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ABSTRACT
As computers and software systems move beyond the desk-
top and into the physical environments we live and work
in, the systems are required to adapt to these environments
and the activities taking place within them. Making appli-
cations context-aware and representing context information
along side application data can be a challenging task. This
paper describes how digital context traditionally has been
represented in hypermedia data models and how this repre-
sentation can scale to also represent physical context. The
HyCon framework and data model, designed for the devel-
opment of mobile context-aware hypermedia systems, are
presented as concrete examples of a model combining appli-
cation data, hypermedia structures and context information
in one model.
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1. INTRODUCTION
The visions of Pervasive Computing [19, 20] present the

idea of ubiquitous computing power available through nu-
merous mobile and stationary computer devices distributed
(some more or less invisible) throughout our environment
and accessible through a ubiquitous network. As these new
technologies change the way we work with computers and
information there is an increasing need to aid users in finding
and producing relevant, situated information.

Supporting users in these activities has been the ambition
for hypertext and hypermedia researchers for a long time.
Indeed, one may argue that the motivating reason for cre-
ating hypermedia systems has always been to contextualize
information and to support users in accessing and under-
standing information in different contexts.

Over the years many hypermedia systems have been de-
veloped which support both substantive and annotative ac-
tivities but almost all of these systems have only been con-
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cerned with links between pieces of information in the com-
puter (i.e., in the digital context) and have not supported
links to or between objects in the physical world. Further-
more, information is “put into” a context when linked to
i.e., a context defined by the author, but few systems sup-
ports the context of the reader (where is the reader? What
is he/she doing? Why is the information interesting for
him/her and so forth). Thus, the physical use context has
typically been ignored and considered something outside the
systems. However, as hypermedia (and computer systems
in general) moves beyond the desktop and into the physi-
cal environments we live and work in, adding context-aware
capabilities to the systems is necessary to make them truly
useful components in pervasive computing environments.

This paper discusses how sensed context data can be uti-
lized by hypermedia applications and focuses especially on
how Open Hypermedia data models can be extended to rep-
resent objects (both digital and physical), their context, and
hypermedia structures on top of them. The paper is struc-
tured as follows: section 2 introduces a general definition
of context and section 3 discusses how context can be rep-
resented in open hypermedia models. Section 4 introduces
the HyCon framework and data model and section 5 briefly
describes the experiences with the data model thus far.

2. DEFINING CONTEXT
Most people have an understanding of the meaning of the

term context, but the usage of the word is often vague since
the word has different meanings depending on, well, the con-
text. For example, in computer science we talk about an-
alyzing and designing for specific use contexts, about mul-
titasking context switch, context-free languages and gram-
mars, contextual links, context-sensitive help etc.

The idea of utilising context and creating context-aware
systems that “adapts according to the location of use, the
collection of nearby people, hosts, and accessible devices, as
well as to changes to such things over time” was first in-
troduced by Schilitet al. [15] and Schilit and Theimer [16].
Context was here described as “location, nearby people and
objects, as well as changes to those objects over time”.
Schilitet al. stated that there were three important aspects
of context: “where you are, who you are with, and what
resources are nearby”. Dey [9] argues that these definitions
are too specific and hard to apply when designing context-
aware systems; enumerating which context aspects are im-
portant is not possible since they change from situation to
situation. Instead Dey proposes a more operational context
definition [9, p. 5]:
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Figure 1: Two views on context: (a) Objects exist in a context: context can be modeled as a composite or
collection of objects. (b) Objects have a context: context can be modeled as properties of the object.

“Context is any information that can be used to
characterise the situation of an entity. An entity
is a person, place, or object that is considered
relevant to the interaction between a user and an
application, including the user and applications
themselves.”

Using this definition, information can be categorized as con-
text on an application level, as e.g., done by Schilitet al.
in [15]. Even though this general definition puts it into
the hand of the application developers to determine what
information qualifies as context for a specific application,
Dey [10] provide some help in listing four essential categories
of context information: identity, location, status (activity),
and time. These categories are denoted as essential because
they can be used to derive other kinds of context. The iden-
tity of a person can e.g., be used to look up the persons
contact information, location can be used to find other co-
located entities and the four categories may be combined to
deduce more complex patterns—if several people are in the
same room, at the same time with a meeting agenda it may
be deduced that the meeting is actually taking place. Sim-
ilar operational definition of context are given by Schmidt
et al. [17] and Chen and Cotz [5].

Applying such operational definitions of context in a gen-
eral way e.g., to data models in framework implementations,
requires flexible and extensible designs since they must sup-
port the modeling of “any information that can be used
to characterise the situation of an entity. . .”. For context-
aware hypermedia frameworks a number of requirements fol-
low directly from the general context definitions: The frame-
work should support a data model combining both applica-
tion data objects and hypermedia structures (i.e., link and
composite structures, annotation objects, etc), and at the
same time be extensible enough to support different types
of context specified by application programmers. Having de-
termined what constitute context for a specific application,
the framework should also support developers in implement-
ing behaviors and features to take advantage of the context
information in their applications.

3. CONTEXT IN HYPERMEDIA MODELS
Hypermedia systems have typically modeled the concept

of context in one of two ways: either as a collection or com-
posite serving as a partitioning mechanism on the (global)
hypertext or as attributes of key-value pairs, associated with
links, nodes and other hypermedia objects, describing pa-
rameters of the context the hypermedia objects belong to.
Context modeled as collections is often a purely structural
partitioning concept constraining browsing and linking to
some kind of context given by the user explicitly or im-
plicitly. Key-value pairs associated with objects are typi-
cally used to describe in which context the objects are vis-
ible. When the object structures are retrieved only those
structures whose context attributes match that of the user’s
context or the given query are returned; structures that do
not are pruned away. Neptune’s Contexts [7], Intermedia’s
Webs [21], and the Webvise Context composites (based on
the the Open Hypermedia Systems Working Group1 (OHS-
WG) navigational hypermedia model OHP-NAV [11]) be-
long to the first category while FOHM’s context objects [13]
and Storyspace’s Guards [2] belong to the second.

Taking these two views as the starting point gives rise to
different understandings of the context model as illustrated
in Figure 1:

Context as collections: Context can be modeled as col-
lections of first class objects in the model. Objects be-
ing part of the same collection are considered to belong
to the same physical context. This model corresponds
to a belongs to relationship where the objects exist in
a context as illustrated in Figure 1(a).

Context as object attributes: Context can also be mod-
eled by assigning attributes, describing context para-
meters, to data objects. This allows context to be
modeled as simple key-value(s) pairs and corresponds
to objects that have a context relationship.

Using key-value pairs has also been used to model context
in a number of other context-aware systems e.g., Schilit’s
and Theimer’s located objects [16] (physical entities with
a location) which were modeled as tuples of key-value at-
tributes and the context-aware Web browser Mobisaic [18]
used environment variables to store and update context in-
formation which was used in dynamically generated URLs.

1http://www.cs.aue.auc.dk/ohswg/
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Figure 2: The HyCon hypermedia model.

4. THE HYCON FRAMEWORK
The HyperContext platform (HyCon) is developed in the

Centre for Interactive Spaces at the University of Aarhus
to provide a general platform suitable for experiments with
hypermedia mechanisms in a context-aware and mobile en-
vironment [4]. HyCon includes both an architecture and
infrastructure for implementing context-aware services and
applications and a framework which can be used by applica-
tions programmers to build such services and applications.
The HyCon framework was designed to encompass anno-
tations, links, and guided tours associating locations and
RFID- or Bluetooth-tagged objects with maps, Web pages,
and collections of resources. The HyCon architecture ex-
tends upon earlier location based hypermedia systems [6, 1,
14] by supporting authoring in the field and by providing ac-
cess to browsing and searching information through a novel
geo-based search (GBS) interface for the Web [12].

4.1 The HyCon Datamodel
The data model implemented in the HyCon framework de-

scribes the hypermedia structures and context objects used
by services and applications built on the framework. The
data model is illustrated in Figure 2. All objects in the
model are described as subclasses of the abstract Abstract-
Object class. Instances of its subclasses all share common
attributes: they all have globally unique identifiers (GUIDs),
meta-data describing their creator and modification time-
stamps, and a set of property-value pairs.

Instances of the Context class are referential composites,
which can hold other objects belonging to the same phys-
ical or digital context. Objects from the Location class
represent physical locations and are used as the primary
mechanism for identifying physical locations in the model.
The Annotation class represent the data model’s support
for annotations. Annotations can include multimedia con-
tent such as text, images, sound, and video. Annotations
can be associated with any type of object derived from the
Object class. Hence, the model supports the general notion
of annotations annotating other annotations. Links and link
trails are modeled by the Link, Arc, and Locator classes
describing XLink [8] based structures on top of the other
objects in the system. The Locator objects are used to rep-
resent digital resources reachable by a URI in the model

with Arc objects specifying the traversal behaviour of the
link. The data model has been generalised to support link-
ing instances of the generic Object class and thus support
easy linking of Locator-type objects as well as classes de-
rived from the Object class. The GeoTag class is used to tag
elements directly with URIs (e.g., to tag a location with a
descriptive Web page).

The HyCon data model supports both ways of modeling
context as described above. Context can be modeled as first
class objects in the model e.g., links or annotation structures
can be associated with a Location object through a Context

composite object to designate that the links are available
on that physical location. While this technique gives the
programmer the advantages of an object model, all services
and storage structures have to be updated to handle the
different context types, when new classes of context is added
to the model.

The other way to model context is by using the Property-
Value objects associated with the AbstractObject class.
This allows context to be modeled as simple key-value(s)
pairs and corresponds to objects that have a context re-
lationship. In contrast to the object model this gives a
type-less context model (i.e., the key-value pairs are sets
of strings), but since all services and the storage structures
already have support for handling these structures it is much
easier to experiment with this model or create applications
which support a more ad-hoc notion of context e.g., for pro-
totyping purposes.

5. EVALUATION
In terms of completeness i.e., whether it is possible to use

the HyCon data model in various applications to model con-
text and application data, we have been quite satisfied. A
number of different applications have been built atop the
HyCon framework including the mobile, context-aware hy-
permedia system HyConExplorer designed for tablet PCs
and Java enabled smart phones [3]. The HyConExplorer is
designed to let users working in the field access and produce
situated information related to their context. Furthermore,
smart board applications for online user tracking and mo-
bile location based games have been implemented with the
framework and data model.

We found that for most applications, representing con-



text as key-value(s) properties on the generic objects was
the most convenient way to represent context information.
The four essential context types (identity, location, status,
and time) can easily be modeled by this mechanism and
adding ad-hoc information is relatively easy for the applica-
tion programmer since it requires no change to server side
services.

6. CONCLUSION
Applying the general, operational definitions of context

and context-awareness described herein to data models in
pervasive software architectures, requires flexible and ex-
tensible designs since they must support the modeling of
arbitrary context information.

This paper describes two ways of modeling context in data
models for hypermedia applications and frameworks: the
first is to model context as collections of objects correspond-
ing to a belongs to relationship where the objects exists in
a context and the second uses simple key-value(s) pairs cor-
responding to objects that have a context relationship.

The HyCon framework and data model is presented as a
concrete example of these two ways of representing context.
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