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ABSTRACT

1

Personalization is an established method for reducing
information overload and facilitating targeted access to relevant
information objects in an information system. However, the use
of the information collected about a user and his current context
in a user profile is traditionally restricted to a single system,
although many user tasks require information handling
activities that span several systems, like searching in different
collections. The potential advantage of reusing profiles in other
systems is increased by the advent of flexible service
architectures for information systems like digital libraries that
dynamically incorporate services with specific personalization
characteristics.

Personalization approaches rely on the fact that the user revisits
the same system several times with similar requirements, since
this is the prerequisite for collecting useful, user-specific data.
An improved re-use and refinement of the information gathered
in the user profile can be achieved when exploiting the same
user profile in several systems. This is especially valuable when
a user’s interaction with an information system is part of a
larger task that covers several such interactions possibly with
different systems [16]. Examples of such information and
knowledge intensive tasks are: writing a proposal, preparing a
course or, leisurely planning a holiday. Such cross-system or
cross-service personalization becomes even more important
with the current trend to build upon architectures that are
dynamic federations of services rather than a static integration
(e.g. service architectures, Grid-based architectures and peer-topeer architectures for digital libraries [1,17,18]. However, the
reuse of user profiles requires an alignment of the
personalization approaches. In more detail, the three basic
challenges of personalization [28, 46] have to be reconsidered:

This paper discusses an approach in support of cross-system
personalization. Building upon an ontology-based unified user
context model, which describes the relevant dimensions of the
user and his working context(s), this approach uses the
metaphor of a context passport that accompanies users on their
travel through the information space. When interacting with a
system the relevant “context-of-use” is extracted from this
context passport and is used for improved support of the
respective information-related activity. The approach is
discussed in more detail for the relationship dimension of the
unified user context model.

INTRODUCTION

•

How to model the user and his situation in an extensible
and unified way that can be interpreted and used for
personalization by different systems?

•

How to collect data for filling and updating user profiles
from user interactions with different systems based on the
unified user context model?

H.1.2 User/Machine Systems - Human factors, H.1.2
User/Machine Systems - Human information processing.

•

How to conceptually and technically enable different
systems to make use of the collected user profiles for
improved support of the user?

General Terms Human Factors

In this paper we present an extensible Unified User Context
Model (UUCM) that can be used for modeling characteristics of
the user and his situation, i.e. the user context [20], along
different dimensions. In the UUCM several working contexts of
a user can be modeled. The extensible set of UUCM facets, not
only describes characteristics of the users themselves like
interests and skills, but also aspects of the users’ situation and
environment. UUCM incorporates several dimensions such as
Task, Relationship, and Cognitive Patterns dimensions. This
supports flexibly modeling aspects of the user like the: tasks of
a user and information objects related to the user. For easing the
interpretation of user profiles based on the UUCM, we rely on
Semantic Web Technologies for the representation of the user
context model as well as the concrete user context profiles. The
UUCM can not only be used to represent a user context model
within a system, but also provides an intermediate format to
exchange user profiles between legacy personalization systems.

Categories and Subject Descriptors

Keywords:
Cross-system personalization, User Context Model, Context
Passport, User Context, Personal Web
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We illustrate our approach by discussing in more detail a use
case in the context of community events that combines the
relationship and task dimensions of the UUCM.
Our approach on cross-system personalization uses a context
passport metaphor based on the UUCM. The user profile
information is encapsulated in a context passport that
accompanies the user when traveling through the information
space. When performing an activity the relevant part of the
context passport, what we refer to as the context-of-use, is
selected and used to transform the activity in order to better
support the needs of the user.
The rest of the paper is structured as follows: In Section 2 we
discuss related work in the area of user and context modeling
and its dimensions. Our approach to cross-system
personalization is described in Sections 3, 4 and 5. Section 3
describes the Unified User Context Model (UUCM) together
with an ontology for the UUCM facets and dimensions,
whereas Section 4 presents a use case for the UUCM,
combining the relationship and the task dimensions. Section 5
introduces an approach for cross-system personalization based
on a passport metaphor. The paper concludes with a summary
of the most important issues of the paper and some ideas for
future work.

2

RELATED WORK

Context can be thought of as the “extra”, often implicit,
information (i.e. associations, facts, assumptions), which makes
it possible to fully understand an interaction, communication or
knowledge representation [6]. Historically, context was either
ignored or treated as a black box [33]. One effort to build
context models for knowledge representation was carried out by
Cyc [13], where the knowledge is structured into a large
number of different contexts and rules are used to support the
logical consistency of assertions for a given (closed-world)
situation and importing assertions across different situations. A
more general approach to context modeling can be found in [6],
where the metaphor of a Box is introduced to systematically
discuss different approaches to context modeling and contextual
reasoning.
An important issue of context modeling is the question on
which parameters or dimensions are to be taken into account for
modeling context. Some researchers [30] consider context as
an n-dimensional space, with each individual context as a
region in this n-dimensional space. Lenat [30] identifies twelve
dimensions that they consider sufficient to describe context. It
should be noted however that a context may not be 100%
specified by giving its coordinates in 12-dimensional space, but
only approximated. In our work, the user has a task at hand and
context here is likely to be more clearly defined as compared to
the more general situation in knowledge representation.
Dimensions like Culture, Sophistication, Granularity, Modality,
Argument-Preference and Justification defined in Cyc are less
relevant for user context modeling.
Similarly, in our work, we consider a context model along a set
of dimensions. We selected the dimensions Task, Cognitive
Pattern, Relationship and Environment from the dimensions
described in literature. Additionally, we define relevant subsets
of the user context model as a user’s working contexts
distinguishing the different roles he plays. Context-of-use
selectively considers only those facets of the user’ context

model which are relevant during a given information related
activity. Our definition of context-of-use is in contrast to other
researchers [21] who have defined the term more generally,
covering the complete environment which characterizes the
user’s interaction with a computer system
Relation-based models of a user are information and
community models that take into account the salient
interrelationships of individuals in a cooperation or community
context [35]. Having its roots in social theories, these systems
use graph-based, or complex network structures to model
interactions between human beings. Specifically, social network
analysis (SNA) [64] extends and complements traditional social
science by focusing on the causes and consequences of relations
between people and among sets of people [15]. One approach to
SNA is ego-centric network analysis. This approach focuses on
an individual (or ego) and uses this individual’s network of
relations to understand the diverse factors contributing to
his/her behavior and attitude [34, 41].
More general than social networks, relations as well relation
types are considered of high significance in modeling users and
information [58,60]. Relation types describe common properties
for a class of relation and include, for example, containment
relations such as: meronymic (or part-whole) and class
inclusion [3,50,66,67] as well as non-containment relations
such as thematic roles (or case relations). Having its roots in
linguistics studies [4,32], the thematic roles relation types are
significant in modeling a user’s interaction with his
environment because they represent a function, behavior, or
assigned characterization that a participants plays in an
association [54,58]. One type of participant from these
classifications includes a determinant: an entity which is an
active participant who initiates or determines the direction of
process. Other types include immanent and recipient. In
addition to ontology-based classifications, relational elements
theories have been used to describe inherent properties of the
relations themselves [9]. For example, a hierarchical property
would be inherent for the relations manages and contained-in.
Additionally, ongoing research in using relations include not
only examining types for a single relation linking entities, but
also types that apply to a relation built by either composition
and transitivity of several relations or co-occurrences between
relations [2,11,24,42]. The goal of such work is to discover
patterns that would reveal a more complex relation in a
network, which was derivable from the given ones.
From the domain of ego-centric social network analysis, we
will be concerned with building relation based models of a
single user and to this end consider an ego-centric approach.
However studies have shown that persons, especially
professionals, are tied into a manifold network of domain entity
of different types [29]. Their connectedness within such a
“web” is defined and affected by the work they do, the things
and people they know, and the activities they engage in, etc.
[42,65]. Such a socio-systemic context, necessitates a model
more general than social theories. We, therefore focus not only
on the relationships between people, but also relationships
among resources within a given domain (of which people are
just one type). In our research, a user’s personal web is an
important dimension of modelling a user.
Traditional Models of users are based on a mentalist paradigm
[36, 48]. Mentalistic paradigms are based on characteristics of
the user which we collectively refer to as cognitive patterns.

These patterns represent user-specific aspects and include for
example: interests, knowledge, preferences, misconceptions, or
abilities [63].

and support the alignment of personalization approaches across
systems by considering the use of generic user models in which
a variety of different dimensions of the user are possible [26].

Systems incorporating models of user’s interest [16,26] have
been widely used to selectively filter information on behalf of
users from a large, possibly dynamic information source [5]. A
common example of an interest based model is a collaborative
filter which infers a user’s interest and preferences from the
ratings a user applies to an information item and from
similarities between user’s interests [27,45].

Finally, similar work in standards to build unified user-related
models for dynamic information spaces in RDF [10] and the
standardized
RDF
vocabulary
CC/PP
(Composite
Capabilities/Preferences Profile, [8]). The work in CC/PP
describes user preferences with respect to devices and user
agents. We follow the standardization guidelines set forth in
these areas.

Despite studies which suggest that cognitive pattern models
such as interest are insufficient data for accurate models of the
user, it seems likely that these systems will continue to be
adopted in the future [22]; therefore we consider, this traditional
modelling dimension of the user.
Task models of user are considered important [25,57] based on
the assumption that the goals of users (who participate in a
task) can influence their information needs. When these needs
are known in advance, a system can better adapt to its users [61]
[62]. Based on these goal-driven theories for information
related-activity, we consider the tasks an important dimension
in modeling users and their context.
Environmental models are considered a key issue with respect
to the interaction between human and computer because they
describe the surrounding facts or assumptions which provide a
meaningful interpretation (context) to a users’ computer usage
when their physical environment varies [53]. Furthermore,
researchers have suggested that user’s future usage scenarios
will require more sophisticated support for changes that occur
in a user’s location and infrastructure. Such scenarios include:
multi-computer usage: (e.g. a PC at work, a laptop on the go,
and a PC at home); mobile computing: where a user carries a
small information devices that can be temporarily connected to
a network or ubiquitous information: where the information
space can be accessed from information walls, kiosks, or
desktops [16] and federated services: where collective
information is dispersed among information sources.
Given the aforementioned trends and scenarios, environmental
models are an important dimension in adequately supporting
aspects of the users’ situation and environment.
Generic user models are, in theory, systems which have, among
other aspects, two major goals: 1) generality: which would
allow a model of the user to be usable in a variety of application
content domains; 2) expressiveness: in that the model is able to
express a wide variety of assumptions about the user [26].
A number of factors contribute to the proposal in support of
generic or unified user models. On the one hand, given the
number of aforementioned dimension that is possible when
modeling users, researchers have considered a generic approach
to modeling users, because at present, there is no unified theory
which systematically integrates all dimensions. On the other
hand, current systems which typically model a user along a
single dimension suffer from a limited view of users and a
significant amount of potentially useful information about the
user may be lost; thereby demanding a need for more robust
models [7 ,55].
The trend towards dynamic federated services and multi-usage
and ubiquitous environments, system designers can ease
development and maintenance, increase reuse of user profiles

3

UNIFIED USER CONTEXT
MODELING (UUCM)

Adequate user modeling is the basis for every kind of
personalization. Beyond properties of the users themselves, as
they are traditionally captured in user models, information
about the users’ situation can be used for extended
personalization support leading to user context models [20].
Cross-system personalization requires a unified approach to
user context modeling that captures the relevant facts about
users and their current situation in a way that can be shared by
different systems. In order to deal with the variations in
personalization approaches such a Unified User Context Model
(UUCM) has to be flexible and extensible enough to capture the
relevant dimensions of user and context modeling.
The UUCM not only is structured along different dimensions
like tasks and cognitive pattern, but also captures the fact that
the user interacts with systems in different working contexts by
structuring the model accordingly.

3.1

Unified User Context Modeling

Two levels are distinguished in our approach for unified user
context modeling. On the abstract level, the basic building
blocks for the UUCM are defined: user context, user model
facets, core properties for facet description, and user model
dimensions. We use the term facet here to represent the
different characteristics of the user not as it is traditionally used
in knowledge representation to refer to the properties of a slot.
This level defines a meta-model for the concrete dimensions
and facets used in the description of the user context model. For
the cross-system personalization approach, that we are aiming
for, it is assumed that this user context “meta-model” is
published as a shared ontology and all participating systems
rely on this model.
On the concrete level, an extensible set of UUCM dimensions
and facets is defined. This is not restricted to just users’
interests, but also includes tasks and relations to other entities in
the information space and respective user communities. UUCM
facets and dimensions are described as part of an additional
ontology that is shared by the components involved in the
cross-system personalization. The UUCM meta-model, thus,
can be combined with different UUCM facet and dimension
ontologies to form concrete user context models that provide
the schema for the construction of user context profiles.
Structure of the Unified User Context Model
The structure of the UUCM is summarized in Figure 1. A
simple but flexible and extensible way of modeling the different
facets of the user can be accomplished by the use of name/value

pairs (cf. modeling of context by parameter value pairs in [6]
Following this approach, a name/value pair is used to capture
each facet of the user context model (e.g. user preferences) and
new facets can be easily added.
Unified Us er
Context Model

User Context Dimensions and Facets

1

Us er

dividedInto

UUCMFacet
facetNam e
describ edBy facetQualifier
Working Context
*
* facetValue
valueProbability
1..*
valueQualifier
dim ension
1..*

1
UUCMDim ens ion

Tas k
Dim ens ion
CognitivePattern
Dim ens ion

dimensions that are discussed in more detail below. The UUCM
structure can, thus, be summarized as follows (see figure REF):
A user profile is divided into a set of working contexts, where
each context is described by a set of UUCM facets. Each facet
is assigned to one of the UUCM dimensions. We encode the
UUCM as an RDF Schema augmented with OWL expressions.

Relations hip
Dim ens ion

Environm ent
Dim ens ion

Figure 1: Structure of the UUCM

Since we want to use the UUCM in an open, cross-system
personalization approach, qualification of names as well as
values is a crucial aspect. Such a qualification binds facet
names and values to vocabularies or ontologies. This eases
interpretation of user profiles in a global context. In summary,
each UUCM facet is described by the following properties:
facet name: Name of the UUCM facet to be described;
facet qualifier: A qualifier for the facet itself; this qualifier can
be used to bind the facet to a defining vocabulary;
facet value: The values of the facet; The structure of the value
may depend on the respective facet. In the general case, it
is a value or a reference to another resource. (Our use of
the term resource is comparable to that of RDF [49].)
value qualifier: A qualifier for the value(s) of the facet; this
qualifier can be used to bind the value of the facet to a
defining vocabulary (in contrast to the facet qualifier that
qualifies the facet itself); In the case of a UUCM facet
area-of-interest, for example, one might state that the
ACM classification schema is used to specify the user’s
research interests.
value probability: A weight reflecting the probability of the
facet value; this property of a facet can be used to express
the reliability of facet values that are computed from
analyzing user behavior.
facet dimension: Each facet is assigned to one of the dimensions
covered by the UUCM; The UUCM facet area-of-interest,
for example, is part of the UUCM cognitive pattern
dimension.
Two aspects are used for structuring the UUCM. First, the
UUCM is structured into several working contexts taking into
account the different tasks and roles of a user (see Section 3.2).
Secondly, the UUCM is structured along a set of UUCM

The UUCM just defines the principle way a user context profile
is described and structured for cross-system personalization.
For the description of concrete user context profiles the UUCM
relies on ontologies (or vocabularies) for the UUCM
dimensions, the UUCM facets and for the facet values.
In our approach, we use four UUCM dimensions (see Figure
1): The Cognitive Pattern dimension, the Task dimension, the
Relationship dimension, and the Environment dimension. The
selection of the dimensions is based on user models in existing
personalization approaches and on context modeling
approaches (see related work Section). For each of the UUCM
dimensions, our UUCM facet ontology defines a set of UUCM
facets, which describe the aspects of the respective UUCM
dimension. These facets are presented together with the
respective dimensions in the following. However, the UUCM is
independent of the selected facet and dimension ontology. It
can be combined with other sets of facets and dimensions. It is
not the goal of this paper to give the ultimate set of facets and
dimensions, but to discuss a flexible and extensible approach
for unified user context modeling.
Within our facet ontology, the concrete facets are defined as
subclasses of the general class UUCMFacet defined in the
UUCM. They inherit all properties of the class UUCMFacet
and define facet-specific restrictions like e.g. for the types of
resources that are valid facet values. With this approach, there
is a large flexibility with respect to which aspects are fixed for
all instances of one facet (e.g. the facet name) and which can be
selected individually for each facet instance (e.g. the value
qualifier, if one wants to allow the use of values from different
vocabularies). An alternative modeling approach is to make all
facets instances of the general class UUCMFacet. This,
however, gives fewer options for a systematic definition of
specific types of facets.
The Cognitive Pattern Dimension
The cognitive pattern dimension describes cognitive
characteristics of the user. It contains the facets that are
traditionally used in personalization approaches. Based on an
analysis of existing personalization approaches we selected the
following facets to be included into our facet ontology:
•

The facet areas-of-interest describing the interests of a
user typically based on a controlled vocabulary or
ontology of subjects (specified by the value qualifier).

•

The facet competence with two facet subclasses skill and
expertise.

•

The facet preference that can be used to model preferences
of the user.

Each of these facets may have several values. In this case the
same facet is contained several times in the user context profile.
Alternatively one may also enable the use of multi-value facets

within the facet ontology. However, in this case all values have
to share the same value qualifier.
The Task Dimension
When interacting with an information system, the user is
involved in a task that determines his/her information needs and
the goals of the performed activities. Tasks are described in
(domain-specific) task models that structure tasks into subclass
hierarchies. The user profile may refer to such task models.
We identified the following useful facets for the task
dimension:
Current Task: this facet describes the task the user is currently
involved in. This facet has a facet qualifier referring to a task
model description, and the value qualifier refers to a concrete
domain task model, whereas the facet value is a reference to
a concrete task instance based on this task model. Using this
approach, any appropriately described task model can be
fitted into the UUCM.
Task Role: This facet describes the role of the modeled user in
the current task. This facet has a value qualifier referring to
an ontology of roles in the current task domain, and the facet
value refers to a node in the chosen ontology.
Task History: This facet points to a history of tasks completed
so far within the current working context. The task history
helps to keep track of completed tasks and subtasks. This
facet again is based on a task model (typically the same as
the current task) and refers to a sequence of interrelated tasks.
Further task properties are currently considered for inclusion in
the set of facets of the Task Dimensions. Since considerable
work has been done in task modeling [39,52], the challenge
here is not to identify adequate properties to describe tasks, but
to decide, which of these properties are required as integral
parts of the user context model.
The Relationship Dimension
The requirements and information needs of a user are also
determined by the entities the user is related to. The facets of
the relationship dimension are based on the relationships the
user is involved in. Each facet represents one type of
relationship. The facets of the Relationship dimension are, thus,
based on one (or more) relationship type ontology (in our
application example relationship ontologies from the scientific
research community domain). The facet names are names of
relationship types, the facet qualifier points to the respective
relationship ontology and the facet value refers to the resource
the user is related to via this relationship. The value probability,
finally, gives a probability for the existence of this relationship.
This dimension is discussed in more detail in Section 4 in the
context of the UUCM use case.
The Environment Dimension
The environment dimension refers to those parameters which
are typically used for context-awareness approaches. Facets like
current time, location, device, language etc are parameters
which influence and, thus, are important in understanding the
interaction between the user and the computer. These aspects
are also important in understanding the user’s changing
requirements in different scenarios. These facets include:

Time: Every working context would be valid in a certain time
frame;
Location: This facet refers to the physical location of user;
Device: The device the user is using, e.g. PC, PDA, etc.
Language: The language of choice for the user;
These are only the most central facets of this dimension. Many
other facets describing the environment might be important
depending upon the specific application. However, the
environment dimension is not in the focus of our work. We will
rely on existing and upcoming work in this area. We included
this dimension to show that it can be part of the UUCM in the
same unified way as the other, more traditional user modeling
dimensions.

3.2

User Context Modeling, Working Context,
and Context-of-Use

In principle the user context can be described by a large set of
facets. However, the user interacts with systems in different
roles and is involved in different tasks in parallel, each of which
is associated with a specific subset of the user context facets
(e.g. private vs. job-related activities, see also [42]). To reflect
this structuring the user context is divided into multiple working
contexts (see Figure 1) grouping together user context facets
that are related to and relevant for the same task and/or role of
the user.
While accessing an information system and performing an
activity to complete a task, a part of the current working context
is extracted based on the relevance of the working context’s
facets for the planned activity (or activities). This subset of the
working context is called the context-of-use. Section 5
describes the selection and the use of the context-of-use in more
detail.

4

PERSONAL WEB CONTEXT: A UUCM
USE CASE

In this Section, we discuss the Personal Web Context (PWC) as
a use case of the UUCM. The Personal Web Context combines
the relationship and the task dimensions of the UUCM and
outlines an approach for collecting information for the
relationship dimension of the UUCM.

4.1

The Personal Web Context

The PWC is a model of a user, similar in structure to an egocentric network (see Section 2), that describes the salient interrelationships between the user and a set of interacting units that
exist within a user’s information space. The PWC represents the
Relationship Dimension of the UUCM (see Section 3.1). The
goal of the PWC approach is to analyze known relationships in
order to infer and explicate implicit relationships between
resources. This results in new “neighborhoods” that can be
exploited for various kinds of services in the context of
community events such as:
•

Determining whom one should meet at a conference or
trade fair in order to expand one’s network of people [59];

•

Recommending either relevant documents, or other people
with whom to collaborate [23,38];

•

Supporting a personalized conceptualization of
environment [40,51, 56];

•

Supporting analytical activities that are crucial in business
intelligence [31];

an

In the following, we discuss our approach to determine the
PWC. We use the scientific research domain as an example
application.

4.2

Information Model of the Personal Web

The next step in expanding the Personal Web is to consider a
match-making process that supports discovering sequences of
relations from which a single weighted relation can be
compositionally inferred. For this purpose, composition rules
are used. In the rules the relationships are represented as
quadruples of the form (Subject, Predicate, Object, weight).
Subject, Predicate and Object represent an RDF resource [49],
Predicate represents the relationship types and weight
represents the probability assigned to the Predicate linking the
Subject to the Object. Figure 3 shows example rules which are
discussed in more detail below.

The underlying structure of the PWC is a domain ontology
describing relevant entities in a domain. In our case, the
domain ontology is built from the integration of existing
ontologies describing the scientific community domain [37,44,
47]. Some examples of the domain resources in the ontology
are: information objects (i.e. books, periodicals, and recorded
presentations, technologies), people, organizations, and events.
Typical relationship types in the domain are characterized by: a
person being a member-of an organization; researchers who
supervise graduate students; projects which produce a
technology; a person author-ing a publication.

In the match-making process, the rules are used: to decide
which compositions candidates to use; to determine the type of
composed relation and to compute the weight of the composed
relation. A weight for a composed relation measures the
likelihood that the composed relation holds. The measure for a
composed relation is determined by: 1) the type of composed
relations, and 2) the weights of the composing relations. The
composed relationship acts as a surrogate for the sequence it
replaces. If one of the resources involved in the composition is
part of the PWC, the composition links portion of the user’s
existing PWC with entities in the information space.

The domain ontology provides the basis for creating graphbased structures which we refer to as Resource Networks by
defining the available resource and relationship types. Resource
Networks are graph-based information models in which the
nodes represent resources in the domain of various types and
the directed edges indicate typed relationships between
connected resources. The Resource Networks are used for
several purposes. First, the Resource Network describes the
relevant information space. Second, it is used as a starting point
for expanding the PWC. Ideally, it uses the same or compatible
relationship types as the UUCM for describing the Relationship.

The approach we have taken to manage the set of composition
candidates is to incorporate task-specific domain knowledge so
we can exclude some of the composition candidates from the
search space. Combining the task dimension provides us with
further facts that increases the available contextual information
and allows us to restrict the search process, for example by
fixing the type of the terminus nodes, or only including nodes
that are related based on a given subject matter.

Different approaches can be used to collect the data for a
Resource Network from information spaces. On the one hand,
metadata provided by the user like document authors, keywords
etc. can be used to populate the Resource Network and, on the
other hand, data for filling and updating the Resource Network
can be collected by automatic analysis of information
collections like DBLP [14].

4.3

Expanding the Personal Web Context

The goal of the PWC approach is to discover and expose the
implicit relationships that link a user, by composition of
relationships, to other resources that expand the PWC with new
resources that were previously not in their PWC. The first step
to extending the PWC is to extract pairs of relationships from
the Resource Network which are connected by a common node.
These pairs are called composition candidates (see Figure 2).
After the extraction, we have a large set of composition
candidates which can potentially contribute to expanding the
Personal Web Context.

Figure 2: Composition Candidate

The following example illustrates how the relationship and task
dimension can be combined. Given a task: “Find potentials
collaborators at this conference for a proposal in Grid
computing”.
The additional facts that we get from including this type of task
restrict the search process to finding: 1) the existence of a
relation between the information seeker and a potential
collaborator, 2) the strength of such a relation and, 3) a measure
of the potential’s determinant role (see Section 2) in the
community. Additionally, since we are interested in proposal
preparation, we focus only those relations in the network that
exemplify a person as an active or influential community
member for the subject Grid Computing. The additional context
provided by the tasks, supports the use of example rules shown
in Figure 3. For each rule in Figure 3 we make the following
assumptions: all ai are persons, all di are documents, all pi are
probabilities, and all ei are events. Furthermore, we assume
that an event, ei, is a serial event devoted to a given subject
matter.
In Rule 1, we assume that the number of authors for a document
is known. Domain specific knowledge about publication
activities allows us to assert with a certain probability, that one
of the authors will attend the event to present the publication.
This rule restricts the use of composition candidates to those
that lead to persons who attend the event as a presenter.
In Rule 2, restricts the use relations that exemplify a person as
an active or influential community member. One domain–
specific criterion which can be used to determine influence is
the frequency and recency of publications in an event which is
devoted to a given subject. The relationships publication-

frequent and publication-recent are inferred by other rules that
use the author’s relation and the connection between the
document and the event (the published-by relation) as a starting
point. Other criteria could include heading an organization or
project.
Rule 1: attend-as-presenter
Assume: n = d1.number-of-authors = number of authors
for document d1
(a1, authors, d1, p1) Λ (d2, published-by, e1, p2) Λ (d1 =
d2 ) → (a1, attend-as-presenter , e1, p3) where p3 = 1/n *
(MIN (p1,p2))
Rule 2: determinant-author
(a1, publication-frequent, e1, p1) Λ (a1, publication-recent,
e1, p2) → (a1, determinant-author , e1, p3) where p3 =
MIN (1 , p1 + p2)
Rule 3: meeting-presenter
n = e1.number-of-participants = the number of participant
in event e1
(a1, presenter, e1, p1) Λ (a2, presenter, e2, p2) Λ (e1 = e2)
Λ ( a1 ≠ a2 ) → (a1 meeting-presenter a2, p3 ) where p3 =
10/n * MIN (p1, p2)

Figure 3: Example Rules
Using Rule1 and Rule 2, we can discover and recommend the
implicit relationships that link the information seeker (for
whom the system knows will attend the event) to other
prominent persons that have certain probability of attending the
same event as a co-participant.
The use of the rules for the above examples can be sketched as
follows: we insert a link of type attend into the PWC that links
the user to the event, e1, under consideration. As a next step, we
use Rule 2 to determine the active community members for the
event. In the next step, Rule 1 can be used to determine for each
of the members, the probability of the active member attending
the event in the case he has an accepted publication for the
event. This results in a relationship attend-as-presenter with the
respective probability. Finally, the relationship will be
combined with the initially inserted relationship attend to a coattend relationship between the user and the community
member.
Rule 3, is representative of another kind of rule which allows us
to estimate the probability of meeting a person at the event by
chance. In this rule, we assume that the number of event
participants is known and one meets about 10 people at a given
event. These are example rules and we are currently developing
further ones.
This example demonstrates that the use of relationship and the
task dimensions for the UUCM and can be used to support a
match between a systems users needs and the available items in
an information space.

5

THE CONTEXT-PASSPORT
APPROACH FOR CROSS-SYSTEM
PERSONALIZATION

This section introduces an approach for cross-system
personalization based on a passport metaphor. The context
passport is a compact representation of the user’s current
context model for cross system personalization. It also contains
the activities chosen by the user to be performed in order to
fulfill the tasks allotted. It contains ontologically-arranged
information about the user’s current tasks and related activities,
his cognitive patterns (skills, area-of-interest etc), the
environment (time, place, device used), and his personal web of
the people and relationships involved, following the UUCM
model for user context modeling (See Section 3).
In order to use the context passport for cross system
personalization, the user takes the context passport and
“presents” it to an information system (IS) that the user wants to
use. Since the context passport is bound to a shared ontology,
there is a chance the IS can partially interpret the context
passport using a mediator architecture [19]. As a result of this
partial interpretation, two flows of information are possible: one
from the context passport to the IS, and secondly from the IS to
the context passport. The first flow helps the IS to better
understand what the user requires from the IS, since the context
passport refers to the task model, activities and also other
information about the user context model. The second flow
arises due to the interaction between the IS and the user which
changes the state of the user’s context. The purpose of this flow
is to update the context passport with the feedback from the
interaction. The approach outlined here so far does not specify
the details of second flow.
We describe the approach as follows: we start with the box
metaphor for context modeling, and then we outline how to
apply this metaphor for the context passport and the
formalization for selecting activities and context-of-use.
Finally, we describe the approach for using the context passport
in a cross system personalization environment.

5.1

The Box Metaphor

In [21], the notion of context dependence is illustrated by
introducing the metaphor of the box (see Figure 4).
P1=V1 .... Pn=Vn .......
Sentence 1
Sentence 2

Figure 4: The Box Metaphor
A context dependent representation can be split into three parts:
a) inside the box, a collection of linguistic expressions that
describe a state of affairs or a domain; b) outside the box, a
collection of parameters P1, P2… and finally, c) a value Vi for
each parameter Pi. The intuition is that the content of what is
inside the box is partially determined by the values of the
parameters associated with that box. For example, in a context
in which the date is 21st April, 2003 and the location is Paris,

any occurrence of ‘today’ will refer to 21st April, 2003. Thus a
statement like ‘It will rain today’ in this context is completed by
the presence of date and location as a context parameter.
The meaning of a context dependent representation is partly
encoded in the parameters outside the box, and partly in the
sentences inside the box. Reasoning mechanisms can be
supplied for altering the balance between what is explicitly
encoded inside the box and what is left implicit (i.e. encoded in
the parameters). Intuitively, we can move information from the
collection of parameters outside the box to the representation
inside the box, and vice versa. These two operations are called
push and pop to suggest a partial analogy with the operations of
adding (pushing) and extracting (popping) elements from a
stack. In one direction, push adds a contextual parameter to the
collection outside the box and produces a flow of information
from the inside to the outside of the box, that is part of what
was explicitly encoded in the representation is encoded in some
parameter. In the opposite direction, pop removes a contextual
parameter from the collection outside the box and produces a
flow of information from the outside to the inside, i.e. the
information that was encoded in a parameter is now explicitly
represented inside the box. This is a kind of decontextualization.

T={(t1,tv1),(t2,tv2), ...} t is a facet , tv is the related facet value
of the Task Dimension,
P={(r1,re1),(r2,re2).....} , r is a facet, re is the related facet
value of the Personal Web Dimension,
Cp={(Cp1,Cpv1),(Cp2,Cpv2).....} , Cp is a facet, Cpv is the
related facet value of the Cognitive Patterns Dimension,
E={(e1,ev1),(e2,ev2).....} , e is an facet, ev is the related value
of the Environment Dimension.
The interaction between the user and the IS using the context
passport can be summed up as follows
1.

The user goes to an information system and presents the
context passport.

2.

The IS can partially interpret the user’s requirements.
a.

Activities contained in the context passport
which can be supported by the IS are selected.

b.

The relevant context-of-use is extracted.

c.

The activities are ‘transformed’ using the
context-of-use.

These steps are described in detail in the following paragraphs.

5.2

Using the Box Metaphor with the Context
Passport

3.

The IS performs activities based on information derived
form the context passport.

The context passport contains the facets along the four
dimensions described in Section 3 which can each be
formalized as a set, and facets for each dimension grouped in
the relevant set as a key value pair. For the purposes of
formalization, facet properties like facet qualifier, value
probabilities etc are not taken into account. However these facet
properties will be used in other steps of the approach.

4.

The feedback from the IS as a result of interaction is used
to update the context passport and keep it up to date.

C={T,P,Cp,E}}

C

Pop
a1, a2, a3....

In a cross-system personalization environment, accessing a
given information system may require the use of some part of
the User’s context. The context-of-use so required will depend
on the activities that the user needs to perform. However, the
given information system may not support all the activities that
the user wishes to perform. Therefore, the applicable activities
that can be supported have to be selected before.
Consider the Selection and Transformation functions as defined
below:

a1’, a2’, a3’ ...
(Transformation)

Figure 5: The Box Metaphor for the Context Passport
We apply the box metaphor to the context passport as follows:
instead of statements, the chosen activities are inside the box,
the working context facets parameters are outside the box,
along with their values. The UUCM dimensions and their facets
determine the available parameters outside the box. Also, inside
the box are the activities that a user might need to perform in
order to fulfill allotted tasks. These activities are chosen from
the task, or manually chosen by the user from a collection of
activities.
In the figure, the dimensions are represented by symbols T
(Task dimension), P (Relationship dimension), E (Environment
dimension) and Cp (Cognitive Pattern Dimension). Each of T,
P, Cp and E are sets with key value pairs of their facets or
attributes, along with their assigned values.

Activity Selection function:
S1(C,IS) Æ A, A={a1, a2 …}
(IS = Information System, A = Activity list,
C = context passport)
Context Selection function:
S2(C, aj) Æ C’(modified context)
Activity transformation function:
Fa(S2 (C, aj) , aj)Æ aj’
After the activities supported by the current information system
have been selected, the Context Selection function is used to
identify which parameters from the context are relevant for this
given activity. As introduced in the box metaphor, the selected
parameters are then popped and put inside the box. Once the
activity and the relevant parameters are known, the activity can
be transformed and the transformed activity performed for the
user. For example, if the activity is an information seeking
activity, then popping the location from the user context can
transform the information seeking into a geography based
search (i.e. to find all hotels in the user’s current city).
When the user now visits another information system, similar
procedure is repeated. The activities not supported by previous

system, but supported by this system can be selected by the
Activity selection function. The context-of-use is then extracted
from the context passport and the selected activities are
transformed and performed. It is also possible that case this IS
can support previously unfinished tasks or subtasks. The
unfinished tasks are those which have been already performed
on an information system, but the result was not satisfactory. In
the detailed approach which is under development, the history
of the unfinished activity will be used to trace the progress
made so far while performing this activity.
What remains at this stage is the process of updating the
context. While this is not clearly outlined at this moment,
possible solutions involve developing a protocol for passing
update information to the mediator which then updates the
context passport. Most existing information systems would not
be able to follow this protocol directly, so a wrapper-based
architecture could be used to implement the update protocol.
Newly developed systems supporting cross system
personalization across a federation of systems or services, could
implement this protocol directly and thus not require a wrapper.
As standards like Web services become more popular and
information systems start supporting them, the wrapper could
combine the user interface and the context update feedback
procedure. This might also make tracking user activities related
to this system possible.

6

CONCLUSIONS AND FUTURE WORK

In this paper we presented a Unified User Context Model
(UUCM) that incorporates the various aspects that are relevant
in capturing the characteristics of a user and his current
situation in a flexible and extensible way. The UUCM provides
a basis for the realization of cross-system and cross-service
personalization approaches that enable the exchange and reuse
of user profiles across system boundaries enabling improved
support for multi-step information handling activities. The
introduction of the UUCM, thus, is a contribution to the first
question posed in the introduction of this paper. As a concrete
use case for the UUCM we presented the Personal Web Context
that combines the Task and the Relationship UUCM dimension.
For the Personal Web Context we discussed ways to fill a
relationship-based user context profile with data (collecting and
updating user context profile data) and we also presented
possible applications in the context of community events. Also,
we will draw upon the inherent properties of the relations to
determine probabilities that can be associated with each relation
as well as the composed relations. The work presented in this
part of the paper, thus, is a way to deal with the challenge
addressed by the second question posed in the introduction of
the paper.
Of course, the Unified User Context Model is only the first step
on the way to cross-system personalization. As first ideas for
the next steps in this direction and as a contribution to the third
question raised in the introduction, we, therefore, presented an
approach based on the context passport metaphor. The contextpassport includes user and context information based on the
UUCM. The relevant task-dependent context-of-use is selected
from the context passport and applied for activity selection and
transformation for better meeting the information needs of the
user. The presented approaches are work in progress that still
requires further investigation in several areas. Some important

issues for further research and development activities in crosssystem personalization support are.
•

Development of further methods for the systematic
collection data for the different dimensions and facets of
user context profiles based on the UUCM; This work will
take into account existing methods for collecting user
profile data;

•

Development and evaluation of further rules for the
composition of relationships for the Personal Web Context
approach based on an analysis of relevant domain
knowledge

•

For the context passport approach rules for the selection
and transformation of information access activities based
on the current context-of-use have to be developed.

•

Investigation in methods for ensuring the adequate
evolution of user context profiles; this includes methods
the collection of new profile data in a cross system
personalization context, but also the definition of facetspecific aging processes for the profile content. These
activities will be based on existing work dealing with
information decay [43].

•

Evaluation of adequate visualization methods for the
Personal Web Context and its interaction with the
Resource Network of the examined information space.

Furthermore, we are working on the further refinement and a
prototypical implementation of the context passport
architecture.
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