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Abstract. This paper discusses the ways in which ontologies can be useful for
user modelling. In particular we are interested in the use of ontology-based user
models in semantic web applications that can easily integrate evidence based
reasoning from typical web data. We examine the roles that ontologies play in
user modelling as well as the requirements that user modelling imposes on on-
tologies. We reflect on our experiences in ontology-based user modelling in an
educational context.

1 Introduction

Adaptive systems often require some form of representation for their domain in order
to provide a backbone for user modelling and reasoning. An ontology has the poten-
tial to fill this role. Ontology-based user modelling is the use of ontologies to struc-
ture user models. In this paper we are particularly interested in applying ontologies to
existing web based systems in order to add a level a semantics that will support adap-
tivity and efficient user modelling.

An ontology is defined by [1] as “an explicit specification of a conceptualisation”.
A conceptualisation consists of a set of entities (such as objects and concepts) that
may be used to express knowledge and relationships. People have their own internal
conceptualisations of different domains, and can automatically adapt different con-
ceptualisations for different contexts.

An ontology is a way to express these objects, concepts, relationships in a concep-
tualisation in an explicit way, for example, through logical axioms or even through a
visual representation such as a graph. It forms a shared and common understanding
that is intended to eliminate terminological and conceptual ambiguity. The ontology
provides a basis for communication between people who have different contextual
viewpoints as well as inter-operability among dissimilar systems by forming a com-
mon vocabulary, thus provides invaluable system engineering benefits [2].

Although ontologies have their roots in the field of artificial intelligence, they have
also attracted the attention from other fields such as knowledge management, infor-
mation retrieval and electronic commerce [3]. One reason for this is because of the
shift from computers being isolated machines to being part of a larger network, there
is a need for a mechanism to facilitate communication between application systems
and people [2]. In particular, the Semantic Web vision [4] has been promoting the use



of ontologies to provide a common language for automated reasoning about content
for the World Wide Web.

There are many potential roles that ontology can play to support user modelling.
Some of these are identical to the broader uses of ontologies, such as supporting rea-
soning across granularities, providing a common understanding of the domain to
facilitate reuse, and harmonization of different terminologies. There are also some
requirements specific to user modelling such as scrutability and the ability to support
a reasoning layer specific to user evidence.

Section 2 of this paper discusses the roles for ontologies in user modelling and pro-
vides examples of such systems. Section 3 examines the requirements, limitations and
trade-offs of ontologies and methodologies. Section 4 describes our own experiences
with ontology-based user modelling followed by a discussion in Section 5.

2 Roles for Ontologies in User Modelling

We have identified three important roles that ontologies play in user modelling. These
are illustrated in Figure 1. Ontologies have a role in defining user models, providing a
vocabulary for metadata in the objects used in a domain, as well as in user interfaces
to the user model. We will briefly describe each of these.

The user model represents beliefs about a user including, for example, their prefer-
ences, knowledge and attributes for a particular domain. One of the essential tasks in
establishing a suitable user model for a domain is to establish its vocabulary. Ontolo-
gies has a clear and important role for this task. If there were an established ontology
for the domain of interest, it would be natural to adopt this as a starting point for the
user model vocabulary. For example, in the teaching of elementary arithmetic, the
ontology would include concepts which as described in English with words like sub-
trahend and minuend. An ontology of this domain may include these concepts and
then, if this ontology were used by all systems that deal with teaching in this domain,
there could be useful sharing of knowledge about the user across systems. In addition,
if we wanted to create a new teaching system in this area, we would have an excellent
start to defining a suitable user model if we at least consider this as a starting point for
the choice of the user model vocabulary.

Of course, another important role for ontologies is in supporting inference on the
user model. For example, if the available evidence about the user is all at the fine-
grained level, the ontology can usefully provide a basis for inferring about the user
attributes that are at a coarse granularity. Similarly, ontologies may support combina-
tion of evidence about the user where the evidence sources use different terms and the
ontology can harmonise these.
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Fig. 1. Architectural diagram showing the roles of the ontology and it’s interaction with other
core components in adaptive web based systems

Figure 1 also shows that ontologies can play a role in the definition of metadata.
Part of this parallels the discussion above because it is critical that metadata describ-
ing objects in a personalised system should have vocabulary that maps to the user
model. So, for example, if a digital object teaches about GOMS analysis, it is impor-
tant that a system be able to match this with parts of the user model to determine if
the user wants to learn about GOMS analysis. Ontologies may also have an important
role in interfaces that assist on the markup of metadata.

The figure shows a third role for ontologies in supporting the interface to a user
model. Essentially, this role follows from the fact that most visualisations are based
upon a graph structure. In cases where the user model does not have a a suitable
graph to organise the components in the nodel, an ontology should be extremely use-
ful, both because it can provide such a graph structure and because that structure
should make sense to the user, in terms of the meanings of the concepts modelled.

3 Desirable Properties and Trade-offs in Ontologies

These aforementioned roles define the requirements we are after in finding ontolo-
gies suitable for our task. Ontologies can be found in numerous areas of computer
science and information technology research ranging from information retrieval and
knowledge management to artificial intelligence and machine learning. However, for



the purpose of modelling the domain of existing web based systems, and more spe-
cifically for providing a basis for the corresponding user model, we are interested a
few particular properties described below, along with a comparison of a few ontology
representations in Table 1.

Table 1. Sample of Ontology Representations

Ontology Representation
SUO KIF [5] OWL Family | CycL [7] Mecureo [8] SMES [9]
[6]
Engineering | Manually, Manually, Manually, first | Automatic, Automatic,
Formality frame based description order logic | lexical based lexical
logic based based
Serialisation | KIF, XML | XML family CycL, XML | XML family XML family
family family
Available Limited Many for | Limited Limited, but | Limited
Tools construction can use tools
and  mainte- with OWL
nance support
Reasoning High High High Limited, Limited,
Power numerical lexical
Validation Strong Moderate Strong Weak Weak
Scrutability | Weak Weak Weak Strong Moderate

Engineering Formality

Semantic web based applications require a way to construct domain ontologies
cheaply so they can be built in a reasonably fast manner [9].

Ushold and Gruninger describe different approaches to create ontologies in [2], be-
ing top-down, bottom-up and middle-out. The path taken is dependant on the avail-
able resources with which to construct the ontology. It is possible to start with an
existing upper level ontology such as IEEE’s Standard Upper Merged Ontology
(SUMO) [5] and work top down from there. The SUMO website has references to
numerous works extending the upper level ontology !. These formal ontologies often
require the use of a domain expert and/or someone knowledgeable in the particular
ontology philosophies and methodologies. A user may require guidance in under-
standing the underlying structure and axioms in formal ontologies. Having access to
an ontologist or domain experts is rare, though additional tools or documentation will
help users understand the reasoning and ontology.

On the opposite end of the spectrum, there are tools available to construct ontolo-
gies automatically from existing content (usually text-based such as domain docu-
ments, glossaries or dictionaries) which is often freely or cheaply available. Examples
of work utilizing an automatic approach to creating ontologies include [9-11]. These
automatic approaches will quite often involve a manual component anyway for light
verification of the consistency.

Serialisation
Standardisation allows the use of existing ontology tools and resources. Standardi-
sation also promotes reuse and extensibility. The semantic web initiative has intro-

! http://www.ontologyportal.org/Pubs.html



duced XML based serialization of ontologies ranging from using RDF [12] for simple
and light-weight ontologies to OWL [6] for heavier-weight modelling. The IEEE
Topic Map [13] standard provides another standard that would be appropriate for
light weight ontologies. Table 1 suggests that it is fairly commonplace to include a
XML based serialisation of the ontology (whether it be base XML, RDF, or OWL).

The specification and implementation should also be flexible enough to allow the
ontology to be adapted to specialised domains and situations. For example, if the
ontology is serialized to an XML format, will reasoning still work if the XML data is
fragmented into smaller segments or sub-domains?

Reasoning Power

A prominent aspect of web based systems is the fact that the majority of content
represents lower level concepts in the domain [14]. Therefore the ontology must sup-
port the user model in being able to reason about higher level concepts where there is
little or no direct evidence. It must support reasoning about concepts that are not
explicitly defined in the metadata set. This is especially important in student model-
ling systems where higher level concepts represent core learning goals of the student.

There are many ways we can reason about the domain we have modelled using the
ontology. The structure and representation method of the ontology itself plays a large
role in the implementation performance, accuracy and gestalt acceptance of the rea-
soning. In research areas such as information retrieval it is sufficient to use lexical
ontologies to model users in order to expand on search queries [15]. We are interested
to see what reasoning strategies would be appropriate for ontologies used in user
modelling. In classic philosophy and artificial intelligence, there are two main meth-
ods of reasoning that can be employed, being deductive and inductive.

In [16], deduction or deductive arguments are defined as ones that given a set of
premises that are true, then the conclusion must also be true. Using deductive reason-
ing in ontologies, new facts about the domain can be generated that must be conclu-
sively true because the premises or statements that exist in the ontology are true. This
relies on a representation of the ontology that has a high degree of formality that can
enable deductive reasoning. It also requires a relatively complete model of the do-
main that includes higher level, fundamental concepts. Early designs in expert sys-
tems used representations such as predicate calculus and description logics that have
well defined rules for stating propositions and making deduction. The Semantic Web
ontology language, OWL [6], represents ontologies through description logic. How-
ever, the logical reasoning layer that sits on top of the representation is still a young
area for research and development.

In contrast to deduction, inductive logic does not provide an assertion of truth to
the conclusion. It provides a way to deduce that the conclusion is probably true based
on the evidence supporting the premises [16]. Classical examples use Bayesian prob-
abilities to illustrate inductive logic, and there are many existing systems that use this
method to reason about users [17, 18]. The inherently evidence-based reasoning of
user modelling makes inductive logic a more natural way to make inferences about
users, and an overlaying method of inductive logic can be applied over even very
simple light-weight ontologies.

Validation



How do we know the ontology provides a correct representation of the domain?
Obviously, the correct representation is something that can only be judged by the
people who use the ontology. So therefore there should be methods available to en-
sure that the ontology is easily validated for consistency. In ontologies with ground-
ings in logic this can be done during the construction process when following formal
methodologies [2]. The methodologies often employ the use of domain experts during
the development process to craft the knowledge manually.

On the other hand, automatic and semi-automatically created ontologies tend to be
of lower quality than manually created approaches in the sense that the representation
is less formal and are often not backed by a strong upper level defining fundamental
concepts.

Scrutability

In the spirit of supporting privacy legislation for electronic mediums [19], there is
growing interest in allowing users to have an active role in the way their personal data
is used. One way to achieve this is to let users directly interact and inspect their user
model possibly correcting or removing data they feel is incorrect or inappropriate. In
this instance, it is important for the user model to remain not only open but also scru-
table [20]. In contrast, the idea of having open, scrutable user models of the learners
in intelligent tutoring systems may even aid in reflection and provide additional edu-
cational benefits to both the instructor and the student [21, 22]. Because the ontology
provides a foundational link between the user model and the domain content, it aids
the user’s comprehension of their user model and the domain itself.

Therefore ontology engineering methodology must support scrutability. This is
very important if the scrutability of the ontology plays a role in the scrutability of the
user model. When the ontology itself is based on structured domain content, as is
often the case for (semi)automatically constructed ontologies [10, 23], the users can
always refer back to these sources to get an understanding of the conceptualization.

Heavier-weight approaches may lose scrutability when users without a background
in ontology engineering wish to examine the reasoning behind relationships and axi-
oms. This is especially true in systems where domain experts and ontologists are
involved only in the construction phase. At the same time, heavier-weight ontologies
have a much higher cost in engineering effort as methodologies have to be adhered
to.

4 Experiences in Ontology-based User Modelling

Our experience in ontology-based user modelling is in the context of teaching a
course in User Interface Design and Programming. Students log onto a website to
access learning objects consisting of slides with audio narration. We shall now de-
scribe the components in the system correlating to the architecture diagram in Figure
1.



We use the automatic ontology generation tool Mecureo [8] to generate an ontol-
ogy of the HCI domain from an online glossary of HCI terms?. We have developed a
metadata annotation tool called Metasaur [24] to aid in adding metadata to the learn-
ing objects and tutorials. Extensions to Metasaur allow us to also add terms to the
glossary as we discovered the source glossary omitted a lot of core concepts.

For the user modelling server, the website utilises Personis [25]. Terms in the
metadata set used to define components in the user model. So in effect, each page
mapped to a number of components in the user model. As users accessed the page
and listed to the audio, the system would add evidence to the terms in the user model
that appeared on the metadata for that page. For example, a page that had terms Cog-
nitive Walkthrough and GOMS would contribute evidence to the corresponding com-
ponents in the user model. The values for the evidence were the length of time spent
on the learning objects as well as the marks they receive in weekly tutorials.

We observe that the metadata term set only contains leaf concepts, and that evi-
dence will mostly tend to feed into these leaf concepts rather than higher level con-
cepts. For the user model interface we have developed a tool called called Scrutable
Inference Viewer (SIV) [24]. SIV visualizes large use models using an innovative
perspective distortion on font sizes to represent concepts and their related concepts. It
represents the values for the concepts through the font colour. We have implemented
a mechanism in SIV that reasons about concepts at the higher level where there is
little or no evidence. We have implemented a simple algorithm similar to spreading
activation where resolved values for concepts can contribute to the values of
neighbouring concepts. This way we can recursively apply this algorithm up from
leaf to higher level concepts to infer a value about how well the student understands
that concept.

5 Discussion

Because the content becomes evidence sources to the user model, there is a require-
ment that it shares an understanding of the domain with the user modelling system.
Therefore the ontology must fulfill a number of roles. It defines a set vocabulary that
enables metadata annotation of the content. Secondly, it provides a mechanism for
reasoning about the users, especially in higher level concepts that may not directly
appear in the metadata. And finally, provides support scrutability, for aiding the user
in getting a better understanding of the domain, the adaptations and themselves if
they wish to examine their user model. We have also stated a number of desirable
properties for ontologies and included references to existing ontologies, as well as
discuss trade-offs and dichotomies within them.

Where traditional approaches have favoured more rigorous and formal ontologies,
our own experience shows that there are advantages in using lighter-weight ap-
proaches. Reasoning about concepts could be as simple as spanning out to neighbours
to find related concepts to a more mathematical system employing algorithms similar
to those found in spreading activation research.

2 http://www.usabilityfirst.com/glossary/



We conclude with a quote from Sparck [26], “Overall the trend in document char-
acterisation has been away from lexical normalisation and towards relational simplifi-
cation, i.e. towards decreasing ontological expressiveness, decreasing epistemological
commitment, and decreasing inferential power. But this has been correlated with
wider application and better task performance”.

In or own work we utilize the constructing ontologies automatically, and although
there are trade-offs in formality and consistency, the manual time spent in engineer-
ing is greatly reduced, and users can be referenced back to the original information
sources that the ontology is based on when scrutinizing the adaptations. We may find
that simpler inductive inference algorithms will suffice for reasoning about users in
adaptive systems.
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