. In such
cases, the user is warned that query answering required learn-
ing a new concept.

Step 5: [develop] Suppose now that a new-blood policy
to hire recent graduates comes into force. The organization
therefore announces several positions and the applications re-
ceived are stored as indicated below.

$applicant (<name>,<degree>,<graduate_from>) .
applicant (zoe,cs,oxford) .

Step 6: [develop] If the organization were to want to de-
rive from the new data stocks information about the potential
competences of the applicants so as to gauge to which posi-
tions they might be allocated, then the current definition of
competent/2 would not suffice. Since recent graduates are un-
likely to have acquired the high-end skills that are targetted,
changing the data capture is also not a solution. The orga-
nization therefore decides to refresh the current definition of
competent/2 and make it sensitive to the universities the ap-
plicants originate from.

The idea is to build upon traditional strengths of differ-
ent institutions to infer that their graduates are likely to be
competent in such areas as the institutions are strong in. For
example, graduates in computer science from Stanford are
likely to have high-end skills in database technology, and this
data could be captured from a variety of sources (e.g., the
Stanford CS web site) and stored as indicated below.

$strong_at (<graduate_from>,<degree>,<skill>).
strong_at (stanford,cs,databases) .

Step 7: [update, develop, apply] A new learning task
can then be devised as follows. The example sets can be aug-
mented by examples derived from the original applications

of current employees. These employees and their respective
skills are well-known in the organization, and an inductive
task that takes those as positive instances will tend to reflect
the organization’s past decisions to hire.

The current definition for competent/2 is dismissed by re-
partitioning the set of inducible and deducible predicates
so as to include competent/2 in the former and suitable,
employee, involves, strong_at, and applicant in the latter.
Since the goal at this point in the workflow is to refresh the
characterization of competent/2 in the light of the enhanced
background knowledge about the strengths of the applicant’s
academic roots, it is sensible to drop the previously learned
definition. Then, submitting the inductive task again causes
the knowledge about competences to be refreshed as per the
new definition shown below.

?- competent (Employee, Skill).

competent (Employee,Skill) : -
employee (Employee,Position, _Degree, Graduate),
involves (Position,Skill).
competent (Applicant,Skill):-
strong_at (Graduate,Degree,Skill),
applicant (Applicant,Degree,Graduate) .

Step 8: [transfer] Finally, assuming this defini-
tion to be retained, the answer to a query such as:
?-applicant (Applicant, _,_),suitable(Applicant,
Position) can be used as actionable information with which
to allocate applicants to positions while respecting the
policies in place. Therefore, in the example above, every time
the allocation policy has to be applied, a deductive task can
provide the necessary information. Correspondingly, every
time the notion of competence, upon which an allocation
policy is based, has to be developed, an inductive task can
exploit the current stocks of data and knowledge available in
order to create or update it.

Note that, data stocks have increased in Steps 3, 5 and 6.
Knowledge stocks have increased in Step 2, by explicit asser-
tion, and in Steps 4 and 7, by automated induction. Finally,
information stocks have grown throughout, as both data and
knowledge stocks are handled in an integrated manner. This
extended example runs exactly as described in the proof-of-
concept prototype that the authors have built and made avail-
able.

This section has exemplified the broad functionality of ID-
DBs with reference to Figure 1 in order to provide some ev-
idence for the claim that IDDBs hold the promise of fluent
and effective data, knowledge and information management.
In the next two sections, first the background to IDDBs is
presented and then IDDBs themselves are characterized in
some detail.

3 Background

The representation language used in this paper is Datalog,
described in detail in [3]. Recall that Datalog is a function-
free Horn-clausal language, with well-understood model- and
proof-theories. Datalog can be extended with negated atoms
in the body (e.g., by stratification). This paper assumes the
notion of a deductive database [3], defined to be a set S of



Datalog clauses partitioned into an intensional part (consist-
ing entirely of safe rules —i.e., rules in which every variable oc-
curring in the head occurs in at least one literal in the body),
called the intensional database and denoted by IDBg, and
an extensional part (consisting entirely of ground facts) called
the extensional database and denoted by EDBg. For tech-
nical reasons, in a deductive database S, the predicate sym-
bols occurring in the head of clauses in IDBg are not al-
lowed to occur in the head of clauses in EDBgs. Furthermore,
queries can only involve predicate symbols in IDBg. There-
fore, querying EDBg must be done indirectly. It is customary
to assume that each predicate symbol in EDBgs has a corre-
sponding implicitly-defined select-all view in IDBg and not
to distinguish two predicate symbols that are related in this
way. Given a finite set S of Datalog clauses, recall that its
Herbrand universe HUs is the set of individual constants
in S and its Herbrand base H Bg is the set of atoms formed
from the predicate symbols in S and the terms in HUs, and
since S is finite, so are HUs and HBs. If S is a deductive
database, then EDBs C HBs. A query Qs over a deductive
database S is a rule body formed with the predicate symbols
in S. Classically, an answer Agg to a query over a database
is a set of substitutions of variables in Qs with elements from
HUs so as to characterize atoms in the unique least Her-
brand model LHMs associated with S and @Qs. In this
paper, the assumption is made that the subset of LH Mg
corresponding to Qs is returned rather than the substitu-
tions that characterize them. Henceforth, subscripts are often
omitted if the context is clear. The query evaluation process
over deductive databases is tractable and has been extensively
studied in both a bottom-up and a top-down direction [3].
In this paper, a query evaluation algorithm over deductive
databases is assumed and referred to as deduce. Any one of
many such algorithms described in the literature [3, 5, 13]
may serve as a denotation for deduce. Thus, the remainder of
the paper assumes to be well defined an expression such as
A := deduce(Q, (IDB, EDB)) that assigns to A the answer
to a query @ over a deductive database IDB U EDB.

Inductive logic programming (ILP) [17] can be seen as
an approach to the provision of inductive functionality that
shares the underlying foundations of deductive databases.
This paper confines itself to Datalog as the representation lan-
guage and adopts throughout the example setting of ILP [17].
Thus, given a set B of clauses, taken to be background
knowledge, and sets ET and E~ of positive and nega-
tive examples, respectively, such that some elements in ET,
and all elements in E~, are false in LHMp, the goal is to
find a set H of clauses, referred to as the hypothesis, such
that all elements in E are true in LH Mgy and all elements
in E~ are false in LHMpyg. This concept learning process
has been extensively studied in both a bottom-up and a top-
down direction [17, 20]. In this paper, a concept learning al-
gorithm over deductive databases is assumed and referred to
as induce. Any one of many such algorithms described in the
literature [10, 16] may serve as a denotation for induce. Thus,
the remainder of the paper assumes to be well defined an ex-
pression such as H := induce(L, (B, E*, E™)) that assigns to
H a hypothesis conforming to the language bias L that, given
background knowledge B, covers all the positive examples in
E™ and none of the negative ones in E~.

4 Inductive-Deductive Databases

This section builds upon the wealth of research into deductive
databases and into ILP to characterize a class of databases
(represented as sets of Datalog clauses) that exhibits deduc-
tive and inductive inference capabilities.

Given deduce and induce functions as described in Section 3,
the new functionalities provided by the class of databases
contributed by the paper are embodied in an information-
extracting algorithm that outputs data (represented as Dat-
alog facts) by the application of deduce and knowledge (rep-
resented as Datalog rules) by the application of induce. The
main challenge involved lies in devising and implementing a
strategy to partition, in the dynamic way required, the data
and knowledge stocks that are input to each inferential step.
The main benefit derived is the integration of deductive and
inductive inference into a continuum that underpins knowl-
edge management workflows approximating the schema in
Figure 1.

Let IT = (A, I) denote a partition of a set of predicate
symbols (each with a fixed arity — denoted, for a predicate
symbol p, by arity_of(p)) into two sets. The set A is the set
of predicate symbols defined to be available for deduction as
would be classically understood in a deductive database con-
text. One can think of it as characterizing the relation names
in a database schema, and hence, as the names of concepts in
the belief set that underpins deductive processes. The set I is
the set of predicate symbols targetted for induction as would
be classically understood in language biases of ILP tasks. Let
the set I of inducible predicate symbols in IT = (A, I) be de-
noted by inducibles_in(II). Finally, given a Datalog clause C' of
the form A < Bi,..., By, let head_of (C') denote the atom A,
and given an atom A, let predicate_of (A) denote the predicate
symbol of A.

An inductive-deductive database (IDDB) is a triple S
= (II,K,D) where K denotes a stock of knowledge in the form
of an intensional database, D denotes a stock of data in the
form of an extensional database, and II = (A, ) is a pair of
predicate-symbol partitions as described above. Given a list
ti,...,t, of atoms where each t;,1 < i < n, denotes either a
deductive or an inductive task, an algorithm can be defined
over an initial IDDB Sy = (Ilo,Ko,Dp) that, for each task in
ti,...,tn, effects the transition of S;_; into a new IDDB S;
= (I1;,K;,D;), 1 <i < n and returns an outcome O, where O
is the information derived from the task.

One such algorithm is given in Figure 2. It can perform
a single task, as in lines 3 to 14, or it can perform task flows
sequentially, as in lines 15 to 18. In this last case, the outcomes
of each task are accumulated, as in line 18. The base case is
trivial, as in lines 1 to 2.

The information derived by the algorithm is data (i.e., Dat-
alog facts) if the task is deductive, and knowledge (i.e., Data-
log rules) if the task is inductive. The decision as to whether
it is a deductive task or an inductive one is made in line 4,
according to the predicate partition in use. Hence, a deduc-
tive task is performed from lines 6 to 9, while an inductive
task is performed from lines 11 to 14.

The algorithm in Figure 2 makes use of four auxiliary func-
tions, which are better thought of as implementing policies
regarding the user’s view on the epistemological status of the
set of concepts captured in II. In particular, policies must



perform(Tasks,(II,K,D)) =
1 case (Tasks maTcHeEs [1)
2 tHEN RETURN ((II,K,D),0)
3 ELSE (Tasks MATcHES [Task])
4 1F predicate_of (T'ask) ¢ inducibles_in(IT)
5 THEN
6 (IDB,EDB) := set_deductive_basis(II, K ,D)
7 Outcome := deduce(Task,(IDB,EDB))
8 (ITy,K1,D1) := assimilate_deductive_outcome(Task,(II, K, D) ,Outcome)
9 rReTURN ((I11,K1,D1),Outcome)
10 ELSE /* predicate_of (T'ask) € inducibles_in(II) */
11 (B,E*T,E~) := set_inductive_basis(Task,(II,K,D))
12 Outcome := induce(Task,(B,ET,E™))
13 (I1;,K1,D1) := assimilate_inductive_outcome(Task, (I, K, D) ,Outcome)
14 reTurN ((II;,Kq,D1),Outcome)
15 grLse (Tasks maTcHEs [First | Rest])
16 ((II;,K1,D1),0,) := perform([First],(II,K,D))
17 ((Il2,K2,D2),02) := perform(Rest, (111 ,K1,D1))
18 RETURN ((II2,K2,D2),01 U O2)
19 Esac
Figure 2. An Algorithm for Performing Tasks Over Inductive-Deductive Databases

be in place to determine at each inference step, what is to
count as the basis for that inference step and what is to be
done with its outcome. For example, a policy is needed to
decide what, if any, induced knowledge can be used in sub-
sequent deductive inferences. The spectrum varies from total
permissiveness (i.e., all induced clauses are always uncondi-
tionally automatically assimilated into knowledge stocks) to
total skepticism (i.e., no induced clause is ever automatically
assimilated), with — as might be expected — intermediate, and
more realistic and useful, points (e.g., automatically assimi-
late only those induced clauses that survive evaluation hurdles
regarding one or more of accuracy, relevance, significance, jus-
tifiability, understandability, novelty, etc.).

The outcome of deductive inferences can also be the subject
of a policy regarding assimilation. This might model materi-
alization of queries, for example, although one would expect
the default case to be no assimilation at all. More interest-
ingly, a policy is needed to establish the basis for a deductive
step. In particular, if clauses in the intensional database are
allowed to refer in their bodies to predicates that need to be
learned (e.g., for refreshment, assuming that the knowledge
they capture is volatile), then one needs to consider inducing
these before they can be used in answering a query. This can
be done lazily, on an on-demand basis, regardless of whether
the deductive engine proceeds top-down or bottom-up. Alter-
natively, one might want to cache (or even materialize) the
entire (or selected portions of the) latent knowledge stock as
lemmas.

For illustration purposes, Figure 3 presents example poli-
cies. With respect to what is to count as the basis for each
deductive inference step, set_deductive_basis implements a pol-
icy of total inclusiveness and maximum recency, i.e., it al-
ways automatically exploits all the latest knowledge. Thus, a
new definition for each predicate currently in inducibles_in(II)
is induced and unioned to the intensional database, as in
lines 3 to 8, in order to avoid that a deductive task fails or
blocks because one predicate lacks definition or has an out-
dated one. Although this policy may be onerous, it does allow
for sequence, iteration, alternation and interleaving of deduc-
tive and inductive steps, thereby providing great flexibility to

users. The pseudo-code in Figure 3 is at a level of abstrac-
tion higher than that in which lazy, on-demand induction of
concepts might be specified, but the prototype implementa-
tion used in Section 2 deploys exactly such an implementation
strategy. With respect to what is to be done with the outcome
of a deductive inference step, assimilate_deductive_outcome im-
plements a policy of zero assimilation, i.e., irrespective of the
task and its outcome, the results of deductive inferences are
never automatically assimilated, asin line 1 of Figure 3. With
respect to what is to count as the basis for each inductive in-
ference step, set_inductive_basis implements a policy suitable
for concept description, i.e., taking as background the stock
of current data and knowledge, modulo what is targetted for
induction, in line 1, as positive examples any facts that are
known to be instances of the target concept, in line 2, and
as negative examples, appealing to the closed-world assump-
tion [3] that deductive databases abide by, (possibly a subset
of) the facts in the Herbrand base of the concept that are not
known to be instances of the concept, in line 3. With re-
spect to what is to be done with the outcome of an inductive
inference step, assimilate_inductive_outcome implements a pol-
icy of total permissiveness, i.e., irrespective of the task and its
outcome, the results of inductive inferences are always auto-
matically unconditionally assimilated, i.e., the target concept
is removed if it exists, in lines 1 and 2, and the new defini-
tion is inserted, in lines 3 and 4. Note that no claim is made
that any of these policies are in any way guaranteed to have
desirable consequences only. Clearly, many issues are raised
that demand further investigation. It is important to stress
that policies are, by definition, user-specific and the granu-
larity with which they are put in place needs to be carefully
thought through in each case. Options vary from very fine
(e.g., a task may be accompanied by a policy that is set or
chosen to hold with scope bound to that task alone) to very
coarse (e.g., policies are hardwired into the implementations).
It may also be the case that policies are devised by, and put in
place for, groups of, rather than individual, users. This flexi-
bility can be explored, e.g., in incremental data mining and in
deploying sophisticated knowledge assimilation techniques.



set_deductive_basis(Il, K ,D) =

-
o

RETURN (IDB,EDB)

assimilate_deductive_outcome(T'ask, (I, K, D) ,Outcome) =

V)< A xzg ETY

L' EDB :={x € D | predicate_of (head_of (z)) ¢ inducibles_in(IT) }
2 IDB := { z € K | predicate_of (head_of(z)) ¢ inducibles_in(TI) }
3 ror EacH II 1n inducibles_in(II) /* assuming arity of(Il) = n */

4 BEGIN

5 B := IDBUEDB

6 Et = {z | z € deduce(+ n(V1,...,Vn), (K,D))}

7 E- :={ze HB(K U D) | z € HB({n(V4,.

8 IDB := IDB U induce(n(V1,...,Vs),(B,Et,E7))

9 END

ReTURN (II,K,D) /* e.g., independently of T'ask and Outcome */

set_inductive_basis(7(V1,...,V,),(II,K,D)) =

AN x¢g ET}

B :={xz € K U D | predicate_of (head_of (z)) ¢ inducibles_in(II) }
Et :={z | © € deduce(+ 7(Vi,...,Vn), (K,D)}

3 E- :={ze HB(K U D) |z € HB{r(Vi,...,Va) <})

4 Rrertury (B,ET,E7)

e}ssimilate_inductive_outcome (w(Vi,...,Vn),I,K,D),Outcome)

Ki := KU { z € Outcome | predicate_of (head_of (z)) = IT }
2 Dy :=D\ {z € Outcome | predicate_of (head_of (z)) = II }
3 I := inducibles_in(IT) \ {7}
4 Ay := (II\ induciblesin(ID) U {r}
5 RETURN ((A1, 1), Ki, Di1) /* e.g., new knowledge persists unconditionally */
Figure 3. Example Policies for Exploiting and Assimilating Data and Knowledge
4.1 The IDDB Prototype the prototype brought to light interesting issues. Firstly, com-

A prototype of an inductive and deductive database was im-
plemented in Prolog. The prototype implements the algorithm
in Figure 2 and, with additional performance improvements,
the policies in Figure 3 on top of a service layer that en-
ables storage and retrieval of Datalog clauses. For the deduc-
tive function, it uses the deductive database described in [5],
while, for the inductive function, it uses the implementation
of mFOIL described in [10].

The architecture of the prototype separates, via well-
defined call interfaces, inference functions and policies, so that
their replacement can be carried out non-disruptively and all
other parts of the algorithms remain unchanged. Section 5
shows how this can be done.

For instance, different inductive algorithms may be used
interchangeably provided that they adhere to the interface
defined by the function induce.

The prototype was tested with the example in Section 2,
and shown to be more effective than the separate applica-
tion of SLD-resolution and mFOIL, because it enables an
increase in data and knowledge stocks which are not com-
parably achievable otherwise. For example, a deductive task
may derive answers that are only obtainable if some concept
is induced on-the-fly (in which case the epistemological status
of any output is clearly signalled).

The prototype qualifies as a proof-of-concept that combin-
ing deductive and inductive inferences is effective. Moreover,
its development demonstrates that combining inference modes
need not be more complex than the inference functions and
policies already are. This is the central insight borne out by
the implementation of the IDDB prototype described in this
paper.

Although the primary goal is not efficiency and scalability,

bining deductive and inductive inference does not necessarily
increase the overheads, in terms of time complexity, inherent
to the inference functions. Secondly, this combination would
not scale up if inputs to and outputs from the inference func-
tions were passed by copy, thus requiring that larger amounts
of data (or knowledge) be kept and copied in memory. The al-
gorithm in Figure 2 is defined in this way, but only for clarity
of exposition. The prototype addresses scalability issues more
efficiently. The inference functions were wrapped in such way
that its parameters and temporary results can be accessed
on demand, so as to make the prototype as scalable as the
inference functions it instantiates. Finally, improvements in
the inference functions and policies are likely to propagate to
the combined inference database engine, as illustrated above
by the use of lazy evaluation to implement a sophisticated
preparation policy for deduction. Based on this, it is possible
to claim that the efficiency and scalability obtained for the
combination of inference modes is not necessarily worse than
for the implementations of the inference functions individu-
ally. Therefore, the choice of good implementations for the
inference functions and policies is likely to pay off in terms of
efficiency and scalability.

Another feature of the prototype is that data and knowl-
edge are assigned an explicit epistemological status so that its
use during inference is kept coherent. The prototype main-
tains a partition of the set of predicate symbols to control
this, and it is this partition that is allowed to vary from task
to task.

Further work is needed, and indeed is planned, to explore in
detail both the abstract and the concrete issues arising from
the ideas presented in this paper.



5 Extending IDDB Engines

An extended version of the IDDB prototype was implemented
which, in addition to concept learning (based on mFOIL), also
supports conceptual clustering. Support for clustering was in-
cluded without affecting the existing functionalities, due to
the modular architecture of the prototype.

This was done by assuming the expression T := clus-
ter(F, (B,C)) to be well defined which, given background
knowledge B, conforming to the features defined in F and
the set of instances in C, assigns to 7' the conceptual clus-
ters derived with respect to the similarity function provided
by the algorithm that instantiates it. Then, the algorithm in
Figure 2 was extended to output conceptual clusters (repre-
sented as Datalog rules) by applying the inference function
denoted by cluster, as follows:

1. another partition is introduced where elements are the
predicate symbols targetted for clustering, i.e., containing
the names of relations whose instances may be clustered;

2. preparation and assimilation policies are intro-
duced as the functions set_clustering_basis and as-
similate_clustering_outcome, respectively. For example,
set_clustering_basis may generate an axiomatization for
the relations is.a and a-kind-of, that can be used as
background knowledge, while assimilate_clustering_outcome
may transform and assimilate the clustering information
as a set of Datalog clauses; and

3. a clustering algorithm is selected that implements the func-
tion cluster. The implementation of COBWEB [9] used is
by Joerg-Uwe Kietz, available publically in [14].

This extension represents an improvement in terms of usabil-
ity for the prototype, in the sense that it supports knowledge
discovery via supervised or via unsupervised learning. Thus,
a broader class of knowledge management applications can be
supported.

In order to evaluate the extended prototype, it was ap-
plied to one of such application, i.e., the construction and
use of taxonomies. A Lotus Discovery Server [4] tutorial also
uses this application to illustrate its potential as a knowledge
management platform.

A taxonomy can provide organizations with a common busi-
ness language and can serve as a navigational aid to finding
business information. This allows its workers to drill down
through abstraction levels until they find a class that describes
information they need. In this example, key words and expres-
sions (e.g., obtained from internal documents, white papers
and web pages via information retrieval techniques) are rep-
resented extensionally as terms in Datalog facts that stand for
the source documents. The preparation policy selects this set
of Datalog facts and generates an axiomatization for the re-
lations is_a and a_kind_of. Both are passed as inputs to the
conceptual clustering algorithm (as, respectively, the set of
instances and the background knowledge), while the cluster-
ing features are passed as arguments at task submission time.
The assimilation policy converts the output of the cluster-
ing algorithm into Datalog rules that represent, declaratively,
the structure and behaviour of the induced taxonomy. Then,
the extended prototype can support, via deductive inference,
browsing taxonomy hierarchies and classifying new instances
accordingly.

In this context, the extended prototype was able to emulate
the Lotus Discovery Server in building a working taxonomy
from key expressions extracted from documents. No claim re-
garding accuracy or quality of the taxonomy derived is made
here, because the extended prototype is based on a simpler al-
gorithm for clustering, viz., COBWEB. Nevertheless, the ex-
tended prototype seems to provide tangible benefits in terms
of fluency and effectiveness that would otherwise be unlikely
to accrue from non-logical approaches.

Benefits regarding fluency are noticeable when specifying
both taxonomy construction and exploitation as inferential
tasks, hence, allowing them to be submitted in flexible and
varied ways, as required. The prototype can support these
tasks seamlessly. This may be useful for building taxonomies
on demand in specific circumstances, either incrementally, so
as to reduce engineering effort, or periodically, for refreshing
taxonomic knowledge.

Benefits regarding effectiveness are noticeable when com-
bining taxonomic knowledge with existing knowledge stocks
because both are uniformly represented as Datalog clauses.
There are also benefits in exploring taxonomic knowledge
through deductive inference, since recursive, ad-hoc queries
can be used to relate concepts that are not explicitly asserted
in the taxonomy. These features would be hard to support
with less expressive mechanisms without significant additional
programming effort.

6 Related Work

The contributions of this paper are motivated by ideas stem-
ming from the intersection of concerns such as integrating
more tightly databases and data mining, providing a scal-
able platform for knowledge discovery in the large, extending
databases with the ability to perform inductive inferences,
and others. Common to these research areas is the need to
integrate the querying of models of data and the induction of
such models from data. If one views querying as deduction,
the way is open for a logic-based approach to integrating ac-
quisition and exploitation. This paper follows more closely
the application-driven view taken in [8]. In fact, the contribu-
tions of this paper constitute a detailed and concrete, albeit
preliminary, exploration of the issues raised in [8].

Note that, despite the natural interest in doing so, for rea-
sons of space, this section is silent about initiatives in which
tools are brought together but not integrated at the represen-
tation level nor at that of the core engine (e.g., a data mining
tool, such as Darwin, and a database management system,
such as Oracle).

A few other proposals to extend database technology with
inductive capabilities have shaped, or are related to, the con-
tributions of this paper. The first such proposal introduced
the idea of inductive database-relations. In [1], some of the re-
lations over a deductive database may be left undefined and
uninstantiated. This is similar to the partitioning in this pa-
per of the predicate symbols into a set of inducible and a set
of deducible ones. Little consideration is given in [1] to cer-
tain issues that this paper addresses in some detail, e.g., how
to adjust data and knowledge stocks in the wake of, possibly
interleaved and implicit, deductive and inductive steps. For
this reason, while [1] has been inspirational, the similarities
of that work with the one reported here do not run deep.



Another system that bears some resemblance to the work
described here is Mobal [15]. Mobal can be seen as a knowl-
edge acquisition environment that brings together several in-
ductive logic programming schemes into an integrated whole
and provides sophisticated services, such as theory restructur-
ing, that the engine described in this paper is silent on.. While
the overall functionality delivered by Mobal is impressive, it is
also fixed and closed insofar as it is hard-coded behind a user
interface. Mobal is not an instance of a database system (e.g.,
it lacks bottom-up query evaluation and integrity constraint
mechanisms) and is not flexible enough that it can be adapted
to be deployed as one. In contrast, IDDBs are database sys-
tems. They are also so designed as to be easily and cleanly
extended. Thus, endowing IDDBs with more than just a single
induction scheme is straightforward as discussed in Section 5.
It is difficult to judge the degree of effort required to extend
Mobal with the database features that it currently lacks. A
final point of contrast is that while this research is based
on Datalog, the logic underlying MOBAL goes beyond the
tractability boundaries that Datalog was carefully designed
not to cross. The practical implications of this fact could be
significant, insofar as, while there is no meta-logical impedi-
ment for the database engines envisaged in this report to be
efficiently implemented, the opposite can be said of systems
such as MOBAL that are based on more expressive logics.

Recon is a data mining system described in [18]. The archi-
tecture of Recon includes a deductive database, a rule induc-
tion component (which outputs deductive database clauses)
and a visualization component. Data is stored in relational
databases and SQL is used to retrieve the data used as the
inductive basis for the rule induction component. The rules
generated in this way can then be tested against the source
database and against the knowledge stored in the deductive
database. This means that rules can be refined before be-
ing assimilated into the deductive database for further use.
Visualization plays an important role in refining discovered
knowledge. Query results can also be materialized temporar-
ily for improved performance. Recon’s main contribution is an
environment that allows an interactive discovery and refine-
ment of knowledge before assimilation, if needed. Recon, like
MOBAL, offers a fixed and closed set of functionalities that
are hard coded behind a user interface, hence, Recon exhibits
many of MOBAL'’s shortcomings. The user must intervene ex-
plicitly to move permanent data to temporary stores before
knowledge discovery can be performed. Discovered knowledge
is also placed in temporary stores before it can be assimilated.
Therefore, it is up to users to manage the flow of data and
knowledge between physical stores, and this can compromise
the fluency with which they can perform complex task flows.

Seminal ideas on inductive databases were proposed in [2,
12]. The contributions of this paper differ from those in
that they are formulated from a logical perspective in which
databases are seen as sets of logical clauses, whereas the in-
ductive databases of [2, 12] conceive of knowledge stocks as
patterns, more generally, and not logical clauses, more specif-
ically, as this paper does. Also, [2, 12] make explicit an eval-
uation function on acquired knowledge and endow the former
with queryable status. Such an evaluation function could be
easily incorporated into the engine described here and mak-
ing it queryable would be a means to provide evidence upon
which assimilation polices might be configured. Another cru-

cial distinction is that while this paper uses Datalog as its
representation language, [2, 12] leave the latter unspecified,
with most examples taking the form of propositional associ-
ation rules. While the approach described here stands upon
a well-defined and well-behaved logical framework, it is not
clear at this stage what foundations the inductive databases
proposed in [2, 12] stand upon.

7 Future Work and Conclusions

Work is already underway to extend the contributions de-
scribed here in two main directions. On the other hand, the
authors are also finalizing a generalized framework for spec-
ifying different policies for assimilation and exploitation of
inductive and deductive outcomes. This will allow IDDBs to
be seen as a class of systems whose instances can be deter-
mined by particular choices of inferential capabilities on the
one hand, and assimilation and exploitation policies on the
other.

Future issues that will be explored include studying, the
formal, as well as empirical, motivations for different assim-
ilation and exploitation policies; exploring the benefits of a
tightly-coupled approach in which the two inference engines
are subsumed by a unified one; and extending the range of
knowledge discovery tasks beyond the modelling stage (to in-
clude, e.g., data preparation and model evaluation).

Preliminary though it is, this paper’s characterization of
a database platform integrating query answering and induc-
tion is nevertheless more detailed and concrete than any other
past attempt with similar aims and scope. In particular, is-
sues regarding the dynamic epistemological status of subsets
of clauses are clearly highlighted here for the first time. The
paper makes it clear that studying and developing policies
for the assimilation and exploitation of the outcome of both
deductive and inductive tasks is likely to be a major issue,
albeit one that no previous related work has frontally ad-
dressed. For example, depending on the expressiveness of the
logical language used, intermediate learning steps may intro-
duce inconsistencies that are avoided in the case of IDDBs by
sticking to (potentially stratified) Datalog.

To conclude, the contributions of this paper can be sum-
marized as follows:

1. a formal characterization of IDDBs as a class of Datalog-
based logical structures that subsume deductive databases;

2. an algorithm for performing tasks over IDDBs that flu-
ently integrates deductive and inductive inference capabil-
ities based on logic programming;

3. a characterization of the issues arising in the context of
attempts to exploit and assimilate induced knowledge in
knowledge management workflows;

4. an algorithm that embodies simple policies for exploiting

and assimilating data and knowledge as an example of how
the broader issues raised in this respect might be tackled,;
5. an extended example of how IDDBs could deliver effec-
tiveness and usability in practical knowledge management
situations.
6. a description of how IDDBs can comprise more than one
inductive framework.
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Abstract. A project memory is a representation of the
experience acquired during projects realization. It can be gotten
through a continuous capitalization of the enterprise activity,
notably its design rationale. Most of capitalization methods
don't allow a design rationale structuring in real time. We
propose in this paper, a dynamic process of knowledge
modelling, offering a way to keep track of Knowledge in two
stages: direct transcription and structuring.

Keywords. Knowledge modelling, project memory, knowledge
management, knowl edge representation, design rationale.

1 INTRODUCTION

Knowledge management is a process of explicitation,
modelling, sharing and appropriation of knowledge [1]. The
majority of knowledge management methods aim at defining a
corporate memory considered as a strategic asset of the
organization. We can classify these methods in two main
categories.  knowledge capitalization methods and direct
extraction methods (Figure 1).

Knowledge Network Knowlsige Engineering

l expLiciTaTion  MASK REX, ..

Profession Memory

Knowledge Asset .
Project Memory

t EXPLICITATION.  Traceshility

Information Asset >
Direct Extraction

Figurel. Two techniques of explicitation of knowledge:
capitalization and direct extraction

. The methods of knowledge capitalization use
primarily techniques of knowledge engineering. These
techniques consist mainly of knowledge extraction
(experts interviews or collection from documents) and
modelling. We can note for instance methods MASK,
REX, etc.

. The direct extraction aims at extracting knowledge
directly from the activity of the organization. We can
distinguish severa techniques as data mining (extracting
knowledge using statistical analysis), text mining
(extraction of knowledge based on linguistic analysis of
texts [2]), techniques of traceability (e-mail, forum of
discussion, etc) and design rationale.

We study in this paper, the traceability of the design rationale
that aims at defining a project memory [3]. The principal
problem in this traceability is the dynamic modelling, in
other terms, how to formaize the data and information
extracted in real time from the activity.

Dynamic modelling must also be redlized in paralld with the
organization activity. Therefore, this modelling should be
integrated in this activity. In other terms, direct extraction
and dynamic knowledge modelling introduce changes in the
organization and the realization of a project.

Severa methods of design rationale were defined. These
methods allow keeping track of collective problem solving,
especially those extracted in meetings of decision-making.
The techniques recommended in these methods induce a
consequent work. So they are less and less used in the
organizations. The objective of our work is to define a
method of dynamic modelling easy to apply, therefore a
method easily integrated in the activity of readlization of
project. Our hypothesis is a decomposition of modelling in
severa stages, dlightly transforming the activity of making
notes and their organization. The method (Cf. 3) we defined
is built by analysing an experiment of traceability of a project
of definition of professiona risks evauation (in
collaboration with National Institute of Research and
Security «lNRS» [4]) while being based on a study of the
literature of the design rationale(Cf. 2).



2 TRACEABILITY OF THE DESIGN
RATIONALE

Several methods were defined to represent the design
rationale in a project. These methods can be classified in two
principal categories: decision-making driven representation and
problem solving dynamics representation.

2.1 The decision-making driven
representation

In this type of approach, the design rationale, also named the
analysis of the Space of design [5] is represented through the
elements that influenced a decision-making. We can distinguish
primarily the methods IBIS [6], DRAMA [7] and QOC [8] (the
reader can refer to [3] to have more details about these
methods).

The space of design is generally represented in these methods by
design choices. These choices are structured like answers to the
questions evoked by the design's problem. Arguments can
justify the choices of an option according to a given criteria
The options generate other questions to which the designers
answer by options.

2.2 Representation of the dynamics of
problems solving

Some approaches offer a more global representation of the
design rationale. Indeed, some elements of the context like the
activity of the organization, the role of the actors and the
artefact are represented.  We can distinguish in particular the
DRCS system [9]. It offers several views on a project: modules
of the artefact, association of the tasks, evaluation of the
specifications, decision-making, aternatives of design and
argumentation.

Another approach consists of representing the design rationale
based on cognitive analysis of a problem solving. We
distinguish in particular DIPA formalism [10]. This formalism
(Data, interpretations, proposals, agreement) use problems
solving modelling defined in knowledge engineering to
structure a decision-making. In DIPA, the model decision-
making is represented in three major stages:

1. A first phase of description of the problem which
alows collecting data, considered as symptoms in
analyse situations or as needs in synthesis situations;

2. A second phase of abstraction which starts from data
problems in order to find to them an interpretation
corresponding to a possible cause in the analysis
situations or with a functionality of solution in the
synthesis situation;

3. A third phase of implementation which starts from the
interpretation (cause or functionality) and which

allows to elaborate a proposition which will take
the form of a repair removing the cause of the
symptom (analysis) or a means responding to the
expressed functionality (synthesis).

2.3 Discussion

Tasks Workloads

Techniques
and means

Communication .
Relaions
Cdendar

Design rationale
Figure 2. Mutual influences between elements of the project

A project memory must contain elements of the experience
Coming as well as from the context and from the problem
solving. These elements have a strong mutua influence so
that if the context is omitted, the restitution problems solving
isinsufficient.

We often observe this type of phenomena in the results
obtained with the approaches quoted above. Except the
system DRCS, some approaches defines techniques to
represent this influence between the context and problems
solving in a project. Even DRCS system can only alow
representing a part of this context (the tasks organization and
the projection of the decisions on the artefact). In the same
way, we can observe some efforts in DIPA formalism to
represent the organization of work in a workflow (task/rol€).
However, also other elements have to be identified like
congtraints, directives, resources and competences, modes of
communication, etc. We consider in our approach
representing a complete vision of the project context by
emphasizing its influence on the problems solving.

In other way, the representation of the problems solving as it
is suggested by the approaches noted above, remains
incomplete as a representation of the space of negotiation
between the project actors. Indeed, the first type of
approaches rather alows a representation driven by the
decision in order to show only the elements that influenced a
decision. In the second approaches type, an effort is made to
represent the dynamics of the decision-making. However, a
negotiation is a space of discussion between severa actors
where various objectives are confronted, aliances and
conflicts are constituted. In the same way, a negotiation has
a history and is influenced by the aliances and the decisions
made during the last negotiations. Our approach permits to
keep in memory this dynamics of negotiation so that its
restitution is easy to show the various elements included in a
resolution of problem.



Finally, the application of the design rationale methods
proved their difficulties in real time. In fact, it is no evident to
note all the enunciations and to analyse and structure discussion
directly during the meeting. Modelling a-posteriori presents a
significant risk of missing arguments and elements that

influenced the decision-making. We propose in following,
an approach proceeding by progressive stages for a direct
traceability and a modelling of the negotiation.
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Figure3. Model of traceability process

3 DYNAMIC PROCESS OF KNOWLEDGE
MODELLING

The dynamic process of knowledge modelling we defined is
based on a method permits to obtain a structured track of a
project memory as well as the context and decision-making. The
principal objectives of the method are on the one hand, to make
possible its application in real time and keep track of meeting
and on the other hand to structure knowledge extracted so that it
can be easily reusable. We thus defined three principa stagesin

this step: context representation, transcription of the design
rationae, restructuring and multiple views definition
(figure3).

3.1 Context representing

We represent the context of a project (Figure 4) as a
description of the work environment (means and techniques,
referential, instructions and constraints of the project) and
the project organization (participants, their roles and tasks
organisation).
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Figure4 . Representation of the context



We present in figure4 some elements of the context that can be
represented in several levels of structuring, to show different
aspects of influence between its elements and the design
rationale.

3.2 Extraction and representation of the
design rationale

3.2.1 Direct transcription

The approaches of design rationale generaly require a
deep analysis to modd decision-making. So they are not easily
applicable in real time. The first stage of our approach consists
of atranscription guided by a form where the basic elements as
problems, argumentation and decision can be classified. These
forms can be used to note in a structured and rapid way al the
data elements that can be collected during a negotiation (Figure
5). The objective is to prepare a structured transcription of the
negotiation during meetings and in real time. The structure of
these forms permits to distinguish the elements of the discussed
problem, to highlight the arguments of the participants to the
meeting and their possible suggestions.

Notes are structured initially by participants who, during
the meeting, are recognized either by their names or by their
visual aspects. In fact, the direct transcription that we propose,
follows on the one hand, the traditional methods of notes taking
in meetings and on the other hand prepares the structuring of
knowledge.

This transcription can be easily realised by a meetings
secretary. No deep analysis is required in this type of

transcription. Note also that a chronological recording of the
negotiation is backed up in this type of transcription.

% Pat o thedsoussdprddem li

Y

Ratidpert
Agnet(y
Sopetian9

Bingtoadsisan

Nevmveasand thesdution

Figure5. Form used for the direct transcription of a negotiation

3.2.2 Content structuring

The principal objective of a structuring is to alow an intelligent
access to the knowledge of the memory. We propose to provide
several accesses to the memory according to various prospects
that we define later on. The second stage of our approach
consists of a structuring based on a cognitive anaysis of the
forms filled out during the direct transcription. We were

inspired by the approaches of design rationale to define a
structure of representation (Figure 6) putting ahead the
influence elements of a negotiation, such as argument,
criteria of justification and suggestion. The identification of
the criteria is guided by a classification of the argument
types. The method that we propose can be compared with
meetings reporting where the direct transcription is similar to
the notes making and the structuring to the summary report.
However in our case, the notestaking is guided and the result
is richer and reflects a more complete memory of the
negotiation and the decision-making.
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Figure 6. Form used for the negotiation structuring

Some criteria, definite during this structuring, can be
regarded as simple to identify and could be used to enrich the
structure of the direct transcription (used in future meetings)
and to facilitate the structuring. It's in this sense that we
consider our method like dynamic process acting at the same
time on the method and the structure.

Our main objective is to integrate the traceability of
decisions in the process of redization of projects. The
approach that we propose introduces a dight change into the
organization of a project in order to make this traceability
possible.

In order to guarantee a representation of the deep knowledge
which have influence the design rationale, the validation
meeting after some project phases and at the end, especialy
with some participants who have got a global vision of the
project (for example, the project manager), must be hold.
These permit to reformulate the arguments, the suggestions
and the criteria and to re-examine their classification. The
structure of the memory encourages the participantsto clarify
their knowledge, enriching by that the contents of the
memory.

3.2.3 Logic of the structuring form

The structure represents the logic of discussion. Participants
discuss each part of the problem by giving their opinions
supported by severa types. The participants can aso give
suggestions concerning the part of the problem. The whole
arguments and suggestions alow the group to make a
decision concerning this part of the problem. The part of the
problem is thus solved, otherwise it will be discussed again



in the same manner and it will pass by the same cycle. So we
will be able to see the evolution of this element during the
discussion until itsfinal version.

In the structure, the arguments are classified according to their
type or their nature. Each argument or suggestion is related to
the participant who emitted it. Knowing that for each
participant his competence and his role are described, that
permits to see the relation that can exist between the
contributions (arguments, suggestions) of the participants and
their competence.

Elements of the structure

Problem objects: The globa problem discussed during
the meetings is composed of sub-problems or elements of
problem. The idea is to break up the whole discussion into
basic elements. The structure thus permits to represent these
elements of discussion with their contents, to bind between them
and to represent the evolution of each of them during the
negotiations.

Arguments. One of the most significant elements of any
negotiation is the argumentation. In our approach the
argumentation is an essentia element of the representative
structure because it is the origin and the cause of the evolution
of the discussion of the problem and consequently of the
decision-making.

Suggestions: The arguments advanced by the speakers
during meetings often lead them to make their own suggestions
concerning such or such part of the discussed problem, we
envisaged in the model a space for the suggestions of the
participants. The suggestions are related to the arguments and
the participants who proposed them.

Participants: The representation of the participants in the
structure is important, it permits to bind the arguments and
suggestions to their transmitters. Each participant is
characterized, primarily, by his competences and his role in the
project (see context). It permits to really understand the logic
and the reasoning of the participants and the motives of their
interventions.

3.3 Definition of multiple views

The design rationale as it is generaly defined, represents the
space of decision in a project. We propose to describe this space
in various points of view while focusing on the negotiation that
takes a central place in the design rationale. The maority of
these points of view can be generated automatically from
structuring forms. We identified four points of view: Point of
view of problem solving, Point of view of argumentation
criteria, Point of view evolution of the problem solving and
chronological point of view. We study other points of view that
permit to shows the links between the participants and the
problem solving [11].

3.3.1 Point of view of problem solving

This point of view is based primarily on the structured forms
corresponding to the elements of the problems treated.
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Figure 7. Exampleof apoint of aview on the problem solving
[4].

3.3.2  Paoint of view of argumentation criteria

A view extracted from the criteria of argumentation shows a
synthesis of the key elements that influenced the problem
solving and from through that the decision-making. This
view presents the relations between the criteria, the advanced
arguments and the arising problems.
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3.3.3 Point of view evolution of the problem
solving

The evolution of the decisions is an important element to
memorize in the design rationae. We put the evolution of the
problems forward while joining the problem to its solution
that can also generate other problems.
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Figure 9. Exampleof aview on the evolution of the artefact
(principles of assessment of the professional risks).

3.3.4 Chronological point of view

The transcription forms can offer a chronological view on the
progress of the negotiation. Indeed, from this chronological
representation, we can reach at any phase of the evolution of the
problem solving. The representation of the task process in the
context as well as the link between these tasks and the forms
provide aglobal view on the progress of the project.

4 CONCLUSION
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Figure10. The solutions brought by our approach to the

limits of traceability methods

A project memory reflects an acquired experience, it must
represent all elements of information related to the project, as
well as the context and the design rationale. We describe in this
paper an approach that permits a global representation of these
elements. It puts forward the elements and the mutual relations

that influence the problem solving in a project and that
through views representing the different faces of the project
progress.

The approaches of traceability of the design rationale present
some limits in the modelling during the activity. These limits
are linked essentiadly to the difficulty in identification and
classification in real time questions, suggestions, types of
arguments, etc. during meeting. We proposed a dynamic
process of modelling based on several phases starting from a
semi-structured note taking toward a more advanced
structuring. The structure of representation evolves the
problems evolution.

Our approach is based on a representation similar to the
approaches of design rationale. Indeed, the decision-making
is described with key words as: problem, arguments,
suggestions, etc. As we showed it in this paper, it integrates
easily in the project process without requiring specific
expertises. It is based on as well as knowledge traceability in
real time and a-posteriori analysis that permits to get a deep
representation of knowledge. Thus, allows having a globa
vision of the project (figurel0). Let's note that the process of
modelling is based on an abstraction guided by
classifications and structures.

We defined this approach while being based on a red
experience (the project of definition of the principles of
assessment of the professional risks) and we plan to vaidate
it on other fields of application.

The representation of the context in our approach is not
developed enough, we examine other studies of the context
especially mathematical and sociological representation. The
pragma-linguistic works can enrich the representation of the
communication in a memory of project, in the same way, the
socio-organizational studies are very important to identify
the interpersona relation and their role in the decision-
making.

We develop a tool to support our approach offering, on the
one hand, a flexible structure of representation and on the
other hand an adaptive user interface.
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Knowledge Management Performance Index
Considering Knowledge Cycle Process

Kun Chang Lee', SoonJae Kwon?, Namho Chung?, Soochoul Joung®, Byung-uk Kang’

Abstract. This paper is aimed at proposing a new metric
named KMPI (Knowledge Management Performance Index) to
evaluate the performance of knowledge management (KM) at a
point in time. Firms are assumed to have always been oriented
toward accumulating and applying knowledge to create
economic value and competitive advantage. On the basis of this
assumption, we suggest KMPI, a new metric having a logistic
function with five components of knowledge circulation process
(KCP)- knowledge creation, knowledge accumulation,
knowledge sharing, knowledge utilization, and knowledge
internalization. If KCP efficiency increases, then KMPI will
become greater, which means that firms are now becoming
knowledge-intensive businesses. To prove the contribution of
KMPI more formally, questionnaire survey was conducted
extensively among 101 firms listed in KOSDAQ market in
Korea, and we associated KMPI with three financial measures
such as stock price, PER, and R&D expenditure. Statistical
results show that the proposed KMPI can represent the KCP
efficiency, and go along with the three financial performance
measures.

Keywords: Knowledge management performance; Knowledge
circulation process; Logistic function; KMPI; Factor analysis

1. INTRODUCTION

A knowledge-based view of the firm, which has emerged as one
of important strategic management topics, provides theoretical
basis about why knowledge-based resources are playing an
important role in increasing sustainable competitiveness of the
firm (Cole, 1998; Spender, 1996ab; Nonaka and Takeguchi,
1995). The resource-based view of the firm suggested by
Penrose (1959), Barney (1991), Teece (1998), and Wernerfelt
(1984) promotes the knowledge-based perspective of the firm,
which postulates that competitive advantage builds upon those
privately developed resources, tacit and explicit, developed
inside the firm. Likewise, the knowledge-based view of the firm
posits that the knowledge assets existing at any given time per
se, one of those idiosyncratic resources proprietarily created and
accumulated in the firm for years, produce sustainable
competitive advantage. In this new era of highly competent IT,
this knowledge-based view of the firm can explain convincingly
why certain firms show more competitiveness under the same
market situation. The knowledge assets are dependent upon the
quality of organizational knowledge and intangible assets in
general (Grant, 1996ab). Even though we adopt the knowledge-
based view of the firm, there exists an important research
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question- why do most firms that initiated KM still struggle with
the development of appropriate metrics to assess the
effectiveness of their initiatives. In other words, they need some
metrics to justify their KM initiatives financially. They don’t
want to make their KM look like pure research activity that may
some day lead to remarkable increase in management
productivity and performance. In any case, linking KM
initiatives to important financial measures may help to justify
KM investments to senior management and more importantly
improve the firm’s ability to manage knowledge assets
effectively. Given that several KM benefits are intangible, one
measurement method that is growing in popularity is the
balanced scorecard (Kaplan and Norton, 1992). Alongside
financial measures, the balanced scorecard includes other
perspectives, i.e., customers, internal business processes, as well
as innovation and learning. However, linking KM initiatives to
performance measures both tangible and intangible is not
enough. We need a more rigorous measurement metric to assess
the KM performance with an ability to explain it and suggest
future strategic movement the firms should take to improve their
KM performance. To address this research question and need,
our research objective is to propose a new measurement metric,
named KMPI (Knowledge Management Performance Index), to
evaluate KM performance. Basic assumption underlying KMPI
is that knowledge may be viewed from an unified perspective —
it has multi-faceted characteristics like a state of mind (Schubert
et al., 1998), an object (Carlsson et al, 1996; McQueen, 1998), a
process (Zack, 1998), a condition of having access to
information (McQueen, 1998), a capability with the potential for
influencing future action (Carlsson et al, 1996; Watson, 1999).
Alavi and Leidner (2001) summarized well the distinction
between each perspective about knowledge. Table 1 is an
excerpt from p.121 in Alavi and Leidner (2001).

Table 1. Diverse perspectives of knowledge and their implications for
KM (Excerpt from Alavi and Leidner (2001), p.111)

Perspectives Implications for KM
State of Knowledge is the | KM involves enhancing
mind state of knowing and | individual’s learning and

understanding understanding through
provision of information
Object Knowledge is an | Key KM issue is building
object to be stored | and managing knowledge
and manipulated stocks
Process Knowledge is a | KM focus is on knowledge
process of applying | flows and the process of
expertise creation, sharing,  and
distributing knowledge
Access to Knowledge is a | KM focus is organized
information | condition of access | access to and retrieval of
to information content
Capability | Knowledge is the | KM is about building core
potential to influence | competencies and under
action standing strategic knowhow




Table 2. Five categories of KM studies

Category Implications Sub-categories Researches

General Several managerial and social issues | KM strategy and | Pentland (1995), Alavi and Leidner
pertaining to KM are dealt with. organizational culture (1999), Zack (1999)

Specific  processes and | Petrash (1996), Szulanski (1996), Alavi

activities within KM (1997), Elliott (1997), Van der Spek
and Spijkervet (1997),  Choo (1998),
Holsapple and Joshi (1999)

Review and  research | Davenport and Glover (2001), Gold et

agenda al. (2001), Alavi and Leidner (2001)

Learning Firms maintain organizational | Organizational knowledge Stata (1989), Senge (1990), El Sawy et

organization knowledge to obtain a sustainable al. (1986), Schatz (1991-1992), Stein
competitive advantage. and Zwass (1995), Walsh and Ungson

(1991), Tuomi (2000), Markus (2001)
Learning capability and | Purser et al., (1992), Roth and Senge
design of leaning | (1996), Van de Ven and Pooley (1992),
organization Shaw and Perkins (1992), McGill and

Slocum (1994), Leonard-Barton (1995)

Knowledge Valuing and measuring intangible | Intellectual capital Brooking (1996), Edvinsson (1997),

assets assets promotes organizational learning Sveiby (1998)

evaluation and generates organizational | Balanced Score Card Kaplan and Norton (1992)
capabilities. Strategic organizational | Massey et al. (2001), Roos and Roos

learning and organizational | (1998), Sakaiya (1991), Stewart (1997),
capabilities Teece (1998, 2000), Leonard and
Sensiper (1998)

Role of IT KM should be supported by IT and/or | Knowledge Management | Alavi (1997), Alavi and Leidner (1999,
KMS so that KM can contribute to | System (KMS) 2001), Baird et al. (1997), Bartlett
increasing management performance. (1996), Davenport et al. (1996), Gray

(2000), Henderson and Sussman
(1997), Rouse et al. (1998), Sensiper
(1997), Watts et al. (1997)

Role of IT in KM in | Alavi and Leidner (1999), Newell and

general Scarbrough (1999), Pérez-Bustamante
(1999)

Role of IT for specific KM | Liou and Nunamaker (1993), Khalifa

activities (1998), Fischer et al. (1999), Petraglia
and Glass (1999), Squires (1999),
Suthers (1999)

Knowledge mining and | Rouse et al. (1998), Holsapple and

DSS for KM Joshi (2001)

Strategic use of the Internet | Dieng (2000), Martin and Eklund
(2000), Dominique and Motta (2000),
Schwartz and Te’eni (2000),
Rabarijaona et al. (2000), Szykman et
al. (2000), Caldwell et al. (2000)

Success  and | Success factors for KM should be given Davenport et al. (1996), Ruggles

failure factors sufficient consideration before (1998), Glasser (1999), Krogh (1998)
launching KM strategy.

Based on the unified perspective of knowledge, this paper posits
the following four assumptions without loss of practicality and
theoretical generality: (1) KM activities may be reduced into
performing knowledge circulation process (KCP) in which there
exist five components making KM operational in the firm-
knowledge creation, knowledge accumulation, knowledge
sharing, knowledge utilization, and knowledge internalization.
(2) KM is defined here tactically by all kinds of management
activities promoting KCP in a firm.

(3) A firm can increase its flexibility and adaptability to rapidly
changing business environment by focusing on the efficiency of
KM activities.

(4) Within the firms adopting KM, KMPI will gradually
increase with time.

The layout of the paper is as follows. In the following section,

we describe the previous studies to justify our research objective.

Section 3 explains fundamentals and theoretical backgrounds of

the proposed KMPI. Research hypotheses are suggested. Then
the empirical study is suggested with promising results, in
Section 4. In conclusion, this paper is ended with discussing
contributions of this research and future research directions.

2. PREVIOUS STUDIES

Previous studies on KM builds on multiple disciplines, e.g.,
management, computer science, and information systems. To
maintain consistency in our literature survey on KM and to
justify our research objective, i.e. to suggest a new measurement
metric named KMPI for assessing the KM performance, we
classify previous KM literature into five categories- (1) general,
(2) learning organization, (3) knowledge assets evaluation, (4)
role of IT, (5) success and failure factors, all of which are
summarized in Table 2.



First category deals with managerial and social issues related to
KM. Some studies (e.g., Pentland, 1995, Alavi and Leidner,
1999, Zack, 1999) stressed the importance of the strategy
driving KM and the organizational culture within which KM
takes place. Other studies focused directly on specific processes
and activities within KM, e.g.,, knowledge acquisition,
generation, storage, distribution, application and measurement
(Petrash, 1996; Szulanski, 1996; Alavi, 1997; Elliott, 1997; Van
der Spek and Spijkervet, 1997; Choo, 1998; Holsapple and Joshi,
1999). Also, research agenda and general perspective of KM
based on extensive literature review are presented (Gold et
al.,2001; Davenport and Grover, 2001; Alavi and Leidner, 2001).
Second category takes management perspective that deals with
questions about what learning organization means for obtaining
a sustainable competitive advantage. Especially, according to
Stata (1989) and Senge (1990), learning is the only sustainable
competitive advantage for organization, and learning ends up
with leaving organizational knowledge (or memory) (El Sawy et
al., 1986; Schatz, 1991-1992; Stein and Zwass, 1995; Walsh and
Ungson, 1991). Markus (2001) shows a theory of organizational
knowledge reuse. A sustainable competitive advantage may be
obtained through organizational knowledge which is a corporate
memory having an effect on present decisions and playing as an
important factor in the success of an organization’s operations
and responsiveness to the changes and challenges of
environment (Stein and Zwass, 1995; Walsh and Ungson, 1991).
There have been increasing attempts to help organizations
improve their learning capability and to design themselves as
learning systems (Purser et al., 1992; Roth and Senge, 1995). In
addressing how organizations can improve their learning
capability, researchers have identified a number of problems
that organizations face when trying to learn (Van de Ven and
Pooley, 1992; Shaw and Perkins, 1992; McGill and Slocum,
1994; Leonard-Barton, 1995).

Third category is concerned with evaluation of knowledge assets.
Practicing KM for years can produce various forms of intangible
assets or intellectual capital within firms. Such intangible assets
are intellectual capital. Edvinsson (1997) shows, based on case
study of Skandia, that the intellectual capital of a firm can be
measured, documented, and monitored. Brooking (1996)
analyzes the multiple components of intellectual capital and
provides lists of high-level questions useful for auditing an
organization’s intellectual capital. In addition, Sveiby (1998)
details how to effectively use and measure intangible assets and
how to monitor them for financial success. Kaplan and Norton
(1992) develop Balanced Score Card (BSC) using a combination
of measures in four categories, financial performance, customer
knowledge, internal business processes, and learning and growth,
to align individual, organizational and cross-departmental
initiatives. They expect that the BSC will help companies test
and update their strategy and meet their customer’s needs and
shareholder's objectives more effectively. Measuring the
knowledge assets promotes strategic organizational learning
(Brooking, 1996; Edvinsson, 1997; Massey et al., 2001; Roos
and Roos, 1998; Sakaiya, 1991; Stewart, 1997; Teece, 1998,
2000), and generates the renewable organizational capabilities
required to meet customer expectations on an ongoing basis
(Leonard and Sensiper, 1998).

Fourth category of KM studies are addressing a role of IT in
KM. The role of IT is investigated in KM in general (Alavi and
Leidner, 1999; Newell and Scarbrough, 1999; Pérez-Bustamante,
1999) or for specific KM activities in particular (e.g., Liou and

Nunamaker, 1993; Khalifa, 1998; Fischer et al. 1999; Petraglia
and Glass, 1999; Squires, 1999; Suthers, 1999). KMS,
Knowledge Management System, is a specialized information
system for KM using modern technologies (e.g. the Internet,
intranets, browsers, data warehouses, and software agents) in
order to systematize, facilitate, and expedite firm-wide KM
(Alavi and Leidner, 1999; Rouse et al., 1998). The KMS
researches consist primarily of general and conceptual principles
of KMS (Davenport et al., 1996) and case studies of such
systems in a handful of leading organizations (Alavi, 1997,
Baird et al., 1997; Bartlett, 1996; Henderson and Sussman,
1997; Sensiper, 1997; Watts et al., 1997). Especially, Gray
(2000) describes how KMS can enhance the effectiveness of
teams that analyze complex, non-recurring problems by
improving the way that team composition evolves. Knowledge
mining is similar to data mining. However, Rouse et al. (1998)
uses knowledge mining to extract some knowledge from several
data sources and apply it for more complicated and value-added
problems. Holsapple and Joshi (2001) argue that DSS could be
used to get the right knowledge in the right form to the right
persons at the right time. Several papers are tackled technically
from the perspective of a strategic use of the Internet for KM
activities. Dieng (2000) discusses the potential of the Internet
and intranets in developing distributed KMS. XML-based meta
language is developed for knowledge retrieval from the
knowledge repository administered on the web (Martin and
Eklund, 2000). A KMS prototype named PlanetOnto, operating
on the Internet, is suggested to support an academic community
to collaboratively construct and share an archive of news items
(Domingue and Motta, 2000). Schwartz and Te’eni (2000)
exploit the Internet and e-mail to disseminate knowledge.
Rabarijaona et al. (2000) addresses using XML to support users
to translate a corporate ontology into an annotation document
type definition. A representational infrastructure and a
computational DSS framework are suggested for creating design
repositories on the Internet (Szykman et al., 2000) and assisting
a distributed team of designers in conceptual design evaluation
on the web (Caldwell et al., 2000).

Fifth category is to explore success and failure factors of KM.
Davenport et al. (1996), from successful KM projects, find out
eight key factors to help a company create, share, and use
knowledge efficiently. Ruggles (1998) identifies the KM
concepts from over 400 firms in U.S and Europe and finds out
what the barriers to KM are. Success factors for KM include
compensation against knowledge provider, incentive systems,
organization culture, etc. (Glasser, 1999; Krogh, 1998).

From the literature survey about KM, we can conclude that there
is no study denoting a research objective similar to this paper,
which is to propose a new measurement metric named KMPI for
assessing KM performance. Then the next step should be what
methodology is adopted to accomplish our research objective.

3. METHODOLOGY
3.1 Fundamentals of KMPI and Research Hypotheses

KCP includes a whole process of knowledge diffusion within a
firm- knowledge creation, knowledge accumulation, knowledge
sharing, knowledge utilization, knowledge internalization. KCP
has a dynamic nature because it represents a knowledge flow
concept where five components of knowledge circulation are



interlinked with each other. Since KCP denotes a knowledge
flow concept, and it is dynamic with time, we introduce time ¢
into the KMPT function.

The effectiveness of KCP is influenced by various facets of
organization culture like human relationships, degree of
harmony between decision-making entities, quality of work
process, strategic alliance with vendors, customers’ trust,
effectiveness of strategic management, and CEO’s character and
vision, etc., all of which in turn influence the management
performance. Therefore, the proposed KMPI can be used to
represent the KM performance. We assume that KCP has always
been continuing since the firms started, and that organizational
knowledge increases as KCP supports management activities
from the knowledge-based perspective.

Tuomi (2000) suggests a reversed hierarchy of knowledge in
which organizational knowledge is created after knowledge
from which information is given meaning, and data emerge as a
byproduct of cognitive artifacts. The proposed KMPI increases
only if the KCP efficiency is improved, which is theoretically
supported by Tuomi (2000)’s argument in that the existence of
knowledge can create a form of competence and organizational
knowledge, and management performance may be enhanced.

At this point, let us investigate the five components of KCP to
clearly understand why the proposed KMPI can represent the
quality of organizational knowledge, and the firm’s management
performance. The first component of KCP is knowledge
creation which is concerned with creating a variety of
knowledge, tacit or explicit. Knowledge creation is accelerated
by massive synergistic interrelations of a lot of individuals
having diverse backgrounds. Knowledge accumulation is a
second knowledge flow component of KCP, which is stored into
a knowledge repository. All the individuals in firms can have
access to it to get relevant knowledge for their works or decision
problems. Especially, the knowledge accumulated in firms for
years can play an important role in eliminating various obstacles
and inefficiencies and improving management performance,
which is then called organizational knowledge (Walsh and
Ungson, 1991). However, if knowledge created through
management activities for years is not accumulated
systematically either in electronically deliverable formats
(O’Leary, 1988abc) or in structured documents, it cannot be
used usefully for future decision-making needs. In this respect,
knowledge created in various reasons and ways and forms
should be accumulated in a form of organizational memory
information systems (Stein and Zwass, 1995). Third component
of KCP is knowledge sharing which promotes diffusion of
knowledge in firms, and also contributes to making work
process an intelligent and knowledge-intensive. In this situation,
workers feel themselves so called knowledge worker (Sviokla,
1996). If knowledge workers can find knowledge necessary for
processing their works successfully from the knowledge source
administered by firms, then they are able to easily apply it to
complete such works successfully. The knowledge-intensive
work process requires integration of multiple knowledge much
more for obtaining improved performance (Davenport et al.,
1996). Knowledge utilization, fourth component of KCP, may
be observed and performed in all the levels of management
activities in firms. As the work processes need to become more
knowledge-intensive in the aftermath of applying KM, one of
the popular forms of knowledge utilization is to adopt best
practice from other leading firms and find some knowledge
relevant to us and apply it (O’Dell and Grayson, 1998). The fifth

component of KCP is knowledge internalization which may
occur when individual workers find some knowledge relevant to
their works, and apply and obtain what they expect. Therefore,
knowledge internalization may give rise to another knowledge,
either new or modified one. In this way, knowledge
internalization is providing a basis for more active knowledge
creation. Nonaka and Konno (1998) suggest a concept of Ba
where knowledge can be internalized more easily and created
after all.

Based on the arguments above, the whole process of KCP is
cycling from knowledge creation to knowledge accumulation to
knowledge sharing to knowledge utilization to knowledge
internalization. Knowledge accumulated in firms is a byproduct
of KCP. Therefore, KCP has a concept of flow, and speed. If the
flowing speed of KCP is fast, then we may assume that
knowledge, its byproduct, is accumulated, shared, utilized, and
internalized as fast, and that management performance increases,
and that the proposed KMPI will improve after all.

In this way, KCP has an influence on the efficiency of work
processes, and management activities performance. Based on
the argument about KCP characteristics above, we claim that
KMPI, which is assumed to be heavily influenced by KCP, can
measure the quality of organizational knowledge, and that it is
related directly and/or indirectly with firms’ management
performance. Therefore, we hypothesize that such firms with
organizational knowledge of a good quality, will increase KMPI,
and that those firms with greater KMPI will represent improved
management performance. We adopt three specific measures
like stock price, PER, R&D expenditure to translate
management performance into tangible statistics. Then we can
posit the following three research hypotheses.

Hypothesis 1: If KMPI is greater, then stock price is
significantly better.

Hypothesis 2: If KMPI is greater, then PER is significantly
better.

Hypothesis 3: If KMPI is greater, then R&D expenditure is
significantly better.

3.2 KMPI Function

As knowledge beneficial to making work processes knowledge-
intensive and improving management performance is
accumulated in organization, then organization memory quality
will increase with time, causing KMPI to increase gradually
with an upper limit. The increase in KMPI per unit time is small
at first, then increases rapidly and finally slows down. This
rational can be described as follows. As workers learn to get
accustomed to KCP - creating, accumulating, sharing, utilizing,
and internalizing knowledge- in processing their works and
integrate it with existing operations, the rate at which KMPI
increase is small. The rate then increases as workers become
familiar with applying KCP to their work processes. However,
the rate slows down as KMPI approaches the limit of what can
be gained from applying KCP to works. Stated formally, the
impact of KCP application at time ¢ is proportional to the KMPI
gained at time #-/ (i.e., KMPI, ;) relative to the maximum
possible KMPI gains from the KCP application (i.e., 1) and the
remaining KMPI yet to be gained (i.e., /-KMPI,_;). This
description of KMPI over time ¢ can be expressed as



dKMPI _

== ~KCP(1= KMPI,.) (Eq 1)

where KCP indicates a term denoting efficiency of KM in
organization, which can be described as a function of five
knowledge circulation processes. Solving (Eq 1) for KMPI
yields

1 (Eq2)

KMPI ¢ = W

Equation 2 is the S-shaped logistic model, where 1 is the
upper bound on the KMPI from the KCP application, while a
and KCP determine the shape of the curve. We assume that
constant a is zero because each organization is supposed to start
with very small KMPI. Then next step for calculating KMPI is
to compute KCP which will be described empirically in the next
section. Therefore, final equation form for KMPI is as follows.

kuapr = (Eq3)

As noted previously, we suppose that KCP term in (Eq 3) is
determined by five knowledge circulation processes. Stated
empirically, KCP term in (Eq 3) is a function of relative weight
of eigenvalue (RWE) of each knowledge circulation component
multiplied by average factor value (AFV) of the corresponding
knowledge circulation component.

KCPZRWEKC D4FVKC

+RWEKS D4FVKS

+RWE,  LUFV, (Eq 4)

+RWEKU D4FVK +RWEKI D4FVKI

U
where KC means knowledge creation, KA knowledge
accumulation, KS knowledge sharing, KU knowledge utilization,
and KI knowledge internalization. How to compute RWE and
AFV will be described in the next section from an empirical
perspective.

4. THE EMPIRICAL STUDY

4.1 Survey Instrument Development

The process of designing the survey is notably influenced by
Churchill (1979)’s recommendations for developing reliable and
valid measures. Initially, questionnaire with 40 questions was
prepared relating to five components of KCP. Open-ended
interviews were used in the initial stages of instrument
development. Two professors and four doctoral candidates and
two practitioners, all of whom have been studying or practicing
KM for years, were interviewed to ensure the questionnaire
variables’ face validity. Discussions with two KM professors on
each variable helped in developing operational measures. Upon
completion of the interviews, a pretest was conducted in which
18 executives from 18 companies were asked individually to
evaluate the instrument and comment on the clarity of
instructions and understandability of individual items. All of
them responded, and based on the feedback received, 7 items
were deleted from original 40 items. We concluded after
evaluation that questionnaire using a seven-point scale, ranging
from 1: “strongly disagree” to 4: “neutral” to 7: “strongly agree”,

is appropriate for measuring KMPI as intended in research
design.

4.2 Data Collection

A cross-sectional field survey of companies in KOSDAQ
market in Korea was conducted. A directory of companies
compiled by a securities brokerage firm operating in a stock
market was used as the sampling frame. This directory consists
of organizations that at least one of the following three criteria:
(1) They were members of the KOSDAQ market.

(2) Their operating years are similar to each other because our
definition of KM, causing KCP application to start with the
foundation of company and then KMPI to increase gradually
from company inauguration date, requires the almost same years
of operation to avoid biases in measuring KMPI. Since
KOSDAQ market opened in 1996, those companies surveyed
have almost same five years of operation.

(3) They reported annual financial reports officially in line with
formal official accounting standards imposed by KOSDAQ
market.

A senior executive of each organization surveyed was asked to
respond to questionnaire. While using a single source from each
organization has its limitations, these are overcome to some
degree by identifying the senior executive as executives most
“informed” about KM and KCP and associated variables within
each organization. A similar use of the “key informant”
approach has been suggested for survey research and has been
adopted by several IS researchers (Sethi and King, 1991).
Surveys were sent to senior executives in 250 randomly selected
organizations which met three criteria above. 101 usable
responses were received, providing a response rate of 40.4
percent.

4.3 Sample Description
Table 3 provides a profile of the respondents by the number of
full-time employees and sales volume. All sizes are well

represented in our study example.

Table 3. Distribution of Respondents
(a) Distribution by Sales volume

Sales Volume (Unit: $1,000) No. of Respondents | Percentage
$1,000 < 16 15.9
$1,000 — $10,000 28 27.7
$10,000 - $100,000 42 41.5

= $100,000 15 14.9

Total 101 100%

(b) Distribution by Full-time Employees Size

No. of full-time employees No. of Respondents | Percentage
20 < 18 17.8
20-50 37 36.6
50—-100 35 34.7

Total 101 100%




Table 4. Factor Structure of variables (N=101)

Factor Eigenvalue Cronbach’s | Items Factor Convergent
Alpha loadings validity
Knowledge 4.1307 0.86 There exist research and education programs 0.8002 0.86
Utilization Team work is promoted by utilizing organization-wide | 0.6437 0.68
information and knowledge
EDI is extensively used to facilitate processing tasks 0.6179 0.72
There exist incentive and benefit policies for new ideas | 0.5327 0.67
suggestion through utilizing existing knowledge
There exists a culture encouraging knowledge sharing 0.5199 0.71
Work flow diagrams are required and used for | 0.5095 0.68
performing tasks
Knowledge 4.1092 0.83 We refer to corporate database before processing tasks 0.7164 0.62
Accumulation We try to store know-how about new tasks design and | 0.6817 0.65
development
We try to store legal guidelines and policies related to | 0.6729 0.69
tasks
We extensively search through customer database and | 0.5687 0.66
task-related database to obtain knowledge necessary for
tasks
We document such knowledge needed for tasks 0.5524 0.81
We summarize education results and store them 0.5400 0.65
We are able to administer knowledge necessary for | 0.5081 0.85
tasks systematically and store it for further usage
Knowledge 3.2388 0.77 I have a unique know-how for tasks 0.7134 0.72
Internalization Professional knowledge such as customer knowledge | 0.6444 0.60
from-1 and demand forecasting is managed systematically
Organization-wide standards for information resources | 0.6211 0.71
are built
Employees are given education opportunity to improve | 0.5957 0.66
adaptability to new tasks
University-administered education is offered to enhance | 0.5695 0.75
employees’ ability to perform tasks
Organization-wide knowledge and information are | 0.5036 0.70
updated regularly and maintained well
Knowledge 2.4825 0.78 I can learn knowledge necessary for new tasks 0.6997 0.63
Internalization I can refer to best practices and apply them to my tasks | 0.6527 0.62
from -2 I can use Internet to obtain knowledge for tasks 0.5633 0.69
Knowledge 2.3504 0.75 We share information and knowledge necessary for | 0.8760 0.64
Sharing tasks
We improve task efficiency by sharing information and | 0.7751 0.73
knowledge
We developed information systems like intranet and | 0.7178 0.71
electronic bulletin board to share information and
knowledge
We promote sharing necessary information and | 0.5422 0.61
knowledge with other teams
Knowledge 2.3379 0.72 I often use an electronic bulletin board to analyze tasks | 0.6434 0.62
Creation-1 Predecessor gave me detailed introduction on my tasks | 0.6246 0.64
I fully understand core knowledge necessary for my | 0.5521 0.66
tasks
Knowledge 2.0096 0.70 I obtain useful information and suggestions through | 0.7505 0.63
Creation-2 idea-brainstorming meeting without spending too much
time
I search information for tasks from various knowledge | 0.5628 0.67
sources administered by organization
I understand computer programs needed to perform | 0.5482 0.64
tasks and use them well
I am ready to accept new knowledge and apply it to my | 0.5321 0.71

tasks when necessary




4.4 Measures

4.3.1 Knowledge Creation

To measure knowledge creation, two constructs were
operationalized-tasks ~ understandings  and  information
understandings. Tasks understandings are measured by three
items (Nonaka and Takeguchi, 1995; Tuomi, 2000)— (1) I often

use an electronic bulletin board to analyze tasks, (2) Predecessor
gave me detailed introduction on my tasks, (3) I fully
understand core knowledge necessary for my tasks. Information
understandings are measured by four items (Leonard and
Sensiper, 1998; Saint-Onge, 1998)- (4) 1 obtain useful
information and suggestions through idea-brainstorming
meeting without spending too much time, (5) I am ready to

Table 5. Average Factor Value

Organization KC KA KS KU KI Organization KC KA KS KU KI
coml 0.391 [ -0.679 [ -0.298 [ -0.312 [ 0.350 com52 0.936 0.263 0.320 1.159 0.239
com2 -0.781 | 0.197 0.554 0.477 1.057 com53 -1.146 | -0.486 | -0.858 | 0.028 | -0.050
com3 0.025 0.097 1.322 [ -1.707 [ -1.699 com54 0.098 0.847 0.197 0.319 [ -0.380
com4 2.383 1.498 0.473 1.848 0.590 com55 0.238 0.858 [ -0.578 [ 1.054 0.270
com5 0.967 | -0.616 | -0.601 | -1.111 | 0.378 com56 0.601 0.767 0.396 | 0.683 0.430
com6 -0.282 | -0.771 | 0.675 | -0.650 | -0.266 com57 -0.855 | 0.783 1.277 | -0.612 | 0.218
com? 0.784 | -0.093 [ -0.348 | -0.676 | -0.706 com58 -0.601 | 0.485 | -0.181 | 0.219 | -0.162
com8 0.194 | -1.387 | 0.280 0.259 | 0.010 com59 0.723 [ -0.579 [ -0.481 [ 0.684 [ -0.560
com9 0.314 | 0423 | -1.255 | -1.036 | -1.151 com60 -0.526 | -1.552 | 0.146 | -0.390 | -0.578
coml0 -0.854 | 0.441 0.377 1.067 [ -0.314 com61 -0.765 | -0.337 | 0.152 | -0.529 | 0.879
comll 0.497 | -1.558 | -1.433 | -0.892 | -0.416 com62 -1.154 | -0.057 | 0.484 | 0.331 0.021
coml?2 0.714 | 0.486 0.928 1.255 | -1.664 com63 1.004 1.000 0.504 1.113 [ -0.319
coml3 -1.061 | -0.205 [ 0.058 0.585 0.612 com64 2.271 0.370 [ -0.258 [ 3.554 [ -0.484
coml4 0.626 [ -0.707 [ 0.384 [ -0.328 [ 0.342 com65 -1.412 | 0.650 0.332 0.512 | -0.930
coml5 1.783 | -2.509 | -0.515 [ 1414 [ -1.225 com66 0.971 0.808 [ -0.972 [ 0.796 0.523
coml6 -0.175 | -0.187 | 0.049 | -1.550 | 0.005 com67 -0.943 | -0.006 | 0.099 | -0.790 | 0.299
coml7 -1.975 | -0.442 | -0.554 | 2.191 1.447 com68 -1.161 | -0.439 | 0.821 | -0.167 | -0.156
coml8 1.214 [ 0.783 [ -0.027 [ -0.565 [ -0.935 com69 -0.933 | -0.316 | 1.312 | -1.421 1.028
coml9 0376 | 0.644 | -0.560 | 0.171 | -0.089 com70 0.813 [ -0.238 [ 1.197 [ -0.856 [ 0.077
com20 1.884 [ -0.754 [ 0.107 0.010 [ 0.071 com71 0.627 0.440 0.055 1.067 0.994
com21 0.188 0.520 0.200 [ -1.790 | -0.272 com72 -0.516 | 0.070 | -0.049 | 0.187 | -1.063
com22 1.362 0.176 [ -0.261 [ -0.035 [ -0.235 com73 0.715 0.713 0.224 | 0.083 0.190
com23 0.436 [ 0.217 [ -0.140 [ -0.004 [ 1.086 com74 1.601 | -0.639 | -0.466 | -0.635 | -0.588
com24 -0.762 | 1.295 | -0.483 | -0.658 | -0.539 com75 -2.969 | 0.367 0.810 [ -1.289 | -1.195
com25 2.790 1.023 1.026 1.564 | 0.550 com76 0.079 0.400 0.249 | 0.050 | -0.220
com26 -0.239 | -0.160 | -0.002 | -0.572 | 0.190 com77 0.752 | -0.721 | 0.912 1.052 0.906
com27 0.936 [ -0.331 [ -0.156 | 0.772 | -0.115 com78 0.736 0.572 0.298 0.451 0.572
com28 0.576 | 0.138 1.032 0.700 | -0.970 com79 0.590 0.264 | -0.682 [ 0.147 0.994
com29 -0.219 | 1.522 | -0.184 | 1.400 | 0.568 com80 0.637 0.734 0.069 [ -0.583 1.068
com30 0.421 [ -0.242 | 0.274 | -1.683 | -0.668 com8l -1.743 | -0.114 | -0.875 | -1.391 | -0.759
com31 -0.227 | 0.338 | -0.095 | -0.972 [ 0.612 com§?2 0.627 0.440 0.055 1.067 0.994
com32 0.281 0.383 | -0.865 | 0.071 0.421 com83 -2.969 | 0.367 0.810 [ -1.289 | -1.195
com33 -0.537 | -0.030 | 1.399 0.236 | -0.604 com84 0.079 0.400 0.249 [ 0.050 [ -0.220
com34 -1.231 | 0.292 | -1.051 | 0.006 | -0.163 com85 0.590 0.264 | -0.682 [ 0.147 0.994
com35 -0.596 | 0.408 | -1.475 | 0.479 1.008 com86 0.637 0.734 0.069 [ -0.583 1.068
com36 0.473 | -0.451 [ -0.222 | -1.954 | -0.049 com87 0.644 0.644 | -0.012 | 0.278 0.020
com37 -0.242 | 0.445 1.372 0.928 0.660 com88 0.238 0.858 [ -0.578 [ 1.054 0.270
com38 -0.024 | -1.048 | 0.696 0.308 [ -1.125 com89 -0.526 | 1.614 0.146 [ -0.390 [ 0.564
com39 -1.018 | -0.071 | -0.508 | 0.734 | 0.944 com90 0.436 0.217 | -0.140 | -0.004 | 1.086
com40 -0.279 | -0.153 | 0.574 | -0.443 [ 0.017 com91 0.936 [ -0.331 [ -0.156 [ 0.772 | -0.115
com41 -0.906 | -0.912 | 0.516 0.279 | 0.373 com92 -0.227 | 0.338 | -0.095 | -0.972 | 0.612
com42 -0.041 | -0.145 | -0.811 | -0.016 | -0.376 com93 -0.282 | -0.771 | 0.675 | -0.650 | -0.266
com43 1.925 | -0.061 | 0.492 1.539 | 0.538 com9%4 0.714 0.486 0.928 1.255 | -1.664
com44 0.227 0.759 | -1.805 | -0.174 | -0.236 com95 1.214 0.783 | -0.027 | -0.565 [ -0.935
com45 -0.219 | -0.651 | -0.117 | -0.200 | 0.137 com96 -0.041 | -0.145 | -0.811 | -0.016 | -0.376
com46 -0.040 | 0.143 | -0.373 | -0.842 | 0.251 com97 1.925 | -0.061 | 0.492 1.539 0.538
com47 -0.360 | 0.905 0.384 0.661 [ -0.081 com98 -0.297 | 0.759 | -1.805 | -0.174 | 0.288
com48 1.229 [ -0444 [ 1324 | -1.886 | -1.024 com99 -1.146 | -0.486 | -0.858 | 0.028 | -0.050
com49 0.644 | 0.644 | -0.012 | 0.278 0.020 com100 0.098 0.847 0.197 0.319 [ -0.380
com50 -0.757 | 0.087 0.434 0.244 | -0.878 coml01 -0.540 | -1.048 | 0.696 | 0.308 | -1.125
com51 0.202 | -1.643 | -0.344 | 0.155 | -0.416




accept new knowledge and apply it to my tasks when necessary,
(6) I understand computer programs needed to perform tasks
and use them well, (7) I search information for tasks from
various knowledge sources administered by organization.

Table 6. Relative Weight of Eigenvalue (RWE)

Factor Eigenvalue RWE
Knowledge Creation 4.348 0.211
Knowledge Accumulation 4.110 0.199
Knowledge Sharing 2.350 0.114
Knowledge Utilization 4.131 0.200
Knowledge Internalization 5.722 0.276
Total 20.661 1

4.3.2 Knowledge Accumulation

An instrument knowledge accumulation was tested by three
constructs — database utilization, systematic management of task
knowledge, and individual capacity for accumulation. Database
utilization was operationalized by two items (O’Leary, 1998abc;
Tuomi, 2000)- (1) We refer to corporate database before
processing tasks, (2) We extensively search through customer
database and task-related database to obtain knowledge
necessary for tasks. Systematic management of task knowledge
was operationalized by three items- (3) We try to store know-
how about new tasks design and development, (4) We try to
store legal guidelines and policies related to tasks, (5) We are
able to administer knowledge necessary for tasks systematically
and store it for further usage. Individual capacity for
accumulation was operationalized by two items- (6) We
document such knowledge needed for tasks, (7) We summarize
education results and store them.

4.3.3 Knowledge Sharing

Degree of sharing knowledge is dependent upon constructs such
as core knowledge sharing and knowledge sharing in
organization. Core knowledge sharing was measured by two
items (Lank, 1997; Sviokla, 1996)- (1) We share information
and knowledge necessary for tasks, (2) We improve task
efficiency by sharing information and knowledge. Knowledge
sharing in organization was operationalized by two items
(Davenport et al., 1996; Ruggles, 1998)- (3) We promote
sharing necessary information and knowledge with other teams,
(4) We developed information systems like intranet and
electronic bulletin board to share information and knowledge.

4.3.4 Knowledge Utilization

Knowledge utilization depends on two constructs- degree of
knowledge utilization in organization, and knowledge utilization
culture. The former was operationalized by three items (O’Dell
and Grayson, 1998; Weber et al., 1990; Blanning and Daivd,
1995)- (1) Team work is promoted by utilizing organization-
wide information and knowledge, (2) EDI is extensively used to
facilitate processing tasks, (3) Work flow diagrams are required
and used for performing tasks. The latter was operationalized by
three items (Leonard and Sensiper, 1998; Wiseman, 1988)- (4)
There exists a culture encouraging knowledge sharing, (5) There
exist incentive and benefit policies for new ideas suggestion
through utilizing existing knowledge, (6) There exist research
and education programs.

4.3.5 Knowledge Internalization

Knowledge internalization was measured by three constructs-
capability to internalize task-related knowledge, education
opportunity, level of organization learning. Capability to
internalize task-related knowledge was operationalized by four

Table 7. KMPI Calculation

Organization| KMPI Organization | KMPI Organization | KMPI Organization| KMPI
com4 0.800 com49 0.580 com95 0.509 com24 0.441
com25 0.798 com87 0.580 coml3 0.507 com67 0.434
com64 0.750 com89 0.576 com31 0.496 com21 0.434
com43 0.712 com20 0.570 com92 0.496 comb65 0.429
com97 0.712 coml7 0.567 com59 0.491 com50 0.429
com71 0.671 com47 0.564 com58 0.487 com68 0.422
com82 0.671 com27 0.559 coml 0.487 com48 0.416
com29 0.662 com91 0.559 com98 0.482 com6 0.416
com63 0.646 com22 0.555 com61 0.481 com93 0.416
com52 0.642 com54 0.543 com33 0.480 com72 0.412
com56 0.641 com100 0.543 comS 0.474 com34 0.410
com77 0.641 com32 0.542 com44 0.473 coml6 0.407
com37 0.637 com35 0.540 com40 0.473 com38 0.405
com66 0.636 coml9 0.538 com69 0.472 com51 0.400
com78 0.634 coml12 0.536 com46 0.470 com36 0.397
com80 0.615 com9%4 0.536 com62 0.468 com53 0.391
com86 0.615 com28 0.535 com74 0.467 com99 0.391
com55 0.608 com39 0.530 com26 0.464 com30 0.390
com88 0.608 com70 0.528 com§ 0.463 coml01 0.379
com?23 0.603 coml0 0.519 comé41 0.461 com9 0.373
com90 0.603 com76 0.518 com45 0.452 com3 0.346
com79 0.599 com84 0.518 com?7 0.445 com60 0.345
com85 0.599 coml4 0.516 com42 0.441 coml1 0.340
com73 0.596 com57 0.515 com96 0.441 com§1 0.273
com2 0.580 coml18 0.509 coml5 0.441 com75 0.259




items- (1) I have a unique know-how for tasks, (2) I can learn
knowledge necessary for new tasks, (3) I can use Internet to
obtain knowledge for tasks, (4) I can refer to best practices and
apply them to my tasks. Education opportunity was
operationalized by two items- (5) Employees are given
education opportunity to improve adaptability to new tasks, (6)
University-administered education is offered to enhance
employees’ ability to perform tasks. Level of organization
learning was operationalized by three items- (7) Professional
knowledge such as customer knowledge and demand forecasting
is managed systematically, (8) Organization-wide standards for
information resources are built, (9) Organization-wide
knowledge and information are updated regularly and
maintained well.

4.5 Data Analyses Procedure

Preliminary factor analysis of items in each of the constructs
validated the measures that were later used in the KMPI
calculation model (Eq 3) and (Eq 4). Exploratory factor analysis
was adopted with orthogonal rotation method (Hair et al., 1998).
Seven factors were found with cronbach alpha value being
greater than 0.7, which indicates that internal consistency is
guaranteed in each factor dimension. Table 4 shows factor
structure of variables, where reliability and convergent validity
are significant because cronbach’s alpha is greater than or equal
to 0.70, and all convergent validity is greater than 0.60 (Hair et
al., 1998). Table 5 and 6 summarize RWE and AFV, all of which
are required to calculate KMPI shown in Table 7. Table 8 shows
correlation test between KMPI and three financial measures.
Hypotheses 1 and 2 are proved with 0.1 significance level, while
hypothesis 3 is proved with 0.05 significance level.

The empirical results in Tables 4 through 7 show that as
theorized, those five components of KCP affect KMPI
significantly, which in turn represents the quality of organization
memory that is utilized in a wide variety of decision-makings in
an organization. If the quality of organization memory is good,
then we can easily conjecture that management performance
improves significantly.

Table 8. Correlation between KMPI and Three Financial Measures

Financial Measures | Correlation with KMPI
Stock Price 0.233°
PER 0.213"
R&D Expenditure 0.259™
*p<0.1, **:p<0.05

5. CONCLUDING REMARKS

In this paper, we have presented a discussion of a close
relationship between KMPI and KCP. Our study shows that
there is no tension between the effects of KCP and KMPI. As
the efficiency of five components of KCP increases, then KMPI
becomes greater through the logistic model. Those five
components of KCP are knowledge creation, knowledge
accumulation, knowledge sharing, knowledge utilization, and
knowledge internalization. Based on a review of a broad range
of relevant literature, several conclusions may be drawn from
our study.

(1) Extensive literature review revealed the complexity and

multi-faceted nature of organizational knowledge and KM, and
the need for developing a new measurement metric to assess the
KM performance. To deal with complex nature of organizational
knowledge and its contribution to KM performance, we
introduced a concept of KCP and applied it to devise a function
of KMPI.

(2) KMPI function is basically a logistic model in which the
contribution of organizational knowledge accumulated by
performing KM for years starts with a slow growth rate and
increases fast and slows down at some point in time to a mature
level.

(3) Power of KMPI to represent financial performance of firms
was tested statistically. We used three major financial indices
such as stock price, PER, and R&D expenditure. We proved that
correlation between KMPI and those three indices is statistically
significant.

IT has a strong impact on the effectives of five components of
KCP. Especially, the Internet may become a crucial factor for
making KMPI successful because the Internet use in daily
management activities renders normal and essential. Based on
this prospect, it is necessary to investigate the potential
contribution of the Internet and consider it in improving the
KMPI. We hope that this study may trigger future researches in
this challenging field of evaluating the KM performance.
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Abstract. Enterprise Modelling (EM) methods are well-recognised
for their value in describing complex, informal domains in an or-
ganised structure. EM methods are used in practice, particularly dur-
ing the early stages of software system development, e.g. during the
phase of business requirements elicitation. The built model, however,
has not always provided direct input to software system development.
Despite the provision of adequate training to understand and use EM
methods, informality is often seen in enterprise models and presents
a major obstacle. This paper focuses on one type of EM methods:
business process modelling (BPM) methods. We advocate the use of
a BPM language within a three-layer framework. The BPM language
merges two main and complimentary business process representa-
tions, IDEF3 and PSL, to introduce a Fundamental Business Process
Modelling Language (FBPML) that is designed for simplicity of use
and under-pinned by rich formality that may be used directly to sup-
port software and workflow system development.

Key-words Business Process Modelling, IDEF3, PSL, Workflow Man-
agement, Business Modelling, BSDM, Formal Method, Enterprise Mod-
elling, Collaborative (Web-based) Knowledge Management.

1 Introduction - The Gap

Enterprise modelling (EM) methods are well-recognised for their
value in organising and describing a complex, informal domain
in a more precise semi-formal structure that is intended for more
objective understanding and analysis. Example EM methods are
business modelling method, business modelling of IBM’s BSDM
(Business System Development Method) [13], process modelling
method, IDEFO[18], IDEF3[17], PSL[21], RAD[19], RACDI3],
CommonKADS Communication Model Language (CML)[26], or-
ganisational modelling, Ordit[7] Ulrich[10], capability modelling,
[22] and (Enterprise) Ontology [23], [25], [9].

Despite their use, Enterprise Models have not always provided di-
rect input for software system development. Obstacles include the
necessary training required for users to learn conceptual modelling
in general as well as the specific techniques required for the spe-
cific method applied. Generic knowledge acquisition techniques are
also needed to elicit knowledge from the application domain. One

other main obstacle is the lack of direct mapping from EM methods
to software system development. Since EM methods are normally
described at higher levels of abstraction which are independent of
implementation issues, EM methods are often used merely as a de-
scription and analysis tool of the application domain. However, as
EM methods often describe requirements from the business side, as
opposed to from the technical side, the built Enterprise Models are
natural candidates to provide a “blueprint” for business requirements
when building software systems.

Figure 1 illustrates the gap that exists between Enterprise Models
and common software systems built for organisations. It also pro-
poses three possible means, all of them based on formal methods,
Quality Assurance, Mapping of Data Structure and Workflow System,
to bridge the gap by providing direct mappings between Enterprise
Models and designing and building of software systems.

Software System

Enterprise Models (EhD)

Development
Business
Model Eelaticnal
Wotldlow
DBMS
Syst
Business Process Skl
odel Automating BPIW C10 RS
Organisational Other Software
Model Systems
Mapping of Data Structure .
Ontology UML Class
Capability Quality Diagram
Model Assurance Data Model

Figurel. Bridging Gap between Enterprise Models and Software Systems

Formal methods may be used in various ways to facilitate commu-
nication between modellers and users of models, e.g. to make tacit
information explicit and present it in different (maybe less techni-
cal and/or more familiar) forms, or to provide simulation function-
alities to allow the reader to run through possible user scenarios
in a state machine[2][20][11]. Automatic support such as knowl-



edge sharing and inconsistency checking between different Enter-
prise Models, when a set of EM has been used, may also be done
based on one commonly shared ontology [3]. The automatic sup-
port helps the modeller and user of the model understand a model in
depth, therefore enhances their ability in error detection and model
refinement. As a result, quality of the built models is improved. The
refinement process based on computing support is indicated by the
“Quality Assurance” arrow in the figure. Another way to bridge the
gap is to provide a means to transfer data and knowledge that are held
in the EM, particularly in an ontology, to software systems. This may
be done by mapping an ontology to ER (Entity-Relational) Model
(for Relational Databases) or to Class Diagram (for Object-Oriented
Databases) or other types of data structures. This is indicated by the
“Mapping of Data Structure” arrow.

This paper focuses on one type of EM method: Business Process
Modelling (BPM) Method. One direct and obvious way to make use
of BPM methods and to provide a direct input to software systems
is to build a workflow system that is based on a business process
model[8]. A definition of workflow, that is given by the Workflow
Management Coalition, that describes its relationship with a business
process is given below:

“The automation of a business process, in whole or part,
during which documents, information or tasks are passed from
one participant to another for action, according to a set of pro-
cedural rules.”[8]

Although the above approach seems obvious, in practice not all
workflow systems have received the full benefit from business pro-
cess modelling. The BPM approach towards building a workflow sys-
tem is a recent and gradual approach over the past two years. This
is different from the first generation workflow systems where BPM
was not used[12]. The reasons for such phenomena are the lack of
training and understanding of BPM methods and how they may be
applied in an organisation. The business process when it is used of-
ten does not separate business and implementation logic, and hence,
the resulting workflow system is not flexible in reaction to the dy-
namic and volatile environment within which the workflow system
operates.

Last but not least, while BPM methods are normally described at
a higher level of abstraction that enables flexibility for implementa-
tion, they do not provide sufficient details of additional information
that must be included for process enactment. It is therefore benefi-
cial to provide a means that maintains the flexibility of higher level
descriptions, while at the same time providing sufficient information
and a mechanism to carry out workflow[14].

This paper proposes a layered business process modelling ap-
proach that aims to lessen the above problems, therefore narrowing
the gap. The paper also describes the design of FBPML (Fundamen-
tal Business Process Modelling Language) and how business pro-
cesses based on it may be mapped to a visualisation of dynamic states
of a workflow system in a collaborative enterprise environment.

2 An Ontology based Three-Layer BPM
Framework

Figure 2 describes a layered business process modelling framework
which provides the means to allow higher level business processes,
objectives and policies to be carried forward and realised in the actual
implementation of software (and manual) systems. The upper two
levels of the framework describe business operations at a higher level
of abstraction; the lower level of the framework describes how these

business operations may be implemented in a software system. In
this framework, design rationale of a software system is based on a
company’s objectives, hence the corresponding software system can
be traced back to the initial business requirements and justified. Both
of these enable the system to be coherent with the overall business
aims.

Business Requirements Business Layer

Cperational Reguirements Logical Layer

Systerm Requirernents — Implementation Layer

Figure2. A Three-Layer Business Process Modelling Approach

The first layer, Business Layer, describes business requirements
of an organisation, processes that are to be carried out by the organ-
isation and information used by these processes. Information stored
in this layer are higher level descriptions that may be written in in-
formal or semi-formal documents. Examples are source data files,
mission and organisation goal statements, business plans, and sum-
mary and vision of business operations. In this layer, information
that is consolidated, such as business policies, longer lasting organi-
sational structure and business-level decisions that are used as guide-
lines for developing business process models, is in general robust
against change of technologies and (automated or manual) practices.

The second layer, Logical Layer, expresses a logical description of
business processes. This description dictates the conditions and ac-
tions of business processes, the relationships between them as well
as operational constraints on data that processes operate on. The
Logical Layer is a (semi-formal) business process model that de-
scribes business operations in ordered activities. It extracts and for-
malises business requirements using computer understandable lan-
guages, while leaving the corresponding (informal) source data side
by side in the model for reference and justification of its formal repre-
sentation. It also interprets and elaborates the abstract requirements
described in the Business Layer into more concrete constraints us-
ing the designed language to provide direct design guidelines for the
implementation of the software system. The process modelling lan-
guage, FBPML, that will be described in Section 4 resides in this
layer.

The formality described in this layer allows automatic communi-
cation with the next layer, the Implementation Layer. Logical layer,
however, does not consider the mechanism which may be used to en-
act the described processes. Such issues are dealt with in the Imple-
mentation Layer. Examples of such issues are the software paradigm
deployed, software and hardware systems involved, integration is-
sues, and programming languages used. Descriptions in the Logi-
cal Layer may have multiple mappings to descriptions in the Imple-
mentation Layer. This is particularly applicable in a complex or an
agent architecture system where different components may have dif-
ferent functionalities and means to implement the same logical pro-
cess. They also need to collaborate with each other to accomplish a
business process.

The logical layer specifies all of the process-related and the core



set of data-related integrity constraints so that the implemented sys-
tem does not violate any business or operational constraint. Since a
business process may be enacted by different system components and
they may be carried out concurrently, the business process model pro-
vides a common and sharable knowledge base for process communi-
cation during enactment. Because a business process model captures
operational logic and is independent of technologies used for imple-
mentation, it is more robust against changes of technologies.

The Implementation Layer gives detailed step-by-step algorithmic
procedures for software modules that implement processes described
in the Logical Layer. Such algorithmic procedures may be described
in a process modelling language that is capable of describing im-
plementation details, or languages similar to flow-control and data-
flow diagrams, or other application or system specific languages.
Implementation Layer tends to be technology-dependent, it may be
changed very frequently. For instance, an introduction of a new user
interface, software or hardware system component may or may not
result in a change in the logical layer, but will probably cause a
modification of the corresponding descriptions in the Implementa-
tion Layer. For this reason, processes given in the Implementation
Layer are volatile and disposable, as new technologies become avail-
able. They may be easily changed without disturbing a business’s
operation in a principle way leaving the business a more flexible and
agile system.

Information that is manipulated by logical processes is organised
in a hierarchical fashion, i.e. a Domain Ontology. The Domain On-
tology gives semantics of the information stored and is comparable
to a subset of classes that may be used to store operation related in-
formation in a database. It includes common classes (or a part of the
schema for a “relational system”) that are shared by different logical
processes to allow them to exchange information under a standard-
ised business practice. The Ontology is also mapped to procedures
that are described at the Implementation Layer which allows infor-
mation to be passed between the two levels based on the constraints
prescribed in the logical processes.

As a process may be implemented differently in different system
components, different versions of implementations may read, write,
update or delete the same data sources concurrently following the
explicit data management polices defined in the Logical Layer. The
enacted processes may also communicate with each other through in-
formation that is under-pinned by the Domain Ontology. This mech-
anism enables a close collaboration between different process en-
actments and duplication of actions may be avoided and intelligent
behaviours of the system may be generated.

The overall aim of the layered BPM framework is to provide a
principled way for business process modelling that is flexible and
therefore robust against changes in technology through time. It sepa-
rates business requirements from technical issues when making deci-
sions for developing workflow systems. This separation enables the
workflow system to be more robust and agile in response to change
of requirements in the dynamic environment that it operates within.

3 Regquirements and Design of FBPML

To provide a business process modelling language that supports to-
day’s ever changing workflow environment and meets diversified re-
quirements is not an easy task. A few design issues have been con-
sidered and acted upon, and are listed below.

e Standard: Modelling concepts that are described in the new BPM
language should meet their specialised requirements but also need

to be consistent with the current process modelling language stan-
dards. This not only keeps FBPML compliant with standard prac-
tices it also aids communication with other BPM languages and
practitioners in the field. In essence, this means concepts that are
included in standardised process modelling languages are main
candidates to be included in FBPML. As a result, FBPML is an
inherited, specialised and combined version of these standardised
modelling languages. The main languages that have influenced the
design of FBPML are IDEF3, PIF, PSL, RAD, CommonKADS
CML and the Business Modelling method of IBM’s BSDM.
Accessible: The language should be easy to learn and use for both
IT and business personnel. As one of the main business require-
ments for BPMLs is to enable business personnel to do BPM
WITHOUT IT support.[12] To achieve this, FBPML covers fun-
damental process concepts that minimise complexity introduced
by superfluous notations. It also introduces annotation notations
that are informal and not directly understandable by machine.
Such annotation is not formally a part of the model, but may pro-
vide useful explanation to the model, recording of design rationale
or simply a reminder to assist the modelling process.
Collaborative: An enterprise today is a virtual entity: it consists
of a variety of enablers that are scattered across different geo-
graphical areas. Some enablers are human whereas others are au-
tonomous agents or system components. Each enabler plays a role
in its activities and is equipped with specialised functions, capabil-
ities and authorities. Those enablers are characterised in their ex-
pertise and often behave in different ways that are best suited for
their tasks and environment. However, to achieve organisational
goals, they need to work collaboratively to accomplish their tasks.
Traditionally, BPM methods do not include or explicitly repre-
sent the concept of such enablers, their responsibilities, authori-
ties, how they collaborate with each other and what their relation-
ships are between each other. The roles that enablers play, the rela-
tionships between them and information about them are captured
in FBPML in the concept of Role.

Precise: As most of the BPM methods are informal methods, they
do not provide formal semantics for their notations. To avoid po-
tential mis-use of the modelling language and mis-interpretation
of built process models, there is a need for precise definition for
notations so that a model may be interpreted correctly and con-
sistently. IDEF3 provides a mature modelling method, graphical
notations and sound conceptualisation about processes, but there
is no formal semantic for its notation. PSL, on the other hand,
does not have a visual presentation or method, but provides for-
mal definitions of its concepts. This presents a natural opportunity
to merge the two to gain benefits from both - this is the approach
taken by FBPML.

Executable: Semantics that are defined in the BPM language
should include (or at least imply) operational definitions. This
means the use of common process components, such as trig-
ger, pre-conditions and postconditions, bear prescribed execution
mechanisms. In addition, the types of executable activities also
need to be identified and to be included as a part of the model. Pro-
cess modelling methods are inherently rich in their semantics. The
semantic of links between processes, for instance, are regarded
as dependencies between processes, yet they also bear temporal
constraints, and they may also act as triggers for the following
processes. Junctions, such as AND, OR and XOR, may be inter-
preted differently depending on the use in the diagram, e.g. as a
joint or split node. In addition, if both triggers and pre-conditions
are defined in a process, they may bear distinct implications for



execution. Users of BPM need to understand such implications in
order create a correct and appropriate model.

e Formal: Formality is important to connect a business process
model to its execution phase. Ideally, there is a direct mapping
from semantics of a business process model to application logic
(as described in the logic layer and implementation layer in the
previous section). This enables the separation between process
and application logic, yet maintains declarative design of a work-
flow system. This implies modifications made at the logic layer
automatically update processes at the implementation layer. If any
inconsistency occurs, the system will give warning to the user.
The formal approach has several advantages: automatic/intelligent
analysis, verification, validation, and simulation facilities may be
supported at the business layer[5][4]; once a business process
model is satisfactory stable, it may automatically populate a large
part of processes at the implementation layer.

4 A Declarative Executable FBPML - The
Semantics

4.1 Activity, Decomposition and Specialisation

As mentioned in the previous section, FBPML should conform with
standard practice. IDEF3, being a mature activity modelling method
that largely meets our requirements, provides the foundation for
FBPML. IDEF3[17] defines the concept of decomposition and spe-
cialisation of a process that FBPML also encompasses. Similar to
IDEF3, the concept of decomposition in FBPML allows a process
described at a higher level of abstraction to be decomposed into more
detailed sub-processes that are more explicit for its implementation
procedures. Each sub-process may also be decomposed into more
detailed descriptions. The specialisation of a process indicates the
alternative ways of carrying out a process.

Although there may be more than one alternative way of carrying
out a task; unlike decomposition where all of the sub-processes must
be carried out in order to accomplish the task, specialisation requires
only one alternative sub-process to be carried out to accomplish the
task. However, if one alternative activity does not finish the task due
to some circumstances, another alternative activity may collaborate
with the current one to accomplish the task. The detailed mecha-
nism about how different alternative processes may work together in
a coherent way in all eventualities requires a thorough examination
of implementation methods. Since this is implementation dependent
and outside the scope of this paper, it is not discussed here.

4.2 Notation

Figure 3 depicts the notation of FBPML as it is shown using KBST-
EM (Knowledge Based Support Tool for Enterprise Models)[3].
There are three types of nodes: the Main Node, Junction and An-
notation. Four types of Main Nodes are included: Activity, Primitive
Activity, Role and Time Point. Two types of Annotations are included:
the Idea Note and Navigation Note. Two types of links are provided:
the precedence-link and synchronisation-bar. There are four types of
Junctions: and, or, start and finish.

Main Nodes: As mentioned earlier, an activity node denotes the
type of process that may be decomposed or specialised into sub-
processes. In addition, the notion of Primitive Activity (from PSL)
has been introduced to denote a leaf node activity that may not be
further decomposed or specialised. Primitive activity is useful to
FBPML, as it highlights the connecting point between the higher
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Figure3. FBPML Notation

level process description and lower level implementation details that
are described in the logical and implementation layers, respectively.

Although some process modelling methods distinguish terms be-
tween process, activity and task, as one is a higher level description
of another, like IDEF3 and PSL FBPML does not make the distinc-
tion. Since a process may be further decomposed or specialised into
sub-processes that may be again further decomposed or specialised,
aprocess at one level is an activity to its “parent” process. As a result,
these terms are used interchangeably in this document.

In FBPML, an activity is uniquely identified by its name (or ID)™.
However, since FBPML (as well as IDEF3) permits the same activ-
ity to be repeated in different places in a process model, that nor-
mally exhibits different relationships between itself to other activi-
ties, the same activity may be enacted differently in a model in dif-
ferent places. Furthermore, since an activity may be a decomposition
or a specialisation of its parent activity, this adds extra meanings de-
pending on the type of sub-activity that it describes.

The semantics of an activity to a model is, therefore, defined
together by its location in the model, its usage in the model and the
content defined within itself, i.e. the Trigger(s), Pre-condition(s) and
Action(s). Post-condition(s) is often defined as a part of a process
and recorded in our model as it gives explicit checking points on
successful execution of a process. However, since it is derivable
from pre-conditions and actions of a process, we do not include it in
our formal representation. In FBPML, the location of an activity is
recorded in the field Hierarchical Position (HP). Therefore, the tuple

< HP, Activity_name, Trigger, Pre_condition, Action >

defines an activity (type) in a model using FBPML, where each
HP is unique and there may be more than one trigger, pre-condition
and action. To denote the relevance to and uniqueness in a model, an
activity is formally represented as:

activity(Activity_name, Hierarchical_Position)

where Activity_name is the name of the activity and Hierarchi-
cal_Position its location in the model. If A is a primitive activity in
the model, the above predicate name, activity, is changed to primi-
tive_activity. Since this paper only discusses semantics of notations
but not their semantics in a model, for simplicity, this section as-
sumes all activities are uniquely used in our examples and therefore

1 For pragmatic reasons, an activity 1D is created for each activity to provide
a short hand identity for an activity. Each activity name uniquely maps to
an activity ID and vice versa. Logically, we do not represent it, since it does
not add additional semantics.



uses Activity_name instead of the above predicates, activity/2, when
referring to an activity.

The predicate attribute(Activity, Attribute_name, Attribute_value)
holds the specification for an Activity type where Attribute_name
stores the corresponding attribute name, such as trigger, precondition
and action, and Attribute_value stores the attribute value that may be
a structured term or template with variables using specific grammar.
Variables that are included in the Attribute_value will be instantiated
dynamically by (process or object) instances at run time.2

The concept of Role is adapted from RAD where a Role is de-
scribed as involving a set of activities which carry out a set of respon-
sibilities. Such activities are “generally carried out by an individual
or group within the organisation”. Roles are also types and “there
can be a number of different instances of a role type active at any one
time within an organisation”[19]. In FBPML, the definition of Role
is functional and as described above, it defines the “role” that an en-
abler plays in the context of the described activities. Upon process
enactment, a role may be fulfilled by an individual, a group of peo-
ple or software components, or a combination of the above. Similar
to RAD, although different graphical presentation and process con-
cepts are used, FBPML highlights interactions between roles: each
role may have its own internal as well as communication processes.
The communication processes allow explicit definition of interaction
methods and boundary of communication within processes of each
role. Tasks and issues may be delegated, escalated or transfered be-
tween roles as a part of communication processes.

The notation of time point indicates a particular point in time dur-
ing the enactment of a process model. The reference of time point
may be decided by the implementation method of the model. A du-
ration of a time interval is indicated by two time points. A length of
time may not have association with any particular point of time.

Annotations: Two types of annotations are included: Idea Note
records textual information that is relevant to, but outside the scope
of, a process model, e.g. design rationale or a reminder for analysis
for certain parts of a model; Navigation Note records the relation-
ships between diagrams in a model. In general, annotation nodes do
not contribute semantically to a process model, but they help the or-
ganisation and management of the modelling process.

Links: Two types of links are included: Precedence-link and Syn-
chronisation Bar. Precedence-link is comparable to the more con-
strained Precedence Link, type Il, in IDEF3. In FBPML, the spec-
ification that Activity A is preceded by Activity B is denoted by
a Precedence-link from Activity A to B as shown in Figure 3. A
Precedence-link places a temporal constraint on process execution
that the execution of Activity B may NOT start before the execution
of Activity A is finished when the two processes are on the same exe-
cution path. Figure 4 illustrates the concept of path and the execution
of processes[1].2

In Figure 4, “Top Process” transforms from state So to Sn. It
is also a parent process that may be decomposed or specialised
into sub-processes. One way to propagate from state So to Sn
then is to activate the appropriate sub-processes and execute them
along the state path II =< So, 51, 52,...Sn > by activating the
process sequence ® (where several process instances may execute
synchronised or not to transfer from one state to another). We
denote an execution of process instances along a state path IT in the
predicate activation/2:

2 A separate predicate is used to store process instance attributes.
3 This Figure is adapted from [15].

Top Process *»@

~
~

(D

Pn

State Path: M =<So, S1, S2, S3,... Sn>
Execution Path: @ ={q1, @2, @3,.... @3}

Figure4. Execution Path for Processes

activation(®,II).

Given the execution path, one can formally specify the temporal
constraint between activity A and B in the formula below:

Axiom 1: Temporal Constraint
VActivity_a, Activity_b.
preceded_by(Activity_a, Activity_b)

=
VA,VB,3P,3Act.instanceof (A, Activity_a)A

instance_of (B, Activity_b)A
activation(Act, P)A

A€ Act AN B € Act

=

end_time(A, activity_a) =<
begin_time(B, activity-b)

A Precedence-Link suggests natural process flow which is if
Activity A is executed, Activity B should also be executed along
the corresponding execution path unless other conditions interact
with it. We use > to represent this nature of weaker inference that is
pronounced as should be or may be. This definition gives a process
model more flexibility and is slightly different from Precedence-Link
Type Il in IDEF3 where strong inference is prescribed. This rule is
described formally below:

Axiom 2: Dependency Constraint
VActivity_a, Activity b,
preceded_by(Activity-a, Activity_b)
7 VA, P, Act.instance_of (A, Activity_a)A
activation(Act, P)A
A€ Act

>
3B, instance_of (B, Activity_b)A
B € Act

A Precedence-Link also indicates that the completion of activity
A invokes Activity B to be activated. We introduce a property Tem-
poral Qualification (TQ) to denote that Activity B is temporally
qualified to be executed. Temporal Qualification, however, does not
guarantee the execution of an activity because it also depends on
the content of trigger and pre-conditions of that activity. We use the
predicate tq(Instance, Process) to indicate this property and end/2 to
indicate that the execution of a process instance is finished.



Axiom 3: Property of Temporal Qualification
V Activity_a, Activity_b,
preceded_by(Activity-a, Activity_b)

=
VA.instance-of (A, Activity-a)A

end(A, Activity-a)

=

dB.instance-of (B, Activity_b)A
tq(B, Activity-b)

The property of TQ is important as it implies execution logic of a
process model that separates the notation between the execution of
process instances and those that are only temporally qualified to be
executed. We introduce a separate property Full Qualification (FQ)
to define that a process is Fully Qualified, if it is Temporally Qual-
ified and that all of its triggers and pre-conditions are satisfied. A
fully qualified process instance may be executed immediately. Due
to space, we do not describe the formalism here. The properties of
TQ and FQ provide exact semantics for the execution logic that de-
termines the dynamic behaviours of a process model at run time.

The above precise definition of FBPML links signifies how it dif-
fers from most other business process modelling languages. Since
most business process modelling languages focus on the specifica-
tion ability of a process, the actual implementation steps of a process
are left out and are open to interpretation for system developers, e.g.
IDEF3, IDEFO, PSL, Business Process Model in BSDM. Since the
implementation considerations have not been provided by the orig-
inal model, it leaves a question of whether the implemented system
obeys the intended design of the system and/or whether the imple-
mentation has been carried out consistently with respect to the model.
Since such process execution rationale has not been recorded at the
first place, such questions are difficult to evaluate.*

Besides providing precise execution logic and instructions to the
implemented workflow system, the above precise semantics allows
both static as well as dynamic (state) Verification, Validation and
Critiquing (VVC) facilities on the business process model. The static
VVC techniques include error and appropriateness checking and cri-
tiquing based on the examination and comparison of different parts
of the static structure of a business process model without the ac-
tual instantiation of the model. The dynamic VVC involves test runs
of interesting scenarios through the model in an attempt to under-
stand system behaviours at run time. Similar techniques have been
applied and implemented in KBST-BM[2] for IBM’s business model
in BSDM.

As an activity may be decomposed into several sub-processes, the
activation of a top process may be accomplished by activation of its
sub-processes. In this case, the execution of the top process is not
finished unless all of the corresponding sub-processes are finished.
Again, we do not describe the formalism here.

The second type of link is Synchronisation Bar. A Synchroni-
sation Bar places a temporal constraint between two time points.
For example, one may synchronise the starting or finishing of two
processes by synchronising the “begin times” or “end times” of
the two processes. The Synchronisation between two time points is
therefore defined below:

VA € time_point, B € time_point.
synchronisation(A, B) <& A = B.

Junctions: Junctions are special or simplified activities, in that

4 This is a recurrent problem that the authors have to deal with in one of their
commercial business process modelling projects and their research projects.

they do not have triggers and pre-conditions, and their actions have
predetermined decision logic for starting, ending or branching pro-
cess execution. Four types of Junctions are included in FBPML:
start, finish, and, and or junctions.

The “start” and “finish” junctions provide an explicit indication of
the logical starting and finishing points of a process. They may also
isolate a part of a process that can be treated locally as a sub-process.
These two junctions provide a clear indication for the entry and leav-
ing points for the reader and when executing a process. It provides
a natural decomposition for testing a process and a convenient in-
dication for breaking a long complicated process when developing
workflow systems using a divide-and-conquer strategy.

An “and” or “or” junction is a one-to-many relationship that de-
scribes process execution flow and temporal constraint between the
activities that are connecting to it. Figure 5 shows how an “and” or
“or” junction may be used in a process model. As shown in the fig-
ure, there are two types of interpretations of an “and” or “or” junc-
tion: the joint or split type of junction, depending on the topology of
the process model.

{c] And Split {d) OR Split

Figure5. FBPML Joint and Split Junctions

An and- or or-joint indicates more than one preceding activity
before the “and” or “or” junction, and only one activity following
the junction. Figure 5(a) and (b) give example graphical representa-
tions of an and- and or-joint where each junction is attached to three
in-coming arrows and only one out-going arrow. A joint type of junc-
tion is sometimes also referred to as a fan-in junction in some pro-
cess modelling languages. Semantically, an and-joint indicates the
process execution flow and the temporal constraint that all of the
preceding activities must be finished before the following activity is
temporally qualified and therefore be executed. An or-joint indicates
only one of the preceding activities is required to be finished before
the following activity becomes temporally qualified and executed.

An and- or or-split indicates that there is only one activity pre-
ceding the junction, but there is more than one activity following the
junction. Figures 5(c) and (d) illustrate example and- and or-splits.
A split junction is sometimes also referred to as a fan-out junction in
some process modelling languages. Semantically, a split junction in-
dicates process flow, temporal as well as dependency constraints. An
and- or or-split indicates that all of the following activities become
temporally qualified when the preceding activity is finished. Further-
more, an and-split also indicates that all of the following activities
must be executed at some point of time after the preceding activity is
finished.

On the other hand, an or-split indicates that at least one of the fol-
lowing activities of the “or” junction will be triggered and executed



when the preceding activity is finished. It is, however, unclear how
many or which of the following activities will be triggered and exe-
cuted, since it depends upon the corresponding dynamic system state
and the trigger and pre-condition statements of the following activ-
ities. For both of the and- and or-split, all of the activities that are
described after the junction may be executed in parallel or sequen-
tially, when appropriate. The precedence-link and the junction do not
specify the exact synchronisation between these activities. Such syn-
chronisation is specified by Synchronisation Bars.

4.3 Combinational Use of Branching Junctions

Figure 6 demonstrates the four common combinational uses of “And”
and “Or” junctions. The four basic cases of combinations are given
in the Figure (a), (b), (c) and (d) accordingly and listed below: And-
And, Or-Or, And-Or, Or-And.

(2] MND-OR Junction

Figure6. FBPML Junctions Coupled

(d) OR-AND Junction

According to the definitions given for “And” and “Or” junctions in
the previous section, the and-and combination defines that activity B,
C and D must execute at some point of time after but only after ac-
tivity A is finished, and that activity E may not start execution before
B, C and D have finished.

The or-or combination, on the other hand, gives a more loose con-
straint in that, similarly to and-and combination, activity B, C or D
may only start execution after activity A is finished. However, it may
not be the case that all of B, C and D are executed - it depends on the
system dynamics and execution requirements of B, C and D. Never-
theless, since an or-split has been used here, at last one of B, C or D
must be executed. When either activity B, C or D is finished, activity
E may start its execution. The and-and and or-or combinations are
demonstrated in Figures 6(a) and (b), respectively.

Similarly, in Figure 6(c), the and-or junction indicates that activi-
ties B, C and D may start their execution after activity A is finished,
and activity E may start execution as soon as one of activities B, C
or D is finished. What is different compared to Figure 6(b) is that
activities B, C and D must all be executed at some point of time due
to the and-split.

Figure 6(d) indicates that at least one of the activity B, C or D may
be triggered and start execution after activity A is finished. Activity
E may not start its execution unless all of the triggered activities, i.e.
a combinations of B, C and D, are finished. Note that since an or-
split has been used earlier in the process model, it may not be the
case that all activities B, C and D are triggered. Nevertheless, all of
the triggered activities must be finished before activity E may start
its execution.

4.4 Discussion

As it has been described, an “And” or “Or” junction indicates a
temporal constraint between the execution of connected processes.
Furthermore, they also indicate the “execution” constraints that have
been put in the process logic. For instance, an “and-split” indicates
that all of the following activities must be executed when the pre-
ceding activity is finished. However, the model may not specify that
all of the activities must be finished before the “next wave of activi-
ties” are started. One such example is given in Figure 6c, the case of
and-or junction. Activities B, C and D may start execution in parallel
but asynchronously and may finish their execution at different times.
Activity E may start execution, as soon as one of them finishes exe-
cution. This means that activity E and activities following it may be
executing along side the un-finished activity B, C or D. Furthermore,
it is possible that all of the following activities after E are finished be-
fore activity B, C or D are finished. This may lead to an un-desirable
result in the system.

The process model described in Figure 6¢, however, is correct and
appropriate when describing a situation where the start and execution
of activity E is not temporally and semantically bound by activity B,
C and D. However, when there is such a constraint at a later stage of
the process that requires the finishing of the corresponding activity B,
Cor D, a limitation may be described in the triggers or pre-conditions
of other following activities in the model.

One way to control and avoid “left-over” processes lingering in-
definitely in the system is to define a process that is not finished
until all of its (“left-over”) sub-processes are finished. Under this
definition, the higher level process is not finished unless all of its
sub-processes are finished. This is what has been defined in FBPML.
Another way to control this is to provide a checking, alarming and
repairing mechanism that will be triggered when processes are found
lingering longer than a pre-determined period of time.

45 Demonstrating Dynamic Behavioursin Process
Panels

As a part of the AKT project[6], for AKT-TIE®, we have developed
a small PC configuration business process model that accepts cus-
tomer enquires and returns with possible pc-configuration specifica-
tion. A snap shot of the business process model for the role “Edin-
burgh” is given in Figure 7 as it is shown in our support tool KBST-
EM. This model has been successfully translated and displayed in a
workflow stepping system, I-X Process Panel. Upon instantiation, in-
stances of processes appear and are managed in I-X system’s process
panels[24][16].

ppppppp

Figure7. PC Configuration Business Process Model

5 AKT-TIE is a part of the AKT project collaborating with Peter Gray and
Kit Hui, Computer Science Department, Aberdeen University, UK.
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Figure 8 demonstrates how the instantiation of each process
presents an entry in the I-X process panel. Each entry consists of
two components: the name of the process and variables the process
takes. The parent process of processes given in Figure 7, “Perform
Top Level Process for PC Configuration”, is shown at the top row
and in bold face which is decomposed into sub-processes as those
described in Figure 7.

In 1-X, for each process instance, several actions may be per-
formed upon them and the execution status of each instance is re-
flected by different colours. In I-X, all process instances may be ex-
ecuted (done), cancelled (Not Applicable), waiting to be processed
(No Action (yet)), or decomposed into sub-processes (Expansion).
Communication processes in our model may also dispatch tasks to
other appropriate “roles” as defined in their processes. Branching of
processes is controlled by the availability of actions that may be per-
formed on the instances. For instance, in Figure 7 all processes on
the second column of the model that are after the or-split may be exe-
cuted in parallel, but this operation is only available after the “Obtain
Requirements for PC configuration” process completed its execution.

It has become apparent that it is not an easy task to provide a
declarative BPML that provides direct support for building and exe-
cuting workflow systems and that more issues are to be investigated
and resolved. Typical action types should be provided by the lan-
guages so that any models built using the language benefit directly
from it, while at the same time one needs to allow flexibility and ease
for addition or modification on existing action types. To safeguard
against inconsistencies at the modelling language level is to provide
some form of (automatic) inconsistency checking on static models
and dynamic environments. Upon executing a process model, it is
also vital that static processes are provided but the workflow system
must be able to allow the users to dynamically modify or add new
processes. Again, this will have to be done within a predetermined
safety level.

5 Conclusion

Enterprise Models need to bridge the gap to software system devel-
opment and execution, but additional mechanisms are needed so that
information that is held within them may be transferred and mapped
onto software execution. To bridge this gap, however, is not a minor
task. Diverse and often conflicting requirements are need to be ad-
dressed. In addition, formality needs to be introduced to the informal
or semi-formal enterprise modelling paradigm to provide precision
and enable automatic support. When domain knowledge is used as a
part of software system development and execution, it is also needed

to ensure that it has been checked for consistency and appropriate-
ness during the phase of enterprise modelling. This paper proposed
a declarative modelling approach in an attempt to bridge the gap be-
tween business process modelling methods to (workflow) software
systems.

Based on this approach, an initially static, high level business pro-
cess specification may be represented formally and automatically.
Based on the formalism, automatic verification, validation and cri-
tiquing may therefore be provided as a part of normal modelling ac-
tivities. Furthermore, the modelling notation bears exact execution
instructions that may be mapped to software modules that are com-
ponents of a workflow system. This gives the prospect of rapid pro-
totyping and testing of a workflow system that is based on the model.
This benefit will not be possible without providing execution seman-
tics in a model.

It will be advantageous that more similar work as reported in
this paper is carried out for all Enterprise Models to narrow the
gap which currently exists at various places between EM methods
and software system development. When this is done, the set of
Enterprise Models together may provide a holistic and clearer
view as well as more direct instructions, particularly from the
business, organisational, knowledge, information and process points
of view, to assist the process of software system development for the
organisation.
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A Cooperative Approach to Corporate Memory Modeling
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Abstract. Nowadays, the importance of Knowledge Management
is growing in organizational contexts. Corporate Memory is an
appropriate tool to represent organizational knowledge. This work
presents an ontology-based approach to Corporate Memory
modeling. In it, the members of an organization act as ‘knowledge
builders” and they construct the Corporate Memory co-
operatively. Furthermore, the employees who take part of the
Corporate Memory construction process are allowed to use their
own terminology, even for requesting information about the
Corporate Memory until a specific instant.

Keywords: Knowledge Management, Ontology, Corporate
Memory, Mereology, Reusable Component.

1 INTRODUCTION

Nowadays, Knowledge Management (KM) is one of the key
factors in organizations since the current trend is to evolve from
employees to ‘knowledge workers’ ([6]; [21]). The fact is that
organizations are realizing that knowledge increases the value of
their products and services in addition to providing a competitive
advantage. According to [29], the objectives of KM in an
organization are to promote knowledge growth, knowledge
communication and knowledge preservation in the organization.
There are various types of significant knowledge for an
organization. Thus, we should mention the identification of critical
knowledge functions and the knowledge of who knows what in the
organization as the most important factors. This knowledge must
be kept in some way in the organization and that is why the
concept of Corporate Memory (CM) arises.

The know-how knowledge is usually distributed inside an
organization, so in order to facilitate its access and reuse it must be
integrated coherently, that is, expressed as a CM. This has been
considered as a key element for performing Knowledge
Management because it facilitates knowledge conservation,
distribution, and reuse. In recent literature we can find many
definitions for CM. The authors in [31] defines a CM as an
“explicit, disembodied, persistent representation of knowledge and
information in an organization” while [23] does it as “the collective
data and knowledge resources of a company, including project
experiences, problem solving expertise, etc”.
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In [2] a CM is understood as “a container that integrates
contextual information, documents and unstructured information,
facilitating its use, sharing and reuse”. Its main function would be
to improve the organizations’ competitiveness through the way
their own knowledge is managed. Some authors consider the CM
as a link mechanism between past and future knowledge in relation
to the processes and activities that take place inside organizations.
In particular [30] defines CM as “the means through which all the
operative knowledge accumulated in the past is put in the present
to be used in the activities performed in the organization”.

In [8], the authors came up to the concept of Corporate Memory
through the concept of activity in an enterprise. For these authors, a
CM is comprised of a set of activities and an activity is defined as
in [18]: “what people do, hour after hour, day after day: finally,
employees achieve all these works because they know they can do
them, they think they have to do them, all of this doings involving
specific know-how as simple as they could be”.

Regarding the activitities involved in KM as a process,
according to [11] the following ones can be enumerated: i)
identification and mapping of intellectual goods belonging to the
organization, ii) generation of knew knowledge that will permit
gaining a competitive advantage, iii) compilation of amounts of
organizational information in an accessible way, and, iv) sharing
best of practice and technology, including groupware techniques
and the intranets.

In [26], the CM management is described as comprised of six
processes: detection of needs, building, distribution, use, evaluation
and evolution of the CM. Our work addresses four of these steps:
knowledge construction, knowledge distribution, use of the
knowledge and maintenance of the knowledge. Our approach to the
problem has been carried out through a distributed perspective, that
is, we have defined a system to manage Distributed Corporate
Memories which facilitates knowledge sharing and collaboration
between groups of people which can be at different geographic
locations.

The technology used to represent the knowledge in our work has
been the ontology, element that has been considered to be
necessary to perform an appropriate Knowledge Management
([4];[25]). An ontology is commonly viewed as a specification of a
domain knowledge conceptualization [32]. We can find domain
ontologies (for example, a virus ontology in medicine) and
enterprise ontologies (description of an enterprise model). Both of
them can and must be included in a corporate memory. In our
approach, each group of people generates an ontology concerning
the previously mentioned significant (for the organization)
knowledge of the group. This ontology represents a part of the
organization, which must be shared with the rest of groups that
belong to the same organization or to other collaborating
organizations. To allow this knowledge sharing, we must proceed



to integrate the knowledge from each ontology (one for each
group). The cooperative building of knowledge pieces is an
emergent topic and there are also different projects working on it
such as KA? [3], Chimaera [20] or PROMPT [16].

The structure of this article is the following. Section 2 introduces
some ground concepts of our approach, as well as how the system
faces the steps of Corporate Memory and Knowledge Management.
In Section 3, we explain the ontological model followed to
represent the knowledge of each group of the organization. Section
4 describes the main characteristics of the system implemented.
Section 5 presents a practical example of an application domain
through which the system has been validated. Finally, we make
some final conclusions in Section 6.

2 KNOWLEDGE MANAGEMENT AND
CORPORATE MEMORIES

The main processes in KM can be described as in [11]: “identifying
and mapping intellectual assets within the organization, generating
new knowledge for competitive advantage within the organization,
making vast amounts of corporate information accessible, sharing
of best practices, and technology that enables all the above,
including Groupware and intranets”. Therefore, it cannot be seen as
a product but as a process which has to be implemented over a
period of time. As it is pointed out in [4], this process has “as much
to do with human relationships as it does with business practice
and information technology”.

Distributed Knowledge Management Systems (DKMSs) are
increasing their significance rapidly due to the growing importance
of knowledge distribution. An example of a DKMS is a Corporate
Memory (CM). A CM integrates contextual information,
documents and unstructured information, facilitating its access,
sharing and reuse. Its main function is to enhance the
organization’s competitiveness by the way it manages its
knowledge [1].

In this work, we assume that an organization is divided into
different groups. Each group is comprised of people and a group
can be characterized by its number of members. Groups can have
one or more members, so that those can be described as non empty
sets of persons. From a functional point of view, a group can be a
department of the organization or a group of people in charge of
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Figure 1. A co-operative organization

some specific tasks or responsibilities in the organization because
not all the organizations or enterprises are organized in the same
manner. Therefore, our notion of group was conceived to be
flexible enough to be applied to a variety of types of organization
structure.

The concept of ‘group’ is not new in the context of Corporate
Memories. It has already appeared in literature, for instance in [14],
"a CM is a repository of knowledge and know-how of a set of
individuals working in a particular firm”. Our concept of CM is not
restricted to a unique organization but it is also applicable to a co-
operative enterprise. For us, a co-operative enterprise can be seen
as a collection of groups of people belonging to one or more
organizations, so that those groups can and must work co-
operatively.

Figure 1 shows our concept of co-operative organization as well
as the division of the organization in the terms that this work has
been focused on. In this particular case, there are two organizations
divided into groups. Each organization is comprised of two groups
and each one has a manager. Organization 1 and Organization 2
have made an agreement for collaborating in doing some project.
Therefore, the co-operative organization is comprised of four
working groups and the corporate memory for this organization
must cover the knowledge generated by the four groups. The
manager has only local significance and there must be a decision
about who is going to be the manager of the organization. The
graphic on the right side of Figure 1 represents the internal
structure of a group in the organization. A group is defined as a set
of employees and an administrator who manages the group.

2.1 Corporate Memory Management

As we pointed out before in this paper, the management of a
Corporate Memory is comprised of six main steps: detection of
needs in the organization, construction of the CM, diffusion of the
CM, use of the CM, and evaluation and evolution of the CM [10].
The first step is out of the scope of this work since it requires an
exhaustive analysis of the organization in order to establish its
needs and our approach tries to be generic and organization
independent. The rest of steps have been dealt with in our work. In
the following sub-sections, we present how our system performs
the mentioned steps.

Employeel Enployee2
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2.1.1 Construction

The Corporate Memory is built from the knowledge that exists in
the organization. According to [6], knowledge has a double nature:
explicit and tacit. Explicit knowledge is the knowledge that can be
explained verbally or written down easily. On the other hand, tacit
knowledge is the knowledge that cannot be made explicit due to
different reasons, such as the impossibility of making certain
knowledge available for others, (i.e., the incapacity of externalizing
it in order to make it explicit).

We can find four different patterns for the creation of knowledge
in an organization [24]:

e  Socialization: Sharing tacit knowledge between individuals.
The knowledge remains tacit without being transformed into
explicit. This kind of pattern is not very interesting for the
organization because of its tacit nature. (Tacit = Tacit)

e  Articulation: Someone transforms tacit knowledge into
explicit knowledge. (Tacit = Explicit)

e  Synthesis: Combination of explicit knowledge to create new
explicit knowledge. (Explicit = Explicit)

e Internalization: Process of transforming explicit knowledge
into tacit knowledge. (Explicit = Tacit).

In our approach, we are only interested in knowledge expressed
in an explicit manner, because it is the unique type of knowledge
that can be directly (i.e., without processing) shareable, accessible
for and reusable by people within the same group or organization.
The knowledge is created by the employees of the organization,
who are members of one or more groups of the (co-operative)
organization. All the knowledge is made explicit by some
specialized applications integrated in our system, so becoming
shareable and reusable in an easier way. Our choice for internally
representing knowledge has been the ontology as we stated above
and the ontological model followed to develop this system is
described further in this paper. In summary, the knowledge is
created by employees and put into the CM by the system through
ontologies because of the good properties of ontologies for
facilitating CM Management. These allow for knowledge sharing
and reuse, in addition to the ontology characteristic of permitting a
formal representation of knowledge. This ontology feature is
another key factor when deciding which representation technology
is the most appropriate for knowledge modeling.

To end with the creation of knowledge, we should mention the
facilities to express knowledge offered by the system. The basic
knowledge element is the concept, which can be a logical or
physical entity in the organization. Examples of organization-
relevant concepts are department, employee, process, etc. These
concepts have attributes (i.e., properties) that make them different
from other concepts, that is, a concept is partly characterized by its
attributes, although it is also characterized by its relationships with
other concepts of the corporate memory. In this work, two types of
attributes are considered:

e  Specific attributes: These are the attributes a concept has by
its nature.

e Inherited attributes: These attributes are derived from
relationships with other concepts.

Concerning the relationships a concept may have, we
contemplate three types of inter-concept relationships:

e CLASS-OF: It means that a concept ‘is a class of’ another
concept. For instance, an employee ‘is a class of” person. This
kind of relationship is useful to establish the hierarchies at
different levels in the organization and it implies attribute

inheritance. A concept is a classification of another concept
attending to one or more attributes of the parent concept. This
non-empty set of attributes of the parent concept by which the
classification is made is called the ‘specialization’ that every
CLASS-OF relationship induces.

e PART-OF: It means that a concept ‘is a part of another
concept’. For instance, an employee ‘is a part of a
department. Partonomies are useful to express structural
divisions in the organization or in elements of the organization
(departments, processes, etc).

e AFTER: It means that a concept ‘occurs after’ another
concept. For instance, the process of evolution of knowledge
‘occurs after’ the process of evaluation of the knowledge. This
kind of relationship is important in an organization to
establish temporal links between processes. For example, if
we are modeling the resolution process of a failure, there can
be different tasks to perform in order to fix it. This process
will involve a task execution order that may be established by
using this kind of relationship.

These three types of relations are included in the set of most
common relations in real domains [17]. In particular, we consider
the temporal relation useful in organizational contexts in order to
deal with workflow representation and management (i.e., the
temporal dimension underlying organizational processes can be
specified through this type of relation).

2.1.2 Distribution

This aspect concerns the distribution of knowledge to the staff of
the organization. In particular, the purpose is to know who is
allowed to know what in the organization. If the distribution is
made automatically this will occur as soon as new knowledge is
available or after a request for knowledge actualization is made.
However, the distribution process has two groups of elements that
take part in it. The first group is comprised of the groups (or
employees) who have new knowledge to introduce in the corporate
memory, that is, people who can communicate some organization-
relevant knowledge in some way to the rest of the organization.
The system must capture this knowledge first in order to make it
available for the rest of the community (the co-operative
organization in this case). The second group is formed by the rest
of the mentioned community, namely, people who must be
interested in having access to the new knowledge available in the
organization. Therefore, knowledge distribution can be regarded
from two perspectives: knowledge collection versus new
knowledge access.

Knowledge collection is a more critical factor for us, so it must
be performed on a ‘as soon as possible’ basis, that is, when the
system detects or assumes the existence of new knowledge, it must
be retrieved. Thus, when employees are generating knowledge for
the organization and other employees want to check for the
existing knowledge, the system must retrieve the new knowledge
in order to provide the best possible knowledge to the employees
who request for that knowledge. The discussion about knowledge
collection can be moved to a different domain, namely, knowledge
distribution, which is concerning with how and when employees
have access to the knowledge. An employee will be able to receive
the new knowledge included in the corporate memory of the
organization by requesting for it. Therefore, this process can be
seen as a passive knowledge distribution. The knowledge created
by the employees of the organization is stored in a knowledge



server and the system provides a web-based access to the corporate
memory via Internet/Intranet.

2.1.3 Use

A corporate memory management system must provide a simple
and comfortable use for the employees of the organization. In other
words, the exploitation process of the system must be conceived to
be friendly with the system users (i.e., the employees of a (co-
operative) organization). This implies to provide a well-
documented system and friendly, intuitive user interfaces without
forgetting that we are providing a web-based access to the
knowledge. Another aim of our work was to display the
information graphically. The exploitation of our system is briefly
explained in Section 4, and the system's modus operandi is
illustrated through a practical example (Section 5).

According to those requirements, the system has been designed
to have flexible knowledge visualization, allowing the users to see
what they want at each instant. To be more precise, the following
visualization options are facilitated by the system:

e  Complete corporate memory: This option shows the hierarchy
defined by the corporate memory at a specific instant.

e  Concept exploration: This option allows the user to visualize a
specific concept, in terms of attributes and relationships with
other concepts belonging to the corporate memory.

e  Expanding taxonomic hierarchies: This option visualizes the
existing taxonomies with respect to a specific set of attributes
of a concept.

2.1.4 Maintenance

We can bring the processes of evaluation and evolution of the
corporate memory together into the process of maintenance of the
CM, although we can discuss about them independently. The
evaluation of the CM means to estimate the usefulness of the CM
for the organization from different points of view. The objective of
this process is to assess the improvements originated by the
introduction of the CM in the organization. The evaluation of the
CM is out of the scope of this work because this process is
organization-dependent. However, we think that the exchange of
know-how within the organization will be always a benefit for it.

Concerning the evolution of the corporate memory, [11] stated
that it depends on the results of the evaluation process. This is
obvious because if the organization estimates that the corporate
memory is useless for its purpose, there will be no need for
maintaining the CM working. Maintaining a CM implies to add
new knowledge when it is generated, to remove obsolete
knowledge from the CM and to solve coherence and consistency
problems which are intrinsic problems of co-operative work. The
removal of obsolete knowledge can be made by the system
manager, who can and must decide when some knowledge has
become obsolete. Another possibility is that the obsolete
knowledge is replaced by new knowledge belonging to the same
user or group.

The addition of new knowledge to the system has been explained
in the sub-section about knowledge creation, but we do not have
explained what happens when the new knowledge is inconsistent

with other existing knowledge in the corporate memory. The
system we present here has a user-oriented philosophy for
managing the knowledge a specific user is going to receive. That
is, our knowledge integration approach makes it available to the
user the integration of the knowledge kept in the system that is
consistent with his/her own knowledge.

3 THE ONTOLOGICAL BASIS OF THE
SYSTEM

In this section, the technology used in this work to make it possible
the Corporate Memory Management is described. An ontology is
seen as a specification of a domain knowledge conceptualization.
Ontologies are represented here by means of multiple hierarchical
restricted domains (MHRD) in a similar sense of that employed by
other authors (see, for instance, [13]). The notion of Partial,
Hierarchical, Multiple and Restricted Domain (PHMRD) [19] has
been utilized for this work. A PHMRD can be specified as a set of
concepts which are defined through a set of attributes. In
PMHRD’s, we contemplate three types of permitted relationships
among whatever two concepts: taxonomic (allowing for multiple
inheritance), mereological and temporal ones. Taxonomic
relationships are assumed to hold all the irreflexive, the
antisymmetric and the transitive properties, while mereological
relationships are assumed to hold all of them except for the
transitive one [5].

Regarding temporal concept relationships, these hold the same
properties as taxonomic relationships. In order to implement this
type of relationships, the FTCN model, as employed in [7], has
been used. This model has been introduced to formalize the
computational representation of general situations in which an
arbitrary number of events are specified. A FTCN is a couple
<X,L>, where X= {X,, X, ..., X,} is a finite set of variables and
L= {Lj| i, j < n} represents a finite set of binary fuzzy constraints.
The variable X, represents a precise origin, in our case, when the
time is supposed to start (i.e. when the first process of the temporal
chain starts). Therefore, each constraint Ly; defines the absolute
value of X;. By translating this into the organization domain, if X;
stands for the occurrence of a specific process, Lo; will define the
fuzzy time at which the process starts.

In this work, we have made use of possibility distributions for
the FCTN model. In particular, the trapezoidal one has been
employed, because of its good properties for our goal. We can
characterize a trapezoidal distribution by four parameters: m; = (a,
B, v, 0):

e Base of the distribution: Set of values ¢ € t such that m; (£) > 0.
It gives all the possible values.

e Kernel of the distribution: Set of values ¢ € t such that m; (f) =
1. It gives the completely possible values.

The left hand side of Figure 2 shows a generic trapezoidal
distribution, while the right part of it shows the fuzzy number
associated to an event whose occurrence time is “approximately at
8:00”. Arithmetic operations on this distribution are reduced to
apply them to the base and kernel, as follows:

1. Addition: (a,, B,,7,,0,) ®(a,, B,,7,,0,) =(a, + oy, By + By, 7, + 75,0, +0,)
2.Intersection(a,, B,,7,,0,) N (&, B,,7,,0,) =(maxia,,a, } ,maxif,, B, },min{y,,y, },min{o,,6,})



Once we have introduced the complete network, the next task it
to minimize it in order to find the minimal network that meets the
original constraints. This will help us to calculate the estimated
occurrence time of each process, which will be its absolute value
from X, Ly;, as we stated previously. The algorithm that we have
used detects inconsistency in the network and produces a minimal
network as well. The body of such an algorithm is the following:

a)
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Figure 2. An example of trapezoidal distribution

We assume that the system is supplied with ontologies without
inconsistencies in order to avoid the evaluation of them once they
have been built. For it, and given that each ontology can be built in
a particular way, users in charge of dealing directly with the
(ontological) internal knowledge representation in our approach
(i.e., employees of the KM department) must introduce their own
ontologies by using a specific format for the ontology file. In this
work, we refer to users as people belonging to the organization that
are using the KM system presented here. The specification of this
pseudo-language can be resumed as follows. It is comprised of the
concepts which are part of the ontology. Each concept is defined
through its attributes, its name and its parent concepts, either
mereological, taxonomic or temporal ones. The successfully
parsing of the ontologies defined according to this model is granted
to be consistent.

3.1 The Integration Process

The author in [22] states that the reuse of ontologies has
important advantages in Knowledge-based Systems research. We
agree with that statement because it is easier to generate knowledge
from different source ontologies (belonging to the groups) than
generating it from scratch (i.e., starting from having no information
at all). As we mentioned previously in this article, the aim of this
work was the design and implementation of a tool for building
distributed corporate memories from the knowledge supplied by a
set of groups of people. Thus, the starting point for this process is a
set of “individual” ontologies that have been built by employees or
by groups. Thus, through the integration process the different
existing ontologies are transformed into a global ontology which
unifies the knowledge of each (different) viewpoint. Some
considerations about such “individual” ontologies should be made.
Such ontologies possess a private nature, that is, no one except for
the owner has access to them, as well as the capability for
modifying the knowledge included in those ontologies. Therefore,
employees/groups  have not direct access to  other
employees’/groups’ knowledge, although they can benefit from the
knowledge possessed by other employees/groups by means of the
integration process. A user can only see his/her private ontology
and the global one. Moreover, integration is performed
transparently to knowledge suppliers, because they do not know
when integration processes are requested and performed.

begin
for k:=0tondo
for i:==0tondo
for j:= 0 to n do
Lj=Lyn(La®Ly);
if Lj; = ny then exit “inconsistency”

end
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Due to the cooperative nature of the integration process, different
problems must be solved, namely, redundancy, synonymy, and
inconsistency:

a) Redundant Information. Two different ontologies might
attempt to describe the same part of the domain knowledge.
Given this eventuality, it would be desirable that the system
was capable of managing this possible situation so that
redundancies could be avoided.

b) Use of synonym terms for a concept. Apart from dealing with
redundant information, different ontologies can employ
different terminologies for the same concept. In other words,
there can be a correspondence between different terms
employed for a given concept [28]. During the ontology
construction process, the information concerning the use of
synonym terms for a concept must be stored and managed,
since a particular terminology should not be imposed to any
expert during the Knowledge Acquisition process. However,
an ontology would strive towards 'consensual knowledge', that
is, a fixed terminology. Synonyms are possible but, ideally,
everybody should agree on the terminology. Inconsistent
knowledge. This aspect has a double nature.

¢) An ontology can be internally or externally inconsistent. We
say that an ontology is internally inconsistent when there are
some parts of it that are inconsistent with other parts of itself.
For instance, an ontology is internally inconsistent if any
property concerning relationships between concepts is not
satisfied (i.e., if a concept 'A' is a taxonomic parent of another
concept 'B' and 'B' is a taxonomic parent of 'A'  then the
ontology is internally inconsistent. An ontology can be
externally inconsistent with respect to another ontology, that
is, both descriptions of the same domain are incompatible. In
particular, inconsistencies between (a part of) the knowledge
corresponding to a group’s ontology at a given instant (we
refer to this ontology from now on as Ojt)) and the
knowledge of the ontology obtained by the integration process
until that instant (we refer to this ontology from now on as
Oin(t)) could appear. In this case, the knowledge from Oj(t)
would be assumed as the valid one, because we have
considered the fact that Oy, (t) might have been checked by the
owner group during the construction of their own ontology.



In order to achieve this goal, the system must be able to solve
some possible consistency conflicts between the candidate
ontologies to be integrated until a specific instant. In particular,
each time that a group adds or modifies knowledge to its private
ontology, such knowledge will have to be incorporated into Ojy(t).
It is also remarkable that more than one group might decide to send
its knowledge contribution to Oj,(t) at the same time. This made it
necessary that the system was able to distinguish amongst pieces of
knowledge belonging to different groups. In this sense, a group-
oriented integration principle has been followed, which basically
states that ‘the knowledge in Oy, (t) at a specific instant will have to
be consistent with that included in every private group ontology
(O4(t)) for every previous instant’.

In order to integrate the knowledge specified in groups’
ontologies (i.e., the ontologies that belong to groups who are
members of the same co-operative organization), the following
algorithms have been followed [15].

3.1.1 Ontological_Integration

Let Oy(t) be the i-th ontology that is intended to be incorporated
into Oj,(t); n = number of ontologies to integrate. Let candidates(t)
be the set of ontologies to integrate.

Fori=1 ton
If (there is any ontology Oj(t) belonging to candidates(t) such
that Oj(t) and Oj(t) belong to the same user) then (remove from
candidates(t) the oldest ontology)
End-if
End-for
subset= Select_Ontologies(candidates(t))
i=1
While i < Card(subset) do
Ontological Inclusion(O;(t),0;,(t)) (this algorithm is defined
below).
End-while
Ontological Transformation(O;,,(?))
End

3.1.2 Ontological Inclusion

Let Oj(t) be the j-th ontology that is intended to be incorporated
into Ojy(t); fopic is the topic which the final user requests
information about; Oj(t) is the ontology whose root is topic-
according to-group i in Opy(t).

Add Oj(t) to Ojn(t) as a mereological child concept, so that its root
is topic-according to-user j
End

3.1.3 Select_Ontologies

Let candidates(t) be the set of candidate ontologies to be integrated.
Let compatible;(t) be the set of ontologies Oj(t) belonging to
candidates(t) that are compatible with Oj(t).

For i=1 to Card(candidates(t))
For i=j to Card(candidates(t))
compatible;j(t)=compatible;(t) U O;j (t) if compatible(Oi(t), O;(1))
End-For
End-For
Return the best subset according to the desired criterion (i.e., the
subset with higher number of ontologies)
End
where

equivalent(x,y) is true if and only if for each concept belonging to

X, there is another from y such that both of them have the same

attributes and parent/children concepts and they are not temporally

inconsistent concepts.

inconsistent(x,y) is true if and only if there are at least 2 concepts,

one belonging to O;(t) and the other to Oy,(t), such that one of the

following conditions holds:

a) They both have the same name, the concepts do not have any
attribute in common and their respective parent/children
concepts (if there were any) have the same attributes.

b) They both have the same attributes, there is no other concept,
which is parent of one of them, with the same attributes than
the attributes of any parent of the other concept. The same
property holds for the children.

¢) They are temporally inconsistent concepts.
compatible(x,y) is true if and only if (not(inconsistent(x,y) or
equivalent(x,y)));
temporally inconsistent concepts(c(t),c’(t)) is true if there is a
concept ¢”’(t) which belongs to the same ontology as c(t), whose
name is the same as the name of ¢’(t) and there is a concept ¢’’’(t)
which belongs to the same ontology as c¢’(t), whose name is the
same as the name of c(t) such that one of the following conditions
holds:

a) c(t) is a temporal parent concept of c¢’’(t) and c¢’”’(t) is a
temporal parent concept of ¢’(t).

b) c(t) is a temporal child concept of ¢’’(t) and ¢’’’(t) is a
temporal child concept of ¢’(t)

3.1.4 Ontological_Transformation

Let Oy,(t) be the integration-derived ontology and let O;(t) be each
mereological child of Oj(t) and n= number of mereological
children of Oy,(t).

Fori=1ton
For each concept c(t) belonging to O;(t) do
If there is any concept c'(t) belonging to Oy,(t) such that
equivalent concepts(c(t),c'(t)) or (c(t) and c'(t) have the
same name)
then merge_attributes_and_relationships(c(t), c'(t))
else link c(t) with its parents in Oy,(t)
End-for
End-for
where equivalent concepts(x,y) is true if and only both
concepts have the same attributes and parent/children
concepts and they are not temporally inconsistent concepts.

4 GENERAL DESCRIPTION OF THE SYSTEM

The aim of the designed and implemented application was to
develop a system and framework for managing a corporate
memory that allowed an organization to take advantage of
the knowledge supplied by the (internal or collaborating)
groups belonging to the organization. The starting point of
the system is a set of organization groups working in an
intranet/internet and generating knowledge co-operatively
but independently one group from another. In other words,
this co-operation is totally transparent for each group because they
do not know whether their knowledge is shared with other groups’
one. A group is never allowed to see the knowledge created by
another group directly nor modify other groups’ work, but each
group receives the global benefits from all the groups’ (knowledge)
contributions represented by ontologies. The system differentiates
among two types of users, namely:



e  Group: This is an organization working division unit, that is, a
collective of people who generates knowledge for the system
in such a way that other groups are able to look it up. Any
group combine its own contribution with that of other groups
of the same (co-operative) organization.

e Manager: This is the figure in charge of keeping the system
working correctly. Another responsibility left to the manager
is the management of groups as well as the knowledge to be
maintained in the system.

A similar approach could be used for groups management. We
could see each group as an organization, and we could split each
group into two or more different types of users. We propose the
following types of users in a specific group:

e Employee: This is a system worker, that is, a person who
generates knowledge for the group(s) (s)he belongs to in such
a way that other employees are able to look it up. Any
employee may combine his’her own contribution with that of
other employees from his/her same groups.

e Administrator: This is the figure in charge of managing the
employees and the knowledge concerning a specific group.

4.1 Architecture and Implementation of the System

The solution we have adopted is to use a client/server architecture,
where a group corresponds to a client and the corporate memory is
kept in the server. Therefore, the software developed has two
different parts, one for the client and another for the server.
Knowledge integration is produced when an employee or group
applies for it. It may happen that at that specific moment there exist
some employees working on the generation of new knowledge they
consider interesting for the organization such as new best practices
or new versions of previous existing knowledge, so the knowledge
of the corporate memory could have become obsolete. This
represented a design problem we had to face, because there were
two possibilities to choose: integrating the known system’s
knowledge until the moment the request is made, or actualizing the
system’s knowledge. We have decided to adopt in our prototype
the second one because one of our goals was to maximize the
quality of the information our users receive from the system.

However, this solution implies to keep track of the active users.
Each time that an employee wants to have a look at the state of the
corporate memory, the system checks a user register in order to
know if its knowledge needs to be actualized. In case there is any
possible new knowledge, it must be retrieved to increase the
quality of the corporate memory. We needed to add new elements
to our first architecture, so becoming more complex. Finally, the
process of knowledge integration is briefly described as follows:
Checking whether the knowledge in the corporate memory is up to
date. If it is not, actualize it. Finally, supply the employee with the
requested knowledge.

An employee can actualize the corporate memory, either because
(s)he wishes to do it (by using the “Actualize corporate memory”
option) or by an automatic actualization operation due to another
employee’s request. Once the knowledge has been integrated, the
following step is to personalize the information. At this stage, the
user has the chance for redefining the terminology that is assigned
to the concepts belonging to the derived ontology. Then, the user
will have better information about the topic than the one (s)he
previously had when the request was made. Therefore, (s)he will
be able to decide the terminology more accurately. Users are
offered the possibility of changing the name that has been given to
a concept by the process. The new name could be the one assigned
by another user, who must have taken part in the integration

process, or a different one that the user thinks to be more
appropriate.

Attending to the properties and requisites that we have
established in previous sections, a tool has been implemented in
JAVA. Besides the client/server application, there is a web version
that allows users to see the state of the corporate memory at a given
instant.

5 A PRACTICAL EXAMPLE

The example we present in this section is based on an ontology
built by last (fifth) year students at our university. The purpose was
to build a co-operative enterprise and design a corporate memory
model for it. We are not going to display the whole ontology but
we are going to constraint our presentation to a general overview of
the model, going (at first levels), in depth in the technical support
area of the enterprise. The domain subject to study in this work was
the film projectors industry. For it, several interviews with some
domain experts were carried out before coming up with the model
whose first levels are shown in Figure 3. This model has been got
after integrating the (partial) models through the system we present
in this paper. The complete model will be accessible at our group
web page in the next months.

Figure 4 shows the part of the company that we have centered
our efforts on, namely, the technical support department. We can
see the knowledge schema about this department is divided into
four parts: technical staff; the strategy of the department to face
their working situations such as behavioral rules, working
guidelines, etc; knowledge about the type of failures a projector
can suffer from (diagnosis, treatments and best practices which
help the technical staff to perform their job in a more efficient
way); and suggestions about the company or the department.

In Figure 4, we can see the three different relationships between
concepts: the knowledge about technical staff ‘is a part of’ the
knowledge about the technical support department; the knowledge
about adjustments ‘is a class of” the knowledge about treatments of
failures; the replacement of a bulb ‘occurs after’ a failure in the
bulb has been diagnosed. The delay between the detection of the
failure and the replacement of the bulb is represented as a fuzzy
number, according to the temporal ontology representation
described in Section 3. For example, the bulb is replaced between 5
and 10 minutes after the bulb failure has been diagnosed.

Finally, Figure 5 represents a screen snapshot of the system
implemented. It is the part of the ontology that concerns the
knowledge about the diagnosis process. We present here four
possible families of reasons for project failure: sound, film, picture
and bulb. We repeat that this model is not complete but only a
brief introduction to what is feasible to do following our approach.

We can see the steps of corporate memory management in this
example. We stated earlier in this section that we come up to this
CM model after integrating different (partial) models. These
(partial) models have been constructed by employees of the
organization, in this case the students who simulated the (co-
operative) organization. In this domain, employees are not
supposed to know about ontologies or any other technology for
representing knowledge. Therefore, the initial CM is constructed
by the Knowledge Management department by using different
techniques for extracting knowledge.

A group can be seen as a department in this organization and the
administrator of each group can be a member of the Knowledge
Management department because they are in charge of introducing
the knowledge into the CM when an employee makes a request for
adding new knowledge to it. This is part of the distribution of the
CM whose description is continued next.
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The model of the example represents a user request for checking
the state of the CM. When this process is executed, the request
goes to the administrator of his/her group, who is in charge of
supplying the user with the best possible and accessible knowledge
according to his/her preferences. Figure 5 shows the exploration of
the concept 'Bulb replacement’, and it represents a way of using the
knowledge of the system for increasing the user’s knowledge. The
maintenance of the knowledge cannot be illustrated with this
example because maintenance is a dynamic process while we are
showing a snapshot of the system at a given instant.

6 CONCLUSIONS

Knowledge Management (KM) is an emergent topic in Artificial
Intelligence and organizational environments. There is not any tool
that provides a complete KM yet, but its current significance has
encouraged the search for solutions capable of facilitating
Knowledge Management. Thus, this work describes the design and
implementation of a system through which employees of an
organization can build, consult and maintain a Corporate Memory
(CM) in a co-operative way. These (users) employees may be at
different geographical locations (i.e. sites). The objective of a CM
is to facilitate the sharing of the knowledge that exits within the
organization in order to increase its productivity and
competitiveness. The knowledge of employees is agreed to be the
most important knowledge source for an organization but its main
properties are its privacy and its tacit nature in most cases. The CM
is an element that helps to make this knowledge public and explicit
to other members of the organization. Our approach is similar to
[32], where a CM is supposed to play two roles in the organization:
passive (i.e., knowledge collector) and active (i.e., knowledge
disseminator).

CM management implies to perform some key operations that
have been detailed in this work. These include the construction of
the CM from the knowledge which exists in the organization, its
distribution to the staff of the organization, its use within the
organizational frame, and the maintenance of the CM and the
knowledge which is kept by the CM in order to ensure its correct
temporal evolution. Some authors (see [31]) include information
about external elements to the organization by splitting the CM
into two: an external corporate memory and an internal one. Our
approach is different since the way in which we construct the CM
allows for the introduction of each piece of knowledge that is
useful for the organization, independently of their (internal or
external) origin.

Our approach covers the main processes in KM. The CM model
represents an intellectual asset for the organization. In this
approach, the generation of new knowledge is facilitated by the
system, the corporate information is accessible and best practices
can be shared by the members of the organization. Our CM model
includes three different relationships (taxonomic, mereological and
temporal), which allow employees to establish several kinds of
relationships among the concepts they may be interested in. The
definition of types of mechanisms for integrating knowledge
facilitates one of the goals of a CM, namely, the reuse of
knowledge to create new one in the context of organizations, so
reducing the cost of obtaining it. This process is made through an
adaptation of the terminology that is used for an employee’s
knowledge (formalized as an ontology) with respect to the global
knowledge kept in the CM.

However, the selection of the most adequate terminology for the
knowledge the user will receive depends on some parameters,
particularly on two. The first one is the consistency of the
knowledge that is intended to be introduced into the CM with the

knowledge kept in the CM. The second parameter is the amount of
knowledge which is contained in a specific piece of knowledge. An
advantage of our approach is that the consistency of the knowledge
of the CM is guaranteed due to the fact that each new (candidate)
piece of knowledge to be included in the system is evaluated to
check whether it is inconsistent with the current state of the system
or not. In case there is any inconsistency between a new piece of
knowledge of a user and his/her previous knowledge, the new piece
of knowledge is considered to be the valid one and this one takes
part of the integration process.

Collaborative knowledge building is not new. Thus, in [14], the
authors have presented a system for collaborative construction of
consensual knowledge bases. Such a system is based on the peer-
reviewed journals: before introducing some piece of knowledge in
a knowledge base, that piece must be submitted to and accepted by
a given community. In order to achieve it, the definition of a
protocol for submitting knowledge is provided. The consistency of
the knowledge introduced into the CM is guaranteed by this
principle and leads to the collaborative dialog among the experts.
An important concern underlying this approach is that the
community must use the same terminology. In our approach, a
mechanism for synonym concepts management, that allows each
agent to operate with its particular vocabulary, overcomes this
problem. In order to solve the problem of synonym concepts, we
use an approach close to that used by [33]. However, the way in
which those conflicts are detected is different. In our approach, it is
the system that is in charge of finding out which concepts are
synonyms and which ones are not. This facility is not included in
[33].

Three types of problems derived from the collaborative nature of
the global ontology creation have been presented. These problems
arise from the existence of different viewpoints different
employees/groups can maintain with respect to a same domain.
Then, the integration process can be seen as the unification of a
group of consistent viewpoints. In literature, different approaches
for managing inconsistencies among different viewpoints can be
found. In [12], different consistency rules are defined to establish
how the different viewpoints can be unified, and inconsistencies
are prompted so that users choose how to solve conflicts. However,
this solution cannot be applied in our approach because we intend
to integrate automatically ontologies. In [9], a method for the
comparison and integration of multiple viewpoints is presented. An
extension of such approach can be found in [27] to represent and
manage a Corporate Memory. In these works, different types of
links are established among conceptual graphs. Moreover, different
strategies, which can only be applied under certain circumstances,
are used for solving conflicts. However, these links only cover
relations between different entities, so that this approach does not
take into account attributes. Therefore, this solution is not adequate
for our approach.

Finally, some remarks about future work should be made. We
plan to extend the approach in order to contemplate more (real)
situations that can exist in an organizational context. For example,
the inclusion of new types of relationships, extending the ones
available now (i.e., taxonomic, mereological and temporal) is
interesting because it will contribute to make our system more
realistic and adequate to organizational environments. More
facilities concerning users’ preferences is another desirable future
feature of the system. Another suggestion about future work is the
inclusion of multimedia contents, which could make it easier to
employees the understanding of specific concepts that belong to a
domain in which they have not much background knowledge.
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To supply organization views, suited to users. an
approach to the design of organizational memories

J.-Y. Fortierl, C. Cormierl, G. Kassell, C. Barryz, C.Irastorzal, S. Bruauxd

Abstract. Our work concerns the elaboration of organizational
memories (OM). We investigate the feasibility and the benefit
of a strong coupling between a knowledge base and a docu-
ments base. Such a coupling supposes that the knowledge to
manage is distributed, at one and the same time, in a knowl-
edge model and documents. This distribution raises many
guestions such as: what knowledge to model?, and how to
diffuse the modeled knowledge? In reply to the first question,
we recommend modeling the organization for which the mem-
ory is elaborated, while insisting on the benefits and the gen-
ericity of the approach. For the diffusion of the modeled knowl-
edge, we suggest introducing a mechanism of generation of
documents adapted to the user’s expectations. This paper pres-
ents our first results, in particular a generic software architec-
ture which is currently developed. We illustrate these results
with the elaboration of an OM for our research team, which
constitutes a privileged experimental field for our work.

Key words: Methodologies and tools for Knowledge Man-
agement, Knowledge modeling and enterprise modeling, Se-
mantic Portals, Ontologies and Information Sharing.

1 INTRODUCTION

In this paper, we present the first results of a project whose aim
is to define a method and a software architecture to develop
hybrid organizational memories (OM). Such OMs are based on
the “strong” coupling between a knowledge base (KB) and a
documents base (DB).

The current approaches for the elaboration of hybrid memo-
ries consist in the coupling of an ontology with a DB to index
documents and/or enable their annotation [2] [12]. These cou-
plings are “weak” because the unique aim of the knowledge
model — the ontology, and possibly, some annotations — is to
facilitate the access to the documents. The knowledge which is
managed is only in the documents. In our project, on the con-
trary, we study the feasibility and the benefit of a “strong”
coupling. We consider that the knowledge to manage is both in
the knowledge model and in the documents. We therefore seek

1 LaRIA, Knowledge Engineering team, University of Picardie Jules Verne
5, rue du Moulin Neuf — 80000 Amiens, France, <name>@laria.u-picar-
diefr

2 PSI, INSA of Rouen, Place Emile Blondel, BP 08, 76131 Mont Saint Ai-
gnan Cedex, France grebova @insa-rouen.fr

to place the two forms of knowledge explicitation on the same
level, searching for the strongest complementarity to manage
knowledge.

Concerning the use of the knowledge, each explicitation
form has indeed its own characteristics: the more the knowl-
edge is structured, the easier it is to transform and to diffuse it;
on the other hand, the more important is the initial cost for the
formalization and the more complex is its maintenance. Then
these different explicitation forms are complementary and they
must be chosen by considering the value of the knowledge for
the organization and its cost of acquisition and formalization
[5].

The notion of documents' enrichment with the help of formal
models of knowledge, as defined by [19] and exemplified in the
project ScholOnto [6], is going towards a strong coupling.
However, concerning the access to knowledge and its diffusion,
an important dissymmetry persists. On the one hand, with the
DB, we have many documents whose contents and form obey to
an aim of communication on a fixed subject, for a fixed reader-
ship. On the other hand, with the formal knowledge model, we
have a monolithic model whose role is not to inform about a
fixed subject but to provide contextual knowledge to facilitate
the access to documents and the interpretation of their contents.
The knowledge model is then always oriented towards the
documents and its contents don't benefit of the same facilities
of diffusion.

In order to realize a true strong coupling between a KB and
a DB and to provide the modeled knowledge with the same
facilities of diffusion, we suggest to introduce a mechanism of
generation of documents from the modeled knowledge. In
response to an user’s reguest concerning a theme tackled in the
knowledge model, a structured description, whose contents are
adapted to the expectation of the user, is constructed. This
mechanism is integrated in a larger document, that we call
“knowledge book”, playing the role of portal for the memory
[24]. The knowledge book presents the subjects tackled in the
knowledge model and assembles, for a fixed user, a set of
predefined requests.

In order to define our approach and evaluate our software
architecture, we have chosen to manage the knowledge of our



research team [16]. We have also developed a prototype of OM,

in anear context of industrial research [11].

In the paper, we complete the description of our work ac-
cording to the following plan:

- Section 2 describes the principles followed to achieve a
strong coupling between the knowledge model and the
documents.

- Section 3 presents a generic software architecture of OM,
whose components are currently implemented. In particular,
we see how the module in charge of the construction of
documents, called “Writer”, collaborates with the modules
implementing our knowledge representation language De-
fOnto [17]: a compiler and an inference engine.

- Section 4 presents the method of ontologies construction,
OntoSpec [15], which is associated with the approach, and
the role played by the two manifestations of the ontology
that the method considers: a semi-informal ontology and a
computational ontology specified in DefOnto.

- Section 5 emphasizes the contribution of DefOnto in the
elaboration of the memory, in terms of power of expression
and inferential services.

- Section 6 presents the prototype of OM redlized in the proj-
ect of managing our team knowledge.

- Section 7 assembles comparisons between our work and
other projects.

2 PRINCIPLES OF A STRONG COUPLING

This section presents principles retained to realize a strong
coupling. They concern the choice of knowledge to model §2.1
and the way the modeled knowledge is diffused §2.2.

2.1 Tomode the organization: interest and
genericity of the approach

As the choice of the knowledge to model depends, as we said
before, on many parameters, notably on the value of knowledge
for the organization, one has to expect that this choice varies
from one application to the other. In this section, we present the
choice that we have undertaken in our projects. In addition we
put forward arguments to consider this choice as generic, that is
to say susceptible to be retained in a large number of applica-
tions.

We suggest modeling the organization for which the memory
is constructed and to elaborate this model by successive re-
finements.

A model of the organization describes the structure of the
organization, its members, its partners, its activities, its prod-
ucts or results, and its documentation. Such a model satisfies
different objectives, often put forward to motivate projects of
OM construction:

- To help diffuse the documentation. The model contains
many references to documents. For example, the description
of actors or partners of the organization makes reference to
documents of which they are authors or publishers. Simi-
larly, the description of activities led within the organization
(e.g, meetings, projects) makes reference to related docu-
ments (e.g., meeting reviews, documentation of project).

Therefore the model of the organization offers a context to
access to documents.

- To help integrate a new actor in the organization. Such a
model notably informs the newcomer of activities to which
the different members of the organization participate, their
responsibilities in these activities, the state of project fur-
therance. In addition, the newcomer is aware of documents
that he/she has to consult as a priority and of their location.

As we can see, a simple model of the organization, making
no reference to the business knowledge of the organization, can
offer a good return on the investment in time required for mod-
eling knowledge. It allows to construct, at a low cost, a first
version of the memory and to interest actors of the organization
in the knowledge management project.

Thereafter, such a model can be complicated, notably by
modeling business knowledge of the organization. It becomes
then possible, for example, to describe the competence of or-
ganization members by connecting them to business objects
(e.g.: [7]), to preserve knowledge for activities judged crucial
(e.g.: [13]) or to index documents by their contents to facilitate
their access (e.g.: [22]). We thus recommend an incremental
development of the model of the organization, each supple-
mentary effort of modeling leading to the addition of a new
service to the memory.

Should be noted that elaborating the model of the organiza-
tion supposes that the notions necessary for its expression have
been beforehand defined, for example the notions of “partner”,
“confidential document” or “internal project”. Here we meet
the question of the construction of ontologies. It is necessary
therefore to consider that the KB contains both the model of the
organization and its associated ontology. In section 4, we deal
with the method of construction of the ontology and we empha-
size the role played by the ontology in the exploitation of the
memory.

2.2 Diffusion of the modeled knowledge by means
of documents suited to the profile of the user

The KB is specified in a formal language of representation, as
far as we want the OM to reason about the modeled knowledge,
and we therefore face the question of the mode of diffusion of
this knowledge.

The contents of the KB can't be indeed diffused as they
stand, for several reasons. On the one hand, representations of
knowledge are specified in a computer language and are there-
fore hardly understandable for a human being. On the other
hand, the order of the entities of representation in the KB cor-
responds to a KB development logic, not to a knowledge trans-
mission logic. In addition, it is out of the question to present
the totality of the KB to a member of the organization, if only
because of access rights to some information.

We therefore suggest generating from the KB a “readable”
document, whose contents are adapted to the needs of the user,
that we call “knowledge book”. Such a document contains a
summary (atable of contents) gathering, in the way of a classic
book, an ordered set of themes. Each theme corresponds to a
subject tackled in the knowledge model, in our case to a partial
view of the organization. More precisely, a theme corresponds
to an object, or a list of objects, described in the knowledge



model, for example a person, a project or an organization. The
selection of atheme in the summary, to consult the contents of
the corresponding section of the book, leads to the construction
on the fly of the presentation of the corresponding object (or set
of objects), by a software module called “Writer”. The Writer
takes into account both predefined models of presentation of
types of objects (one does not present a person like a project),
the ontology and the profile of the user, to elaborate a struc-
tured description.

Thus, each user receives a book, where both the summary
and the contents of sections are adapted to his expectations and
to his profile. This supposes that the memory disposes of dif-
ferent summaries, adapted to the different profiles of users.
These summaries are defined by a member of the organization
playing the role of administrator of the memory.

3 SOFTWARE ARCHITECTURE

Let's see how the different functionalities we have just de-
scribed are materialized in term of a software architecture.
Figure 1 shows a general view of our OM architecture (the
main software modules are graphically represented by rectan-
gles). It defines two different roles that may be played by or-
ganization actors, the roles of editor and consultant.
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Fig. 1. OM architecture

Acting as an editor, the user edits different knowledge
sources in order to build them up and maintain them:

- The Knowledge Base, composed of the ontology and the
organization’ model, is formalized in the DefOnto language.
This KB is trandated by a compiler to an internal represen-
tation (in JAVA), whose structure is optimized to alow in-
ferences. The addition of new descriptions in the organiza-
tion” model leads to extensions of the internal representation
(incremental compilation). The inferences are realized by
the Inference Engine.

- The Documents Base. The addition and the deletion of
documents are assumed by the document administrator, who
also maintains the DefOnto description of the documents in
the KB, with the help of the KB Administrator. We can no-
tice that some documents can be described in the KB with-
out being stored in the DB. This is the case, for instance,
with papers, archived in cupboards, or with web sites for
which we only archive the address.

- The user profiles, which consist in a list of user “types’:
consultant (internal or externa to the organization), editor
(of the ontology, of the organization model, etc.). Each type
of user is linked to a book skeleton and some rights of ac-
cess regarding the level of confidentiadity of the knowledge
or the documents.

- The book skeletons, which contain the structured summaries
of the books. A summary is defined by alist of themes and
sub-themes corresponding to partial views of the model of
the organization. Each terminal element of the summary cor-
responds to a precise information request, related to one
object or a list of objects, that is sent to the Writer by the
Interface.

- The presentation models, which consist in an ordered set of
properties for a given type of object. Yet for a same type of
object to present, the model may differ according to the
rights of the consultant (an external person can’'t see confi-
dential information), the level of description expected (we
don’t expect the same description in an introduction and in a
sub-section dedicated to this object).

As we can seeg, there are different types of editors, each one
needing some special ahilities: the editor of users profiles must
be aware of consultants needs whereas the ontology editor
should be a knowledge engineer with knowledge modeling
skills and so, he may not be an employee of the organization.

Acting as a consultant, the user has access to his knowledge
book. At that time, heis able to perform different actions:

- To select an entry of the summary, that leads to the writing
of the corresponding section by the Writer and its visualiza-
tion by the Interface. The related information request is
translated by the Writer to elementary requests that are
transmitted to the Request module. The latter searches into
the KB using the Inference Engine to answer these elemen-
tary requests. In the end, the Writer exploits the produced
answers, the user profile and presentation models prede-
fined for each type of entity (e.g.: person, project) to write
the section.

- To express an information request, not anticipated in the
summary, and whose answer will flesh out the book. The
user has to deal with the Writer, which will help him to ex-
press his request. The rest of the processing is similar to that
of apredefined request of the summary.

4 BUILDING AND ROLESPLAYED BY AN
ONTOLOGY IN THE CONCEPTION AND
EXPLOITATION OF THE MEMORY

We have seen that the KB is composed of a model of the or-
ganization and of an ontology. The latter has different func-
tions, constituting an help for the conception and exploitation



of the model of the organization. In this section, we emphasized
the contribution of the ontology to strong coupling, from meth-
odological point of view, successively presenting: the method
“OntoSpec” for building ontologies [15], which is integrated in
our method of OM building §4.1; the two manifestations of the
ontology considered by OntoSpec, a semi-informal conceptual
ontology 84.2 and a computational ontology §4.3, specifying
their respective role; the ontology OntoOrg, built in different
projects of memories construction, and which congtitutes a
resource bound to our method 84.4.

4.1 Ontology construction

The method OntoSpec [15] results from an evolution of the

methodological framework defined in [18]. OntoSpec suggests

to organize the development of an ontology with two main steps
named “ontologization” and “ operationalization”:

- Ontologization corresponds to acquisition and modeling of
ontological knowledge (the notions). It is guided by model-
ing primitives (e.g., concept, relation, essential property),
the specification being made at the “knowledge level”,
which means that no computer constraint is taken into ac-
count (e.g., language syntax, inference time). This step leads
to a conceptual ontology, specified in a semi-informal way.

- Operationalization takes as data the conceptual ontology to
code it into the language of representation DefOnto. As De-
fOnto is also a programming language, this step leads to a
computational ontology.

Such a decomposition is inherited from KBS building meth-
ods which, like the CommonKADS methodology [23], distin-
guish two levels of modeling: a modeling to make sense and a
modeling to implement a system. We aso find it in methodolo-
gies for ontology building like METHONTOLOGY [10] and

TERMINAE [4]3.

Among these two steps, ontologization is certainly the more
crucial step. It allows cooperative work between a knowledge
engineer and the actors of the organization receiving the mem-
ory, to get a coherent, complete and consensual, system of
concepts. It is led by the tasks that the memory must assist,
tasks which determine the nature of the organization’ model to
consider. Once the conceptua ontology obtained, the operation-
aization consists in coding the modeled knowledge using the
language DefOnto. This step can be done by a computer scien-
tist who knows the constructions of the language and its infer-
ential services.

4.2 The conceptual ontology

The conceptual ontology is specified in a semi-informal way,
which means that definitions of conceptua entities (concepts
and relations) are expressed in a strongly structured and con-
trolled natural language.

The structure of a definition (cf. examples in figure 2) is
based on a classification of propositions which are likely to
contribute to the contents of the definition:

3 A comparison of OntoSpec with these methods is out of range of this
paper. Theinterested reader will read (Kassel, 2002).

- Some propositions are used to express properties of objects
denoted by the conceptua entity. At a first level, the prop-
erties are classified as “essential” properties (EP) or
“incidental” (I P)4. At a second level, the properties are clas-
sified according to “roles’ they play regarding the defined
conceptual entity. These roles can be abstract (e.g., Neces-
sary Condition (NC), Sufficient Condition (SC)) or more
specific, and in this case specialize the previous (e.g., Sub-
sumption Link (SL), Subsumption Link with Differentia
(SLD), Link of Mutual Exclusion (LME), Relational Link
(RL), Domain Restriction (DR), Range Restriction (RR)).

- Other propositions are used to express comments, aiming,
either at clarifying the definition supplying examples and/or
counter examples, or, for the modeler, a memorizing
choices of modeling. An important example of comment,
intended to reinforce the understanding of definitions, con-
sists in explaining the presence of “semantic axes’ (SA)
when a notion is specialized according to several dimen-
sions. So, the notion of “document” can give birth to notions
of “electronic document” and “paper document”, according
to the physica support used, notions of “document in
French” and “document in English”, according to the lan-
guage used, finally notions of “announcement of thesis pres-
entation” and of “call to participation to scientific event”,
according to the communicating intention of the document's
author.

Employee: [EP/SLD] an EMPLOY EE is a PERSON who
WORKS ON BEHALF OF an EMPLOYER. [EP/RL]
Every EMPLOYEE IS PAID BY the EMPLOYER who
employs him. [SA] The concept EMPLOYEE is spe-
cidized in ENGINEER, RESEARCHER according to
the nature of work reslized by the EMPLOY EE.

Electronic document: [EP/SLD] An ELECTRONIC
DOCUMENT is a DOCUMENT which HAS A
SUPPORT electronic. [EP/RL] Every ELECTRONIC
DOCUMENT HAS FOR FORMAT a FORMAT.
[EP/LME] The ELECTRONIC DOCUMENTS are op-
posed to PAPER DOCUMENTS.

Works on behalf of; is employed by: [EP/SL] WORK
ON BEHALF OF implies TO BE USED AS A
RESOURCE BY. [DR & RR].An EMPLOYEE WORKS
ON BEHALF OF an EMPLOYER.

Fig. 2. Semi-informal definitions of two concepts and of onerelation

In addition to this catal ogue of propositions, whose roleis to
control the contents of a definition, the knowledge engineer has
rules at his disposal to control the expression in language, such
as.

- Rules to paraphrase each type of proposition, in order to get
homogenous definitions.

- Typographical conventions to place words used in the defi-
nition in relation to the current conceptualization. For ex-

4 The essential properties are verified by the objects denoted by the concept
in every situation, or world, possible. They are thus “really” definitiona.
Conversdly, the incidental properties are satisfied only in the subrange of
situations where memory islikely to be confronted.



ample, when aterm is used in a meaning corresponding to a
notion of the ontology, this word iswritten in capital letters.

In addition to being used as a basis for coding the computa-
tional ontology in DefOnto, the conceptua ontology becomes
encapsulated, as it is, in the computational ontology, which
alows it to be exploited by the Writer. So, to answer a query
on the sense of a term, the Writer exploits the semi-informal
structured definition associated to the concept, to extract the
definitional properties and to suggest a definition of the term.

4.3 The computational ontology

The computational ontology is specified with the language
DefOnto [17]. It is obtained by coding semi-informal proposi-
tions into formal propositions (cf. figure 3). However, due to a
limited propositional power of expression of DefOnto, some
semi-informal propositions don't have their equivalent in De-
fOnto. In the definition of the concept EMPLOYEE, it is for

example the case for the second propositi on®. This reduction of
sense justifies that we keep the conceptua ontology encapsu-
lated in the computational ontology.

DefOnto is a compiled language. The formal ontology, and
declarations of objects which are instances of the concepts of
ontology, are trandated into an internal data structure (cf.
figure 1). The compiler successively makes a lexical and syn-
tactic analysis, then a semantic one of the internal representa-
tion of DefOnto. The internal data structure is optimized to
provide inferential services. The latter are described in 85.2.

{DefGenConcept #employee
= [#person] -> (W E#works_on_behalf of) -> [#employer])
{DefGenConcept #electronic_document
= [#document] -= WT#haz_a_support) -> “electronic”
ObjectsProperties
- (AF#has for format) - [#format]
SetProperties
-= (#1s_disjoint with) -> [#paperdocument])
(DefEelation #works on behalf of
Iad [#is used as resource_by]
EelationPropetties

-= (#has for domain) -= [#employee]

-= (#has_for range) -= [#employer])

Fig. 3. Definition in DefOnto of two generic concepts and one relation

5 This proposition “every employee is paid by the employer who employs
him” has for equivaent in first order logic : " X"y employee(x) ®
(employer(y) U employs(y,x) ® ispaidby(x,y)). The use of the variable
y, in logic, alows to bind the entity which employs to the one which
pays. The lack of variable in DefOnto explains why we can't represent
this proposition.

4.4 OntoOrg: an ontology dedicated to the
management of or ganizational knowledge

The experience that we have accumulated in different projects
of memory building shows that the construction of the ontology
remains, in spite of the existence of methodological guides, a
complex process which constitutes a real bottle neck for the
step of knowledge modeling. This fact explains why we con-
sider the reuse of existing ontologies as a critical aspect for the
process of ontology building. In our project, we approach this
aspect from the point of view of the management of the life-
cycle of ontologies developed for different applications.

To build the ontology OntoPME, within the framework of
our project of OM for our team [18] [16], we mainly reused the
ontology of the project (KA)? [2] and, to a lesser extent, Enter-
prise Ontology [25]. Recently, for a second project, we reused
OntoPME to build OntoDCRIT by adapting OntoPME to the
needs of a new organization [11]. A work in progress consists
in integrating the two ontologies into a generic ontology On-
toOrg, which builds on the needs met in the two projects, while
erasing the particularities of the concerned organizations. The
stake of this work is to have a resource with growing quality to
reduce the cost of ontology building for future applications.

OntoOrg ontology is composed of five sub-ontologies corre-
sponding to five great themes, or types of objects. activities,
documents, events, organizations and persons. Figure 4 graphi-
caly shows semantic axes structuring the sub-ontology of
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5 CONTRIBUTION OF THE LANGUAGE
DefOnto TO STRONG COUPLING

In this section we go back to DefOnto to put ahead two impor-
tant aspects of the language regarding our goal of strong cou-

6 A french verson of OntoPME can be consulted a URL:
http://www.laria.u-picardie.fr/EQUIPES/ic/demo/onto-pme.html.  On-
toOrg will be on-line on July 2002.




pling. On the one hand, we present the power of expression
offered by DefOnto to formalize the model of the organization
§5.1. On the other hand, we describe the inferential services
provided by DefOnto and the query language used to make the
coupling between the Inference engine and the Writer 85.2.

5.1 Formalization in DefOnto of the mode of the
organization

In addition to the representation of generic concepts, or classes
of objects, DefOnto allows to represent individual concepts, i.e.
points of view on individual objects, and this capacity is used to
formalize the model of the organization. Two origina charac-

teristics, which are not shared by other languages [17] 7, confer
to DefOnto a great power of expression for this purpose. They
areillustrated in the representations presented in figure 5.

A first characteristic is the possibility to define relations on
relations, which confers to DefOnto a large propositional power
of expression. This possibility is used in the description of the
object #KE_team to represent the complex proposition: “KE
team takes part in A2C2 project with HEUDIASYC partner,
since January 1% 2002”.

A second important characteristic is the possibility to define
metarknowledge, which alows the definition of classes of
concepts, propositions and entities of representation. It becomes
thus possible to represent the following knowledge: “the fact
that the KE team takes part in mounting X X007 project is a
confidential  information” (the  concept  #confiden-
tial_information is defined as a class of propositions); “The
entity representing the document (Fortier, 2001) was put in the
KB on October 5" 2001" (the property
#has for_intrance_date in_KB bears on the entity of repre-
sentation and not on the object).

We have just seen with these examples that DefOnto allows
to represent a relatively complex model of the organization,
that is assuredly an important point regarding our goal to man-
age knowledge at once in the knowledge model and in the
documents.

7 Comparisons of DefOnto with other languages of representation (e.g.,
LOOM and OIL) ae gathered on site  http://www.lariau-
picardie.frfEQUIPES/ic/L angComp/

(DeflndConcept #KE team
Ish [Hresearch team)
OhbjectPropetties
-* (#is_a_component of) > [#LaRIA]
-= (#has_for responsible) -> [#Gilles Kassel]
- (Htakes part in project) —
> [#A202)
== (Bwith pattner) ->= [#Heudiasye]
-» (fsince) -> [#january 1st 200327
2= (Htakes part in mounting project) —
- [REEODT]
-> (#proposition_belongs_to) -> [#confidential information],)
(DeflndConcept #(Fortier, 2001)
IsA {[HLaRIA _internal tepot], [#stage report]}
ObjectProperties
-= (#has_for_publishing date) -> [#september-1st-2001]
EntityProperties
== (fhas_ for intrance date in KE) -> [#october-5th-20017)

Fig. 5. Definition of two individual conceptsin DefOnto

5.2 Inference services of DefOnto

DefOnto provides a query language congtituted of a range of
filters types. Each filter type corresponds to a particular type of
query bearing on contents of the KB, notably:

- To return the explicit extension of a concept of the ontology,
for example to return al interna reports: [#internal_report
*X].

- To compute the extension of a concept of the ontology taking
into account the ontological knowledge, for example to de-
termine all the interna reports taking into account the fact
that an activity report is an interna report: (can-infer-than
[#internal_report *x]).

- To determine if an object explicitly (resp. implicitly) be-
longs to the extension of a concept of the ontology, for ex-
ample to determine if (Cormier & al., 2002) is an internal
report: [#internal_report #(Cormier & al., 2002)], or (can-
infer-than [#internal_report #(Cormier & a., 2002)]).

- To determine the set of linked objects to a given object
according to a given relation, for example to determine who
are the authors of (Cormier & a., 2002): [#has for_author
#Cormier & d., 2002) *y].

Theses queries are transmitted to the Query module by the
Writer and are evaluated by the Inference engine. A request of
the user, for example, find al internal reports published from a
given date, can correspond to a conjunction of filters. The role
of the Query module is also to integrate results of the evalua-
tion of different filters.



6 REALIZATION OF AN OM PROTOTYPE

Within the framework of our project PME (project of team
memory), we have developed an OM prototype. This one is
composed of two knowledge books using the same KB. A first

book, accessible on Internets, presents the KE team of LaRIA
and more widely the KE community in France and abroad by
presenting teams, projects and documents, of reference. A
second book, only accessible on ateam’s intranet, constitutes a
work tool for the team. In addition to the information available
in the first book, it permits to edit documents with restricted
diffusion (work notes, reports of meetings, etc.) and indicates
more detailed information on the team’ s projects.

Such a book (cf. figure 6) consists in two parts: the left part
corresponds to the visualization of a table of contents and the
right part corresponds to the visualization of the contents of the
sections. The latter corresponds to a partial view of the organ-
izational model generated by the Writer.

The table of contents is made up of a set of ordered themes.
For example, the editor of the book (accessible on the Internet)
has estimated that the presentation of the KE team of LaRIA
should begin with the general presentation of the team and
should continue with a presentation of its members, then of its
partners. The themes can be broken down in sub-themes. The
theme “Its projects’, in our example, is broken down in two
sub-themes: “internal projects’ and “projectsin collaboration”.

A navigation in the table of contents allows the user to se-
lect a theme. The activation of the theme generates the con-
struction of the corresponding view. This view corresponds to

the structured description of obj ects®.

(DefConceptlnd #Giles Eassel
. o contat G, Kassel by e-mall: cick kere
Foreword
sh [# researcher]
Waningo the esder
Chapter 1-- The KE team of LaRIA
1. Thezeam
2.The sembers
3. The satnns
4 The rojcts! > (#wotks_at) -» [#14F]
5.The *hD.inprogress .
-> (#is_drector_of) > #LaRCA)
6. The gubtications /.
> (is_reember_of) -> ((#KE Tea], [£ AFIA], # GRACOL, [#
ARCO],
> (#taices_oart_in) -> ‘[# Agent-Dotble], [# PME], [# CACIC-
Chapter IT - The Knowledge PROSPER], (2 SATOT) S
Engineering in France e
" -> (fis_in_charge_of) -> ([#K3 Tearr], [# Azeat-Douole], [#
ane SATIN)
— ] > e o (64 Mo D TV 14 st Dot ]
(€ Temine T |

Fig. 6. Visudization of the knowledge book

In our example (cf. figure 6), the contents in the right win-
dow correspond to the results of the activation of the theme “its

8 http://www.laria.u-picardie.frfEQUIPES/ic/demollivre-ic.html

9 Actually, the prototype that implements our software architecture directly
uses the files which compose the KB formalized in DefOnto. A new ver-
sion integrating the functionalities of the “writer” module will be soon
accessible.

members’. After the Writer retrieved al the necessary ele-
ments, he sends a request to the Request component to obtain
the objects and the properties to show to the consultant. Then,
he writes a XML file with these results and sends it to the
Interface which can easily process it to adapt the order of pres-
entation. This possibility isinteresting only for alist of objects.
The interface can change the order of presentation according to
the user’ choice. In our example, the Interface shows a response
to the consultant which consists in an ordered list of descrip-
tions of the members of the team; it begins with the presenta-
tion of the team leader. Then the permanent members are pre-
sented. The Ph.D. students and the associated members termi-
nate the presentation. For each member, his’her name and
his’her address are first indicated, then the projects in which
he/she participates, and, if they exist, his’her responsibilities.
The consultant may prefer a presentation according to the proj-
ect in which the person participates rather than according to the
administrative function. Concerning documents, the consultant
can prefer to order the presentation by date, by author or by
subject.

The objects descriptions mention different entities: concepts
and relations which are part of the ontology (e.g.: researcher,
supervisor), and other objects which structure the model of the
organization. Links on these entities (cf. figure 6) alow the
user to get other knowledge. They alow to see a definition of
concept or relation, or the description of another object. When
following the links, the user can in particular reach the de-
scription of the set of referenced documents.

Finally, some actions are allowed on certain objects with the
purpose of interacting with the entities of the physical world
that the objects model. For example, it is possible to edit
documents for which we have an electronic version with the
help of the document administrator which is in charge of
maintaining the document’ base or to contact someone with the
mail. In our example in figure 5, we can contact Gilles Kassel
in activating the link “click here”.

7 RELATED WORKS

In this section we compare our memory architecture to other
architectures relying on a KB and DB coupling.

We find in the (KA)?2 project [2] and its recent continuations
[24] a memory architecture close to ours: the KB is made with
web pages annotations, and the ontology is used both to model
annotations and to infer implicit knowledge during the queries.
The replies consist however in objects lists, not in structured
objects descriptions. Moreover, these replies don't take a user
profile into consideration.

The CoMMA European project [12] mainly aims at evalu-
ating the contribution of a multi-agents approach to design and
to implement OM. It exploits emergent web technologies
(XML, RDF(S)) for the annotations and ontology specification.
With the trandlation of these RDF(S) specifications to concep-
tual graphs and the use of CORESE inference engine [8], we
find again an architecture close to ours. Moreover this project
has recently led to an expansion of RDF(S) to extend the ex-
pression capability for the ontology and annotations specifica-
tion [9]. Nevertheless, asin the (KA)2 project, the query replies
only consist in elementary objects lists.



In the ScholOnto and myPlanet projects [6][14], which rely
on the notion of documents enrichment [19], the KB contains
knowledge to facilitate the documents access and their contents
interpretation. The KB/DB coupling is therefore used, as in
(KA)2 and CoOMMA, to make the information retrieval easier by
using knowledge models.

In our approach, the model of the organization plays the
same role of documentation contextualization, but it is besides
exploited for itself, in a strong coupling perspective. This ex-
ploitation goes through the addition of a diffusion mechanism
for the modeled knowledge, which takes the form of a genera-
tion of customized virtual documents.

8 PROSPECTS

The works we have just exposed are going into different direc-
tions.

A first version of the set of software modules, which con-
stitutes our OM architecture, is currently being built. The
multi-agents approach, aready used in different OM projects
[1] [12], seems well suited for the implementation of such
software architectures. We have chosen to use the JADE plat-
form [3] asin the COMMA project.

Currently, the presentation models are linked to the objects
in the book skeleton, which leads to duplicate these models and
also to incorporate the user’ profiles in these models. To over-
come these limitations, we plan to adopt a knowledge-based
approach for the Writer which will dispose of generation meth-
ods for the elaboration of structured descriptions. Such an
approach will provide us more flexibility to take into account
the users profiles.

At the same time we plan to carry out other experiments and
capitalize on the experience both in the software architecture
and in the associated OM development method.
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An Intellectual Genealogy Graph
~ Affording a Fine Prospect of Organizational L earning ~

Mitsuru Ikeda' and Y usuke Hayashi' and Hiroyuki Tsumota" and Riichiro Mizoguchi®

Abstract. The word of “learning’, in a wide sense, isused as a
part of the socid system of education and it has been attracting
researchers interest in our research area of educational systems.
The goal of this research is to support creation and inheritance of
organizationa intellect, that is, “learning” in an organization. In
this paper, we will propose an “Intellectual Genealogy Graph,”
which is a model representing chronological correlation among
persons, activities, and intellect in an organization. The
intellectual genealogy graph is a basis of intelligent functions
which is useful for surveying current learning conditions and
clarifying the intellectual role of individuals, organizations, and
documents in the organization.

1. INTORODUCTION

We continue to learn during our lifetimes. As researchers, for
example, we learn basic knowledge through ‘book learning’,
acquire up-to-date knowledge from the literature, develop original
knowledge for ourselves, and then disseminate it to society. In this
sense, we can share the idea that “life is a continuous process of
learning.” Usage of the word "learning” here has a rather wide
sense; it is subtly different from the cusomary sense in which we
use it to refer to the learning process established as a part of the
socia system of education.

“Learning” in a wide sense includes various forms of learning:
for example, workplace learning, life-long learning, organizational
learning, and so on. Viewing learning as an implicit, daily,
long-term, practical activity is an important trend in many research
areas related to the area of computers in education. As examples,
the concepts of socia constructionism in psychology[1],
organizational learning[2] or knowledge creating companieq[3] in
management, and knowledge management sy sems in information
technology[4][5] have been closely related to our research areas.
In our area of intelligent educational systems, needless to say,
“learning” in awide sense has been attracting researchers’ interest.
Fisher’'s series of works on life-long learning[6] and integration of
collaborative learning and knowledge management[7][8][9] are
typical approachesin the same vein.

Along a similar line of thought, this research aims to develop a
model of learning in a wide sense. Needless to say, we are all
vaguely conscious of a similar model in our own minds which we
apply to increase awareness of social relations among or ganization
members; however, that model isimplicit and not systemic in most
cases. We propose amodel caled a “dua loop mode”, which
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shows how intdlect is formed in individua life in organizations
and works as a fundamental component of a learning support
platform. The dua loop model indicates an ideal relation between
individual activity and organizational activity and clarifies roles of
individuals, activities, and documents as a vehicle for intellectual
communication in organizational learning.

In this research project, we have been developing an I T platform,
Kfarm[10][11], to develop users pro-found socia intellectua
awareness in organization. Kfarm is a Web-browser-like
workplace for users to carry out knowledge-oriented group
activities, that is, searching, creating, organizing, and
communicating information. All activities on Kfarm are recorded
in organizational memory in the form of an “intellectual genealogy
graph.” This intellectual genealogy graph represents a trace of
intellectual ativities based on a dual loop model and shows how
knowledge and the intellect are evolved in organization.

2. A MODEL OF
LEARNING

The terms ‘knowledge,” ‘intellect,” and so on are used with various
meanings, so there appear to be no definite meanings for them[12].
Though it is difficult to define them strictly in a consistent manner,
to show subjects of this study, we will take some exemplary
definitions from the literature.

Brown and Duguid[13] argue convincingly that knowledge is
more than just information because it
? usually entails a‘knower’,
? appears harder to detach than information, and
? issomething what we digest rather than merely hold.
Tobin draws distinctions between data, information, knowledge,
and wisdom([14].

ORGANIZATIONAL

1. Data:

2. Information: = Data+ relevance + purpose

3. Knowledge: = Information+application

4. Wisdom: = Knowledge+intuition + experience

In this research, the term ‘intellect’ is used to express our idea
similar to Brown and Duguid's argument about ‘knowledge' and
Tobin's ‘wisdom’. Having an intellect means not only merely
knowing something, but also digesting it through creation or
practical use. It also means that the intellect cannot be separated
from a person because it includes skill and competency. T herefore,
we am to support creation and inheritance of organizational
intellect by managing information concerned with intdl ect.



2.1. Organizational learning

It is considered that there are two viewpoints to clarify the goal of
creation and inheritance of organizational intellect. One is a
practical view and the other is an educational one. The practical
goa is to produce a novel and significant intellect for an
organization. The educationa goa is to properly transmit
significant intellect from past to future members of an organization
and import significant intellect from outside of it. For both
viewpoint, it is necessary to clarify what intellect each
organization member has and what kind of shared workplace
(Nonaka et al. cal this “ba’[15]) makes it easy to transmit each
intdlect.

We attempt to attain such goas through our usua
communication. Typical activities are, for example, acquiring,
cregting, and distributing intellect through the organization.
Linking the activities are vehicles, e.g. conversations, books, or
documents. By interpreting the activities and the vehicles, we can
gain an awareness of others' intellect; those members usually do
various activities to achieve creation and inheritance of
organizational intellect based on that awareness. Such individual
activities run the organization. However, it is difficult for members
to do that because of the implicit nature of an ideal process of
creation and inheritance of organizational intdlect and content of
vehicles actually used in activities. Consequently, to be properly
aware of intellect and decide activity to attain the godl, it is
necessary to clarify a model representing relations among an
organization, individuals, intdlect, vehicles, and activities from
the view of creation and inheritance of organizational intdlect.

Landes et a.[16] proposed a model of organizational learning in
which knowledge is augmented with experiences of its application

and developed a support tool based on it. The augmentation
process is represented by the dependency among the documented
experiences. In the best applicable domain of their idea, general
knowledge is treated on an abstract level and the essential details
of how to apply that knowledge in very specific situgtions are
absent. Basing improvement initiative on experiences has a
number of advantages, particularly in such a domain. On the other
hand, intellectual roles of a person and intellectual communication
in an organization are relatively less focused in this model.

Nonaka and Takeuchi proposed the SECI model, representing a
knowledge conversion process and “Middle up-down
management”, which is a form of an organizaion to activate
process3][15]. In Middle up-down management, a “Knowledge
practitioner (K-practitioner)” plays the role of generating creative
power previously mentioned, while a “Knowledge producer
(K-producer)” plays the role of coordinating between the top’s
visions and the K-practitioners practical activities. Typical
activities of the K-producer are given below:
? Proper understanding of organizational conditions.
? Assimilating new intellect with the organizational

intellect.

? Distributing organizational

vision/strategy.

These activities give direction to K-practitioners activities.

Several studies have been made on information systems to
support creation and inheritance of organizational intellect.
Klamma and Schlaphof[17] stated the importance of interrelation
between the processes of knowledge creation and usage and
normal business processes both on a conceptual and a systemic
level; they proposed a model-based approach for solving that.
Watanabe and Kojiri[8][18] arranged various kinds of educational
support systems. CAIl, CAL, ITS, and CSCL according to the

intellect based on their

Eventsin an organizational loop

8.Distributing intellect from individuals. 9. Externalizing intellect from individual s to organizations.
10.Evaluating sympathized intellect. 11. Authorizing conceptual intellect in an organization.
12.Creating systemicintellect in an organization.
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SECI model and proposed a learning environment architecture in
which learners are able to change their learning style freely. The
former study addressed the practical viewpoint and the latter study
addressed the educational viewpoint, but each study ignored the
other viewpoint.

In the viewpoint of awareness of intellect, Ogata et al. defined
awareness of one’'s own or another’s knowledge as “Knowledge
awareness’ and developed Sherlock Il which supports group
formation for collaborative learning based on learners’ initiatives
with the knowledge awareness[19]. This study supports group
formation by learners’ own initiatives, but lacks the organizational
perspective.

The purpose of this study is building an organizational learning
environment from several perspectives: practical and educational;
and organizational and individual.

2.2. Modeling an organizational intellect

We produced a model supporting creation and inheritance of
organizational intellect from two separate models: a process model
and a content model. The process model is a model representing
creation and inheritance processes of intellect. The content model
isamodel of the domain of intellectual activities.

Process model. We modeled an ideal abstract process of creation
and inheritance of organizational intellect as a “dual loop model”.
Figure 1 shows the most abstract level of the model, which
describes constraint on the relation between activities and change
of the property of intellect. For example, sociaization prescribes
that resultant intdlect draws a certain amount of sympathy in the
organization; then, externalization of the intellect should follow.
These activities are structured as a multi-tiered abstraction
hierarchy in which the bottom layer consists of observable
activities, for example, reading a document or distributing one.
The hierarchy does not prescribe content of intellect concerned
with activity, but the property of intellect. The dua loop model
explains these activities from both viewpoints of the ‘individua’
as the substantial actor in an organization (a personal loop: Figure
1(A)) and the ‘organization’ as the aggregation of individuals (an
organizational loop: Figure 1(B)). This mode as a whole
represents an ideal interrelationship among an organization, its
members, and vehicles of intellect for the goal of creation and
inheritance of organizational intdlect. Further ddails of the dual
loop model are shown in [10].

Content model. Most document management systems manage a
document with indexes. However, it is difficult to share it in the

organization since the meaning of the indexes is implicit and does
not ensure consistency. Even if the document is shared, that will
often be done on an implicit premise. In order to share and inherit
intellect properly in an organization, it is necessary to form abasis
to clarify the meaning of intellect. Semantic web[20] is an attempt
to build a global consensus to share resources on the WWW.

Ontology[21] has been brought to public attention as a
foundation. Ontology is a set of definitions of concepts and
relationships to be modeled. Concepts related to tasks and domains
of an organization are defined as the ontology to describe
document content. The description is called the “ conceptual index”.
Thus, intellect content in an organization is modeled with an index
described on the basis of an ontology.

3. INTELLECTUAL GENEALOGY GRAPH

We compose a model of an organizational intellect as a
combination of process and content, that is to say, the dual loop
model and the ontology. The model is caled an “intellectua
genealogy graph”. It represents chronological correlation among
persons, activities, and intellect in an organization as an
interpretation of activities of organization members based on these
two models. Modeling an intellectual genealogy graph affords a
good foundation for building intelligent support functions for the
organizational ativities given below.

? Clarifying arole for each member from atrail of his/her
intellectual activities in organization. We call the role an
“intellectual role”, which characterizes a contribution of a
person to the construction process of organizational
intellect.

? Choosing a correct way to fill a gap between the current
condition of organizational intellect and a desired one.

3.1. Componentsof an intellectual genealogy graph

Principal concepts appearing in an intellectua genealogy graph are

asfollows:

? Personisacareer of intellect and a creator of it.

? Intellect is knowledge, skill, competency, and so on
turned to practical use by a person. Categories of intellect
areshownin Table 1.

? Vehicle is a representation of intellect and mediates
intellect among people. As mentioned before, we assume
that intellect can only exist in a person's mind and a
vehicle of the intellect is not necessarily a complete
representation of the intellect.

Table 1. Types of intellect

Intellect type Explanation

Personal intellect

Anintellect, which aperson has personally.

Organizational intdlect

Types of intellect classified in view of relation to other’s one and organizational one

Sympathized intdlect

An intellect consented or sympathized by others

Conceptual intdlect

An intellect acknowledged to be significant in an organization

Systemic intdlect

A conceptual intellect combined with other conceptual ones.




Table 2. Types of activities (partial)

Activity type Explanation
ConcreteActivity Observable activities in workplace.
Read Reading, seeing a medium/vehicle.
Col | ect Collecting avehicle from other people.
Repr esent Producing a vehicle.
Sor t Sorting a vehicle accordingto its meaning.
Distribute Distributing a vehicle to other people.
CognitiveActivity Activities affect on intellect
Per sonal Activity Activities concerned with interpersonal activities
Create Creating new intdlect by oneself.
Acqui re-1 [ Acquiring anintdlect from others.
Organi ze Assimilate a new intellect into his’her own structure of intdlect.
Social Activity | An interaction activity as an aggregation of personal activities.
Pass A person acquires an intellect imparted by another person.
Acqui re-2 | A person acquires an intellect from on higher initiative.
Di scuss M ore than two persons communicate with each other.
Orgaplzatlonal Activities interpreted in an organizational perspective
Activity
Share Members of the organization share a personal intellect.
Aut hori ze | The organization authorizes a personal intellect.
I nheri t Members of the organization inherit an intellect.

Table 3. Types of relations between intellects(partial)

Relation type Explanation

created(?a) A person originally creates an intellect ?a with no reference to other intellects in the
organization.
imported(?a) A person acquires an intellect ?a from the outside.

derived(?a, ?b)

A person acquires an intellect ?a from another person’s intdlect ?b in the same meaning.

inspired(?a, ?b)
conceptual leap from ?a to ?b.

A kind of modified relation, which represents the authorized significance of the

authorized(?a, ?b)

organization

A significance of an intellect ?b is authorized as an organizationa intellect ?a by the

? Activity is activity related to the intellect or a vehicle.
Categories of activities are shown partly in Table 2.

An intellectual genealogy graph is built by abstracting a causal

structure of cognitive activities from concrete activities based on

the dual loop model. The structure clarifies mutual relation among

personal activities, socia activities, and organizational activities.

3.2. Modeling an intellectual genealogy graph

An intellectual genealogy graph consists of a vehicle layer and an
intellect layer. The vehicle layer comprises persons, vehicles, and
concrete activities. On the other hand, the intdlect layer is an
interpretation of the vehicle layer and consists of persons,
intellects, cognitive activities, and relations among intellects.
These relations are classified into some types by characteristics of
changes of intellect as shown in Table 3. In the intellect layer,
these relations are built from activities.

Hard data for modeling an intellectual genealogy graph is a

time-series of concrete activities observed in the workplace. Firstly,
avehicle layer of the graph is built from the data. Then, a series of
cognitive activities are dstracted from the vehicle layer based on
the dual loop model and an intellect layer of the graph is
constructed. Figure 2 shows an example of interpretation from
concrete activities into cognitive activity and relationships
between intellects derived by the trandlation. In this way, the
intdlectual genedlogy graph records the formation of an
organizational memory from activities.

4. Kfarm: AFFORDING FINE PROSPECT OF
INTELLECTUAL ACTIVITIES

Kfarm is a system that we have been developing which embodies
our conceptualization thus far. Kfarm is a distributed system
consisting of a K-granary, at least one K-ranch house and some
K-fields. The K-field and the K-ranch house are environments for
a K-practitioner and a K-producer respectively. Those two play
dua roles of sensors which watch a user's activities in a
knowledge-oriented task and a display which shows information
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Figure 2. An example of an intellect genealogy graph

about the organizational intellect according to their roles. The
K-granary is a server. It intaprets K-producers and
K-practitioners' activities observed in the K-field and the K-ranch
house and then aggregates and stores them as an organizational
intellect.

4.1. K-field

A K-field provides Kpractitioners with information needed for

their knowledge-intensive tasks. Typical K-field functions are

given below. These are designed based on activities defined in the
persona loop in the dual loop model.

Sorting documents by folders: A K-field provides a bookmark
window as atool to store documents in folders with indexes. The
indexes are converted to conceptual indexesin the K-granary.

Communication with others: In a KWwindow, a K-field
indicates information about others and documents related to the
document selected in the bookmark window. This informationis
based on intellectua roles of members and the document
assigned on the intellectua genealogy graph.

4.2. K-ranch house

A K-ranch house supports K-producers activities, e.g.,
recognizing the organizational condition and coordinating
communication, cooperative work, and collaborative learning

between  K-practitioners  based the
vision/strategy.

Figure 4 shows windows of the K-ranch house which is under
development. A launcher window shown in Figure 4(A) informs
K-producers about activities of K-practitioners in Kfarm. Figure
4(B) and (C) are monitor windows to provide a K-producer with
detailed information of an organizational memory. In this case,
an icon shown in Figure 4(A-1) indicates growth of an intellect
supposed to be a sympathized intellect. If the K-producer clicks
this icon, its details will be shown in the monitor window as
shown in Figure 4(B) and (C). Figure 4(B) graphically indicates
who sy mpathizes with the intellect through which document. Each
node in Figure 4(C) indicates an intellect. Links between them
indicate relations between intellects previously mentioned in Table
3.

Now, we will take a close look at the visualized intellectua
genealogy graph. Figure 4(C) indicates a history of a generation of
intellect in which the intellect (C-1) is the center of attraction.
Broken arrows from intellect (C-2) to (C-1), for example,
indicate an elaborated link. It isinterpreted from the fact that ikeda
makes a document referring to hayashi’ s document concerned with
intellect (C-2) and puts the same term index and additional ones
on the document. This information help the K-producer to clarify
intellectua roles of members and documents concerned with the
intellect. To illustrate a case of this, for example, it is supposed
that hayashi is a pason who has made a seed of a new intellect
(C-2) and documents concerned with intellects (C-3) can be used
as background information.

on organizational
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Figure 4. K-ranch house (under devel opment)

CONCLLUSION

In order to support creation and inheritance of organizationa
intellect, that is, “learning” in a wide sense, it is important to
abstract and interpret activities in the organizati
we have proposed the dual loop model and ontol
introduced Kfarm as an embodiment of them.
genealogy graph is useful for individuals and

on. In this paper,
ogy as bases and
The intellectual
organizations to

survey current learning conditions and to clarify the intellectua
individuals, organizations, and documents in the

role of
organization.

Future direction of this study will be to augment Kfarm in the

following two ways.

? Support of arranging a collaborative learning space
? Model of the property of an organization

In the former, broadly speaking, it is considered that Kfarm itself
is a space for lessregulated collaborative learning because it



allows learner-directed communication. However, some processes
of a dual loop model can be better achieved by rather regulated
collaborétive learning.

In the latter, generally, an organization has a hierarchical
structure and a member belongs to some groups in the structure.
Currently, we are introducing an organizational structure and
developing a more flexible model of creation/inheritance of
organizational intellect by considering that structure.
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I nitiating Organizational M emories using Ontology
Network Analysis
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Abstract. Oneof theimportantproblemsin organizationamemo-
riesis theirinitial set-up.lt is difficult to chocsethe right informa-
tion to includein an organizationaimemory andthe right informa-
tion is alsoa prerequisitdor maximizingthe uptale andrelevanceof

the memorycontent.To tacklethis problem,mostdevelopersadop

heary-weight solutionsandrely on a faithful continuots interaction
with usersto createand improve its content.In this paper we ex-

plorethe useof anautomaticJight-weight solution,dravn from the
underlyingingredieris of anorganizationamemory:ontologies We
have developedan ontology-basednetwork analysismethodwhich
we appliedto tacklethe problemof identifying commuirities of prac-
tice in an organization We useontology-basednetwork analysisas
ameango provide contentautomaticallyfor theinitial set-upof an
organizationamemory

1 Introduction

Organizationalmemories(hereafter OMs), have been studied as
meandor providing easyaccesandretrieval of relevantinformation
tousersThereareseveraltechnol@ieswhich suppat theimplemen-
tationanddeploymentof OMs (someof themidentifiedin [1]), how-
ever, thereis relatively little supportfor the initial set-upof anOM.
Whenimplementinganddeploying an OM, it is difficult to identify
theright informationto include. This taskis, normally, a knowledge
engineers job, to identify relevantinformationandpopulatethe OM
accordindy. This processthough,is time-consuming manua and
errorprone given the diversity and quantity of resourcego be an-
alyzedfor relevance.Semi-automatienethodsandtechniqus exist,
but thesearebourd to individud technologiesasfor examplein [1]
wherethe authorsstatethat: “the knowledgeengineer[then] inte-
grategheinformationobtainedrom thethesaurugeneratointo the
OM semi-automaticallyscanninghesimilarity thesaurusinddecid-
ing which relationsshould be formalized and addedto the knowl-
edgebaseor ontology which should be includedin the thesaurus
integratedwith the ontology andwhich shouldbe ignored”. On the
otherhand,it is alwaysthe userwho hasto “kick off” searchin the
OM. Thishawever, requiresheuserto formulatea query sometimes
with the help of semi-automaticsupport,and thenthe OM system
hasto parsethe query successfullyretrieve informationdeemedo
be relevant accordingto somepre-definedhotion of relevance,and
presentt to theuser

Another perceptionon OMs is in terms of knowledge deliv-
ery. Therehave beentwo, metaphorically-defingdvays of deliver-
ing knowledge reportedin the literature:‘pull’ and ‘push’ knowl-

1 AdvanedKnowledgeTechrologies (AKT), Departnentof Electronicsand
Compute Science, University of Southampbn, Southanpton SO171BJ,
UK, emait {y.kalfoglou,kmo,ha,nrs@ecs.sotn.ac.uk

edge[35]. The former refersto technolodes which aim at pulling
knowledge from vastrepositoriesof datato people.Examplesin-
clude the familiar searchengineswhich, in someimplementations,
are facilitated by intelligent agentsaugmented with ontologes for
semantically-enrichedearch(see,for example,the OntoSeel21]
andFindUR[30] systems)In thesesystemshe useris expectedto
initiate the searchby posingqueries.On the otherhand,'push’ sys-
temsaim at providing knowledge to their userswithout prior inter-
action.Meansto achieve this ambitiousgoalin knowledge manage-
ment(hereafterKM) is thefocusof semantically-describecbnten,
theidentificationof the users taskandtaskcontext.

In OM applications,both ways have beenstudied,though the
‘pull’ techndogiesseemto be dominant.The reasorfor the low up-
take of ‘push’ technologiesin knowledge delivery is probablythe
increasedisk of ‘bombarding the userwith irrelevantinformation
which in turn could resultin dissatishction with and discrediting
the OM. To tacklethis problem,OMs thatused‘push’ techndogies
madecertainassumgions. For example,the KnowMore OM [2] as-
sumeghatan existing workflow enginewill bein place;thisin turn
will be accessedndlinkedto the OM makingit possibleto reveal
contet-specificinformation regardingthe users task. Having such
informationavailablebeforeinitiating searchcould (semi-)automate
thetaskof filling-in querieswith contet-spedfic information. That
way, knowledge deemedrelevant to the processis proactively pre-
sentedo its user

Althoughwe foundthis marriageof workflow processeandOMs
an interestingone, we are skeptical about two, often unforeseen,
obstaclesn deplogying sucha system:(a) theremight be situations
where processewill not be easyto identify or codify in a work-
flow engineand (b) even when theseare available and the OM is
built arourd existing processest might not be desirableto restrict
a users searchon thoseresourceghat are deemedto be relevant
to the processhe useris involvedin. In addition, the techndogical
challengesOM developersfacewhenimplementingthis meger of
workflow processeandOMs could be considerablg3].

To alleviate this situation,we are exploring the useof one of the
coretechndogiesfor supportingOMs, that of ontologes. In partic-
ular, to copewith the problemof initially settingup an OM, we ap-
ply amethodusedin the Advancel KnowledgeTechnologiegAKT)
project,OntologyNetwork Analysis(hereafterONA). We apply an
algorithmto identify objectsthat are moreimportantthanothersin
the underlyingontology. We measure@mportancein termsof pop-
ularity. Thosethat have beenidentified are usedasthe initial seed
to populatethe OM, thussetting-upan OM containingsomeinfor-
mation readily available for use.Sinceour methodis basedon an
ontology we take advantageof the underlyingontologicalstructures
to draw inferenceson the objectsselectedandreasoraboutthe rel-



evanceof retrieved information. We appliedthis methodto tackle
anOM problem:how to identify communitiesof practice(hereafter
CoP).

This automationin initially settingup an OM doesnot eliminate
theuserfrom the picture We arekeento explorethesynepgy between
userdefinedinput and automatically-deliered content.To achieze
this, we worked on waysto customizehe ONA, allowing theuserto
customizethe outputof the automatectontent-delrery mechaism.
We explored theseissuesin the contet of our testbedapplication,
CoR

We give an overview of the work relatedto initiating OMs by
emphasizingreportedtrade-ofs betweenuserdefinedqueriesand
(semi-)automaticquery definition in section2. We then continue
with an objective analysisof the resourceselectionproblemwhen
setting-upan OM (section3) which motivatesour hypothesisin sec-
tion 4. We testour hypothess in section5 with acomprehenive case
studyapplyingONA to hanestinformationabott a valuableOM re-
sourceCoPsWegeneralizaheapproachn section6 andwediscuss
furtherimplicationsof this approab to suppating OMs in 7 where
we alsopointto futurework.

2 Reated work

In the KnowMore OM [2], meansfor semi-automaticallgonstrue-
ing theunderlying ontologieswereinvestigatedTheauthoralescribe
an interactve thesaurus-asedmethodolog for ontology construc-
tionwhichis realizedin adesigratededitor. Theirfocusis onextract-
ing (semi-)automaticallyn ontology from domain-speiic texts. In
addition, the characterizatiorof knowledge itemsto be usedin the
OM is supportedby automatictools which attachmeta-datéo the
text. Thiswill beusedin laterphase®f anOM’slifecyclefor guiding
the retrieval and storageof relatedinformation.In our ONA-based
approachwe are not focusingon how to constructthe underlying
ontologies.As we will describein section4, we assumehesehave
beenconstru¢edbeforetand.Ourfocusis onhow to provideasmuch
informationaspossibleto the OM userfor initial set-up.However,
thereis anoverlapof interestandmethodswith the (semi-)automatic
ontologyconstructionwork donein AKT reportedn [44].

The work describedn [27] is the closestto the ONA approach
The authorsdescribethe informationretrieval processasa “select”
operationon databaequerylanguagesvith appropriatesearchcon-
ditions formulatedwith respecto “(i) meta-datagivenin the infor-
mation ontology (which information resourcedo consideror how
oldinformationto retrieve), (ii) specific-contet information(employ
sophisticatedimilarity measure$or comparisorof actualquerysit-
uation and contect factorsof knowledge sourcesdescribedin the
OM), and (iii) the contert searchedor.”. However, their retrieval
techniquesare basedon annotationsand their similarity measure
algorithmsexplore only one dimensionof the underlying ontology
network: the subsumptiondepemencebetweennodes,i.e., class-
subclasselationshipsTo allow usersto customizetheir searchthey
provide application-speific heuristicsearchbasedon the notion of
‘heuristic expression’.The userscan formulate their own heuristic
searchformulaebasedon a standardemplateformula which takes
asinput a setof nodesof the underlying directedgraphandfor each
nodefollows the links specifiedin the formulain a left to right or-
der, delivering at eachstepan intermediaryset of nodes asa new
startingpoint for the next step.Although this option allows usersto
customizetheir searchtheactualretrieval is basedon the samesub-
sumptionmechanismOn the otherhand,aswe describein section
5, ONA allows amultidimensionatraversalof nodesin theontology

network with thresholds traversal paths,and startingnodesbeing
userdefined,if desired.

In [6], Atlhoff andcolleaguegropcsea methodfor OM Improve-
ment(OMI). They arguefor a methodwhich suppats userfeedbak
asaway of improving OM over time. In their comprehenive analy-
sisof factorsthatdeterminethe usefulnes®f an OM they identified
theselectionof knowledgeto beincludedin the OM asanimportant
one:

“[conceptal knowledge]determinesvhatandhow experience
storedin the OM playsa majorrole regardingthe usefulnessf
asysten.

They continwe by arguing that “usersoften do not botherwith too
mary questiors,aproblemwhich usuallyarisesduringtheinitial set-
upoftheOM”. TheconcepualknowledgeAlthoff andcolleaguesire
referringto is the underlyingontology in our ONA-basedapproach.
To tacklethe problemof initial set-up,we useONA to popuatethe
OM automaticallywith themostimportantobjectsasidentifiedfrom
their popdarity in theunderlyingontology As in [6], we alsointend
touseacharacterizationf theobjectto bedisplayedn theOM along
with its popuarity valueasobtainedfrom the ONA. This textual in-
formation is much appreciatecdoy OM users[6], asit givesthem
explanationsof the selectednformation. Sincewe baseour method
on anontology we could easilyobtainthesecharacterizationfrom
standarddocumenation slots’ which exist in mostontology devel-
opmentervironments.

Cohenandcolleagus [12], wereamongthefirst to investigatehe
useof metricsfor ontologes.In the contet of the HPKB US project
[14], ontology metricsweredefinedto measurehe level of reuseof
ontologicalconceptsn applications For example,when&er a nev
axiom was addedin the applications knowledge base,the metric
calculatedthe ratio of reuseof existing ontologicalconceps in the
newly addedaxiom. For ONA we usea spreadingactivation algo-
rithm to all ontologyconstructsanddo not definespecificmetrics.

3 Theproblem of resources selection

Despitetheresearchreportedabore, a major problemwheninitially
setting-upan OM remainsunsoled:how to selectheright resources
to includein an OM? This problemhasbeenidentifiedin field sur
veys [17] aswell asin implementedsystemge.g.:[2], [6]). Thisis
a multi-facetedproblembecauset is not only concernd with the
elicitation of resourceshatwill be presentedo the useror usedfor
retrieving relevantinformation. Theseresourcesrealsooften:

o usedby othersystemswithin the organizationwhich incidentally
alsosene usersn their questfor valuableinformation;

e ‘unspecified’,in thatthey arevagiely expressedneedto be com-
posedby a numbe of relatedresourcesr areexternalto the or-
ganization;

e andoncetheseresourceareidentifiedandputinto usethey actas
aqualitatve measurdor the OM.

Thatis, if anOM’susersarenot satisfiedwith the quality of informa-
tion presentedo them,it is unlikely thatthey will return,especially
when there are other corvertional information-seekg systemsin
theorganizatiorthatusersusedto usebeforeconfrontedwith anOM.
A way of tacklingthisresource-dectionproblemis by identifying
the purposeof the OM: whatarethe users’needsandwhatwill the
OM be usedfor. This hasbeenreportedasoneof thefirst phasesn
building anOM [17]. Thetechniqguesandmethodsor achiezing this



ratherambitiousgoal are mostly taken from requirementsanalysis
andelicitationresearchThey stemfrom ComputerSupportedCol-

laborative Work (hereafter CSCW researchfrom systemsdesign
researchandfrom the cognitive sciencditerature.

However, we shouldbecautiousvhenwe arecallinguponrequire-
mentsengineeringo elicit theneedsvhenbuilding anOM. As Zave
andJacksorreportin their suney [47], vagueandimpreciserequire-
mentsare always difficult to formalize and subsegantly corvert to
specificationsjn the early phass of software development. This
refinemenis necessygy, the authorscontinue “to bridgethe gapbe-
tweenrequirementandspecifications”thusemeging with a speci-
ficationthatcould satisfyusers’needsandmeettherequirementsln
the caseof OMs, we shouldexpecttheserequirementdo be incom-
pleteandvague. In addition,asDiengandcolleagueseportin [17],
building OMs presumeshatwe will re-usemethodsapproacksand
techniquesve have appliedin the pastin otherdomains:

“(1) corporae memoriesare not entirely new systems;they

areadapations,evolutionsor integrationsof existing systems;
(2) before conceving memories,the proponetts or usersof

the solutionshave taken partin the designof othertypes of

systemgknowledge-tasedsystemsCSCWsystemsetc.),and

they have transferredhe solutionsthey alreadyknow. Most of

the solutionscanthusbe consideredasadaptatios of existing

solutions:

Thevaguenessandincompletenessf requirementérom prospec-
tive OM userded somedesignesto decideto build their OM around
an existing workflow processengire, asfor examplein the Know-
More OM. We discussthe adaptabilityof this approab andits ad-
vantage®f achievzing a ‘nearperfect’integrationwith existing IT or-
ganizationalinfrastructureand satisfyingusers’(pre-definedneeds
furtherin section?, but for nov we would like to focuson theim-
portanceof having a‘compretensive’ OM from its initial set-up.By
comprehasive we meanan OM thatincludesa lot of resourceshat
have beenautomaticallyextractedratherthanwaiting the userto ini-
tiatetheextractionprocessTheside-efect of having this sortof OM
in placeis thatwe cantacklethe ‘cold start’ syndromeidentifiedin
[19] in whichtheauthorsreportedhatthey hadrelatively few knowl-
edgeassetsn their OM duringthefirst operationamonthwhich led
tolow accessatesfrom its usersasthey couldrit seethevalue-aded
of the OM. The problemwaseventually solved, but at a cost: more
systemsaandmethodshadto be usedto chaseusersfor contrikutions
in orderto enrichthe contentof the OM, thusleadingto anincrease
in the OM’s knowledgeassetsandconseqgently in increasedaccess
figures.

In the following sectionwe elaboratehow our methodsetsup a
comprehasive OM in anautomatedashion.

4 Seeding the OM

Thebasisof our solutionis ontologies Theseconsesualrepresenta-
tionsof theimportantconcetsin somedomainof interesthave been
studied,developedand deployed for over a decad@ now in various
fieldsand applicationsin academiaandindustry Their usein OMs
hasbeenadwcatedin field suneys [1] andin appliedOMs (see for
examplethe KnowMore OM [2], the EULE2 system[40], or thein-
tegrationof ontologiesand Experience~actoriesa form of OM, for
improving maintenane[23]). Ourhypothesisis thatsincewealready
useontologiesin OMs for the purpcsesof semantidnteroperability

2 In our case the eally phaseof developingan OM.

andreuse we could alsousethemin otherways.We could analyse
theirstructureby takinginto accountelationshipdetweertheircon-

structs,basedon a tunablespreadactivation algorithm, yielding the

nodesthataremost“popular”. Theseareassumedin the absencef

contradictingevidence,to bethemostimportantones.Thespreading
activation algorithmalsoidentifiesnodessimilar to a specificnode.

Thisis the premiseunderlyingour hypothesis.

It could be arguedthat our analysisis not a qualitatve one, but
merelyaquantitatve one.However, asCooperarguesin [16], quality
canbe measuredn two ways,in termsof popularityor importance.
Ouranalysisyieldsconcepsthatarethemostpopularin thenetwork,
andsincethe network is abou an ontologywhich by default repre-
sentsamportantconceps, thentheseconceptsarealsoimportant.

To operatioralize our hypothesiswe assumethat (a) ontologies
will beavailablein the organizationin which we wantto deplgy an
OM, and(b) thesewill bepopulatedlt is clearthattheseassumptions
arestrongandindeedare ongdng researchissuesn the knowvledge
engineeringcommunity especiallythe latter However, we should
acceptand anticipatethat ontologes are popuar in organizational
settingsnowadays, in the form of databasesystems,other knowl-
edgesharingformalismsmore commonto the Al researclcommu-
nity (e.g.:KIF) orindeedin emeging semantiavebstandardormats
(e.g.:RDF(S)) As anopenresearclissue we arealreadyin AKT in-
vestigatingwaysof (semi-)automaticallgonstruting ontologies.

Usingontologesasthefoundaion for anOM is notauniqueidea,
but the useof ONA to provide initial informationfor populatingthe
OM is novel. We shouldalsomentionthat usingan ontology at the
startof anOM’slifecycle allows usto provide supportto usersn for-
mulatingtheir queriesfrom an early stage.Normally, usershave to
formulateinitial queriesunaidedsincethereis no prior information
available,asno retrievalshave beenmadeyet. In applyingONA, we
supportusersn formulatingqueriesby providing themwith ontolog-
ical information regardingthe startingnodefor initiating an ONA-
basedsearchThisinformationis readilyavailablein existing slotsin
theunderlyingontology (suchasthe documatationslot).

5 ONA

In this section,we setout the principlesunderlyirg ONA, andthen
demonstratan applicationof the method— gatheringinformation
on CoPs.In section5.2, we thensetout the oppatunitiesandprob-
lemsthat characterizehe study of CoPs.Finally, in section5.3, we
setoutanapplicationof ONA to the problemof kick-startinganOM
for aparticularCoP

5.1 Principles of Ontology Network Analysis

ONA [5] is the techniqie of applying information network analy-
sis method to a popuated ontology to uncover certaintrendsand
objectcharacteristicssuchasshortespaths,objectclusters seman-
tic similarity, objectimportanceor popuarity, etc. A variety of such
methodshave beenexploredin the pastfor differentinformationre-
trieval purpcses.ONA investigateghe applicationof thesemethods
to analysethe network of instancesandrelationshipsn aknowledge
base,guided by the domainontology Thereare mary method of
studyingnetworks,andof coursemary typesof networksthatcanbe
studied(cf. [33]). However, the adwvantage of studyingontologiesis
thatthe relationsthereinhave semanticor types,andthereforethat
the semanticgprovide anothersourceof informationover andabove
connectiity or simplesubsumption. This semantidnformationcan
be taken accountof whenperforminga network analysis,allowing



“raw” resultsto berefinedon arelatively principledbasis.An ONA
exampleapplicationis describedn section5.3andanexamplealgo-
rithm is detailedin [5].

ONA methodscanbeharnessetb addressheresourceselection
problemin building OMs (section3), by usingpopulatedontologies
alreadyin placein organizationgo selecta setof importantandin-
terestingresourceso featurein anew OM. Thefactthatthe method
is automatictakes someof the burdenof OM development from its
usersor manages, andallows somequality contentto beputin place
prior to use therebyincreasinghe lik elihoodof early take-upby its
users.

Being automatic,ONA is not, of course,foolprod or infallible.
Many points of interestin an organizations ontology will not be
spottecby themethodsnvolved,especiallyif theontologyisin some
way incomplete,andfails to cover the objectdomainfully in some
importantrespectClearly, ONA cannotbe the only principle used
to populatean OM. However, by extractingsomeinformationfrom
anontology ONA canbe usedto suggesaninitial setof interesting
concefts and relations.Certainassumptios mustbe madeto sup-
porttheuseof ONA here but asthe OM develops, suchassumptions
canberelaxed, asthe popuation of the OM beginsto happerby its
users.And userfeedbackasto the actualimportanceof the entities
uncovered will alwaysbeessential.

The ONA techniqueof interestto this paperis the applicationof
network measure$o anontologyto determingoopuar entitiesin the
domain.Suchentitiescanbe eitherclassesr instancesywherepop-
ularity is (a) definedin termsof the numberof instancearticular
classesave (classpopuarity), andthe numberandtype of relation
pathsbetweenan entity and otherentities(instancepopularity),and
(b) regardedas a proxy for importance Clearly this latter claim is
onethatwill notalwaysbe true. However, the working assumption
is thattheimportantobjectswill have a strongempresenein arepre-
sentatiorof thedomain,andwill have alot of key relationshipswith
mary otherentities(they will actas“hubs” in thedomain§.

Given a first passONA of an ontology giving the mostpopular
entities,anOM developercanexploit userfeedba& to honetheanal-
ysis. Two particularwaysof doingthis canbe ernvisaged

1. Importantinstancesanbe selected— theseinstancesnay have
beencourted as ‘popular’ underthe first passanalysisor not, as
the casemay be, and hencecould be manually selectedas im-
portantinstancesndependatly of the governingassumptiorthat
popularity = importance— andthe ONA performedoncemore,
this time measuringhot the quartity of relationsbetweerall enti-
ties, but measuringhe quantity of relationsbetweenthe selected
instancesndotherentities.

2. Relationscan be weighted accordingto their importance,and
the weightstransferredfrom entity to entity along the relation-
connetion. Hence one relation (e.g. co-autha-with) might be
weighted more highly than another more common one (e.g.
shaes-dfice-with), whoserelevanceto the domainin questionis
notashigh. In thatcasethe effectwhenperforminganONA is to
privilege the entitiesthat enterinto the highly-weightedrelations
asagainstthosethat do not. Thereare two (classef) ways of

3 Onedoubtlesscommoncircumstancevherethis assumptnwill notbere-
liable would bewherean ontology is piecedtogeterfrom legag datasets.
In sucha casethe mostpopula entities arelikely to be thoserepresented
in detal elsewherefor other purposs, whoseimportarce may not carry
over into the currentapplication. Anothe point to noteis that quanttative
informaion may be more prevalent than qualitative information, and that
therdore entities that ente into mary quanttative relations could be over-
valued.We emphasieoncemore:userfeeackis essentl.

differentiallyweightingrelations.

(a) First, relationscould be differentially weightedautomatically
on similar linesto the selectionof importantentities,viz., the
relationsmost often filled with valuesin the knowledge base
will beweightedhigherthanothers.

(b) Alternatively, the weightscanbe fixed manually This hasthe
adwantag of being sensitve to userunderstading of the do-
main, and the disadantage of beinga complex and difficult
procesghatcould betime-consumingespeciallyif therearea
lot of relationsabout.Of course aswith entity-selectionanini-
tial cutusingautomatically-createdeightscouldberun pasta
user who might suggestdjustmentsthis might be the cheap-
estmethodof gettingthe bestof bothworlds.

In the next subsectionwe discusscommurities of practice,and
thenwe go on to examinethe useof a particularspreadingactivation
algorithmto performan ONA in orderto extractinformationabout
communitieghatis latentin adomainontology

5.2 Communities of Practice

CoPs'valuein the constructionand maintenancef OMs hasbeen
acknavledgedby otherOMs developes. To quote[4]:

“[. ..] employeessolve knowledgeintensive taskg(KITs) coop-
eratively asacommunityof practice embeddd into theoverall
businessworkflows and suppated and monitoredby the OM
system.Applicationsusedand repositoriesfilled and queried
arethecloselyrelatedbasisof the OM ervironment, andvalue-
addedcareabou intelligent suppat for knowledge indexing,
distribution, storagesearchyetrieval, andintegration”

A CoPis aninformal groupof individualswith acommoninterest
in a particularwork practice.Their interestshouldtake a particular
form: the individuals concernd shouldwish to improve their prac-
tice, eitherfor financialreasors (picking up bonusesor securingpro-
motion), or mereprofessionkpride. The CoPthen playsa number
of roles. First, the individualsin it will meetinformally to discuss
particularproblemsand issuesfacing the practice;in this way the
CoPfostersacommonappreciatiorandcharacterisatioof the prac-
tice. Secondparticularsolutionswill bedemonstratedndevaluated
within the CoP;the CoPthereforefostersinnovation, partly through
thesharedunderstanihg of problemsandpartly through theevalua-
tion “process, whichis likely to berigorousandcompetitve. Third,
theinformal natureof the contactaneanthat, almostautomatically
innovationswill be built on by interestedotherswho “tink er with”
or improve them; informality meansthat restrictive practicessuch
aspatentingor licensingtendnot to be invoked within the CoR, and
thereforethatinnovationvery naturallybecoms a collaboratve pro-
cessFourth,new exporentsof thepracticecanusethe CoPasanim-
portanttool for situatedearningof the practice After training, most
effective learningtakesplace“on thejob,” asnew practitionersdis-
cusstheir problemswith their fellows, or learnfrom their colleagues
how to integratethe practicewith the restof their businesswork-
flow; in suchaway, the CoPbecanesarepositoryanddissemination
mechanisntombinedfor bestpractice[45].

A CoP contrastswith other more formal structuresthat centre
rounda practice[15].

e Functionalgroupsspecializein particularfunctionswithin anor-
ganizationfor example,marketing,administrationsecurityor fi-
nance.The agentsform a homogneousset, dravn togetherby



disciplinary specializationand are organizedin hierarchiesthe
purposeof the groupis not to prodwce learning,thoughof course
new recruitsachieve situatedearning.The hierarchicalstructure,
and often a sharededucaional backgraind, keepsthe group to-
gether

o Teamsarealsowell-definedwithin organizationsThey aremade
up of individualsbrought togetherto carry out a giventask,each
chosenbecausef somespecialistskill thatis assumedo be re-
quiredfor the task’s performane. Hencethe membersf ateam
arehighly heterogaeeous andtheteams managmentwill bein-
tendedo integratetheirfunctionalknowledge.Learning,if it takes
place,is unintendtd, and tendsto be via the interactionsacross
functional specialities— a specialistmight cometo undestand
the constraintson, and the requiremets and resporsibilities of,
his colleaguesThe teams life is normally not extendedbeyond
theachiezemernt of thetask’s goals.

e A networkconsistsof individuals acrossorganizationsvho have
interestsin working togethey for example,in a rough systemof
produce interests someof whom provide comporents,partsor
expertisefor a final manugcturer;the function of the network is
to bring togethersuppliersand consunersof particulargoodsor
servicesto facilitate negotiations,or to cut purchaseoverhead,
e.g. information-gatheringcosts.Sucha network is madeup of
heterogerousagentsandfocuseontheexcharge of knowledge
perhapsencodedin price signals.The requiremeh for comple-
mentaryknowledge keepsthe commurity going,anda necessary
conditionof thisis a high level of mutualtrust.

e Epistemiccommunitiegrerelatively formal groupsof agentsvho
produce knowledge, or codesfor expressingknowledge, from
somepositionof authoritythatmay be formal (e.g.a professionh
association)or more informal (e.g. basedon particularagens’
positionsof eminence)Differentinterestsendto insiston repre-
sentationin suchforums,and hencethe makeup of sucha com-
munity canbe quite heterogaeous Suchcommurities oftenplay
awider political role, andcanbethe “public face” of adiscipline.
Recruitmento suchgrougs is founded on peerapproval.

In contrastto thesetypesof group, CoPs members— it hasan
informal, self-selectinglargely homogeneousnembership— arein-
terestedn increasingheirskills, andin accumuatingandcirculating
bestpractice.As aresult,a CoPis an excellentvehiclefor situated
learningof the practice[45].

Whenwe considemwhich typesof groupare of interestfor OMs,
thenthe comparisonis very instructive. Organizationalearninghas
a dual aspec{8]. “Single-looplearning”is an organizationalearn-
ing processwherebyknowledgeis obtainedto solve problemsbased
on an existing and well-understoodmodel of the domain,in other
wordsa routineprocess:Double-looplearning”involvesthe estab-
lishmentof a new setof paradigms models,premisesrepresenta-
tions or stratgiesto supersed the existing modds, to improve the
organization$ resporseto existing problems andto enablethe orga-
nizationto addressiew problems Thesetypesof learningarecalled
“Learningl” and“Learningll” by Batesor{9].

As NonakaandTakeuchipoint out ([31], p.45),oneproblemwith
theadoptionof this approah to learning— usefulasit hasbeenin a
numberof respects— is thatit seesorganizationalearningasa pro-
cessof adaptatiorto external stimuli thatinvolvesthe development
andmodificationof existing routinessuppmrtedby OM, notasapro-
cesswhereknowledgeis createdEvenwhensuchaview is taken, it
canbe difficult for insidersto spotthe right momentfor attempting
seriousknowledge creation exceptby makingsuchaprocessoutine

— in which caseof coursethereis no guarantee¢hattherewill beno
period when either (a) knowledge acquirableonly by double-log
learningis requiredbut not available, or (b) an expensve double-
loop learning processis initiated for which thereis no immediate
requirement.

Part of the troubleis that muchlearningtheory asin epistemol-
ogy generally hasasits focusthe individua [10, 32]. The problem
hereis thatwhenthis focusis transferredo actualcasesof organi-
zationallearning,the compleity of the collective learningprocess,
which cannotstraightforvardly be reducedto a simple addition of
learningprocessesor theindividualsin the organization,cannotbe
properlyrespectedThekey to implementingeffective organizational
learningprocessess to understandhe organizationin termsof the
collectivesthat male it up, the overlappirg groupsthat werelisted
above; learningacrosstheseorganizationsthen,is a comple pro-
cessof interactionbetweertheseheterogeeousentities[10, 45, 15].

Oneimportantrole for OM, therefore,is to act asthe informa-
tion storagebuffer betweertheseoverlappinggroups. In thatevent,
a key factorfrom the point of view of creatingor seedinganOM is
the availability of variousresourcesin generl, the moreformal a
group,themorelikely it is thatrelatively tractablesourcesareavail-
ablefor popuatingan OM. Therearetwo reasongor this: first, for-
mal functionslend themselesto carefulmanagerentthatcantrack
eventsand leave a highly visible audit trail, and second their very
formality placesthoseeverts on the managemetradar In contrast,
informal groups, by their nature,are often undetectedoy manage-
ment, and their “memory” may well boil down to the sum of the
non-metaphbrical psychdogicalmemoriesof theirmemberswith all
thepotentialproblemsthatthisimplies.

In particular a functional group, say or a team,is barely likely
to have alife outsideof their working existencesFor example,the
formerhasastricthierarchicaktructure which regulatesthe permit-
tedinteractiondetweermembers— adivision of labourintendedo
increaseefficiency — to a seriesof delegations,asthe taskis under
stoodat increasindy lower levels of abstractionaswe move dovn
the hierarchy Eachlevel of the hierarchymight well, by contrast,
form a CoR and may have links not only acrossequialent nodes
in the functiond group hierarchy but alsowith equialert levelsin
hierarchief orthogonal functionalgroupswithin the organization,
or with similar levelsin relatedfunctionalgroupsin otherorganiza-
tions. Herethe CoP parasiticon the functionalgroup is formedby
peoplewishingto understandhe procesf, in this casefeceving a
taskdescriptionat onelevel of abstractionanddecompmsingit into
subtasksvhich canthenbe deleggatedto availableresourcedurther
down. The OM of the functional group will consistof the decom-
positionsanddelegations,togetherwith the feedbackthatpassesip
the hierarchy;creatingand maintainingsuchan OM is, of course,
non-trivial. Butthe OM of the CoPis not somethinghatwill sponta-
neouslyappea, consistingasit doesof informal chatsandretellings
of “war stories”"aroundthe photocgier or in the pub afterwork.

Similar consideratiorapplyto teamsandepistemiaccommurities.
Eachconsistof heterogaeousagentsbroucht togetherto carry out
aparticulartask,or openendedseriesof tasksin the caseof theepis-
temiccommunity In thatevent, the actualwork of theteamor epis-
temiccommurity generallytakesplacein formal schediled minuted
meetingsCorvertingthisrelatively stableresourcao anOM proper
is, no doubt,problematidn variousways,but thereis atleastafairly
straightforvardway to begin to populatethe OM. Ontheotherhand,
theinformal work donethat pertainsto the teamgoeson within re-
lated CoPs.Teammembersgo backto their informal CoPs,trans-
mitting new knowledge aboutthe requiremets of peoplewho carry



out differentfunctions,andtinkering with new waysto incorporate
suchexogenaus requirementsThe knowledgecreatedby a teamor

epistemiccommunity is analogos to thegearsof anengine whereas
theknowledge of the CoPis analogos to theoil; theformeris much

morevisible thanthelatter, but will eventuallyseizeup andgrind to

ahaltif thelatteris not present.

As aresultof suchconsideations,CoPsareseenaskey elements
in the efficient working of an organization,and as key agentsin
knowledge managemen[45, 18, 34]. Well-known comparies that
have nurturedCoPsincludeHewlett-PackardConsulting Arthur An-
dersenAccenture Ernstand Young, BP, Caltex, Cherron, Conocq
Marathon,Mobil, PDVSA, Shell, Statoil, TOTALFINAELF, Intel,
Lucent, Siemens,Xerox, IBM, the World Bank and British Tele-
com[41, 26]. SmithandFarquhagive a detailedexampleof the use
of CoPsin the oil industry consultantsSchlumbeger[41]. Schlum-
bemger suppats the developmeant and maintenane of an OM for its
oil engineeing CoP by providing whatis calleda knowledge hub,
consistingof a seriesof technologieglesignedo supportworldwide
connedivity betweerthoseengineersandto fostera culturethaten-
couragests use;suchtechndogiesarerelatively straightforvard —
email,theweb, bulletin boards togethemwith datamanagemetrsys-
tems,projectarchves, expertisedirectoriesand so on. Maintenance
of thedifferentpartsof the knowledge hubis detailedspecificallyto
knowled@ champims peoge responsite for animatingthecommu-
nity, encouagingparticipationyeportingsuccessestc.([41], pp.22—
27).SmithandFarquhamareclearabouttheimportanceof populating
suchresources.

“Justbecaus@nintranetportalhasbeenbuilt filled with world-
classtechnolog, it is notagiventhatcommunitymemberswill
flock to it. Do not overwhelmthemwith all the featuresthat
computerscientistecanthink of that“clearly” would be benefi-
cial. Instead be cautious Determinefirst whattechnologythe
communitymembersactuallyuse....

An up-frontinvestments requiredto seedheinitial knowledge
repository It is difficult, if notimpossibleto corvincecommu-
nity membergo contrituteto anemptyshell.. .. Not only must
therebe contentfrom the launchdate,but it mustbe quality
contentaswell” ([41], p.28)

This vision of the creationof a CoP memory beginning with a
seedingprocessis sharedby Marshall and colleagus [28], where
their coneptof a communitymemory the open-eledsetof knowl-
edgeand sharedundestandingsthat acts as the CoP’ intellectual
glue, mapspretty well onto the CoP OMs that we have beendis-
cussing.The daily actwities of the CoPmembersare seenrefracted
throughthis commurity memory The problem,asthey seeit, is that
as the community develops, the memory grows so that the main-
tenancetask becomesverwhelming simultaneosly, however, the
memoryis growing stale,with inconsistenciesedundagiesandir-
relevanciesproliferatingasthe focusof the CoPchangs, andasthe
CoP needsto maintaincontactwith exogenas sourcesof knowl-
edge,suchastheweb or otherlarge-scald@nformationresourcesln
thatcase therewill have to be a processof puming, togethemwith a
restructuringof atrimmeddown OM.

However, suchseedingrestructuringprocesss, as adwocatedby
[41, 28], arerenderedmuch more comple by the informal nature
of the CoPitself. Too firm a smackof managenentwill destry the
informal natureof the CoP— andthereforemale it muchmoredif-
ficult for the CoPto supporttheinvisible, informal partsof thework
process[45]. CoP managmentis a delicate process,and various
methodshave beensuggestedor doingit [46, 29]. Thesemethods

all begin with oneof the mostdifficult aspect®f managingnformal
communities— discovering the extentof the community itself.

5.3 ONTOCOPI

To this end, we have applieda particularinstantiationof ONA to
attemptto isolateCoPswithin organizationglescribedy ontologies
[33]. Theroughideais to useanontology-basedspreadingactivation
algorithmto searchthe knowledgebase,moving from instanceto
instancealong relationshipconnections as definedby the ontology
Thesystemis calledONTOCOR (ONTOlogy-basedCommunityOf
Practiceldentifier),andis currentlyimplementechsa Proteye ([20])
plug-in aswell asa standaloe Webaccessiblg@rogram.

Spreadingactivation wasfirst introduced by Quillian [38] to sim-
ulate humansemanticprocessingn a machinesubseqently it has
formed the basisfor mary information retrieval methodssuch as
semanticsimilarity measuresyWeb analysisalgorithms,community
identification, case-basedeasoning,etc. ONTOCOPIs algorithm
combinesandimprovesideasfrom previouswork on similarity mea-
suressuchasshortespathmeasure$39], multi-pathtraversal[36],
andconstrainedgpreadingctivationmethodg13]. ONTOCOR’sal-
gorithmcanmake useof theontology to make decisionsabou which
relationshipgto selectand how they shouldbe valued.Ontological
axiomscanalsobe consultedn therelationshipselectionprocess.

Somecaveatsmustbe pointedout here.Relationshipsn ontolo-
giesaremostly of a formal nature.CoPshowever, tendto have an
informal nature which is one of the major difficultiesfor CoP man-
agemen{section5.2). Thetraditionalmethodusedto identify CoPs
mostofterf appeargo be moreor lessstructurednterviewing ([46],
pp.8-1Q and recently Sol and Serraproposel a multiagentWeb-
basedapprach ([42]). The ONTOCOR assumptionsabout CoP
identificationattemptto getarourd this time consumingactivity.

A formalrelationshipcanstandasproxyto aninformalone.Hence
we caninfer thattwo peoplewho co-authe a paperaremorelikely
to bemembersf the sameCoP If two CoPmembersactuallyshare
no formal relationshipqat least,no formal relationscapturecdby the
ontology),thenary vectoradditionof formal relationscanalsostand
proxy for informal ones.Henceif A co-authoed a paperwith B,
who works on a projectwith C, thenit may be inferredthat A and
C,who have noformal connectionaremorelikely to bememberof
thesameCoPR Totalaccurag, of coursejsimpossiblefor aninformal
andrapidly-esolving socialgrouplike a CoP;furthermoretheaim of
ONTOCOR is only to supportCoPidentification,a very expersive
operationin its own right [46]. A certainmeasureof indeterminag
is inevitable.

Anotherfactof importanceis that ONTOCOPI cant identify re-
lationshipsthat arent there:if two peoplein the sameCoP simply
have no formal relationshiprecordedin the ontology, andno chain
of formalrelationdinking them,thentheirco-membershigannd be
found. The informationhasto be in the ontology for ONA to tease
it out. Finally, ONTOCOR cant distinguishbetweerCoPsIf some-
oneis abroker, i.e.apersorwho functionsin two separat€oPg45],
thenONTOCOPIwill tendto pick up the union of thetwo CoPs(al-
thoughthe settingscan be modified somevhat to try to ameliorate
this difficulty — seebelow).

It follows that ONTOCOPI canrot infallibly identify a CoP But
thena CoPis in mary ways indeterminatearyway. ONTOCOR,
however, doessupprt CoPidentification,aresource-hegy taskthat

4 Exceptin organizationsdefinal arourd a CoR which mayinclude Schlum-
bemger[41].
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Figurel. A screeshotof ONTOCOPIlasa Protegyeplug-in.

maybealleviatedto someextentby thenot-so-subtl@ssumptiorthat
formal connectios canapproximatanformal relationships.

Theinterfacecanbe seenin figure 1. As a prototype we do not
claimthatthisis in ary way optimal,but it indicatestheinformation
it cangive. The panelon thefarleft shavs the classhierarchyof the
ontology Thepanelnext to it shavs theinstance®f aselectedtlass.
Fromthis panel,aninstancecanbe selectedo bethe “centre” of the
CoPinvestigation(i.e., therelationsradiatingoutfrom thisindividua
will bethoseusedasthe basisof the CoPidentification).The panels
on theright handsidesetthe relationweightsandparameteralues
(e.g.,the numberof links the algorithmwill spreado). Clicking the
‘Get COP’ buttonwill setthe algorithmgoing. The centreright top
paneldisplaysthe currentcalculations and centreright bottomdis-
plays the weightsthat have beentransferredto otherinstancesjn
descenihg orderof weight(i.e. aroughspecificatiorof the CoR the
main outputof ONTOCOR). In this diagram,the CoP of Shadbdt
hasbeeninvestigatedand ONTOCOPI hassuggestedin descend-
ing order of preferenceO’Hara, Elliott, Reicgelt, Cottam Cupit,
Burton and Crow, thenthe Intelligence Agents,Multimedia Group
of which Shadolt is amemberthenRugy andsoon.

Order is important, so are the relative weights. O’'Hara scores
13.5;thisis meaninglesgxceptin the context of a particularsearch.
Here,13.5is very good twice the scoreof thenext candidateOnthe
otherhand,the usermay be moresuspicious of the orderingof, say
Tennison who scores2.0, and Motta, who scoresl.5. The figures
themseleshave no constaminterpretatior(exceptin termsof theal-

gorithm);it is for theusersto take the suggestionandinterpretthem
accordingto their own understanohg of the structureof their CoR
HenceONTOCOPI to reiterate pnly supports CoPidentification.

The relation weightscan be createdautomaticallybasedon fre-
queng, or createdhrtificially. In thisrun, theweightswerecalculated
automaticallywith the mostfrequentlyusedrelationgettingweight
1, thosenot usedat all getting0, andthe othersbeingallocatedac-
cordingly This, then,might beafirst run; a secondrun might adjust
the weightsmanually perhapsgiving somelessusedbut important
relationshigherweights.

The algorithminitializes instanceweightsto 1, andthenapplies
a breadth-firstspreadingactivation searchgoing throughall there-
lations,andusingthe relationweightandthe instanceweight of the
departuranode transfersmoreweightto thearrival node.It thencon-
tinuesthe searchthis time out from the arrival node.Instanceghen
accumulateveightaccordingto the numtersof relations(or chains
of relations)they have with the initial instancechosento startthe
processthelongerthe chain,the smallerthe weighttransferredthe
weightiertherelation thelargertheweighttransferredHenceashort
distancepr asignificantconnectionwith the baseinstancewill tend
to pushan instanceup the batting order In the example, O’Hara
haswritten a lot of paperswith Shadtlt — mary individual rela-
tionsof ahighly significantkind in this context (indeedthis paperby
its very existencehasalreadyincreasedO’Hara’s score,aswell as
thoseof Alani andKalfoglou). Shadilt hasfew directconnestions
with Gaines but their transitive links aremary andvaried,andhence



OM interface

thin web-clients

Organization

—p input RN
-<—»  works for
——————— access

inter-connected
"4 User input/feedback

‘

_________________ OM dEVEIOPETS b e e e mem e mmmm e mmm e mmmmmmmmm——————
g

Interface

Ontologies

< " Knowledge ;
Z 4 &— Acquisition |
@] |Retrieval |

i Modelling '

N

N
W ™
Docs

|
|
|
i
- |
i
I
|
|
| internal resources
: .
1 .
i .
.
n

external
resources

Figure2. Applying ONA atdifferentphase®f OMs: to pushknowledgeto usersaswell ashelp developerstunetheir OMs.

Gainesappeas on theradar

The“raw” algorithmcanberefinedaccordng to userfeedback—

recall that userfeedbackis essentialvith ONA. Manual settingof

relationweightshasalreadybeenmentioned Otherwaysto control

variablesinclude:

e Tempoal consideations if they aremodelledin theontology can
be factoredin. For example,the relationsmight only be consid-
eredif they were extant, say in the last5 years.[5] shavs how,
onthisinterpretationShadlolt's CoPhasalteredover the lastfif-
teenyears,beginning in the mid 80swith a numberof psychd-
ogists,who graduallyfall out of the pictureaswe move towards
the presentwhen Al and later knowledge engineeringand KM
concernstake over as Shadolt's academiccareerevolved; new
peoplebecomecolleaguespr becomeconnectedo Shadolt by
othermoreor lesscircuitousroutes.

Filtering out“hubs” . Oneproblem,alreadyimplicitly mentioned
is that of “hubs”. A hub, in this contet, is a highly-conrected
persorwith lots of relationswith otherpeoplethroughwork, pub-
lishing, or whatever. Suchpeoplecarryalot of relative weight—
in more ways than one— and so can sometimesskew the CoP
by transferringan inordinateamountof weight to the instances
with which they are connectedThe ONTOCOPI algorithm can
constrainthe weight transferbasedon the level of connectvity

of suchpeople.This allows the comparisonof CoPsto seewhat
contribution certainpeoplemadeto them.

e Privilegingof classesParticularclassesanbeselectedo identify
the conceptsof interest,and then the systemwill automatically
selectherelationshipghatinterconnectheseclassesandassigns
relationshipweightson the basisof their frequercy.

o Differentialinitial weightingofinstancesThisis notimplemented
yet, but onecouldimaginealteringtheinitial weights,eitherman-
ually (selectingdefiniteCoPmembersandruling outdefinitenon-
members,and increasingthe value/dealuing all their relation-
shipsaccordindy), or automatically(e.g.,increasingthe weights
of paperswhich containedcertainkey wordsin their titles or ab-
stracts).

Onecouldimaginemary moreadjustmentso refinethe basicpic-
ture.The appropiaterefinementsn a particulardomainwill depemnl
on thefeaturesf the domainitself, andwhatis capturedby the on-
tology.

We have describedone way to apply ONA to the problemsof
resourceselectionfor OMs. In the next section,we move on to a
genericaccouwnt of therelationbetweenONA andOMs.



6 Generalisingthemethod

In figure 2 we depicta high-level diagramof an OM. This is not
meantto be a referencearchitecturefor OMs, suchasthe one de-
pictedin [25]. This figure emphasizethe dualrole of ONA andthe
supportve role ontologiesplay in our scenarioOntheleft-handside
of the figure we have usersof an organizationperformingtheir reg-
ular tasks.In the centrewe have an OM which is compcsed,at this
abstractevel, by two interfacesto usersandOM developers,a port
to external resourcesandinternalresource existing in the organi-
zation’s repositories.The latter could have several forms, ranging
from tacitknowledge possessely expertsto explicit knowledgeex-
pressedormally in KBs or databasg. In the centreof our abstract
OM, lie the ontologeswhich underpinthe entireOM. Theseareei-
ther existing resourcer are constructedsemi-)automaticallyvith
theaid of knowledge acquisition retrieval andmodellingtechniqus.
We do not refer to thesein this paperasour focusis on the useof
ONA: thetwo rectangulaboxesdenoting‘ONA” areplacedbetween
theontologiesandOM interfacego usersanddevelopes. Thegener
icity of ONA malesit possibleto useit for pushingknowledge to
usershut also as an aid for the OM’s developes. They could ap-
ply ONA to the organization$ ontologiesin orderto identify which
concefts shouldbe presentedo certaintypesof usersFor instance,
assumingthat thereis a workflow enginein the organization,and
developersarelooking for waysof linking the OM to it, they could
eitherengagen modellingtechniqus suchasthoseusedin linking
the KnowMore OM with workflow processe§?], or they could use
ONA to helpthemidentify which conceptsdrom the underlyingon-
tologiesaremappedontothe onesof theworkflow’s processs. This
activity requiresinspectionandfamiliarizationonly with oneendof
the prospectie link: that of the workflow processesThe developer
then,usesthe conceptdoundin theworkflow processeasa starting
nodefor his/lherONA. This could reveal whetherfurther linking is
feasible(or otherwise) thus sarzing development time and allowing
developersto deal with ontologiesthat they are not familiar with.
The apprachtaken by the KnowMore OM, requiresa carefulanal-
ysis and possibly modelling of workflow processesnd ontologies
beforea link betweenthem could be implemented ONA can ease
theanalysison the ontologyendof this prospetive link.

We alsoinclude two curly dottedarcsin figure 2 linking users
with the OM. Thesedenoteusers’feedbackand input. This is an
important,probablythe mostimportant,elementof any OM archi-
tecture.As Althoff and colleagueshave shavn in [7], an OM can
be improved over time by userfeedb&k andinput. In our abstract
architectureyve ervisagelight-weightfeedbackmechamsms,imple-
mentedasthin Web-clients,accessiblehroughWeb browsers,asa
meansfor eliciting feedba& on an OM’s resourcesAn exampleof
suchtechnologyfrom the AKT projectis the Digital DocumentDis-
courseEnvironment[43] usedasa digital discussiorspace.

Finally, the OM interfaceto its usersis light-weightand accessi-
ble from distributedclientson the Weh We have developal several
suchinterfacesfor accessingur dedicatedoolsin AKT. An exam-
ple, takenfrom the CoPapplication(section5.3) s illustratedin fig-
ure 3. Two kinds of interfacesincludedhere:a dedicatedOM inter-
face wheretheusercanstatepreference selectingheappropiate
nodeto searcHor relatednformation,or therecouldbeacustomized
renderingof informationinto ausers Webbrowser The latteris ex-
tractedautomaticallyafterapplyingONA to theunderlyingontology
whereaghe formerrequiresuserinput to tunethe searctcriteria.
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7 Discussion and further work

In this sectionwe elaborateon some implications and potential
caveats of our ONA. We categorize them in three broadly de-
fined areas:information overload, contet-awarenessand domain-
indepen@nce.We critically review the applicationof ONA when
theseareasareconsideredn deplo/ing OMs:

e Information overload: As Abecler and colleagies pointed out
in their KnowMore OM, the progressie andquery-tasednterac-
tion with the OM from initial set-upactsas“a safguardagainst
unwantedinformationoverload’[2]. Potentialdrawvbacksinclude:
progressie interaction meansthat the initial set-upwill suffer
from ‘cold-start’ syndromenot enowgh informationwill be avail-
able;query-lmsednteractionrequiresexpertiseanddomainfamil-
iarizationfrom theusersto getthe mostout of anOM. Theadwan-
tagesarediscussedbelov underthe headirg ‘context-awareness’.
Thereisn’t a goldenrule to follow whenwe, asdevelopers face
this dilemma.lt is worth pointing out thoughthatusers amidthe
bulk of information ONA pushe to them, arestill in control of
it. They canchangethe searchcriteria (namely the startingnode
in the ONA algorithm),to meettheir preferencesUserscanalso
choosewhich relationsto traverseand their relative importance
(weights).Further we supportthis chang asmuchaspossibleby
ontologically-guding theuserin choosingtheright startingnode,



asnodes always carry somesort of semanticinformation dravn
automaticallyfrom the underlying ontology So, it could be ar
gued,this taskbecomesa pedaggical experierce for usersapart
from easingtheir queryformulation.

e Context-awareness. this has beenrecognizel as the Achilles’
heelfor OMs. One proposedremedy adwocatedby propments
of marryingworkflow processeand OMs (see for example[3]),
seemdo work well in settingswhereworkflow processgsareei-
ther existing, or are relatively easyto identify and model. ONA
takes a differentappro&h in tackling contet-awareress.We do
not assumethat workflow processeswill exist, but we merely
rely on ontologcal resourcesvhich we assumeexist or could be
constructed Contextual relevance can be achiezed in a number
of waysthanksto the genericityof ONA. We could rely on ad-
hoctechnologiessuchasprofiling users’interestdy usingagents
[37] or by embeddingersonéizationfacilitiesin thin Webclients
[24], or rely onidentificationof users'tasks[11]. In addition,our
relianceon organizationabntologiesgivesustheability to exploit
knowledge aboutusersdentity (obtainedrom system-entryogs),
andthushelpguessgheirinformationneeds.

e Domain-independence: this is a desiredfeaturefor OMs. ONA
is not specificto ary kind of ontology or indeedto ary ontol-
ogy atall' This makesit possibleto apply ONA to morethanone
ontology asarelikely to exist in large organizations As we de-
scribedin the previous sectionwe coulduseONA asatool to as-
sistknowledgeengineesin decidingwhich ontologiesto consider
for supporting the OM. Thisin turn, speeds-uphetaskof select-
ing apprriateorganizationabntologies However, ONA will not
be the only tool to be usedin this processin the caseof similar
or conflicting ontologiestheremight be a needto integratethem
or to resole inconsistenciedn this case ONA is only oneof the
mary tools that knowledge enginees would like to have at their
disposalto tacklethesechallenges.

A numberof compmentsdescribedn this paperarenotfully im-
plementedyet. As this is ongoingwork, we are in the processof
integratingseveraltoolsdevelopedin the contet of the AKT project
to realizethe genericarchitecturedescribedn section6. We have al-
readydesigneddeveloped anddeployedthe CoP exemplarapplica-
tion in varioussettingsandarecurrentlyin the procesf evaluating
it. We have alsodeveloped muchof theinfrastructureneededo de-
ploy suchanOM: Web clients[24] andontologesarereadyfor use.
We arecurrentlyworking on method for maintainingtheseontolo-
gies,constructingand popuating themasautomaticallyaspossible
[44]. Severalapplicationscenariosrecurrentlyunde consideration
oneof whichwould useOMs to accesseterogeneusresourcesand
pushinformation to dedicatedmembersof a community. In these
scenariosve planto usethe knowledge sharinginfrastructuredevel-
opedin AKT [22].
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The PROMOTE® approach:

Modelling Knowledge Management Processes to
describe an organisational KMS

Dimitris Karagiannis' and Robert Woitsch’

Abstract. This article introduces the EC-Project PROMOTE®
(IST-1999-11658) [1], [2]. [3], where an overall framework
for process-oriented knowledge management is being
developed. The focus of the project is to introduce a
modelling language that is sufficient to describe the
organisational memories and implement a Knowledge
Management System (KMS). These models are seen as an
overall management view that is tool and method
independent. The Use Case “Software Development” where a
software development process is supported to enhance quality
is introduced, example models are depicted and the
realisation concept is pointed out. The evaluation of
knowledge management is briefly mentioned by introducing
a Balanced Scorecard model that has been adapted to the
needs of knowledge management.

1. INTRODUCTION

There is a significant gap between the importance of
knowledge management and the realisation on all
levels in an organisation: There are many surveys that
show that knowledge management is recognized as a
management task with high priority. When looking at
concrete projects and initiatives, however, knowledge
management receives much less attraction. Lack of
time is a main reason that knowledge workers mention
when asked why they do not support knowledge
management.

A possible reason for this gap between necessity and
reality is separation of knowledge management from
the core business. Another reason is the difficulty to
access available knowledge. Identifying an expert or
finding documents with relevant information is a time
consuming and often frustrating task. Even worse,

! University of Vienna, Institute for Computer Science and Business
Informatics, Dept. of Knowledge Engineering, Bruenner Strasse 72,
A-1210 Vienna, Austria, dk@dke.univie.ac.at
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people often are not aware that helpful knowledge or

information might be available.

To overcome these barriers the PROMOTE®
approach provides a solution to two critical challenges
of knowledge management
e integration with the operational business:

knowledge management tasks are associated with
activities in business processes.

* providing access to available knowledge: explicit
graphical knowledge structures help to get an
immediate overview of available knowledge -
people with required experiences - and information
- codified explicit knowledge.

Knowledge management consists of many subtasks

like identification, access, storage, use, distribution,

etc. From these the use of knowledge is the most
important. Why should vast amounts of lessons learned
be stored in a service database if the service agents do
not access it? What does it help to distribute
experiences of successes and failures if the workers do
not remember them when a new problem arises? What

does it help to store product specifications if a

technician developing a new product does not

recognize the analogy to a similar solution?

An important challenge for using knowledge is to
asses the relevance for an actual task. Knowledge is
relevant if it helps to solve the problem at hand. The
problem can be characterized by two criteria:

*  The knowledge content: It is an obvious distinction
whether we must calculate the premium of a life
insurance, fix the interest rates of a mortgage or
diagnose the error in a defect computer device.

e The work context: The work context consists of
the overall process and the persons involved.
Activities in general are part of a business process;
the information gathered and decisions made in
preceding activities of the process have a
significant influence on the relevance of
knowledge. For instance, the premium of a life
insurance depends on the medical risk assessment.



PROMOTE® [1] is a model-based and IT-based
approach to knowledge management using the concept
of an organisational memory information system to
store relevant information and provide pointers to
people with relevant know how.

The benefits of using a model based knowledge
management approach like PROMOTE® are listed as
follows:

e On the base of business processes, knowledge
intensive activities that strongly influence time,
quality and cost of an process are easily identified
and supported.

* The integration of knowledge models with
business process models, and evaluation models
supports an overall management view with
consistent analysis, evaluation and coordination.

e The definition of an knowledge management
approach by knowledge models is tool and method
independent. To realise the approach several
different knowledge management tools are able to
be combined.

e With evaluation models like Balanced Score Card
Models it is possible to evaluate the knowledge
management approaches, successful approaches
are able to be distributed through knowledge
model documentation.

PROMOTE® supports various model types to deal with

the  above-mentioned content  and context

characteristics:

e Topic maps are knowledge structures that model
the knowledge content. They are semantic
networks consisting of knowledge objects (topics)
and relations between them. A graphical
representation of topic maps helps a knowledge
seeker to navigate in the organisational memory:
If, for instance, he is looking for knowledge about
cancer, a medical topic map shows all the related
topics like smoking etc. Thus the knowledge
seeker gets hints about relevant knowledge he/she
did not think of.

e Skill models relate topic maps to people and
represent the skill status of a particular person with
respect to topics in a topic map.

e Process models represent the work context.
Knowledge objects and people can be associated to
knowledge-intensive  activities via so-called
knowledge processes.

The PROMOTE® approach has been developed in an

EU-funded project having the same name. It has

successfully been applied in two trial cases. The

following section gives an overview of the knowledge
management methodology of PROMOTE® and the
application within a test scenario.

2. PROMOTE METHOD TO DEVELOP
AN ORGANISATIONAL KMS:

This section describes the previously mentioned access
to available knowledge. The PROMOTE® approach
uses the business process as a starting point of the
knowledge management approach as this process is not
only seen as “a set of manual, semi-automatic or
automatic activities, that are executed under the
restriction of certain rules to achieve an organisational
goal” (translated) [4], but also as the Know-How-
Platform of an organisation, that will be realised by
value chains to achieve the strategic goals of an
organisation. Supporting the critical tasks of business
processes automatically leads to a knowledge
management approach that assists users in their daily
work and therefore directly focuses on the operational
knowledge. The authors are well aware that there exists
several definitions of knowledge and knowledge
management, within PROMOTE knowledge is seen as
“humanised information” |[3]. PROMOTE has
therefore the aim to support users at critical tasks with
information in a way the user can interpret this
information. This information exchange will be defined
by so-called “knowledge management processes”
(KMPs) that define the building-, identification-,
access-, storage-, distribution-, and evaluation-process
of an organisational memory.

In PROMOTE these KMPs are seen as important, as
the interaction between users and the organisational
memory can be defined, distributed and evaluated. The
KMP-categories used in PROMOTE are described as
following:

e Knowledge model building processes:
This category of knowledge management
processes includes the analysis of business
processes, the modelling of knowledge models and
the validation of knowledge models.

¢ Knowledge identification processes:
This category of knowledge management
processes includes the identification of critical
business processes, the analysis of skills and
competences, and the analysis of the business
processes supported by knowledge management
processes.

® Knowledge access processes:
This category of knowledge management
processes includes the interactions between human
knowledge workers and the organisational memory
as well as the interactions with the internet.

¢ Knowledge storage processes:
This category of knowledge management
processes includes the storage of micro articles,
the categorisation of documents and the
description of knowledge resources with textual
annotation.



¢ Knowledge distribution processes:
This category of knowledge management
processes includes the co-ordinated generation,
validation and distribution of new entries in the
organisational memory.
e Knowledge evaluation processes:
This category of knowledge management
processes includes the definition of knowledge
evaluation criteria, the modelling of such
evaluation criteria and the monitoring of
knowledge management processes according to the
defined criteria.
Each of these KMPs categories has a different effect on
the organisational memory. The definition of strategic
knowledge goals help to focus on the right category.
The next step is to define tools to support the selected
KMPs. In today’s literature there are many approaches
to classify knowledge management tools, within
PROMOTE these tools have been mapped to the
previously mentioned KMPs.
Table 1 gives an overview how KMP-categories
could be mapped to KM-tools.

Table 1 KMP categories and KM-tool mapping

Tool Mapping

Builder Workshops, Questionnaires, Interviews

Identification Analysing tools, Knowledge maps,
Yellow Pages, Expert reviews, Skill-
games

Access Quality circles, Project organisations,
Communication  platforms,  Virtual
teams, Distributed Project teams,
Groupware, Discussion forum,
Document management systems, lessons
learned databases, Frequently asked
questions,  Organisational = memory
information  systems, Search and
retrieval, Guidelines, checklists,
Organisational handbook, Micro
Articles.

Storage Discussion forum, Document
management systems, lessons learned
databases, Frequently asked questions,
Organisational memory information
systems, Guidelines, checklists,
Organisational handbook, Micro
Articles, Blackboard, Data base

Distribution Knowledge Brokers, Incentives,
Groupware, E-mail, Video conference,

Multimedia databases, E-Training.

Evaluation Balanced score card

Using such mapping tables, each critical task can be
supported individually depending on the problem
category, the KM-strategy and on the user. To ensure
an overall knowledge management framework each
knowledge management approach is defined by
knowledge models that enable a complete
documentation, an analysis of the “overall system” and

a tool independent evaluation. Describing the
organisational knowledge system using knowledge
management processes enables a process based
analysis and a tool independent design of an overall
knowledge management approach.

The main focus of PROMOTE® is therefore the
design of an organisational knowledge system using
knowledge models, to enable an export of this model
information to external knowledge management tools.
Some of the above mentioned tools like Yellow Pages,
Micro Articles, and Search Engines are realised in the
PROMOTE-prototype as so-called Web-Components
to enable a rapid prototyping approach of a knowledge
management system. For a complete scenario other
tools have to be accessed via interfaces like Meta
Search  Engines, Databases and  Document
Management Systems. A Knowledge Management
Cockpit can be realised by modelling evaluation
models linked with the knowledge management models
and generating an Evaluation Web-Component out of
this model information.

The next section describes the realisation of the
PROMOTE®™ method by introducing the PROMOTE-
Knowledge model types. Realisation of the PROMOTE
method to define an organisational knowledge system

This section describes the realisation of the above
mentioned PROMOTE® method during the project,
introducing the knowledge model types to describe an
organisational memory on a model basis.

The following three axioms explain the specific
PROMOTE® approach:

1. Process Based Knowledge Management as

Modelling Framework:

A model-based approach based on Process models

(PM) was selected.

2. Formal Model as Knowledge Processing

Framework:

A formal model to evaluate and specify the model

language was defined.

3. Meta Modelling as Conceptual Framework:

The modelling concept is based on a Meta® Model.
These three axioms of PROMOTE® distinguish this
approach from existing tools and methods. Knowledge
modelling tools describing Mind-Maps or Topic Maps
are not covering the dynamic aspects of knowledge
management like the KMPs and they are not
supporting the integration of Knowledge management
approaches with Business processes.

Existing tools providing this integration of
knowledge models and business processes suffer from
lack of individualization that can be implemented
through the Meta-Modelling concept. The PROMOTE®
idea is to analyse the existing business processes and
the existing working environment and to identify so-
called “knowledge-intensive-tasks”. These knowledge
intensive tasks are further analysed and described using
various model types to define an organisational



knowledge system based on knowledge management

processes.

Table 2 gives an overview of the PROMOTE®-
model types and a short description of making the
models operational.

Table 2 The PROMOTE® Knowledge models and their possible

realisation

Model type

Description

Making models

operational

Business process related model types (BPM)

Business Definition of Business process- and
processes: distributed business Workflow
processes. Management.
Working Definition of a role- Business process
environment:  based working management,
environment. Organisational

handbook, HRM.

Knowledge processing model types (KPM)

Skill Definition of Training concepts,

documentation competences, skills Yellow Pages, Project
and interests. Team Selection.

Knowledge Definition of topics, Search engines, Meta

structure keywords and Search engines,
semantic categories. Content Management.

Knowledge Definition of Document

resource pools knowledge Management,
resources. Groupware, Portals.

Knowledge Definition of How-To Databases,

process knowledge Micro articles.

models intensive tasks.

Knowledge Definition of the Organisational KMS,

management  knowledge Best practice

processes management databases, Realisation
processes. of Push-Technologies.

Security Definition of user Portal Management,

models rights and access Single user login.
profiles.

Workbench Definition of an Configuration of

models individualized Web- “MyPortal”.
portal.

Overview model type (OVM)

Knowledge Overview of the Individualize the view

landscape organisational of the organisational
memory. memory.

Community Overview of the Groupware,

model teams within a Discussion forum,
working virtual Project teams.
environment.

Process pool Overview of the Visualisation of

model dynamic aspects companies processes.
within OM.

It has to be pointed out that for the realisation of
knowledge management approaches it is not necessary
to define all model types in detail. During the analysis
of the knowledge management approach the used
concepts are selected and the according knowledge
models are defined. This procedure is briefly described

in the next section introducing a Trial Case of
PROMOTE".

3. REALISATION OF THE PROMOTE
PROTOTYPE AT USER TRIAL CASE

This section describes the trial scenario “Software
development” of the PROMOTE project and discusses
the tools and models that will be used to realise an
organisational knowledge system in that area.

First the business process was defined and the
critical tasks were pointed out.
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Figure 1 Screen shot of a Development process including knowledge
intensive tasks

Figure 1 depicts the basic business process of the trial
scenario “Software Development” where the critical
tasks “Create system draft”, “Create technical draft”
and “Create program draft” are identified and described
in more detail.

Topic maps for each of the critical task will be
modelled and the necessary keywords and
transformations are discussed.
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Figure 2 Topic map of the trial case

Figure 2 depicts a topic map that is realised as a
knowledge structure model in PROMOTE® that has
been linked to a knowledge intensive activity. One
major problem of modelling semantic networks is the
“knowledge transformation problem” that occurs, when
departments have different views on topics.



PROMOTE solves this problem by defining several
topic maps that can be linked to each other by using a
“transformation link™.

These topic maps are used to define the skill profiles
and the search engine interfaces. In the following, the
concept of the skill documentation is briefly pointed

out.
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Figure 3 Skill documentation detail

Figure 3 shows a simple skill-documentation of a
person. Each person has different skill-profiles that are
aggregated to a so-called “Aggregated Profile”.

In PROMOTE there are the following Skill-Profile

types:

e  Skill Profile Interests: This Skill Profile is used to
describe the interest of employees and the level the
employee is interested in being trained. This
profile is used to build new project teams and to
document the potential of new topics.

e Skill Profile Ability (self): This Skill Profile is
used to describe the abilities of employees on a
voluntary basis. Users are able to enter skills they
think they have. This profile is used to identify
knowledge carriers and to access the knowledge of
experts. This Profile is difficult to get, as many
users simply do not want to document their skills.
There are different ways of motivating users to
keep this profile up to date.

e Skill Profile Ability (Management): This Skill
Profile is used to describe the abilities of
employees by the manager. The manager has the
possibility to document the skills of his group by
editing the skills of his employees.

® Product Skills: This skill profile reference to
products of the company. Each product manager or
product specialist is linked to products. This
profile clearly documents the responsibility of
each user.

The Skill Profiles describe the competence of either

a topic (from the semantic network) or of activities

within a business process. Using this framework, it is

guaranteed that the skills of a person are well designed
and categorised. There is also the possibility to enter

“Should-" and “Is skills” at each profile. This “skill

gap” has not been modelled in this trial case, as the

focus of this approach was not to identify skill gaps,
but to identify experts who voluntarily enter the skill
documentation.

The skill documentation will be automatically
imported by using existing Lotus Notes Databases.
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Figure 4 Automatic generated Skill documentation

Figure 4 depicts the scenario to generate this complex
skill documentation using several Lotus Notes
Databases. All Product Skill-Profile are generated from
a Lotus Notes Database for “Product responsibilities”,
the necessary information for modelling
“Organisational Units” are imported from a different
Lotus Notes database, finally all “Aggregated Skill
Profiles” and their references are automatically
generated by merging the results of the model import.
The third Skill Database is concerned with Interest
Profiles and Ability Profiles and is still in the design
phase. This database will be implemented during the
realisation phase of PROMOTE either as another Lotus
Notes database, or as an XML Database using the
PROMOTE® model base.
Another concept used in this Trial scenario is a best
practice database that should support users in critical
decisions. PROMOTE defines the access of the
database and the structure of the content of the
experience base.
The content of such a database is defined with a so-
called “Knowledge Process”. The authors are well
aware that the terms “knowledge management process”
and “knowledge process” are used differently in
today’s literature but to express the PROMOTE idea,
these terms are specially treated in this text:
¢ the Knowledge management processes defines the
interaction with the organisational memory as
described in section 2

e and the “Knowledge Processes” describes the
content of the database. This “Knowledge Process™
can be seen as a sub process of a business process,
where a knowledge intensive activity (called KIT)
is the “Sub-procedure call” and the “Knowledge
process” is treated like a sub-process.

The reason for implementing a new model type named

“Knowledge Process” and not just using a sub-process

is, that additional information is needed, if an article

should be generated out of such a process. The idea is



to generate a short article (like a micro article [5]) out
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Figure 5 Definition of the structure of a short article using a
,Knowledge Process™

Figure 5 depicts a definition of an article in a process-
oriented manner. The start- and end-object points out
that this concept can be seen as a sub-process.

The previously discussed knowledge management
process define how these concepts are applied. As an
example the interesting Knowledge  storage
management process is shown, defining the usage of a
best practice database.
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Figure 6 Example of a Knowledge Storage Management Process

Figure 6 depicts a Knowledge Storage Management
Process that defines the storage of a micro article.
Such a micro article should not be stored in the best
practice database without the review of an expert. The
above Knowledge Storage Management Process
defines that the user has to suggest a consulting pool
session to an expert for a specific problem. The expert
can accept or deny this consulting session. If the
session is accepted the review will take place and the
results are stored in a best practice database.

These knowledge management processes define the
interaction between users and the organisational
system. The planed realisation of this user trial is
mentioned in the next chapter.

4. MAKING KNOWLEDGE MODELS
OPERATIONAL IN THE TRIAL
SCENARIO “SOFTWARE
DEVELOPMENT”:

This section describes the tools that are used for the
realisation of the previously mentioned knowledge
management approach in the Trial scenario “Software
Development”. PROMOTE® has standard modules
such as a Model editor, Yellow pages, Search engines,
a Micro Article Generator, a Model viewer and a
Knowledge management control cockpit.

In the following each concept described before is
listed below and the realisation either by PROMOTE®
Web-Components or by external tools is explained.
Process documentation via HTML:

The process models will be exported to HTML-Pages
and can be viewed via Internet Explorer. The Processes
are visualised, and descriptions and documents are
attached at each critical task. Microsoft Office
Documents, and Lotus Notes Databases can be
accessed by clicking on the Models and by following
the HTML-Links.

Meta Search Engine for Information retrieval:

A powerful information retrieval will be realised
through the interaction of PROMOTE® and the U.S.U.
Knowledge Miner [7]. This Meta Search engine
exchanges the Topic Maps on the ISO/IEC 13250 [8]
standard with PROMOTE and enables access to log
data of the search engine to evaluate the tool. The
search engine can be integrated in the PROMOTE Web
portal through Java Servlets if appropriate.

Yellow Pages:

This concept will be realised by the PROMOTE®™ Web-
Component called “Yellow Pages™ that accesses the
previously described Skill Models through the model
database. The skill information can be accessed either
by full text search, business processes or semantic
networks through the PROMOTE® Web-Interface.

Best Practice Database:

The Best practice Database in this Trial Case is
implemented as a Lotus Notes Database that stores
short articles generated by the PROMOTE® Web-
Component “Micro Article Generator”. These short
articles are defined in the models shown in Figure 5 and
generated by the “Micro Article Generator” either in
html or pdf format. The article are then reviewed by an
expert.

Knowledge Management Process Interpreter:

The PROMOTE?® portal provides a Process engine, that
supports the user by starting Knowledge management
processes. The knowledge management processes can
be viewed in HTML. The user can start the process
either as a public or as a private process through the
Web-Interface. The “Tasklist” of the participating users
will show that this process has been started and will



display the responsible user and the status of the
process.

These concepts are planed to be implemented and
evaluated during the project. The next section describes
the project status and the evaluation approach of
PROMOTE.

5. EVALUATION APPROACH AND
PROJECT STATUS:

The PROMOTE project now  finishes the
implementation phase and starts the evaluation and
implementation phase. The implementation of the
concepts is planed to be realised according to the above
mentioned scenario till summer 2002 when the project
ends.

An evaluation approach will be realised to define
evaluation criteria and goals that are linked to
knowlede managiement concepts.
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Figure 7 Knowledge management evaluation using the knowledge
score card

Figure 7 depicts the evaluation of the previously
described trial case using the PROMOTE® evaluation
approach. PROMOTE® introduces the concept
Knowledge Sore Card that is based on the Balanced
Score Card and adapts this approach to the special
needs of knowledge management. These evaluation
models can be viewed via the HTML-component of
PROMOTE® to check the performance of the
organisational knowledge system.

The market launch of the first product version of
PROMOTE? is planned at the beginning of 2003.

6.
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2
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[5]
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Continuous capitalization of design knowledge

Nada M attd}, Benoit EynardZ] Lionel Roucoules’, Marc Lemercield

Abstract. Learning from past projects alows designers to
avoid previous errors and to solve problems. Several methods
have defined techniques to memorize lessons and experiences
from projects in what we call project memory. This paper
presents our traceability approach that alows to extract
knowledge without perturbing designers activities. Our
approach is based on web technologies. In the one hand it keeps
track of knowledge produced while using design tools (as a
behavior model) , in the other hand, it restitutes knowledge
according to a contextual situations recognition.

Keywords. Knowledge capitaization, design knowledge ,
project memory, product, process

1 INTRODUCTION

Knowledge management (KM), first considered as a scientist
stake becomes more and more an industrial stake. It is a
complex problem that can be tackled from severa viewpoints:
socio-organizational, financial and economical, technica,
human and legal [P1It concerns theoretical and practical know-
how of groups of people in an organization. KM is defined as a
continuous process of knowledge explicitation and
internalization

There are two types of techniques that help to make
knowledge explicit (Fhm:

1. Knowledge capitaization, with which knowledge can be
extracted by interviewing experts and from documents.
Knowledge engineering methods are mainly used in this

amig]
2. Direct knowledge extraction, in which knowledge are
extracted directly and dynamically from organization

activity. DataMining, Textmining, tracability are some of
these techniques.

For instance, some studies focus on how to keep track of
an activity and especidly a project. In this type of studies, the
challenge is how to capitalize knowledge without perturbing
actors activities and workspace. Main questions can then arise:
how to extract knowledge directly from tools and documents ?
How to keep track of the issue and the evolution of a project ?
How to quickly model this knowledge and represent it in a way
that can be easily accessible and usable by organization actors.

Experts, documents Knowledge enginnering

l EXPLICITATION

Knowledge asset

t EXPLIClTATION>

Daily Activity Direct knowledge extraction

Figure1l. Two techniquesto make knowledge explicit

In this paper, we study the second type of knowledge
management (direct knowledge extraction). We focus on
knowledge management of a design project in order to
define, what we call, design project memory (PM). A project
memory can be defined as lessons and experiences from
given past projects [[L6] |. Keeping track of this knowledge
can be considered as a direct extraction from several
knowledge sources: documents, data bases, drawing and

prototypes, meetings, activities (Flgure 2. )]

Figure 2. Traceability of design activities

We present in this paper, traceability of engineering
designer's activity. Our aim is to extract knowledge from
designer’s activity without perturbing him. So, we study a
Web architecture that helps to define a scenario of a
designer’s behavior, regarding a given problem, by keeping
track of used functionalities and issued information and data.
Before presenting this architecture, we describe in the
following section, the structure of a project memory in
design.
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2 DESIGN KNOWLEGDE

2.1 Knowledge modelling in design
engineering

Continuous capitalisation in engineering design consists in
memorising specific information that will be later on reuse in
future product designs. This information is extracted from
different knowledge during design process. This dynamic
knowledge of the collaborative design activity is then formalised
in a static project memory ). The extraction and the
formalisation have to be done with a maximum of transparency
for designers. Thus, they would not have to manage any extra
task in the design activity.
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Figure 3. Information capitalisation in engineering design.

This paper does not aim at presenting a global solution for
all kinds of engineering information that must be capitalised but
focuses on:

= Product data
= Design process data.
= Design rationale data.

2.1.1  Product modelling for integrated design

Design activity is currently managed by a large group of
designers that must share their points of view in order to
have the product definition emerged from common decisions.
Based on this Concurrent Engineering conceft [26] , one
goal of our research works on product and process modelling
is to support the progressive product definition issued from
multiple points of view knowledge integration (ffigure 3™.]).
In other words several designers have to share their
knowledge (structural analysis, technological information,
machining knowledge, etc.), to define and to integrate new
data on the product definition. In this way, we aim to proof
that the product and particularly its geometry can be totally
specified by knowledge integration from the requirements
list. Thus, each datais well justified and can be really taken
into account in design reuse.

Design activity is a progressive mapping of product
functions to product technologies. These technologies are
relating to mechanical components, machining technology,
etc. According to the literature, three design phases
(conceptual, embodiment and detail design) have been
commonly accepted. Nevertheless, these phases are managed
sequentialy [ using axiomatic mapping [27]j|
concurrently ||

Based on an integrated design method, our product
modelling tries to support strong links between functions and
detailed product data %This mode! is quite similar
to the mostly feature-bi presented by !E I! [1
Indeed, feature presented as “a semantically endowed obj
that accompany product development from the customer

request through to product releas% is very useful to
define the multiple views product br own (cf. 2.1.2).
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2.1.2 A strong link between functions and
structure

For conceptual and embodiment design, a function-structure
model is presented. This model is a mix of several models that
describe the functional and structural representations of the
product. This representation is on the one hand based on bond-
graph theory to treat every kind of energetic field in the product.
On the other hand the representation includes graphics and rules
issued from Value Engineering tools as FAST diagram
(Function Analysis System Technique). This model as presented
on Figure 4 is used to progressively map product functions to
product structure. Each function of the FAST diagram is linked
to an energetic field that is kept coherent using the bond-graph
theory.

2.1.3 A multiple points of view product definition

For embodiment and detail design a model for multiple view
breakdown of the product is used. These feature-based

decompositions complete the product definition adding new
data and new constraints from specific points of view as
Machining,

Structural Analysis, etc. The model for multiple points
of view isfully described in [st shown on figure 4, this
model represents on the one hand the structural breakdown
according to the function-structure product model. This view
is called the Technologic view. On the second hand, it is easy
to create and represent new views (new decompositions) of
the product (e.g.: the Tooling view).

Findly, to have the product geometry emerged, the
multiple product views are transated to both tolerancing and
geometric views. These two common views appear then as
the result of knowledge integration. We showed in this
section, how viewpoint can be useful to represent product
definition._Other viewpoint representation, especially those
studied in knowledge representation can be used for
that.



2.1.4 Computer based support for product
modelling

In order to create the project memory and the continuous
capitalisation (see section 3), it is necessary to manage a lot of
product models. This management must also be computer-based
in order to improve the transparency of the capitalisation.
Therefore, extrafunctionality (see section 2.1.4) are added to an
aready-tested Co-operative Design Modeller (CoDeMo).

CoDeMo[[23]] has been developed to support the product
modelling previoudy presented. It actually supports every
product data that are managed via a server agent. Each designer
can access and modify the product models via a client
application. Computer developments of CoDeMo are based on
C++ libraries provided by ILOG=Company. The functionality
and features of CoDeMo (Ffgure 5 . ] can be summarised as
follow:

= To ad the creation of a product model using a Graphic
User’s Interface (GUI);

= To display the product data according to several
representations (functional, geometrical...);

= To manage the database and propagate data constraints.
Change notifications mean that each creation, deletion or
modification are propagated from the server to every client;

= To support a Client/Server architecture in order to assist
the co-operative work. The connections are currently done
with RPC protocol but will be upgraded using CORBA
technology.
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Figure5. Functionality of a Computer-Supported Co-operative
Design Modéeller.

2.1.5 Extra functionality for continuous
capitalization

In the objectives of continuous capitalisation, two extra
developments have been specified on CoDeMo. On the one
hand (Efreur ! Source du renvoi introuvable.)] both product
and process models have to be linked. This link has to be
computer supported. On the other hand it would be interesting
to manage product model via XML language (see section 3).

4 www.ilog.com.

To link product and process models would be benefit
in order to manage every modification applied on the product
definition. This management would step by step create an
history of the product model evolution during the design
process.

2.2 Modelling of Design Process

In order to have a better understanding of product
development process and design activities, it is often
necessary to provide details of their organisation, progress
and behaviour [n this section, we detail briefly various
modelling languages (IDEFQ, IDEF3, Petri nets, GRAI nets
and UML State Diagram) before making a rapid comparison
and argue of our choice for GRAI nets.

2.2.1 Process modelling language

With IDEF@ [§ , we get a modelling language with an
efficient and simple use. It provides a good graphical
representation of key elements of an activity. The activity is
described with a box containing an active verb characterising
the activity nature. A network of arrows links the boxes and
details the relationship between activities. In this
relationship, activities exchanges information or objects.

IDEF3 is the issue of aresearch project on information
integration for concurrent engineering [1f] . The authors
propose the description of process flow, precedence and
causality relationship of activities and their logical junctions.
The description of process flow uses the process flow
network and is complemented with a representation of object
state transition network. These two components allow to
capture the behaviour and performance of process.

Petri netf [18] provide a structured description of
process behaviour and allow performance assessment with
associated mathematics tools. They are composed of two
types of nodes: place and transition. The nodes are connected
by direct arrows which specify the sequencing logic of the
process. The place nodes could describe states of information
or objects. The transition nodes represent operations or
activities which are carried out on information or object.

GRAI nets [21]_re based on three concepts: state or
result, activity and support. States describe inputs and
outputs (material or informational) of a transformation
carried out by an activity. Activities represent operations
performed between two successive states. Supports define all
resources nature used by the activity. The graphica
formalism could be transated in mathematical formalism
thanks to the vectoria nature of states and supports: 0; : (.1,
X)) - @ . GRAI nets provide specific models dedicated to
discrete activity description, offering a satisfying
characterisation of activity and having strong developments
in terms of decision-making modelling.

Unified Modelling Language (UML) is a modelling
language based on object oriented technology [7] is
language gathers the various object approaches to le
software engineering modelling. For process modelling, the
UML State diagram benefits from the reference and
standardised approach of object oriented technology. It



provides a state-event language and alows the modelling,
analysis and specification of processes.

The GRAI nets combine the main quality of the previous
modelling languages but require some developments in order to
take into account al dimensions of engineering design. With the
clarification of activity nature between states, the model benefits
from logical link with the product modellinm] . Based on the
information captured in GRAI nets, we are able to represent the
behaviour knowledge and process sequencing and actions of
design team, etc.

2.2.2 Modelling of key elements of design process

[[Z0]_specify an extension of GRAI nets oriented to product
development process modelling. He identifies three kinds of
activities: design, execution and decision-making. The input and
output states detail the information transformed by activities.
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Figure 6. Sequencing of design and decision-making activities

1- The design activity (can be defined by its

iterative, creative and basically human character. It includes the
understanding and analysis of problems, and the search for,
creation, synthesis and proposal of solutions. The design activity
is characterized by:

= the information transformed by the activity, which is
represented by an input and an output state;
= the activity supports, which are of three types: material,
informational and human resources;
= the specific support of the design activity, which is the
design framework i.e. objectives and design constraints.
2- The execution activity is characterized by its procedural and
often programmable or computational nature. It can describe the
detail design of a part, the drafting of a document, etc. The
execution activity is characterized by:

= the information transformed by the activity, which is
represented by an input and an output state;
= the activity supports, which are of three types: material,
informational and human resources.
3- As design, the decision-making activity [Figure 6 .]) has a
basically human character but it is purely decisiona. This
activity makes choices and decisions and selects alternatives in
the development process. The decision-making activity is
characterised by:

= the information transformed by the activity, which is
represented by an input and an output state;

= the activity supports, which are of three types: material,
informational and human resources,

= the specific support of the decision-making activity,
which is the decision-making framework i.e. objectives,
decision variables, constraints and criteria.

2.2.3 Link between product and process

Regarding the product development process, our aim is to
capitalize the design history. This design history will be
based on product and process modeling detailed above. It
will provide a support to designers with the key elements of
design project. The product dimension will be based on
CoDeMo with a progressive history of product definition.
The process dimension will provide a detailed description of
activities, the organization and planning of the project

according to [@nd [m/iewpoi nts.

The continuous capitalization will ensure a quick and
efficient knowledge capture. The capitalization of knowledge
related to product will be transparently done for designer
through CoDeMo. The process modeling will provide a
detailed description of transformed flow, activity support,
sequencing, behavior, etc. Thus based on these three
dimensions of capitalization will obtain a strong environment
of capture, modeling and reuse of design knowledge.

2.3 Design rationale

Design rationale can be defined as the rationale space for
problem solving. This space concerns individua and
collective dimensions. Generally, discussions, alternative
choices, problem solving are fleeting knowledge in a project.
Nowadays the challenge is to define methods and tools in
order to represent the rationale of a project and to memorize
it. Thistype of knowledge can be characterized as:

Q Problem definition: subjects, type, el ements.

Q Problen solving: participants, methods used and
potential choices.

Q Solution evaluation: rejected solutions and arguments,
advantages and disadvantages.

QO Decision: solution and arguments, advantages and
disadvantages.

Several methods have studied how to capitalize
problem solving knowledge by emphasizing the problem
treated, the potential solving choices and arguments. We note
for example in one hand, I1BIS, QOC, DRAMA that represent
the design rationale as decision space and in another hand
DIPA and DRCS that suggest a problem solving modeling.
Reader can have more details in [I6] bout these methods.

In this paper, we study relations between in one hand
design rationale and in another hand, product and process
models. So, we do not present design rationale capture
process. For more details, see [E
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2.4 Structure of project memory in design

A project memory in design must consider the different part, we
noted above. This type of knowledge can be organized as:

Q Theproject organization :
Participants, their competencies,
project and relationships

their roles in the

= Process, task organizations, constraints and
requirements

Q The project environment:
= Project goal

References, rules, methods and directives

Tools and techniques

Q Project redization :

Design rationale

Product description

These elements have mutual influences that is important to

emphasize in a project memory (Frrm-'—Smrce-du—ra'rwq

After presenting the different parts of a project memory,
the next section describes how some of these knowledge as
environment, organization, product knowledge and especially

problem solving may be extracted directly from designer’s
activity.

3 DIRECT KNOWLEDGE CAPITALISATION
FROM THE ACTIVITY

Currently, designers mostly work by using design software
(ex: CAD/CAM), etc. , They even use innovation tools for
creating new ideas (ex: TechOptimizer™). Our ides, is to
extract the behaviour of designer by observing his activity
when he uses software to solve a given problem. This
behaviour can be kept as scenarios of used functions,
corresponding data and documents produced, interactions (e-
mails, data exchanges, ...), etc. We specify a web
architecture (described in the next section) that allows the
observation of the designer activit . XML can aso be
used in order to structure data exXtracted as a behaviour
model. A knowledge engineer can then analyse behaviour
models and represent environment and problem solving
elements in the project memory. Fi ffjustrates this
Nitinly ffroores= )

The observation of experts activity and problem
solving has been largely used in knowledge engineering for
knowledge extraction [ his technique is inherited from
cognitive psychology and ergonomics. In this technique, the
observer needs some elements related to the global project,
before starting the observation. For instance, observer needs
information about the step of the process the expert treats



and corresponding constraints and requirements of the problem.
In order to bring out these elements, the designer is first invited
to identify the task he carries out when he uses software. This
identification allows to establish the link between the behaviour
model we observe and the project organizations and
corresponding environment (design process model, actors, roles,
constraints and requirements).

methods, toals, rules,
product parts,
problem solving

Figure 8. Designer activity observation

We present in the following the Web architecture we
defined for this aim. We show aso how it can be used not only
for designer's activity observation but also for knowledge
restitution.

3.1 Web architecture

In this paragraph, we present the main elements of the
experimental platform developed for this project. The « project
memory » is an application localized in one place in the set of
entities participating to the project. Its role consists in
recovering information linked to designers activities. These
information received are heterogeneous. We have selected the
XML language as the federal language.

Our project memory software is based on both XML and
Web technologies. In afirst version, we have favoured the Java
language because it proposes efficient solutions to insure
interactions with XML and Web topics To manipulate
directly an XML document, the SAX interface (Simple API for
XML) has been required in the XML community because it
proposes an event framework. To each step of the anaysis
process, SAX releases an event associated to the XML element
of the document. An other approach, the DOM interface
(Document Object Model) has been proposed by the W3C.
DOM proposes an object representation of a XML document
and provides tools for the manipulation of trees. The XML
document in its totality is redefined in the memory. More
specifically, the JIDOM API is used in the Java community. It
proposes a great number of simplifications in the use of DOM
by a transformation of all DOM interfaces and DOM class in
real Java classes. In a Web context, the Java main proposal is
the Servlet concept that has allowed the use of all Javaclassesin
the development of complex applications linked to Web servers.

As summary, with the first version of our demonstrator,
designers use a simple Web browser corresponding to Web
applications localized on the centrd site (mail, agenda,

document’ s transfer, ...). For the technical point of view, this
first version has been realized with an Apache Tomcat Web
server and several Java Servlets

The version 2 of our demonstrator is still under
development. However, we have aready validated severa
elements increasing the functionality of the first version of
our demonstrator. The main limitation concerns distant
applications used by designers. It is indeed probable that on
each site, particular applications will be used. In this case,
we have to insure the information circulation to the central
site. Brought solutions depend on the applications.

3.1.1 Case 1: a Web software in a distant site

A designer uses a Web application on its site. This first case
is easy to manage. We modify HTML pages by adding
Javascript  functions. Thus, information are normally
transmitted to the local Web server. After information
recovery, the demonstrator broadcasts these data to the first
Web server.

3.1.2 Case 2: not Web open applications

In the case of software developed for our project, it is
possible to add a module of data recovery. We have
implemented three approaches to insure the transfer of
information to the central site. The first approach consists in
an opening network connection (socket TCP/IP). We have
used this solution for applications generally written in C or
Pascal language. The second approach has been used for
applications written in object language and especialy in
Java. The recovery module is a Java RMI client (Remote
Method Invocation) that communicates with a RMI server
localized on the central site. This RMI server is an additional
element of our demonstrator. The third approach, more
recent, is based on concepts of Web Services. A Web-
Service is an application based on protocols of Internet that
provides a specific service by respecting XML exchange
format. It can aso be seen as an accessible transaction by the
exchange of XML documents between two sites. Web-
Services represent the most promising solution for the
integration of distributed services in a strongly
heterogeneous context. Indeed, current solutions have some
restrictions. The DCOM solution from Microsoft imposes the
choice of the Windows platform. Java RMI and Java EJB
(Enterprise Java Beans) support only the Java language.
Finally, CORBA, the OMG solution uses only ORB. The
main result research with the use of Web-Services is
therefore a real interoperabili of al applications.
Components of Web-Services ] are mainly SOAP
(Simple Object Access Protocol), WSDL (Web Description
Service Language), WSFL (Web Service Flow Language)
and UDDI (Universal Description, Discovery and
Integration).

3.1.3 Case 3: other cases

In the case of the use of a closed software proposed by a
company, the solution consists by asking an extension of this
software to be able to provide information from designer’s
activities.



3.2 The representation of the memory using
the Web architecture

The project memory can be represented as a number of XML
documents. These documents can be also linked to other data
bases produced by specific product design (for instance
CoDeMo) and process management tools. XML documents
represent in fact, a flexible indexation of these documents.
Automatic links (XLL) can be used to establish this flexible
indexation and relations between al the parts of the project
memory. The style sheets XSL is a good support to present the
memory in different way corresponding to the needs of the user.
The representation of the project memory can be illustrated

FroTes ]

[T | e

Figure9. A XML representation of the project memory

As we noted above, the activity observation can be also used to
recognize knowledge from the memory. In fact, we plan to use a
probability algorithm based on scenarios of activitiesin order to
recognize the context of the designer and to propose a
contextual access to the memory and problem solving part. The
project memory can be viewed as a case base in which the
environment, process and product knowledge represent the case
definition and design rationale represents the case solution. So,
similarity research algorithm can be used for case recognition.
In project memory, the similarity can be based in different
elements of the context depending on the current activity. So,
the similarity algorithm must be flexible enough to support this
type of recognition. Note also that some context elements can be
included in the solution beside problem solving. We plan to test
an agorithm based on the probability for this aim. In fact,
information extracted from activity observation are used for
knowledge recognition. Probability algorithm are used to
compare these information with the project memory definition
in order to recognize similar projects. The weight of the
corresponding scenario is aso incremented. So, designer can be
assisted by the project memory.

4 CONCLUSION

Learning from past projects allows designers to avoid previous
errors and to solve problems. A number of methods defined
techniques to memorize lessons and experiences from projects.
We study in this paper a traceability approach that alows to

extract knowledge directly from designer’s activities. The
basic principle of this approach is to observe a designer
facing to a problem. We use web technologiesin thisaim, in
order to establish a behavior model of the designer by
extracting and linking functions and data he uses and
produces. This behavior model can be then analyzed (by the
knowledge engineer) and structured in a project memory.

Our thesis is in the one hand, to keep track of
knowledge without disturbing designers’ activities and in the
other hand, guarantee a structured and intelligent access to
the memory. For that, the direct knowledge extraction as we
defined, can be aso used to recognize knowledge from the
memory and offer a contextual restitution of knowledge. In
fact, the behavior model can describe some elements of the
current context and needs of the designer. These elements
can be matched with the memory in order to extract similar
projects that can help the designer to solve his problem. We
plan to use similarity algorithm used in the Case Based
Reasoning and Human Computer Interface techniques, for
thisaim.

In a project memory different types of knowledge must
be represented: environment description, process, product
and design rationale. These elements can be structured using
internal and specific representation usualy adopted in
engineering design. The project memory can point these
elements as an intelligent index based on problem solving
that is the main part of traceability. With this type of
representation, we do not introduce heterogeneous
representation coming primly from the cognitive and
artificial intelligence science “as semantic network and
cognitive models’.
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Developing an Intranet-based Knowledge Management
Framework in a Consulting Firm :
A Conceptual Model and its Implementation

Reena J. Sarkar' and Somprakash Bandyopadhyay2

Abstract. Management consulting firms are considered typical
examples of highly knowledge-intensive companies since they
depend heavily on the expertise of their people and the nature of
their assignments is knowledge-based. Hence, consulting firms
have been in the forefront of thinking about how to manage
knowledge However, one of the major knowledge management
challenges in any organization is to develop a conceptual model to
represent organizational knowledge and to use information
technology for its effective implementation that would enhance
right information access at right time. This paper reports our
experiences in designing and developing a knowledge
management framework in Management Consulting Services
(MCS) of PricewaterhouseCoopers Ltd. in India (PwC India). This
framework is based on a conceptual model where various
knowledge sources at the content level interact to realize an
integrated knowledge structure. Information technology is used
here to realize an Intra-net-based framework that captures
organizational structure and procedures and establishes semantic
linkages among all the documents. Moreover, the framework
supports sharing of informal or tacit knowledge that flows in the
organization.

1 INTRODUCTION

Knowledge management refers to efforts to capture, store, and
deploy organizational knowledge using a combination of
information technology and business processes [1-2]. Knowledge
management is a conscious strategy of getting right knowledge to
right people at right time and put it into action to improve
organizational performance. In recent years, knowledge
management has become the terminology of many organizations
in order to get competitive advantage from the efficient and
effective use of their knowledge assets.

Management consulting firms are considered typical examples
of highly knowledge-intensive companies since they depend
heavily on the expertise of their people and the nature of their
assignments is knowledge-based and mainly project-focused. They
put considerable emphasis on applied creativity for solving the
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Calcutta 700091 INDIA. Reena.j.sarkar@in.pwcglobal.com
2MIS Group, Indian Institute of Management Calcutta INDIA.
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business problems of their clients. Their success depends on
developing, selling and applying ideas to their clients. This puts
heavy pressure on those firms to be innovative to meet the
changing requirements of customers. Hence, consulting firms have
been in the forefront of thinking about how to manage knowledge
[3, 4]. KM facility can help to improve innovative culture through
availability of right knowledge at right time and through
knowledge sharing among the consultants. This would also avoid
duplication of work, reduce learning time and improve the speed
of implementation.

However, one of the major knowledge management
challenges is to develop a conceptual model to represent
organizational knowledge and to use information technology for
its effective implementation that would enhance right information
access at right time. This paper reports our experiences in
designing and developing a knowledge management framework in
Management Consulting Services (MCS) of
PricewaterhouseCoopers Ltd. in India (PwC India). PwC is a
global consulting firm and its products and services are almost
exclusively based on knowledge. Hence knowledge has been
placed at the center of the PwC brand: "People, Knowledge, and
Worlds" and PwC is always striving to set a new standard in
managing knowledge to improve organizational performance.

2 THE BACKGROUND

Knowledge management is about process, not just digital
networks. Most current knowledge management activities rely on
databases and Internet systems. However, few organizations have
a systematic process for capturing knowledge, as distinct from
capturing information. Thus, the approaches to knowledge
management usually focus heavily on management of document
collections viewed as knowledge repositories to be accessed in an
appropriate way. The initial knowledge management practice of
PwC India also relied on storage and retrieval of information from
large volume of documents, often stored in logically disjoint
databases within the organization. Information technology in this
context provided efficient support for document management.
However, finding information in a situation is too often equated
with retrieving the information from those disjoint databases.
Moreover, it had difficulties to meet the flexibilities demanded by
knowledge-sharing approaches to knowledge management [5].



Existence of disjoint discussion forums or several lesson-learnt
databases failed to serve their purpose. In most of the cases, the
key challenge was knowledge integration—linking the various
sources at the knowledge-content level.

If we view KM as a conscious strategy of getting right
knowledge to right people at right time and put it into action to
improve organizational performance, then this document-centered
approach is truly inadequate. It only creates an over-abundance of
information and data, not knowledge. The knowledge is not
something that is “contained” in documents but it is something
that can be generated or reproduced in the interaction with
documents that needs to be viewed as “representations” rather than
as “container”’[6].

To address this issue, several researchers feel that current
knowledge management practice significantly underutilizes
knowledge-engineering technology [7,8]. The Knowledge
engineering processes involves: using knowledge acquisition
processes to capture structured knowledge systematically and
using knowledge representation technology to store the
knowledge, preserving important relationships that are far richer
than those possible in conventional databases. In [8], three facets
of the knowledge management task are considered:

e Knowledge capture—In the group’s systematic knowledge
acquisition process, a conceptual business model of the company
guides case and rule capture.

* Knowledge storage—The group uses a knowledge representation
language to codify the structured knowledge in several knowledge
bases, which together make up a knowledge repository.

* Knowledge deployment—Through standard Web browsers on the
company intranet, group members can run the knowledge bases
within a knowledge server. The server answers queries far more
complex than those possible with conventional database systems.

However, it is very difficult to integrate expressive reasoning
tools with intranet knowledge management environments such as
Lotus Notes/Domino. Therefore, it seems reasonable to conclude
that while knowledge-engineering processes are ready to bring
significant benefits to knowledge management projects, the
implementation is still a complex task [8]. Abecker et al., [9]
propose an approach to build up a KM framework from existing
documents to avoid employee’s resistance and work disruption.

Thus, a knowledge engineering approach is needed to develop
a proper conceptual modeling of the organizational knowledge in
order to structure the KM process. At the same time, a simplified
implementation mechanism needs to be used to ease the process of
developing and augmenting the knowledge system.

With this objective in mind, a KM framework, Knowledge
Point, has been designed as a single-window access to the PwC’s
online resources, allowing quick access to internal and external
information, including resources of different strategic business
units (SBU) within the organisation, industries, clients, projects
and people. This framework is not a mere repository of documents
but various sources at the knowledge-content level have been
integrated to realize an integrated knowledge structure.
Information technology is used here to realize an Intra-net-based
framework that captures organizational structure and procedures
and establishes semantic linkages among all the documents.
Moreover, the framework supports sharing of informal or tacit
knowledge that flows in the organization. The framework supports

different collaborative tools so that the people can participate in
different communities of interest or special interest groups to share
their views and ideas and can learn from experts within the
organization in an informal way.

3 A CONCEPTUAL MODEL

Acquiring and structuring corporate knowledge has proven to be
the bottleneck in the design of effective knowledge systems for
organizations [8]. To overcome this difficulty and to ease the work
of the analyst building the KM system, the choice of knowledge
structuring and the type of knowledge to capture are critical. For
each domain, a body of knowledge exists and is maintained in
different forms (formal and informal, structured and unstructured,
as books, documents, procedures, database, etc.). The issue of
what knowledge should be considered as candidate for KM system
can be clarified if one distinguishes the different layers of
knowledge existing in an organization and their interaction
pattern.

In this context, the organization can use the knowledge-
engineering process to define an organizational knowledge
model—a knowledge map [10] — which delineates the
relationships that bind the multifaceted knowledge management
system at the knowledge-content level. The actual software-level
bindings can use hyperlinking, or any one of a host of distributed
computing techniques.

We have done it as a two-level process. First, we have
identified the primary entities of PwC and their interrelationship to
derive a conceptual model of the organization. An explicit
conceptual model of this kind is commonly called ontology. This
is shown in figure 1 as enterprise ontology [11]. At the most
rudimentary level, the management consulting practice of PwC
India is structured in the form of several Service Line or Strategic
Business Unit (SBU), each unit specializes in providing a specific
type of service to their client. Each SBU deals with projects for
their clients; however, a project may require expertise from
multiple SBUs. Each SBU follows a set of methods and
technologies to solve the business problem for its clients. An
employee of PwC normally belongs to a particular SBU. A client
belongs to a particular type of industry. So the industry-specific
knowledge is also required to provide service to the client. The
enterprise ontology shown in fig. 1 represents this description.

Based on enterprise ontology, a knowledge network of PwC is
defined in fig 2. As indicated earlier, in PwC, each SBU executes
specific type of projects for a set of clients using a set of
methodologies; each client belongs to a particular type of industry;
people of PwC work in multiple projects, interact with multiple
clients and have multiple expertise. So, there are documents
related to different types of industries, different clients, lesson
learnt from different projects and the methodologies followed,
people involved in projects, their skill-sets and the practices and
strategies of SBUs within the organization. All these documents
are appropriately cross-linked so as to form a mesh-structured,
continuously evolving knowledge-base of the whole organization.
The basic idea is to enable users a meaningful and prompt
navigation through this knowledge network. For example, a user



viewing a project description in KnowledgePoint may be
interested to know the following:
»  Similar project descriptions;
»  Detailed description of client for whom the project has been
carried out;
Other projects done for the same client;
Details of the methodology / technologies used;
Description of the industry-type where the client belongs;
Other clients belonging to the same industry-type and the
type of projects done for those clients;
Details of people involved in the project and their skill-sets;
People having expertise in handling similar projects using
similar methodologies / technologies;
»  People having expertise in similar industry-type;
»  People worked with that client on different projects;
And, so on. This justifies the need for providing cross-linkage
among all six entities, as shown in the figure 2.

The implementation of this conceptual model to realise a
knowledge management framework will be discussed in section 5.
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Figure 1.  Enterprise Ontology of PwC

4 TECHNICAL ARCHITECTURE

Recent advancements in information technology, especially
network technology, has provided a strong infrastructure for
knowledge management. It enables group members to break the
bonds of time and space in communicating and sharing views,
ideas and experiences. An online electronic discussion forum does
not require you to wait till the other person completes expressing
her views. Finally, these views can be structured in an organized
manner to give rise to an organizational memory. Networked
computers might provide the basis for a "nervous system" that
could be used to implement the capacity for organizational
memory [10]. The technologies that are in use to manage
knowledge include the traditional Groupware products and recent
Intranet Technologies. Groupware allows the organizational
record to be built in the course of everyday communication and

coordination. Intranet provides the ability to organize, access and
display this rich informational web.

CLIENT
PROJECT INDUSTRY
@ METHODS
SBU

Figure 2. The Knowledge Network for PwC

Recent developments in web technology have enabled true
platform independence at the client end. It also provides universal
single window access to various new and legacy systems. Easy
accessibility from anywhere is another important feature of the
web technology. The open technology and standards of the web
technology are not proprietary and we don’t have to get locked to
one vendor. Web solution providers are working towards
incorporating as many Groupware features as possible in to their
products. At the same time, Groupware vendors are also making
their products web compatible. Lotus Development Corporations’
Internotes 2.0 and Domino servers make the world’s largest
Groupware, LotusNotes, web compatible. It converts the Notes
documents to HTML format on fly to make it available to a
standard browser. It enables active interaction between Notes
Databases & standard web browsers and supports all Internet
applications, standards & protocols. Thus, two technologies are
converging to one, incorporating each other’s features to gain the
competitive advantage.

The technical architecture is shown in fig.3. Lotus Notes
Databases store information in documents about projects, clients,
industry, people and other related information. All information are
appropriately cross-linked using hyper-linking to generate a mesh-
structured knowledge-base. Agents perform tasks which are either
manual or scheduled or are initiated form the web. ASP provides



authentication for user, personalization and captures the user-
count and login time.

5 IMPLEMENTING KNOWLEDGEPOINT

Based on the conceptual model and technical architecture
described above, a knowledge management system called
KnowledgePoint has been implemented in PwC India as a single-
window access to its knowledge network. The entry-page is shown
in fig. 4. The entry-level page consists of the primary entities as
depicted in the knowledge network shown in figure 2 and few
other related entities. The functions associated with major entities
are described below:

5.1 Client

The ‘client’ hotspot leads to a frame which has 2 icons: Client and
Project. The list of clients can be also sorted by type of Industry.
On clicking the ‘client’ hotspot, the system gives a list of all
clients that have been serviced by the organization. Each client
page gives the following detailed description related to that client:
Client description
Client Financial data
Client Industry and Business model
Clients office network
Key client contacts
PwC personnel who have interacted with client
Services offered to client
Clients Competitors
External news of client from different sources
Each of these are linked to further information, if the reader
requires to know.
To create the above profile of a new client in KnowledgePoint,
there is a ‘Create Client’ button, which on click, gives a skeletal
client profile (standard template). The user fills in the details and
uses the ‘Save’ button on the frame to save the client profile.
From this page, there are links to other web pages such as:
»  Clients web site
»  Parent company site
»  Competitors web site
»  Link to Industry page on KnowledgePoint
Similarly, when one clicks on the Project hotspot, it gives a
list of all projects listed alphabetically. They may be sorted based
on the service line or SBU.
On clicking a specific ‘Project’, it gives the profile of the
project with respects to these information:
»  Project Name and Project Code
»  SBU - linked to Service Line (or, SBU) page handling this
project
»  Client? linked to client page for description of the client
»  Industry=> linked to industry page for detailed description of
the industry-type
Scope of the Project—> linked to projects with similar scope
Brief Description
Project Timelines
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»  Project Staffing = linked to Human Resource page for
details of individuals involved

»  Project Site

»  Key Business Practice / methods / technology used > linked
to knowledge repositories

»  Key Business Practice/ methods/technology used 2 linked to
similar projects

»  Solution Proposed

»  Business Benefits

»  Non-standard solution that has been developed

»  Lesson learnt

»  Technical Architecture used > linked to similar projects

»  Project deliverable =2 linked to relevant databases for details

»  Project documents > linked to relevant databases for details

This also serves as a template while creating a new project by
clicking “create project” button. Each item described above
consists of a brief description against each item and linkage to
other pages, whenever needed.

5.2 Service Line

The service line hotspot leads to page giving the various business
units (SBUs) of PwC. On clicking a particular SBU, it may lead
to a page containing different sub-SBUs under that SBU. On
clicking a sub-SBU, a page containing the sub-SBU profile is
presented in this format:

About us

Methodologies - linked to knowledge repositories for details

Technology > linked to knowledge repositories for details

Project / Client: List of projects and clients: completed / on-

going—> linked to project/client pages

Staff Profile: List of employees in the SBU with their

expertise / skills /current project> linked to Human

Resource page.

»  Training: Training courses offered - linked to Training
Database and E-Learning site (a web-site for Learning and
Professional Development of PwC India)

»  Knowledge Repository = linked to Knowledge Resources
page, Standardized document, templates, methodologies, Best
Practice Databases

Without detailing further, we will explain very briefly the other

items and their linkages.
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5.3 Industry

This contains the description of different type of industries,
categorized on the basis of strategic focus of PwC. Some examples
are: Consumer and Industrial Products, Financial Services, Energy
and Mining, Service Industry, Technology-Information-
Communication and Entertainments, etc. Each category is linked
to a set of sub-categories, which finally provides a list of clients
under it and detailed description of the industry-type. Clients page
can be accessed from this page too.



5.4 PwC India

It contains all types of corporate information with appropriate
linkages to other pages, internal communications, press releases,
leadership messages, global and local announcements,
organizational charts, policies, service descriptions, leadership
profiles, recommended knowledge resources.

5.5 Human Resources

It provides information on the staff profiles, their expertise / skill-
set. Each staff is linked to individual description, SBU, project
worked in, client and/or industry pages, depending on his/her
expertise / experience in those areas. A user can navigate through
Training Database from here to see list of courses and other
training-related information. The HR page is also linked to another
HR database which is used for communicating HR related news to
the organization. This prevents any duplication of effort.

5.6 Knowledge Resources

The knowledge created within PwC gets translated into
methodologies, policies, new tools, new methods and lessons
learnt. The link ‘ Knowledge Resources’ provides window to all
this information that is the unique to the organization. It also links
to the library, PwC publications and other external knowledge
repositories.

5.7 Discussion Board

This is an area to share and capture informal knowledge. This
type of informal interaction through discussion board can become
a powerful stimulus for the collaborative development of new
concepts and ideas. People can create special interest group or
Communities of Practice [4]. Community of Practice can be
formed in different ways :
» Certain topics that all practice members discuss and are
interested in;
» Mutual engagement and binding to an entity: either a work-
group within a SBU or a project;
» A shared repertoire of knowledge about a topic of mutual
interest that all practice members have developed together.
Discussion Board enables open communication and knowledge
sharing within the members of different Communities of Practices,
created dynamically and spontaneously. Threaded discussions can
be incorporated by integrating email and web functionality. A
threaded discussion organizes what amounts to emails around
subjects and discussions. The discussion is accessed using the
web browser and the user generally starts by viewing an index of
the contents in her web browser. Generally the index is organized
by subject, with the primary statement listed first and the replies
underneath organized by date and author. To view the content, the
user selects the link. To add a response, a form is included with
each message-type.

5.8 Help Desk

Help desk is a facility given to the staff to request for expertise
from the SME of that subject. This results in leveraging the
experience of the SME to provide instant /earliest possible
solution to any query by the user/staff. This provides a support for
informal learning.

6 SECURITY ISSUES

The biggest concern most executives and managers have about
implementing an Intranet is security. We can make a security
scheme with a lot of protection at every level, say, by means of
passwords. But then we will be limiting the usage of knowledge.
Security, therefore, is a continually changing balance of value, risk
and practicality. The toughest part of developing a security
strategy is determining what needs to be secured, and from whom.
Security is not free. Every time the security level is tightened, the
organization pays in terms of increased complexity of access,
increased response time, and reduced communication.

Care needs to be taken that this information should not be
accessible to an unauthorized user. For this purpose, login-ids
have been created for all PwC employees. When he tries to login
from a remote site, the proxy server asks him for its identification
(unique user-id and password) and allows connection only after
authenticating the user. However, not all information that is
available on the content pages is for everybody. For this purpose,
we have developed a privilege table. A privilege table contains a
row of all the unique security classes of information and a list of
all users with access to the system. The cells in the resulting table
are used to record the access privileges of each user. In each cell a
user either has access or does not. Privilege tables are popular
because they provide a documentation format that can be easily
implemented in an automated access control program. When a
user logs on, the system authenticates her. When she requests
access to particular information, the software looks at the privilege
table to determine if she is authorized. This type of system not
only simplifies the management of who gets access, but it
simplifies access for the user. Because of the privilege table, the
user only has to be authenticated once, rather than at each access.

7 CONCLUSION

We have described here the design and development of a
knowledge management system in PwC India. This system is
based on a conceptual model where various knowledge sources
at the content level interact to realize an integrated knowledge
network. Information technology is used here to realize an
Intra-net-based framework that captures organizational
structure and procedures and establishes linkages among all the
documents. One of the important issues in this context is the
maintenance of this knowledge network. This network resides
in a dynamically changing environment and is subject to
frequent changes and adaptations. The development of tools
and methodologies for an efficient maintenance of this kind of
network is thus a crucial research topic. In particular, we
identify two major maintenance-related questions. First, the



insertion of new knowledge elements into any one of the
entities in the knowledge-net requires establishment of
appropriate linkage with other knowledge elements in other
entities. Currently, this has been done manually by knowledge
management group; however, we are investigating possible
approaches to create these linkage automatically, using e.g.
document analysis techniques. Second, there need to be some
mechanism to delete old and obsolete knowledge elements
from the knowledge net. The size of the knowledge-net should
not grow indefinitely. Moreover, apart from having a good
technical infrastructure, it is also important to have top
management  commitment,  appropriate  culture  and
measurability of improvements at every stage. Hence,
knowledge management is more often a managerial issue than
a technical issue. In order to sustain the effectiveness of a
knowledge management framework, a culture of sharing
information and knowledge needs to be developed within the
organization. To ensure such a culture it is important to make
people realize the importance of sharing information and
helping each other. Integrating KM initiatives with the
organizational processes and rewarding knowledge sharing and
knowledge creation are two major steps towards this direction.
Formation and development of special interest groups is also
one time-tested approach to initiate such cultural change. This
change is essential to ensure that individuals do not reinvent
the wheel within the organization. Managerial challenge in
developing special interest groups is to synchronize the
objectives and goals of these groups with that of the
organization.

Web Clients
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What |= E-Business?

At itz most basic level, e-businesz means building the links betwean our clients and their customers and
suppliers... connecting companies, depatments, customers and locations. It involves taking processes cumranthy
functioning within business and moving them to netwods and shared applications. But taken further, e-business
iz a holistic, integrated, strategw-driven underaking. It goes bevond the front-end, isolated project.

It demands= that enterprizes examine, and prabably change the way they perform basic business functions:
zales, mameting, customer sanvice, purchasing, operations, overse as initiatives, human rezources, finance, and,
of course, IT.

Latest Updates

The new agenda in the digital economy begins with a maketplace opportunity. And the concepts and
enahblers of e-business spanin these opportunities. But just how does PinC define e-business?

E-business encaompasses 3l of what has been called alectronic commerce-- the external channels
beywond the boundaries of an organization-- and goes on to include every aspect of the firm's strategy and
operstions. Unlike electronic commerce, e-business is less about technology than it is about business.
lt's about doing business differentliy, being acutely aware of 3 new range of options that are becoming

Wm ' available to survive, compete and succesd.
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Abstract. Both managerial, economic and competitive concerns in
corporate practices as well as questions raised about the production
of applied sciences explain the development of the vast field of
research relating to sciences and the process of design which has
emerged over the last ten years. The design process is complex and
depends on knowledge mobilized by actors with regard to an object
being produced. Existing research has primarily focused its
attention on one of the three variables generally studied
(knowledge, actors or object in progress), thus running the risk of
divided and devalued comprehension of the whole phenomenon of
design.

We offer a model (called the political model of the cooperative
production of knowledge) which intends to show how what is
designed is strongly dependent on the knowledge mobilized and
produced by a group with various boundaries but considered as a
democratic place (where democratic is understood in general term
to describe a politicized place according to the political perspective
in organization theory, thus as a place of conflict, compromise, of
avoidance... [11]) where fundamental stakes around the object in
production are raised. We then see the expertise as a creative
political and opened-debate process of collective intelligence. We
will propose an illustration of our reflection around the Shared
Medical File (SMF), which represents a main but recent stake and
object of interest for a sector being fully restructured.

1. THEORICAL BACKGROUND AND
QUESTIONS

The innovation process involves designing and developing new
products and services. The major process in innovation is the
process of design and the development of objects, products or
material or non-material systems. The activity of design however is
still little known and the process of design remains difficult to
model, particularly when we consider specific application fields.
Several descriptions of the design process have been proposed.
They are still too often a more or less faithful adaptation of the
model of applied sciences. However, over the last few years, other
approaches of design have developed which are based on the
cognitive process, conversational practices, or on emerging
phenomena of self-organization.

These rest on the realistic postulate that the identity of the actors
involved in the design process is given at the beginning of the
process and that much of the knowledge produced during the design

process results from knowledge available, from characteristics of
the world or constraints resulting from modeling and not from the
very relative configurations of political patterns between the
involved actors.

We adopt a pluralistic (or radical) perspective of organizations,
by opposition to a rational or unitary perspective according to which
an organization is considered as one actor with one set of coherent
interests and beliefs [3].

However, the current context is characterized by a real rise in
uncertainty, risks of all kinds® and controversies in professional
knowledge [18], both in the sciences and in industry and
technologies. In some fields, knowledge is passing through a crisis
of legitimacy which is all the more strong since scientists in related
disciplines and in so-called civil society have decided to take part in
debates, thus amplifying them.

The design process is also concerned by these debates. The
products of the design sciences relate to objects or systems built by
human beings for human use. For this reason, the successful
development of these systems involves taking into account the
human aspects (dimensions) related to their design and their
widespread use in society. These human aspects bring essentially
into question the political dimension of the activities of design.
What is political in the context of design ? It relates to what it is
good and right from the point of view of all the interested parties
(considering interested parties as actors who have interests to
express and defend [9]). This definition is dependent on the
relations of power which exist between the various actors and which
become the basis for their collective and organized action. This
definition is also dependent on the various representations of
contexts and actions the actors mobilize during discussions and
which lead to “negociated belief structure” [19] *.

3 This situation is related to the expansion of "biosocial " techniques (food,
health, environment...) and to the extent of the associated collective risks
("mad cow", genetic engineering, pollution...) [6].

* According to Donnellon, Gray and Bougon [5:53], « organizational
members have two alternative sets of organizing tools at their disposal :
(1) shared meanings and (2) shared communication mechanisms. ». We do
not adopt the position of Weick [20] for whom « sharing of beliefs is not
essential to the perpetuation of interlocked behaviors » [20 : 98] according
to his concept of double interaction. We recognize that organizational
members share some commun representations (social or collective
representations, [16], even if what they share is not numerous.



This power relationship is based on the respective resources,
information, or formal position inside organizations [15] available
to the various actors engaged in the design situation. This means on
the one hand that the potential participants in the design situation
are not necessarily all “actors” in the beginning; and, on the other
hand, that all actors do not have the same strategic capacities given
their situation. In the concrete activities of design, this takes the
form of a hierarchy in the categories of knowledge and then a
hierarchy in roles and status : with on one side skilled actors, who
mobilize specialized, standardized, sometimes certified knowledge,
and on the other side unskilled (profane) actors who take part
directly or indirectly in the effort of design or who will be impacted
by the object or system designed.

The design process is also dependent on what degree the group
of designers is open to others. In industrial projects, this openness
can take the form of taking into account manufacturers, customers
and any other actor who was once excluded from the traditional
approach of design (operators, sales, maintenance or after-sales
staff). This is one of the stakes of converging engineering : since
members inside groups use various political processes of influence
so as to make the group adopt an agreement’, how to make a
success of the identification and integration of new actors to
improve the process of design and its impact on the object
designed?

It is on the basis of these points that this article proposes a
political model of design, by raising questions on two variables
which are the production of knowledge and the composition of the
group, and which play a role during activities of design. According
to the political metaphor, the article seeks to better understand the
design of objects that we call " constitutional objects ", because they
have a dual political status (sanctioning of an agreement on the
basis of facts resulting from a communication process) and a
cognitive status (a framing, an action plan, a representation of these
facts or more precisely the representation of knowledge resulting
from an epistemic process).

The aim of this article is to propose a political model of the
design process around two dimensions which are fundamental for
us : knowledge management and management of the collective. We
adopt a managerial point of view and then wish to produce methods
of assistance to the project managers and originators.

We will illustrate our modeling of the process of design using
examples from software engineering, the design of information
systems and a field currently under study which is the Shared
Medical File (SMF) in the field of Telemedicine.

2. A POLITICAL MODEL OF THE CO-
PRODUCTION OF KNOWLEDGE

A presentation of the two axes of the model (§ 2.1) will enable
us to propose a schematic of this model (§ 2.2).

* Mintzberg [9] has identified 13 political processes (the construction of
alliances, the construction of empires, the rivality beween two sides,
specialized competence ...) inside groups or organizations. More
synthetically, Moscovici and Doise [13] propose 3 processes named
conformity, normalisation and polarization. We could add another process
related to enactment : adopting a 2™ order definition of a problem in order
to escape misunderstandings and unsuccessfull debates [21].

2.1 The two axes of the political model of design

We propose a political model for the cooperative production of
knowledge, based on two axes :

- the first axis is concerned with the field and the degree of
cooperation between specialists and laymen in the production
of knowledge : from a simple unilateral application of
universal knowledge to the cooperative formulation of what
counts as a problem (problem setting).

- the second axis is concerned with the degree of structuring and
legitimacy of the collectives engaged in the collective action :
from the restricted team of originators producing an “enclosed”
but legitimate knowledge to an extended collective uniting all
the stakeholders®, including emergent ones (external
customers, trade union organizations, users, suppliers,
partners...) .

On the axis of the production of knowledge, the principal
dichotomy involves the division between specialists (or skilled
people) and laymen. Along this axis, the joint production of
knowledge can take four distinct forms (or four situations) :

- on a first level, cooperation does not exist. The object to be
designed (artifact, product, service, component, decision...)
results essentially from the application of universal knowledge
by the specialists®. The production of knowledge concerns the
originators exclusively.

- ona second level, cooperation between specialists and laymen
is limited to the adaptation of the object designed by universal
knowledge to the particularities of the contexts of application.
The originators only marginally integrate some knowledge
which is specific to the needs" and use of the objects.

- on a third level, cooperation is characterized by the opening of
the collective of originators to all skills and knowledge,
making it possible to enrich the knowledge to be produced in
the design of the object within the framework of a given
problem  (cooperative  problem-solving). In  software
engineering, RAD/JAD methodologies could be classified on
this level.

- on the last level finally, cooperation extends to the
identification, formulation and negotiation of the problem
involved in the production of the new knowledge (cooperative
problem-setting). This level presupposes the construction of a

=

The stakeholders are the individuals or the groups who depend on the
organization to achieve their own goals and on which the organization
also depends. The stakeholders of a firm or a project are often identified
thanks to cartographies based on matrices of power/interest [10], which
confirms the importance of political models of design.

This axis should be related to work on the socio-dynamics of groups
involved in the management of complex projects. Such work often
correlates energy spent by the potential actors of a project (high, average,
low) with the degree of synergy or else antagonism they are likely to
express on the project. The art of project management would then involve
maintaining and then widening the base of synergistic actors and
controlling and circumventing antagonistic actors.

Universal knowledge is a form of knowledge obtained by codification.
Codification of knowledge is a conversion process of knowledge into
message, wich can then be manipulated like information. Codification of
knowledge is based on prerequisite of fundamentals and applided
sciences. Knowledge is considered “universal” for three reasons : it is now
freed from its link to a person (reification); its use is very little dependant
from its context (decontextualization); its structure has in principle been
optimized (rationalization). On the contrary, knowledge is considered to
be “general” if it comes out of a political process of negociation rather
than out of a technicist process of modelling. General knowledge deals
with singularity of phenomenoms rather than search for regularity.

-

o



"space of intersubjectivity” which is not limited to the
cognitive treatment of the object being designed (proposal for
solutions, evaluations, goals to continue) but covers also
axiological, ethical and moral dimensions. This level of
cooperation results in the manufacture of general knowledge
(by integration and rearticulation of local specificities) rather
than universal knowledge (decontextualized and standardized).

The development of a dialogue between the various stakeholders
is related to the increase in situations of uncertainty and risk. The
options taken by the various groups become the subject of
controversies (on the stakes, impacts, adopted solutions). These
controversies involve an increasing exploration of the situation :
actors and groups concerned (interest, identity, capacity...), various
problems and links between them, solutions and feasible options.
By integrating a plurality of points of view, requests and
expectations, these controversies thus lead to the production of new
knowledge through various phenomena of learning. Such a widened
discussion shows that specialists and laymen and more generally
each category of actor holds specific knowledge, involving
diagnosis of the situation, interpretation of facts and the range of
possible solutions. There is in fine a collective benefit which is the
improvement of mutual knowledge.

On the second axis related to the structuring of collectives (or
formation of groups), the main dichotomy rests on the distinction
between instituted groups and emergent actors. Along this axis, the
joint production of the collective can also take four distinct forms :

- on a first level, the groups of design are already formed. There
is no place for actors or groups of actors whose identity,
functions and methods of intervention during the design have
not already been perfectly defined. The stakeholders that might
be concerned in fact delegate their rights of expression to these
instituted representatives. In software engineering, this is
typically the case of representatives of users who take part in
Users Committees of the project in order to contribute to the
design of the future system, to prepare its implementation, and
to take part in its launch.

- on a second level, often related to the rise of controversies or
dissatisfaction surrounding the design of the object, emergent
groups appear whose identity, composition and borders are
specified only gradually. In this phase, the essence of the
difficulty for each group revolves around the constitution of a
specific identity and means to be heard. In sophisticated stages
of development in projects characterized by strong relational
complexity, the stake rests precisely on the redefinition of the
field of the actors which is no longer given, and on the
comprehension of the socio-dynamics which drive them.

- on a third level, emergent groups initiate a dialogue with other
emergent or already constituted groups. This third level is
characterized by strong interactions and significant
communication between the various groups. In terms of
piloting, this stage is often most critical since it leads to the
structuring of a " public opinion " whose points of view start to
be articulated and which crystallize many conflicts within the
process of design. This is why pilots often then begin to "
deconstruct" the position of the actors by proposing for
instance another formulation of the original project.

- a fourth level finally sees a new collective being born which
has known how to carry out the necessary compromises and
adjustments with all the stakeholders. We call these groups
"extended collectives" (because of their dual sense of the
variety of mobilized knowledge and the variety of interested
parties taken into account); these groups are no longer limited

to a mere aggregation of individuals or to already constituted
groups but result from a political process of formation (in the
sense of the formation of a political group).

2.2 The political model of design and the
organization of collective design

We represent the political model of design with the following
diagram :

A
production of

knowledge
« general »

knowledge

hybridization

between
knowledge
adaptation of
knowledge
«universal » production of
knowledge groups
>
constituted emergent links between extended
groups groups groups collectives

Figure 1. Political Model of Design

This model makes it possible to explore the multiple possible
configurations of the process of design, keeping in mind that the
two variables suggested can be analyzed both in an asynchronous
and synchronous way. Thus it is possible to move along the axis of
the production of knowledge without altering the modes of
constitution of the groups. In the same way, it is possible to move
on the axis of the composition of the groups without altering the
methods of organization of the production of knowledge. The
interdependence between the two variables will however be very
strong in situations of design where uncertainty, risks or
controversy between the stakeholders will be determining elements
in the design situation.

The political path charted between the idea or the request and the
finally designed object will depend on many devices conceived to
better integrate the points of view of the actors involved in the
design and to thus support the production of shared knowledge.

Some of these mechanisms are located at the bottom and on the
left of the model whereas others, which are more participative, are
on top and on the right of the model. Muller and Ali [14] have
established a recent theoretical framework for the participative steps
which can concern various stages of the life cycle of software.

Among the most frequent devices, we can mention
benchmarking (which sometimes makes it possible to justify in
advance, without debate, the choice of one data-processing solution
over another), investigation of user-satisfaction, calling on experts
like ergonomicists, trainers or managers in order to adapt a
disfunctional system to a particular context of use, the installation



of interface roles between stakeholders (correspondents, project
managers-users...), the creation of new roles (like monitoring of
information systems or CKO’s to manage knowledge), participative
techniques of design (like RAD), the direct set-up of integrated
software packages of management which make it possible to
implement an international professional standard without having to
define the specific needs of the firm, the installation of pilot projects
in order to try out a technology’ and finally the development of
levels of description (or abstraction) in the system to reduce the
semantic distance between the language of the users and the
conceptual language of the dataprocessing specialists (for example
the hierarchy of the levels "external-conceptual-internal" in methods
of design). We can also mention a significant recent trend which

aims at defining governance of information systems in firms'’.

Each one of these steps presents strong points but also flaws.
What is thus important is to be able to establish criteria to evaluate
the various design stages.

These criteria must be consistent with the model presented, i.e.
explicitly taking into account the axis of the production of
knowledge and the axis of the formation and mobilization of the
groups. These criteria can be structured around three dimensions :

- degree of involvement,
- level of implementation,
- induced learning.

Areas Criteria

Intensity (participation of non-
specialists)

Degree of involvement

Opening (in terms of diversity of the
consulted groups)

Quality of contributions

Technical conditions of access to the
discussion

Level of implementation

Transparency and “traceability” of
argumentative exchanges

Clarity of the rules for organizing
debates

Induced learning Shared expertise

Interactivity between participants

° It is often necessary to recreate on the "outside" (in the organization, a
department...) the conditions of the environment of design ("interior")
where the system was developed. This results in the installation of pilot
projects, which are contexts generally furthest away from the normal
operation and routines of the company, where one has gathered the most
"advanced" and most desirous users of the product, where nothing is left
to chance in term of training, and where the project team is most
motivated. This is what explains the frequent difficulties of deployment in
departments which were not pilot environments, and which can lead in
certain projects to the abandoning of the installation.

The governance of a company refers to the whole of its practices,
structures and the procedures which specify the division of the capacity,
the distribution of the responsibilities and the modes for control between
the various participating components of an organization. The structure of
governance establishes which interests the organization should be
dedicated to and how its objectives and its priorities should be selected [8:
231-232]. The CIGREF, a french trade association representing the
Management Departments of Information systems from the principal
major French groups registers the "control mechanism of information
systems in the strategy of the company" as the nodal point of its new
associative project « CIGREF 2005” (doc. Ronéo). It is known as that "the
control mechanisms of information systems raises the question of 'how the
systems of information are controlled are directed” ".

Figure 2. Procedures for the participative design

This model seeks to describe one of the dynamics at work in
design processes. Its objective is to understand how to better control
dynamic cooperative production of knowledge and take into
account stakeholders within the activities of the design of products
and services. The fact of design is seen here as a political process
and design as a political activity itself aiming at producing an object
as a “ constitution “ '' around a dual compromise : closure /
openness (groups) - universal/general (knowledge).

But process dynamics is complex, iterative, unforeseeable and all
the more so since the object of the process is " something " which
must pass from the status of an idea to the status of an object of
work and then to a final product containing knowledge on itself and
on its design context.

This object to be constructed thus also becomes an object in the
process of being constructed and, as such, incorporates and
crystallizes positions, divergences or agreements at critical stages in
the design process. The object to be produced is thus also a
constituting object of the process.

Its importance is crucial in our political model of design because
we also make the assumption that this political model of design
must more precisely give an account of " objects " as processes,
resources and results of the cooperative activity of design at a given
time. We therefore propose to call these objects "constitutional

objects™'.

3. CONSTITUTIONAL OBJECTS

We refer here in spirit to the work of S. L Star [17] on "boundary
objects" where it is shown that the coordination of heterogeneous
actors can be carried out thanks to the implementation of "boundary
objects", which are simultaneously adaptable to various points of
view and sufficiently robust to maintain their identity through them.
We also integrate the work of Jeantet, Tiger, Vinck and
Tichkiewitch [7] on coordination by intermediate objects in
integrated teams of product design. Lastly, the contribution of E.
Wenger [22] seems to us closest to the political vision we wish to
explore with regard to the capacity of individuals to effectively
connect their knowledge with those of others in communities of
practice (cognitive synchronization).

In Wenger‘s work as in Star‘s work, connections between the
various communities can be ensured by objects called " boundary
objects ". All objects or artifacts which belong to several practices
can play the role of boundary objects. These artifacts are seen as
“reifieid” elements, which can be concrete objects (prototype,
management tools, metric, version of a software, model, etc.) or
symbolic systems (words of the language for example). In Wenger*s

' In the political sense of the term.

12 Constitution ("law ", " institution"). Action to establish legally (Jur.). Way
in which a thing is made up (16th century) : arrangement, composition,
provision, form, organization, structure, texture. All the somatic and
psychological congenital characteristics of an individual. Character,
complexion, conformation, personality, temperament. " Creation " (of the
world) (13th century). Action to constitute a unit; its result. Composition,
construction, creation, construction, development, foundation, formation,
organization. (1683) Charter, fundamental texts which determine the
shape of the government of a country. Fundamental law. Constitutional :
who constitutes, forms the essence of something.



work, reification indicates a process which involves giving form to
an experiment by producing artifacts which solidify the experiment
to some extent, at least for a time. It can take the form of an
abstracted concept, tools, symbols, stories or words. Reification
thus covers a great number of processes like manufacturing, design,
representation, naming , description, perception, etc. Reification to
some extent compensates for the contextual and evanescent
character of the participation. The duality of participation/reification
and its correct balance are the constituent conditions of collective
practices.

For Wenger, boundary objects are characterized by four
dimensions :

- abstraction : the general character of the boundary object
leads to a certain level of abstraction.

- versatility : the object can be used for several activities,
therefore several practices.

- modularity : the object consists of several parts mobilized
in various situations according to the actors involved.

- Standardization : the information contained in a boundary
object must be in a directly interpretable form to be used
locally.

These characteristics are relevant. However, they mainly concern
mechanisms which allow for the constitution of objects, and less
those concerning their use in instituted collective practices.
However, what interests us in a context of design is the
identification of the properties which explain the emergence,
organization and functionality of such objects, rather than certain
characteristics of use. If one wants to better understand the
phenomena of constitution, we must propose a representation of the
same criteria, but from the point of view of their genesis.

By using the theoretical background of social psychology
relating to social representations ([1], [2], [12]), we propose to
conceptualize constitutional objects around four variables
corresponding to the variables of Wenger. We also indicate some
examples of dimensions to be taken into account.

Areas Dimensions

elements, hierarchization, dispersion of
information, complexity, public dimension,
focusing, autonomy of the object...

Structure
(abstraction)

interpretation, preparation for action, support
for consensus, contribution to
conceptualization, contribution to
collaboration, contribution to argument
(inferential pressure), justification of
behaviours and standpoints...

Functions
(versatility)

Actors
(modularity)

relationship between objects and positions,
statutes and configurations of groups
(individual and collective identity) and
articulation with concrete social practices
(concretization, anchoring...)

orientation of behaviours, legitimization,
constitution and reinforcement of identity,
standardization and conformisation...

Normativity
(standardization)

Figure 3. Characterization of constitutional objects in design

4. THE SHARED MEDICAL FILE (SMF)

We will illustrate the first elements of the political model of

cooperative design through the case of the Shared Medical File,
which is a significant topic in the vast sector of telecare (being
currently overhauled'). This essential object in the economy of e-
health is important within the framework of our model under
construction in order to question the role of new (and often
challenged) actors in the process of design, and the boundary
between profane and skilled knowledge.

The sector of health has been undergoing reorganization for at
least 15 years now and the roles of actors and institutions have also
been redefined so as to answer two major challenges : how to
reconcile costs and quality ? How to handle the increasing
complexity of situations and tools for diagnoses and modes of
intervention and technologies for patient care ?

The sector is being reorganized mainly around the general model
of the Network'®, which is presented as allowing a better control of
costs, a mutualisation of expertise in favour of a more systemic
approach to patient care ( instead of a stepbystep approach to the
patient with the risk of expensive redundancies in care or weak
comprehension of disease, etc.), and especially greater autonomy
for the patient, namely home-care made possible by technologies of
communication (tele-monitoring, tele-diagnosis, webcam, etc.).

The Shared Medical File (SMF') is one of the main elements in
the implementation of a network between health partners, and for
this reason it involves significant stakes : enriched medical
expertise, collective and overall management of the patient,
personalization of care and autonomy for the patient (who can
remain at home); formalization of knowledge on patients and on
medical practices, ete.'®

" Telecare refers to all the applications of ICT’s to the field of health and
covers applications as varied as telemedicine, remote medical monitoring,
teletraining, remote or collective diagnosis and all that concerns medical
procedures (and pre- medical or post-medical procedures) that are
computer- aided, remote, with data banks, etc. as well as electronic
markets for the purchase of specific materials.... Generally, for a better
knowledge of the emergent media in medical practices, see [4].

!4 Network or mode of horizontal coordination between actors; it is this term
which is used to indicate the programmes of reorganization around care;
we take it for granted since it is not the object of this article to define it
more precisely; let us note however that there is a large variety of
networks : City Hospital network for outpatient post-operative home-care
in, networks of care around a particular pathology (diabetes, AIDS...) and
networks of care centered on the person (network of maintenance of old
people at home). This large variety has risen both from the objects of
these networks as well as from the very wide variety of regulatory
devices and experiments undertaken for over 20 years (when these
networks were set up by associations, starting from observations on the
ground and often in a largely non-formalized way).

Or computerized medical File, because this last circulates more and more

between the interested parties on the Internet (Intranet of hospital, extranet

of a network) and more generally on the Internet or Medical Social

Network (RSS designed and exploited at the request of the State by

Cegetel; the RSS has been brought into service since 1998 and allows the

circulation of the Electronic Files of Care between doctors and health

insurance services; tools such as the Carte Vital for the patient or the Card
of of Health Professionals allow a secure registering of signatures and
entries on the RSS, and thus a secure registering of data relating to the

Patient, under the terms of the principles on medical secrecy.

' The SMF can also be defined as a specific Information System around
which doctors interact because they have to exchange information about
the same patients. However, Information System has often been designed
in accordance with the traditional hierarchical structure of hospitals and
other care organizations. A more decentralized view in management and
in Information System, as offered by CSCW backgroung, could improve

@



But the SMF is also the subject of important questions : what
happens to medical secrecy, the main ethical principle in medical
practices'” or the share between private and public life ? How to
ensure security of circulating or stored information ? Will it be
possible to maintain the principle of continuity of care between the
various components which handle their own technologies'® ? What
are the long-term costs of these information systems ?

The SMF is thus at the same time an architecture and inserted
piece of knowledge which relates to the operation of the network
and the patients concerned. There does not yet exist a standard
model. Like any innovation in its emergent phase, one can observe
an expansion of experiments (succeeding with more or less
finalized SMF’s) which come either from the field, or from the
regulatory system, and which bring into play many actors and
various carriers of different interests and stakes.

The study of this expansion shows how much the SMF being
designed depends at the same time on stakeholders allowed to take
part in the work of design and on their carrying scientific or profane
knowledge. However its still very ambivalent status, since it calls
deeply into question the sector in its entirety, also questions the
productive or interesting properties of the SMF seen as a
"constitutional object" in allowing the process of design to go
forward.

We will develop these points in two distinct cases : the situation
of design as managed by the State and as managed by various
operational actors (in the field).

Experiments managed by the State reproduce the traditional
diagrams of the fragmented and partitioned organization of the
health sector, which is itself the object of reform in the network
approach . Openness to new actors is problematic here : the patient
is only too often is disregarded as a major actor while his/her needs
and expectations might well be integrated in the process of design
of the SMF. In fact, the patient’s unskilled approaches are
necessarily devalued and regarded as unscientific because produced
(by definition) outside the scientific community as controlled by the
State (ministries, universities, laboratories. . ,)19.

This is particularly important since to admit the legitimate
patient as bearing knowledge could offer a springboard to many
other claims, such as : what is the valorization and recognition of
the role of nurses in the production and follow-up of care ? What
role and responsibility is shared between the Doctor (in the broad
sense), the patient and his/her family ?

Indeed, more concretely, there is the question of representation
of the patient. Who, out of associations consisted assigned by the
State or emerging from the field (associations of consumers for ex.)
could claim to speak for the patient and his/her family ?

the quality of process design and the working of cooperation between
actors.

'7 The actors, particularly the Medical Associations speak of the concept of
shared medical secrecy.

"8 What is refered to here as the question of the interoperability of
technologies.

"% Certain doctors who experiment with the SMF while wanting to take into
account patients note that some are not very inclined to deliver their
opinion; they tend not to understand the role that is expected of them, as if
it to become an active citizen were that difficult !

Debates on networks and the SMF are still too recent. The
process of design runs up against the slowness of the constitution of
intermediate bodies or new representative bodies in a political and
professional play strongly resistant to innovations. To find the right
representative body and to legitimize it in its role is not easy and
can take time.

On the other hand, financial actors (Medical insurance or
medical benefit funds) can see their role over-valued since they are
seen as legitimizing "the network approach" recommended by the
State, which is carried out in the name of cost control. Such
experiments thus tend to reproduce old legitimacies and models.
They remain closed to new debates relating to the patient whom
they want to give greater responsibility (principle of autonomy) but
no role in discussions, since no actor representing patients takes part
in the design of the SMF.

Thus, this process of design internalizes social debates which
should make development of the SMF an appropriate forum for a
complete recasting of the health system, but which block it for the
same reasons, because of their importance.

Emergent experiments from the ground also carry political
questions. They often take place in partitioned and fragmented
organisational contexts whose operation in networks is too recent to
be widely accepted. Thus, the SMF which tends to be designed is
much more the result of problems which each participant wishes to
see regulated rather than the result of a vast project of
reorganization of health care services.

The partitioned structure of the health system has hardly allowed
the emergence of common knowledge and a common will to work
in a horizontal way between internal services within an institution
or between several institutions. Ignorance of the real roles of actors
makes it very difficult to constitute an initial group for the design of
an SMF. The risk is thus that the final SMF is a disjointed collection
of hybrid pieces of knowledge which is not operational.

In the two cases rapidly approached, contributors of technology
(ICT engineering...) or promoters (such as laboratories closely
involved in the processes of teletraining and telemedicine) are
easily able to make a place for themselves in design groups to better
control cooperation and knowledge used during the discussions.
Their importance is evident” but is exacerbated when the
circumstances pointed out above prevent other actors from playing
their roles.

Let us return to our model to understand the difficulties of design
of an SMF. In both cases of design, what causes problems is
openness to various actors, to different knowledge (or the level of
hybridization according to our model) and to new collectives
instituted or recognized as representatives and being able to act as
representatives of new interests (or the level of links between the
groups). Moreover this openness does not relate to the same
dimensions which characterize the SMF as a constitutional object.

Circle A represents the process initiated by the State, which is
confronted with the difficulties of opening up to new groups and
new forms of knowledge. Circle B represents the process initiated
by operational actors, who are confronted with the difficulties of
forming a universal body of knowledge while starting with hybrid
knowledge.

20 The SMF involves an essential technological component.



In the first situation of design (circle A), the difficulty rises from
the near impossibility for the State to admit the hybridization of
knowledge. This refusal rises doubtless from a hard vision of what
is seen as the normative nature of the SMF (or up to what point the
State can question through the SMF the legitimacy of health
institutions , quality standards of health production, etc. ). One can
think that when this hybridization is allowed, openness to new
representatives and contributors of knowledge will be possible.

The reverse is found in the second situation (circle B). What
raises problems here is the opportunities and organisational
possibilities of connections between a multitude of groups and
institutions that do not know how to work together or which are
unaware of themselves. Here it would seem that the critical
dimension of the SMF is that relating to its functions. The degree of
versatility is equal only to the degree of diversity of the
participating parts. However, we have said how much the
experiments evoked here are often pragmatic and are discovered
only as they come up while the SMF as constitutional object is
processed. What is thus missing is a project (in the sense of a
teleological vision of a complex process during its own process)
relating to the functions of the SMF. One can in the same way think
that when this hybridization of the parts is allowed, the coherent
integration of disparate bodies of knowledge will be more possible.

A

production of
knowledge

« general »
knowledge

hybridization
between
knowledge

adaptation of

knowledge
«universal » production of
knowledge groups
»
constituted emergent links between extended
groups groups groups collectives

Figure 4. Spatial design of an SMF

Two particular levels of variables on each axis thus appear
critical. This could militate for mixed approaches of the Up-Down
and Bottom-Up type to allow learning from what emerges in each
situation (full arrow connecting the two circles on the drawing).

Lastly, the movement of a mixed design process which learns
from experiments initiated by the State and by instituted parts as
well as those initiated by more operational parts could depend on
the quality of the SMF as a constitutional object or on its structure,
its functions, the actors and the degree to which it is normative.

Current experiments are still too very few to develop this point
precisely.
5. CONCLUSION

Project management can take support from the political model

presented in this paper. From the managerial point of view which is
ours, the dialogue between cooperation and produced knowledge

will interest the manager for two reasons :

- it can aim at piloting, improvement or control of a process of
collaborative work and then be useful in the production of
knowledge as a tool to act on cooperation;

- or on the contrary, it can aim at knowledge management or
facilitate the emergence and capitalization of emergent
knowledge during the design process and then act on the
composition of the working group as an independent variable.

In the first case, the question is to know which knowledge to
prioritize in supporting the development of cooperative work : when
(in the beginning or during the process) is it necessary to introduce
disorder through knowledge into a group, and would this be done
for its benefit, or with the risk of blocking it, or else to even support
its destruction ? Is it better to have an agreement on poor knowledge
(because coming from consensus) or to promote constructive
divergences ?

In the other case, the question relates to the structure of the
working group. A previously defined structure, according to rational
criteria of professional skills, even of political positions (in the
sense of the stances of an actor) can have an economic goal (refusal
of " organizational slack") or the goal of imposing order (to be
pressed on a team known in advance).

But this has two weaknesses : (1) only the incidents (problems,
incomprehension, tensions between the members) already known or
indexed in a kind of repertory of the type "good practices" or "guide
of the procedures" will be accepted and then handled®'; (2) this
mobilization of knowledge makes it difficult to bring out new
knowledge.

To conclude on the two goals from a managerial point of view
(to act on knowledge for better cooperation, or act on the group for
better production of knowledge), the manager can easily be required
to confront the risk of impoverishment :

- impoverishment of the knowledge produced in the name of the
forced search for a consensus,

- impoverishment of cooperative work in the name of cohesion
or availability of mobilized knowledge.

The question of knowing if a group involved in design must
naturally seek a consensus for progress would merit further
development.
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