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Abstract. On the Semantic Web personalization technologies are
needed to deal with user diversity. Our research aims at maximising
the automation of acquisition of user knowledge, thus providing an ef-
fective solution for multi-faceted user modeling. This paper presents
an approach to eliciting a user’s conceptualization by engaging in an
ontology-driven dialog. This is implemented as an OWL-based domain-
independent diagnostic agent. We show the deployment of the agent in
a use case for personalized management of learning content, which has
been evaluated in three studies with users. Currently, the system is being
deployed in a cultural heritage domain for personalized recommendation
of museum resources.

1 Introduction

The rapid expansion of semantics-enriched services on the Web results in an
exponential growth of the users of these services. They differ in their capabilities,
expectations, goals, requirements, preferences and usage context. The one-size-
fits-all approach to developing Web applications is becoming inappropriate. To
fulfill the Semantic Web vision of improving the way computers and people work
together, context-aware and user-adaptive technologies that take into account
the users’ perspective are needed [1]. User-adaptive systems automatically tailor
their behavior to the needs of individual users. They can recommend items or
documents that relate to the user’s interests, provide links to relevant resources
according to the user’s goal, or offer explanation when needed. With the addition
of explicit semantics, user-adaptive systems become context-aware.

A critical aspect in the realization of personalization is the acquisition of
knowledge about the users. Traditionally it is represented in a user model [2].
The depth of the represented understanding about the users can vary from sim-
ple user profiles that focus mainly on users’ preferences to sophisticated models
that capture users’ conceptualizations [3]. In the open world context the lat-
ter capture individual users’ viewpoints, spanning from knowledge engineers to
naive users. They also define the semantics of the user knowledge representation,
thus facilitating the effective integration of the users within semantics-aware sys-
tems. This enables knowledge-enhanced reasoning to align the perspectives of
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users and system designers, where various mismatches in meaning can be dis-
covered and taken into account for more effective adaptation. The acquisition
and maintenance of user conceptual models requires robust methods that inte-
grate seamlessly in semantics-enhanced Web-based systems. An example of such
an approach is proposed in here and is illustrated in an e-learning case study.

Why did we chose an e-learning use case? E-learning is a key application
domain where the empowering role of semantics-enhanced technologies is be-
ing acknowledged. The Web is becoming the most popular educational medium
nowadays, at schools, universities, and for professional training [4]. A prominent
new stream of research on Educational Semantic Web [5] is being established.
Recent successes in this field include semantics-based annotation and sharing of
educational resources [6, 7, 8], as well as supporting the construction and sharing
of knowledge among communities of learners and teachers [9, 10]. Although there
are initial attempts to develop semantic-aware personalization technologies for
Web-based educational systems [11, 12], this research is still in an embryonic
stage. On the other hand, adaptive learning systems are well advanced in the
addressing of the user’ needs [13]. As pointed by Wolpers and Nejdl, future
research in the Educational Semantic Web should include, among others, cap-
turing the perspectives of different users based on observations from a variety of
sources, and representing these perspectives in interoperable learner models [4].
The approach presented in this paper is a contribution in this direction. Fur-
thermore, the proposed approach is domain-independent, and is currently being
instantiated in museum and digital library domains.

The paper describes an ontology-based dialog agent, called OWL-OLM, that
elicits and maintains a model of the user’s conceptualization. The architecture of
OWL-OLM is presented in Section 2, and the main components are described
in the follow-up sections: domain ontology and a user model (Section 3) and
dialog maintenance (Section 4). We illustrate the deployment of OWL-OLM
within an RDF/OWL-based system for personalized management of learning
content, called OntoAIMS Resource Browser (Section 6). It uses a multi-faceted
user model built by collecting, interpreting and validating user data from diverse
sources, such as user preferences, diagnostic dialog and monitoring the user in-
teraction with the system [14]. The evaluation of OntoAIMS Resource Browser
is outlined in Section 7. Finally, we discuss related and future work.

2 Architecture of OWL-OLM

OWL-OLM uses the STyLE-OLM framework for interactive ontology-based user
modeling [15] and extends it to work with an OWL-based domain ontology and
a user model. The architecture of OWL-OLM is presented in Figure 1.

The Dialog Agent is the main OWL-OLM component which maintains the
user-knowledge acquisition dialog. The user-agent interaction is geared towards
achieving the goal of the user, according to which the agent defines its dialog
goals. For example, in a learning situation the user may want to be recommended
what to read next on a certain topic. The goal of the dialog agent in this case



562 L. Aroyo et al.

would be to asses the current state of the user’s knowledge according to the
requirements for the particular course task. In a museum case, the user may
want to be recommended which painting to view next in the context of the
user’s current preferences. To do so, dialog subgoals are defined (e.g. to probe
the user’s knowledge of concepts related to the task or the preferences set). In
addition, the user may want to clarify some part of the domain, so he asks
questions. Dialog subgoals will be then to answer the user’s questions and help
him clarify the particular domain aspects.

Fig. 1. The architecture of OWL-OLM

A Domain Ontology built
in OWL is used to maintain
the dialog and to update
the user’s Short-Term Con-
ceptual State. The latter is
also represented in OWL
and provides a model of
the user’s conceptualization
gathered throughout the di-
alog. Section 3 gives details.

The dialog agent main-
tains a dialog episode goal,
which is divided into sub-
goals that trigger Dialog
Games - sequences of utter-
ances to achieve a specific
sub-goal, see Section 4.1.

The agent uses also a
Game Analyzer that ana-
lyzes each user’s utterance

to decide the agent’s response and to update the user’s short-term conceptual
state, see Section 4.2. When a dialog episode finishes, the short-term conceptual
state is used to update the user’s Long-Term Conceptual State, referred to as
the User Model. The belief revision algorithm used in [15] is employed.

The user interacts with the system by using a graphical user interface, issus-
trated in Figure 2. The interface uses JGraph1 to present, create, and modify
graphical utterances. The main components of OWL-OLM are described next.

3 Domain Ontology and a User’s Conceptual Model

OWL-OLM is built as a user modeling component to be integrated in Semantic
Web applications. OWL-OLM follows a general dialog framework that is domain
independent and produces OWL-based user model. The only restriction imposed
is that a URI of a domain ontology has to be provided, and that this ontology
has to be defined in OWL. For the current instantiation, example from which

1 http://www.jgraph.com/
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Fig. 2. Example of OWL-OLM interface - utterance (2) from the dialog in Section 5

was given in Section 5, we use basic Linux ontology2 which includes concepts
from an introductory Linux course taught at the University of Leeds, UK. The
ontology was built by a domain expert from Eindhoven University of Technology
by using Protégé [16], and is used in a Linux course, see Section 6.

OWL-OLM uses Jena 2.1 [17] extensively for input and output of OWL on-
tologies and models, creating and changing OWL resources and resolving domain
ontology queries (in the Dialog Agent). The OWL generic reasoner from Jena is
employed to make inferences from the domain ontology.

As shown in the OWL-OLM architecture (Figure 1), the dialog agent ex-
tracts a user’s Short Term Conceptual State, used to tune the user’s Long Term
Conceptual State. The main idea of a conceptual state is that it gives a par-
tial model of a user’s conceptualization which is linked to one or more exist-
ing ontologies. A user’s conceptual state is defined in OWL-OLM as a triple
of URIs pointing to a Conceptual model, a Domain ontology and a User. The
conceptual model is specified in OWL resembling an ontology specification, i.e.
it defines classes, individuals, and properties, and uses OWL properties to de-
fine relationships. It makes links to resources defined in the domain ontology,
when possible (a resource can represent a concept or a relationship between
concepts [18]).

2 SWALE project, http://wwwis.win.tue.nl:8080/~swale/blo
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To indicate how the conceptual model is derived, a set of properties 3 is used:

– times used correctly: the number of times that the user has used a re-
source correctly, i.e. the way in which the resource was used was supported
by the domain ontology either because the resource was found in the domain
ontology or because it could be inferred from it.

– times used wrongly: the number of times that the user has used a resource
in a way that contradicts the domain ontology.

– times affirmed: the number of times that the user has stated he knows
about this resource.

The above properties are related to classes, individuals, and properties in the
conceptual model. The following excerpt shows the state of the class Filesystem
node (called by its label file in the example in Section 5).

<rdf:Description rdf:about="blo:Filesystem_node">
<rdfs:comment rdf:datatype="xmls:string">

Any set of data that has a pathname on the
filesystem.

</rdfs:comment>
<rdfs:label>file</rdfs:label>
<rdf:type rdf:resource="owl:Class"/>
<aimsUM:times_used rdf:datatype="xmls:long">

12</aimsUM:times_used>
<aimsUM:times_used_correctly

rdf:datatype="xmls:long">
10</aimsUM:times_used_correctly>

<aimsUM:times_used_wrongly
rdf:datatype="xmls:long">
2</aimsUM:times_used_wronlgy>

<aimsUM:times_affirmed rdf:datatype="xmls:long">
3</aimsUM:times_affirmed>

<aimsUM:times_denied rdf:datatype="xmls:long">
1</aimsUM:times_denied>

</rdf:Description>

This example shows that the user has used the class Filesystem node a total
of 12 times; 10 times supported by the domain ontology and twice not supported.
He has stated 3 times that he knows the concept Filesystem node and once that
he does not. Classes, individuals, object properties, and datatype properties are
annotated in the same way.

We also need to capture the relations between concepts that the user builds.
In order to associate the properties described above with these relations we use
reified statements [18]. For instance, in utterance (15) in the example given
in Section 5 the user states that class Move file operation is a subclass of
Command. We can create a reified statement referring to this relationship and add
the aimsUM:times used wrongly property to this statement, as shown below:

<rdf:Description rdf:nodeID="A273">
<rdf:type

rdf:resource="rdf:Statement"/>
<rdf:subject

rdf:resource="blo:Move_file_operation"/>
<rdf:predicate

3 An RDF specification of those properties, http://wwwis.win.tue.nl/~swale/aimsUM
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rdf:resource="rdfs:subClassOf"/>
<rdf:object rdf:resource="blo:Command"/>
<aimsUM:times_used

rdf:datatype="xmls:long">1
</aimsUM:times_used>
<aimsUM:times_used_wrongly

rdf:datatype="xmls:long">1
</aimsUM:times_used_wrongly>

</rdf:Description>

The above denotes that the user has used the rdfs:subClassOf relationship
between Move file operation and Command. This is more detailed than only
associating properties with the individual classes, as in the first excerpt.

4 Dialog Maintenance

4.1 Dialog Games

The dialog in OWL-OLM is organized as a series of dialog games that represent
the dialog episodes. A dialog game DG in OWL-OLM is defined as:

DG = (C, P , R, U , S)

where: C is a set of domain concepts and relations targeted in the game used to
maintain a global focus [19]; P is a set of preconditions which define conditions
of the state of the system (e.g. a history of previous utterances or a user’s
current conceptual state) which are needed to trigger the game; R is a set of
postconditions that define conditions of the state of the system (e.g. changes in
the user’s conceptual state) which become valid when the game ends; U is a
set of rules to generate dialog utterances; S defines the scope that is a set of
concepts used to maintain a dialog focus space [19]. The definition follows the
formalization in [15] which is derived from a linguistic dialog games model [20].

The building blocks of every dialog are utterances : sentences interchanged
between the dialog agent and the user. Each utterance consists of three parts:
an originator, intention, and OWL statement. Originator is the producer of the
utterance, which can be the dialog agent or the user.

OWL statement is the domain-related proposition of an utterance. An OWL
statement is a small OWL model that defines a set of concepts and relations.
The OWL model is restricted to only one semantic relation, as it represents the
domain-related semantics of a single utterance. OWL statements are used to (a)
extract a section of an OWL ontology and only focus on this section; (b) gen-
erate text templates to render the semantics enclosed by the OWL statement,
for the interface with the user; and (c) exchange very focused information about
the exact relationship between a small number of classes, individuals and ontol-
ogy properties, which is critical for diagnosing users and identifying mismatches
between the user’s conceptual model and the domain ontology, as shown later.
Table 1 illustrates some OWL statements.

Intention states the dialog purpose of the utterance, i.e. the intention of the
originator of the utterance. Sample intention operators used in OWL-OLM are
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Table 1. Some types of OWL statements used in OWL-OLM

Name Basic RDF triple(s) Comment

Empty none Used in combination with intentions which do
not require an OWL statement

SingleClass c rdf:type owl:Class Defines a single class c.
SingleObjectProperty p rdf:type owl:ObjectProperty Defines a single object property p without a

domain or range
InstanceOf i rdf:type c Declares that i is an individual of class c

SubClass c1 rdfs:subClassOf c2 States that class c1 is a subclass of class c2
ObjectProperty p rdf:domain c Defines that class c has an object property p

p rdf:range r

QueryInstance i rdf:type c Declares that i is an individual of class c and
i rdf:type swaleQ:QuestionResource that i is a question

QueryClassOfInd i rdf:type c i is an individual of c and c is a question
c rdf:type swaleQ:QuestionResource

QueryDtPropDomain p rdf:domain c Class c has a datatype property p and c is a
c rdf:type swaleQ:QuestionResource question

4 (1) Give Answer, where the originator is answering a previous utterance
which was a question with the semantics enclosed in the OWL statement; (2)
Agree, where the originator states that he agrees with the semantics enclosed in
the OWL statement; (3) Ask, where the originator asks whether the semantics
described in the OWL statement is true.

To achieve effective dialogs, which feel natural and efficient to the user, several
problems have been tackled. Firstly, a dialog focus is maintained, so that the
interaction is structured and organized. In terms of utterances, this means that
consecutive utterances should have a concept in common whenever possible. For
this, a scope of relevant concepts is maintained. Secondly, the dialog continuity
is ensured to provide a logical exchange of utterances. This means that each
utterance has to be a logical response to the previous one. Cue phrases are used
when a game is opened, closed, or re-initiated, to show the logical flow and to
communicate the dialog goal, as in the example in Section 5. Thirdly, to avoid
repetition of utterances a history of the dialog is maintained to exclude already
said utterances. Finally, mixed initiative is maintained to allow both participants
in the dialog to introduce a new topic and ask clarification questions.

4.2 Game Analyzer

We will now explain how OWL-OLM analyzes the utterances received from the
user and how the results of this analysis are used to decide the next move of the
Dialog Agent and to update the user’s conceptual state. The following features
are analyzed:

– The scope and intention of two consecutive utterances are compared. If the
scopes do not match, the agent has to decide whether to follow the user and
change the dialog focus or to stay in the current scope;

– The incoming utterance is analyzed to determine whether it asks a question
to the system, which triggers a question answering game;

4 See screen shots for more examples.
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– The OWL statement of the incoming utterance is compared to the domain
ontology to determine whether the semantic relation described by the OWL
statement is supported by the domain ontology;

– If an OWL statement is not supported by the domain ontology, the agent
checks for a recognizable mismatch between the statement and the ontology.

During the analysis, the default OWL reasoner of Jena [17] is used to infer
relationships that follow from the domain ontology. The reasoner is used to
determine whether the OWL statement of an utterance is supported by the
domain ontology. This is the case if and only if every RDF triple in the statement
can be inferred from the domain ontology.

4.3 Mismatches

When the user submits an utterance that cannot be verified by the domain
ontology, this is considered as a mismatch. We define a mismatch as any RDF
triple in the utterance’s OWL statement which cannot be found in the existing
domain ontology. In this way we can determine the type of mismatch by using
the basic building blocks in OWL. The semantics of a mismatch is that a resource
or relationship in the OWL statement is not supported by the domain ontology.
Table 2 shows some of the types of mismatches which can be detected.

Table 2. Mismatches detected in OWL-OLM

Type Comment

Unknown None of the other types apply
OntClass A class cannot be found
Individual An individual cannot be found
ObProp An object property cannot be found
DtProp A datatype property cannot be found
SubClass A subclass relationship cannot be found
InstanceOf The link between an individual and its class cannot be found
ObProp-Rel The domain ontology (DO) doesn’t suggest that two resources are related by this object property
DtProp-Rel The DO doesn’t suggest that two resources are related by this datatype property
Domain The DO doesn’t suggest that a resource is the domain of a property
Range The DO doesn’t support that a resource is the range of a property
ObProp-Val The DO doesn’t support that a resource has this value for this

object property

By classifying the types of mismatches OntoAIMS Resource Browser is able
to define dialog games to clarify each of the recognized mismatches. For in-
stance, an example of clarification dialog is given in Section 5: utterance (19)
prompts a mismatch of a type SubClass, which is recognized by OWL-OLM and
a clarification dialog game (see utterances (14) - (19)) is initiated.

4.4 Answering Questions

Two different types of questions are catered for: those which can be answered
with an yes or no (yes/no questions) and those where the answer contains an
element missing in the question (open questions). The latter are based on OWL
statements that have special resource type - a question resource. A question
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resource is any resource in an OWL model which is marked as being the same as
the resource swale :Question Resource5. This means we can mark any resource
R in an OWL statement as being a question resource by adding the following
RDF triple to the OWL model: (R rdfs:sameAs swale :Question Resource)

Questions are answered by transforming them to queries and feeding these to
any OWL query answering mechanism. OWL-OLM uses Jena [17] to find triples
in the domain ontology which match the query. A user’s question may interrupt
the current dialog game and initiate a new game where the Dialog Agent tries
to answer the question as best as it can and to probe for relevant knowledge.

5 An Illustrative Example

We illustrate here the application of OWL-OLM for the acquisition of user knowl-
edge with an example from the OntoAIMS Resources Browser (see Section 6).
OntoAIMS employs OWL-OLM to extract a conceptual model of the learner and
uses this model to recommend an appropriate to his knowledge state learning
task or learning resources. The User in this example is a student who follows an
introductory Web-based course on ”Linux Operating System”. The OWL-OLM
Dialog Agent utilizes an existing domain ontology [21] to explore aspects of the
User’s conceptualization of the topic ”Files and operations on files”. The interac-
tion is conducted in a graphical way (see fig. 2) but due to space limit is presented
here only in the text form generated in the dialog history of OWL-OLM.

Opening a Probing Dialog Game

(1) DialogAgent: I’ll try to suggest a suitable task for you. I will first ask
you some questions related to ”Files and operations on files”.

(2) DialogAgent: Do you think a file has a unix user as its owner?
(3) User: Yes, a file has a unix user as its owner.
(4) DialogAgent: Do you think a file has a path as its full name?
(5) User: I don’t know whether a file has a path as its full name.

The agent opens the dialog episode and informs what the goal is. It then
initiates a probing dialog game to elicit the part of the user’s conceptualization
related to the current task. It begins with the concept file, which is the main
concept in this topic, and checks whether the user knows concepts linked to file
– utterances (2) - (5). Figure 2 shows the OWL-OLM interface for utterance
(2). The OWL statement of a dialog utterance is rendered in a graphical form,
while the intention is rendered as a sentence opener. To construct his reply,
utterance (3), the user edits the diagram with the OWL statement by using basic
graphical commands. Also, when he double clicks on an object, he can edit its
class/individual name, add/delete properties, or create links with other objects.
To state intention, the user uses a sentence opener, see the buttons group to the
right in Figure 2. The textual form of the composed dialog utterance is shown in
the bottom. To send his utterance, the user clicks on the Send sentence button.
The utterance is added to the the dialog history, shown at the top.
5 http://wwwis.win.tue.nl/~swale/swale question
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User Question - A New Game Is Initiated

(6) User: Can you tell me more about what can be the group readable
right of a file?

(7) DialogAgent: As far as I know, a file has a readable permission as
its group readable right.

(8) User: [Skip]
(9) DialogAgent: Let us return to discussing files.

(10) DialogAgent: We will continue with discussing about. moving files.
(11) DialogAgent: Do you know what moving file is?
(12) User: I think that moving file is a command.

The user interrupts the dialog by asking a question (6). The agent suspends
the current dialog game and initiates a new game to answer the user’s question. It
sends a query to the domain ontology and then composes the answer. The agent
then waits to see whether the user has more questions. Since the user’s questions
have been answered, the agent returns to the dialog game that probes what the
user knows about file. When finished the agent closes the game that probes
for files. It then opens a dialog game that probes for another main concept
– moving files – and starts with probing for the parent. The user answer in
utterance (12) indicates a mismatch (see Section 4.3). According to the domain
ontology used by the agent, moving a file is a file operation not a command.
The agent again suspends the probing game and starts a clarification game.

Mismatch Is Recognized - A Clarification Game Is Initiated

(13) DialogAgent: Why do you think moving file is a command.
(14) DialogAgent: Do you think moving a file is also a file operation?
(15) User: Yes, I think that moving a file is a file operation.
(16) DialogAgent: Do you think a command has a version?
(17) User: Yes, a command has a version.
(18) DialogAgent: You think that moving file is a file operation, as well

as a command.
(19) User: I don’t think that moving file is a command.

The agent first checks for an alignment between the user’s conceptualization
and the domain ontology (utterance (14)), and then checks for inherited proper-
ties from the subClass link between moving file and file operation. If the
answer is positive, the agent checks for an inherited property from the subClass
link the user makes between moving file and command. Because the user does
not confirm the property, the agent checks the property for command to highlight
the inheritance link the user makes between moving files and command. At the
end, the agent checks again the mismatch, which is now corrected by the user.

6 Use of OWL-OLM for Adaptive Content Management

In this section we demonstrate how OWL-OLM was utilized to enable person-
alization in a semantic-aware e-learning system, called OntoAIMS Resource
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Browser. OntoAIMS Resource Browser6 is an ontology-based version of the
AIMS Resource Brosweradaptive information management system [22] provid-
ing an information searching and browsing environment that enables users to
identify the most appropriate course task to work on and to find and learn the
relevant terminology and resources necessary for performing this particular task.

OntoAIMS Resource Browser uses ontologies to represent the aspects of the
application semantics, to allow a strict separation of domain-dependent data,
application-related data and resources, and to further enable reusability and
sharing of data on the Semantic Web. A Domain Ontology represents the do-
main terms and their relationships. The content is annotated and stored in a
Resource model, linked to the terms of the domain ontology. The course aspects
are modeled as a hierarchy of course tasks in a Course Task Model. Each task
specifies domain terms and learning objects as part of the task prerequisites,
input and output. Adaptive mechanisms are employed for sequencing the course
tasks and thus providing the most efficient way for the users to navigate through
the structure, terminology and learning material of the course. In OntoAIMS Re-
source Browser, the learners use a graphical environment for browsing through a
graphical representation of the domain conceptual space, and to browse through
a collection of semantically annotated resources ranked by the system according
to their relevance to the task and the user query, see Figure 3.

Fig. 3. OntoAIMS resource browser

A key role in the ranking and recommending of tasks and resources in On-
toAIMS is played by the User Model. OntoAIMS aims at covering an extensive
range of user’s aspects, e.g. goals, conceptual state, preferences, personal char-
acteristics, etc. thus allowing an unobtrusive way to collect various user data.
6 Accessible at: http://swale.comp.leeds.ac.uk:8080/staims/viewer.html, user-

name visitor, password visitor.
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Dialogs similar to the example shown in Section 5 are conducted by the OWL-
OLM agent within OntoAIMS to (a) validate the analysis of the user data, (b)
elicit a user’s conceptual state, and (c) build and maintain a dynamic user model
as a basis for a personalized information management process.

7 Evaluation Studies with Users

Three user studies were conducted with the current instantiation of OntoAIMS
Resource Browser in a domain of Linux. Initially, six users, postgraduate stu-
dents and staff from the universities of Leeds and Eindhoven, took part in video
recorded and monitored think aloud walk through sessions, as well as in detailed
usability questionnaires. An improved version of the system was used in a second
study with ten first year Computing students at Leeds. It followed a two-week
introductory course on Linux. The users were asked to study resources on Linux
recommended by the system. Detailed description of the OntoAIMS Resource
Browser evaluation is given in [23]. A final version was presented as an Inter-
active Event at the AIED’05 conference and was tested with ten international
experts in Learning Management Systems.

In general, the users appreciated the help and guidance provided by On-
toAIMS resource browser and regarded the system as useful. The dialogs to
discover the level of user’s knowledge lasted about 5-10 minutes, which saved
significant time for these users (who otherwise would have been offered reading
on topics they were familiar with). Less knowledgeable users became aware of as-
pects of the domain they did not know (which were addressed in the OWL-OLM
dialog), and liked that the system recommended basic Linux reading. OWL-OLM
was regarded as a key tool seamlessly integrated in the whole environment, and
was seen both as complying with the overall goal and unobtrusive. The dialog
was seen as coherent by the users. The evaluation revealed also pitfalls, to be
addressed in the next OWL-OLM versions, with respect to mismatches dialogs,
smooth switch between the dialog and OntoAIMS Resource Browser, awareness
how the conceptual model is used for adaptation, and several interface issues.
The purpose of these first three studies were to test the usability and effec-
tiveness of the dialog as a user model elicitation mechanism. With the current
extension of the system and its deployment in other application domains, we
plan to perform studies to test the advantages of the user modeling approach
with respect to the recall and precision of resource and task recommendations.

8 Related Work and Discussion

Different perspectives of enabling personalization on the Semantic Web are be-
ing addressed recently. Our work on OntoAIMS Resource Browser is situated
within the field of User-adaptive Web-based Information Systems [24] that capi-
talize on adaptation techniques to provide individual users with the right service
at the right time and in the right way. The OWL-OLM approach is similar to
the interactive sessions used in HUMOS [25]. While HUMOS uses a very simple
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probing dialog to elicit initial, fairly basic profile of the user, OWL-OLM con-
siders more in-depth interactions that extract enhanced user models. By using
Semantic Web technologies, enriched semantics for the user data can be achieved
to allow for more efficient reasoning and, thus, more accurate user modeling re-
sults. Stojanovic [26] in his comprehensive query refinement approach proofs also
the need and the benefit of an interactive ’step-by-step’ query refinement pro-
cess, which considers the user’s perspective on the domain conceptualization in
the retrieval process. The approach capitalizes on the improvement of the user
and context modeling versus the improvement of the information retrieval pro-
cess. In addition to this, our work shows how such interactive approach can be
realized and visualized with an OWL domain ontology. An example of an NLP-
based interactive knowledge acquisition interface is given by Chklovski and Gil
[27]. As in OWL-OLM it shows the need for a clarification dialog with the user
to correctly specify domain knowledge from multiple perspectives. Moreover,
the authors prove the efficiency of using semantic rich structures to ”collect se-
mantically interpretable knowledge while interacting in natural language”, as
exemplified in OWL-OLM as well.

A strong argument is being formed recently to stress the importance of
sharable and reusable user models, as well as personalization methods on the Se-
mantic Web[1]. Both OWL-OLM and OntoAIMS Resource Browser contribute
to an on-going work in this area [28, 11]. The work we present on eliciting a user’s
conceptualization based on an existing domain ontology relates to the research
on aligning and reconciling ontologies, reviewed in [29, 30]. However, there is a
crucial difference between the user-expert alignment considered in OWL-OLM
and the alignment of two (or more) expert ontologies considered in existing,
widely used tools, such as PROMPT [31]. Results from their empirical stud-
ies on aligning expert user’s ontologies as well as the existing, robust ontology
aligning algorithms (e.g. using word concordances and synonyms) can be very
useful to extend the OWL-OLM mismatch patterns. Most of the methodologies
applied for building shared ontologies have a dialog part at some stage to en-
able experts to clarify aspects of their conceptualizations. This confirms that
approaches like OWL-OLM are viable for capturing a user’s conceptualization.
Finally, the user modeling dialog in OWL-OLM is similar to negotiation between
agents who share knowledge and clarify meaning, e.g. [32].

9 Conclusion and Future Work

plus We presented OWL-OLM - a novel framework for eliciting a user’s concep-
tualization based on an ontology-driven dialog. We focused on the formal spec-
ification and the architectural design of the diagnostic dialog by illustrating the
following aspects: (a) maintaining dialog coherence, (b) answering different ques-
tions and (c) identifying mismatches. OWL-OLM makes extensive use of Jena
for OWL-based reasoning to maintain the dialogue and update the user model.
We demonstrated the utilization of OWL-OLM in OntoAIMS Resource Browser
- an RDF/OWL-based software architecture for adaptive learning content



Interactive Ontology-Based User Knowledge Acquisition: A Case Study 573

management. User studies showed that the user model extracted by OWL-OLM
could be used to improve personalization in OntoAIMS Resource Browser. Other
applications explored are digital libraries and museums, where effective help can
only be provided if a user’s view on the subject domain is considered. Possible
other applications include online banking, where a probing dialog can be used to
quickly identify what conceptual models the users have of key terms, or online
catalogues, where the search is driven by some taxonomy which may often differ
from the user’s perception of the domain. In overall, the novel aspects demon-
strated in this paper are: (a) ontological approach for integration of methods for
eliciting and utilizing user models; (b) improved adaptation functionality resulted
from that integration, validated in studies with real users; (c) support of inter-
operability and reusability on the educational Semantic Web.

Future work will focus on the development of a good classification of user’s
mismatches and patterns for clarification dialog based on systematic studies of
empirical and computational approaches for ontology aligning and reconciliation.
In-depth studies are needed to design effective knowledge elicitation tools suited
not for ontology engineers, but for users with a wide range of experiences. Finally,
it appears useful to provide also a text form for communication and to allow the
users to choose a preferred interaction medium.
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References

1. Henze, N.: Personalization functionality for the semantic web: Identification and
description of techniques. Technical report, REWERSE EU NoE (2004)

2. Kobsa, A.: User modeling in dialog systems: Potentials and hazards. Artificial
Intelligence and Society 1 (1990) 214–240

3. Jameson, A.: User-adaptive systems. Technical report, UM03 Tutorial (2003)
4. Wolpers, M., Nejdl, W.: European e-learning: Important research issues and appli-

cation scenarios. In: ED-Media’04 Conference, Lugano, Switzerland (2004) 21–25
5. Anderson, T., Whitelock, D.: The Educational Semantic Web: Visioning and Prac-

ticing the Future of Education. Volume 1. (2004)
6. L. Stojanovic, S.S., Studer, R.: elearning based on the semantic web. In: World

Conference on the WWW and Internet (WebNet’01), Florida, USA (2001) 23–27
7. Aroyo, L., Dicheva, D.: The new challenges for e-learning: The educational semantic

web. Journal of Educational Technology and Society 7 (2004) 59–69
8. Duval, E.: Learning technology standardization: making sense of it all. Interna-

tional Journal on Computer Science and Information Systems 1 (2004) 33–43
9. Simon, B., Dolog, P., Miklós, Z., Olmedilla, D., Sintek, M.: Conceptualising smart

spaces for learning. Journal of Interactive Media in Education (2004(9))
10. Stutt, A., Motta, E.: Semantic learning webs. Journal of Interactive Media in

Education: Special Issue on the Educational Semantic Web 10 (2004)
11. Dolog, P.: Identifying relevant fragments of learner profile on the semantic web. In:

SW-EL’04 at International Semantic Web Conference, Hiroshima, Japan (2004)



574 L. Aroyo et al.

12. N. Henze, P., Nejdl, W.: Reasoning and ontologies for personalized e-learning.
Journal of Educational Technology & Society 7 (2004)

13. Berners-Lee, T., Hendler, J., Lassila, O.: The defining characteristics of intelligent
tutoring systems research: Itss care, precisely. International Journal of Artificial
Intelligence in Education 10 (1999)

14. Denaux, R., Aroyo, L., Dimitrova, V.: An approach for ontology-based elicitation
of user models for the semantic web. In: WWW05(poster). (2004)

15. Dimitrova, V.: Style-olm: Interactive open learner modelling. Int. Journal of Arti-
ficial Intelligence in Education 13 (2003) 35–78

16. Noy, N., Sintek, M., Crubezy, M., Fergerson, R., Musen, M.: Creating semantic
web contents with protege-2000. IEEE Intelligent Systems 16(2) (2001) 60–71

17. Carroll, J., et al.: Jena: Implementing the semantic web recommendations. In:
WWW’04. (2004) 74–83

18. Miller, E., Manola, F.: Rdf primer. http://www.w3c.org/TR/ (2004)
19. Lecoeuche, R., Mellish, C., Barry, C., Robertson, D.: User-system dialogues and

the notion of focus. The Knowledge Engineering Review 13 (1998)
20. Levin, J., Moore, J.: Dialogue games: Meta-communication structures for natural

language interaction. Cognitive Science (1978)
21. Denaux, R., Dimitrova, V., Aroyo, L.: Interactive ontology-based user modeling for

personalized learning content management. In: AH 2004: Workshop Proceedings
Part II. (2004) 338–347

22. Aroyo, L., Dicheva, D.: Aims: Learning and teaching support for www-based edu-
cation. Int. Journal for Continuing Engineering Education and Life-long Learning
(IJCEELL) 11 (2001) 152–164

23. Denaux, R., Dimitrova, V., Aroyo, L.: Integrating open user modeling and learning
content management for the semantic web. In: International Conference on User
Modeling, UM05. (2004)

24. Brusilovsky, P., Tasso, C.: Special issue on user modelling for web information
retrieval. User Modeling and User Adapted Interaction 14 (2004)

25. Micarelli, A., Sciarrone, F.: Anatomy and empirical evaluation of an adaptive web-
based information filtering system. User Modeling and User-Adapted Interaction
14 (2004) 159–200

26. Stojanovic, N.: On the role of a user’s knowledge gap in an information retrieval
process. In: Proceedings of K-CAP’05, ACM Press (2005) 83–90

27. Chklovski, T., Gil, Y.: Improving the design of intelligent acquisition interfaces for
collecting world knowledge from web contributors. In: Proceedings of K-CAP’05,
ACM Press (2005) 35–42

28. Bra, P.D., Aroyo, L., Chepegin, V.: The next big thing: Adaptive web-based sys-
tems. Journal of Digital Information, 5(1) (2004)

29. Klein, M.: Combining and relating ontologies: an analysis of problems and solu-
tions. In Gomez-Perez, A., Gruninger, M., Stuckenschmidt, H., Uschold, M., eds.:
Workshop on Ontologies and Information Sharing, IJCAI’01, Seattle, USA (2001)

30. Ehrig, M., Sure, Y.: Ontology mapping – an integrated approach. In: Proceedings
of the 1st European Semantic Web Symposium. (2004)

31. Noy, N.F., Musen, M.A.: PROMPT: Algorithm and tool for automated ontology
merging and alignment. In: IJCAI–01 Workshop on Ontologies and Information
Sharing. (2000) 63–70

32. C.Bailin, S., Truszkowski, W.: Ontology negotiation between intelligent informa-
tion agents. The Knowledge Engineering Review 17 (2002) 7–19


	Introduction
	Architecture of OWL-OLM
	Domain Ontology and a User's Conceptual Model
	Dialog Maintenance
	Dialog Games
	Game Analyzer
	Mismatches
	Answering Questions

	An Illustrative Example
	Use of OWL-OLM for Adaptive Content Management
	Evaluation Studies with Users
	Related Work and Discussion
	Conclusion and Future Work


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.01667
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /SyntheticBoldness 1.000000
  /Description <<
    /DEU ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




