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Abstract This paper is presenting a generic ontology-based user modeling ar-
chitecture, (OntobUM), applied in the context of a Knowledge Management
System (KMS). Due to their powerful knowledge representation formalism and
associated inference mechanisms, ontology-based systems are emerging as a
natural choice for the next generation of KMSs operating in organizational, in-
terorganizational as well as community contexts. User models, often addressed
as user profiles, have been included in KMSs mainly as simple ways of captur-
ing the user preferences and/or competencies. We extend this view by including
other characteristics of the users relevant in the KM context and we explain the
reason for doing this. The proposed user modeling system relies on a user on-
tology, using Semantic Web technologies, based on the IMS LIP specifications,
and it is integrated in an ontology-based KMS called Ontologging. We are pre-
senting a generic framework for implicit and explicit ontology-based user mod-
eling.

1. Introduction

The knowledge-based theory of the firm suggests that knowledge is the organiza-
tional asset that enables sustainable competitive advantage in very dynamic and com-
petitive markets. Knowledge is considered the most important asset for organizations
and the effective management of knowledge has become an important issue. KMSs
refer to a class of information systems applied to managing organizational knowledge
[1]. Knowledge in the context of KMSs consists of experience, know-how and exper-
tise of people (tacit knowledge) as well as different information artifacts, knowledge
assets and data stored in documents, reports available within the organization and
outside the organization (explicit knowledge).

Knowledge Management Systems are designed to allow users to access and utilize the
rich sources of data, information and knowledge stored in different forms, but also to
support knowledge creation, knowledge transfer and continuous learning for the
knowledge workers. Recently KMSs, unlike databases, have aimed at going beyond
the mere administration of electronic information; they now aim at fostering learning



processes, knowledge sharing, collaboration between knowledge workers irrespective
of their location, etc. KMSs tend to become complex in order to support the tasks
mentioned above as they are not limited to providing easy access to knowledge assets
and they address different categories of users with different needs, roles and
preferences. Research on user modeling is motivated by two reasons: 1) differences in
individual users’ needs and 2) heterogeneity between different groups of users.
Moreover user models and user modeling are the key element for personalized inter-
action and adaptive feature integration, two very important steps in developing ad-
vanced information systems.

The paper is organized as follows: section 2 provides an introduction of the overall
ontology-based user modeling architecture. Subsequently, we provide details about
explicit and implicit user modeling. In section 3 we discuss implementation details
and in section 4 we conclude.

2. Ontology-based User Modeling Architecture

This section introduces the overall ontology-based user modeling (OntobUM) archi-
tecture. The overall user model for a specific user is based on an explicit definition
provided by the user through the user profile editor (UPE) and by an implicit part
maintained by intelligent services, as represented in Figure 1.
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Figure 1 An ontology-based user modeling system

The intelligent services have two main roles in the system: (1) to update and maintain
the user model on the basis of usage data through the application of a number of heu-
ristics, (2) to provide personalized services based on the characteristics of the users
(e.g. personalized views are generated and presented to the user based on the user’s
interests, background and role; notification agents announce new entries relevant to
the user, etc). The system’s general architecture enables one to add incrementally



such intelligent services. The architecture of the ontology-based user modeling sys-

tem integrates three different ontologies, as represented in Figure 1:

e The User Ontology structures the different characteristics of users and their
relationships.

e The Domain Ontology defines the domain and application specific concepts and
their relationships.

e The Log Ontology defines the semantics of the user interaction with the system.

The log instances, or usage data, are generated by monitoring the user interaction

with the system. Based on this usage data the system updates the user model and

derives a user related behavior as described in section 2.2.

2.1 The Explicit Part of the User Model

The user profile editor UPE is a specialized ontology editor for user models. The UPE
enables the user to enter user data but also to visualize them, revise them and update
them afterwards. The definition of the user ontology captures rich metadata about the
employee’s profile including characteristics such as: identity, email, address, compe-
tencies, cognitive style, preferences, etc. but also a “behavioral profile” as described
in the next section.

3 Ontologging User Profile Editor - Microsoft Internet Explorer _i@ x|
Fle Edt Yiew Favoites Took Help |

Back - = - @) (3] A& | QSeach CilFavoites @Meda o | By S 5

Addiess [] cing_UM_editor/instance/Edilnstance fspPortlogylD-UserDrtslogybconcepiD-uihotiviytinstancel D-urzblians_sctiviy v] @ Ga | Liks >

DGGING

Home | My Profile | Other Profiles | Category Extractor |

liana_activity

documentations: l— Cardinalify: 6 .. 1
-+ Competency 2dd avalue
- Activity protypes: lm Cardinalify- 0
- Accessibility add avalye
- Interest working_papers: lm Cardinalify: 0 ..

- Goal add avalue

- Behaviour white_papers: Ernlaying ontologies in ug Cardinaliy: 0 ..

add avalue

projects: i Cardinality: 0 .0

Lreate new frse CTRL*clich =
to defselect mulfiple
options]

reports: User Modelling in KMSg— Coroinaity: @ .a

add avalue
I =

[ B Localintranet

L .
st | 1 ) BEE S KA @ || mus | Gy | M| e [[£10.. e | [SEE @ RS 19
Figure 2 User profile editor

The proposed user model is structured according to Information Management Sys-
tems Learner Information Package specifications (IMS LIP). The IMS LIP package
[2] is structured in eleven groupings including: Identification, Goal, QCL (Qualifica-
tions, Certification and Licenses), Accessibility, Activity, Competence, Interest, Af-



filiation, Security Key and Relationship. Figure 2 shows a screenshot of the Onto-
bUM’s UPE, representing the Activity concept and its properties in the editing mode.
UPE enables to switch from an edit mode to a view mode.

2.2 The Implicit Part of the User Model

KMSs need to encourage people to codify their experience, to share their knowledge
and to develop an “active” attitude towards using the system. For this purpose we
have extended the IMS LIP groupings with the Behavior concept. The Behavior con-
cept and its subconcepts were introduced to “measure” two processes that are impor-
tant for the effectiveness of a KMS, namely knowledge sharing and knowledge crea-
tion. The Behavior concept describes characteristics of users interacting with a KMS
such as: level of activity, type_of activity, level of knowledge sharing, etc. Based
on their activity in the system, namely the number of contributions to the system and
the number of the documents read, OntobUM classifies the users into three stereo-
types: readers, writers or lurkers. These categories are properties of the
type_of activity concept. The level of activity comprises four attributes that can be
associated with the users: very active, active, passive or inactive. The classification of
the users according to the type of activity or level of activity is based on heuristics.
For example a lurker is defined as somebody who doesn’t contribute and who
reads/accesses very few knowledge assets in the system. Several heuristics are dedi-
cated to capture the interest areas and the level of expertise of the users. Through the
level of knowledge sharing we are capturing the level of adoption of knowledge
sharing practices. The user states in relation to the level of knowledge sharing are
defined as: unaware, aware, interested, trial and adopter using Roger’s terminology
related to the attitude of people towards innovation (see [3]). Based on the identified
characteristics, the system provides feedback, virtual reward or adapted interventions
for a behavioural change (e.g. for adoption of knowledge sharing behaviour). In
Razmerita et al. [4] we elaborate on how user models and user modeling can enhance
the support in KMSs. We show how user models can be applied for: personalization,
expertise discovery, networking, collaboration and learning.

3. Implementation and related work

In the area of user modeling, (Kay [5]; Chen and Mizoguchi, [6]) have already
pointed out the advantage of using ontologies for learner/user models. Kay empha-
sizes the fact that a user model “needs an agreed ontology and representation so it can
be used by different application programs”.

OntobUM is a user-modeling server, which stores data in a RDF/RDFS format.
Unlike other existing user modeling servers analyzed by Kobsa [7], OntobUM inte-
grates Semantic Web technology. The system has been implemented as a web appli-
cation using Java 2 (jdk 1.4). We have used the KAON - Karlsruhe Ontology and
Semantic Web [8] framework as an API for managing ontologies. As a web ontology



language, KAON extends RDF/RDFS, so the user ontology is RDF/RDFS compati-
ble.

4. Conclusions

In this paper we address aspects of ontology-based user modeling and we present a
generic architecture for modeling users based on ontologies. The main contribution of
the paper consists in: (1) identifying aspects of user modeling relevant to KMSs, (2)
integrating them in a generic framework based on ontologies. We give a concrete
example of the use of the OntobUM framework in an ontology-based KMS, but this
framework can be adapted to different ontology-aware environments. The user
ontology is implemented using Semantic Web technology and it is structured on
extended IMS LIP specifications. We have identified characteristics of the users that
are relevant for a KMS under the Behaviour concept, but the largest part of the user
ontology is generic and it could be reused in other application domains.
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