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ABSTRACT 
In this paper we propose a computational framework ori-
ented towards e-learning applications and information 
seeking tasks. The notion of context is perceived as an ab-
straction referring to “locality of connections” based on the 
existing semantic relationships between concepts. Its utili-
zation is demonstrated within a context-aware information 
support environment - TM4L (based on the Topic Maps 
paradigm), which includes an authoring tool for building 
such support. This environment is used as a platform for 
exploring the idea of applying contexts to support sense-
making of the domain concepts that can guide the searcher 
in his task of finding relevant information. Some practical 
aspects of the proposed framework are also illustrated by 
TM4L. 
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INTRODUCTION 
Well organized and structured knowledge can be used as a 
source of knowledge exploration if provided with meaning-
ful annotation to guide students to think and explore. Ex-
ploratory learning is highly effective, because learners can 
focus on self-directed learning on the vast information 
space. Therefore exploratory learning environments offer-
ing interactive support for exploring knowledge have a 
significant potential. The majority of currently available 
ontology tools are not readily applicable to such tasks be-
cause they are primarily concerned with the task of knowl-
edge acquisition rather than providing multiple ways of 
accessing and exploring knowledge for a wide range of 
problems. One direction demonstrating potential for im-
proving efficiency in exploratory learning is related to in-
corporating contextual knowledge exploration and capture. 
In this paper we study some contextual aspects of informa-
tion seeking that can improve exploration experiences in e-
learning tasks. 
The way the concepts are normally interrelated and the 
evocative aspects that are observable in everyday practice 
may be used to support our intuition for modeling certain 
aspect of a domain. For example the concept Turbulence 
can evoke concepts such as: Airplane, Pilot, Passenger, Air 
Movement, Safety, Wind Shear Kolmogorov, etc. What do 
all those concepts have in common? The common is that 
they are all related somehow to the concept turbulence. 

Turbulence is kind of air movement. 

Turbulence is wind shear. 
Turbulence can shake an airplane. 
Pilots deal with turbulence. 
Safety can be influenced by turbulence. 
Passengers can be injured by turbulence. 
The turbulence was studied by Kolmogorov. 

In turn concepts such as Airplane, Pilot, Passenger, Air 
Movement, Safety, Wind Shear, Kolmogorov, etc. may 
invoke the concept Turbulence. This observation is con-
nected to information seeking, since the information one is 
after may be attempted to be reached through associated 
topics. An information seeking task such as “find resources 
related to turbulence” is typically associated with subjec-
tive group of related concepts. If we are unable to recall the 
term “turbulence”, we may try to reach the target using 
related concepts. The point is that different individuals may 
seek resources about turbulence from different contexts and 
the resulting behavior normally does not follow anticipated 
patterns. Although we may know that turbulence is related 
to certain concepts in the domain, sometimes we are not 
able to articulate the precise relationships. This fact is dem-
onstrated by use of relations with weak semantics such as 
“turbulence is related to aircrafts” or “turbulence has some-
thing to do with air”.  
Information seeking is a process of sense-making, a way of 
finding meaning that fits in with information the user al-
ready possesses. To provide information support in a sense-
making process we propose a computational model in 
which commonly related concepts are grouped together and 
made accessible from each other. With such type of multi-
connectivity any concept such as Turbulence will be acces-
sible in multiple ways, namely from the concepts: Airplane, 
Pilot, Passenger, Air Movement, Safety, Wind Shear, Kol-
mogorov, etc. Similarly, the concepts grouped around the 
Airplane can include topics such as: Turbulence, Trip, 
Transportation, Jet, Pilot, and Altitude. The implication of 
this hyper-connectivity is on one hand on grouping con-
cepts and on the other hand on localizing the accessibility 
of a given concept to a limited collection of concepts form-
ing a context. The concepts such as: Trip, Transportation, 
Jet, Pilot, Altitude can be viewed also as having a secon-
dary level association to turbulence. Thus in the proposed 
framework concept turbulence is surrounded by contextual-
izing concepts, layered into primary, secondary etc. levels.  
The criteria for deciding which concepts and relations to be 
included in the context description are domain specific. 



The majority of applications in e-learning assume that con-
text is defined a-priori by the creator and is external to the 
systems. The importance of representing and using contex-
tual knowledge in an explicit and logical way has been 
recognized by researchers from different fields and demon-
strated by a number of theoretical works and application 
systems [2, 10, 11]. There is a variety of approaches to 
exploring the concept of context and the corresponding 
computational mechanism for representing and utilizing the 
contextual model. Research on formalizing contexts [10, 
12, 14, 19] has been primarily concerned with the locality 
of knowledge. The most impressive example of large scale 
contextual application is the Cyc system [13]. 
In this paper we propose a computational framework for 
modeling context oriented towards information seeking 
tasks. In the next section we describe our framework from 
a formal perspective. The following sections address its 
applicability to e-learning systems and discuss some im-
plementation aspects of context from the viewpoint of 
Topic Maps. The last section illustrates the utilization of 
the framework in the context of TM4L – an e-learning 
environment for creating and exploring learning resources 
with information support orientation. 

HOW TO CAPTURE CONTEXT 
The starting point is our view of context as a model of the 
world from the viewpoint of connectivity and accessibility. 
Context is used here as a term associated with relatedness.  
We consider context as an abstraction referring to “locality 
of connections” – we do not connect a given topic directly 
to all known topics but only to a small subset of them.  This 
small subset is what determines the context of relevant top-
ics. By grouping related topics into context, we constrain 
the immediate accessibility and thus the search space. 
Therefore, for a known topic t we take context c(t) to be the 
set of all topics related to t. We distinguish two forms of 
context – weak context c(t) defined by the set of all topics 
related to t and strong context C(t) defined by the set of all 
relations relating t to other topics. 
More precisely, let Rel(D) be the set of all known relations 
on a domain D.  
Definition. For a given topic t weak context c(t) is defined 
as c(t) = { x,..,y|(x,..,t,..,y) ∊ Rel(D)},  that is context c(t) is 
defined as the collection of all topics x,..,y  such  that the 
tuple (x,..,t,..,y) is a valid relation on D. We call the topic t 
center and the set of all topics x∊ c(t), x ≠ t – topical con-
textualization. 
Definition. For a given topic t strong context C(t) is de-
fined as C(t) = {(x,..,t,..,y)  |(x,..,t,..,y) ∊ Rel(D)},  that is 
context C(t) is defined as the collection of all tuples 
(x,..,t,..,y) ∊ Rel(D)  containing topic t  as one of its compo-
nents. We call the topic t center and the set of all tuples 
(x,..,t,..,y)  ∊ C(t) – relational contextualization. 
These two definitions of context reflect somehow the two 
viewpoints on this concept known as “to bind together; to 

unite closely” and “that which surrounds, and gives mean-
ing to, something else.” [8] Weak contexts model localized 
views constraining their representation to clusters of related 
topics, while strong context is a more expressive model for 
contexts by making explicit the participating relations.  
Weak contexts can be interpreted as strong contexts formed 
by using a single relation X related to Y, expressing the fact 
that two concepts are in some way related. 
The following are some obvious properties derived from 
the above definitions. For brevity we omit the dual proper-
ties for strong contexts.  
• Given Rel(D), a topic t identifies its weak context c(t) 

and its strong context C(t). 
• Each topic x that is a member of a contextualization of 

c(t) is a center of a weak context c(x) containing t in its 
contextualization. 

• Each context c(t) is characterized by the set of contexts 
containing t in their contextualization. 

From one side, topics x,..,y explain or support the process 
of sense-making of t and from another, they provide indica-
tion of possible ways of interconnecting topics. Thus they 
offer a basis for forming contexts and as a side effect a 
model for multi-connecting topics. 
Relations are devised to organize objects into collections of 
associated tuples. Context is complementary to relations – 
organizing the concepts into groups signifying alternative 
ways of relating to a given concept. If Rel(D) is limited to 
the Superclass-Subclass relation, then the strong context 
transforms to areas within a taxonomy tree, while limiting 
Rel(D) to Whole-Part results in areas within a partonomy 
tree. 
Note that defining context involves second order proper-
ties. For example, in terms of Prolog the following goal 
?-rel(X,Y).  
will find all instances defining rel(X,Y), while given a topic 
t and a set of relations Rel_D finding the corresponding 
context implies second order properties such as:  
?-member(F,Rel_D), 
  (T =..[F,X,t]; T =..[F,t,X]),T. 

This indicates that in general the task of determining the 
context of a given topic t is computationally costly. One 
reason for this computational complexity is that the present 
computational world is with relational orientation where 
relations are first class citizens, while context is not. To 
account for context we need complementary topic centered 
structure. 

CONTEXT-BASED EXPLORATION 
The above contextual framework is equally applicable to e-
learning tasks. In general e-learning tends to be textbook-
centred. However the organization of the teaching material 
should not be limited to the online equivalent of printed 
table of contents and back-of the book indexes. Despite its 
widespread use, the back-of the book index is weak in 



identification of relationships between subjects. In many 
cases we need a richer access structure to the units con-
tained in a collection. Because the intent of a student or an 
author cannot be foreseen in advance by the creator of the 
collection, it should be designed to allow multiple access 
and navigational modes, so that it can accommodate a wide 
variety of uses. For example, the source of an individual’s 
needs for information about Prolog Lists may originate 
from a number of topics such as Data Structures, Logic 
Programming, List Processing, Recursion, Prolog, Sym-
bolic Computation, etc. Displaying related topics, in addi-
tion to enhancing orientation capabilities, can help topics 
such as Prolog Lists to make more sense to the searcher. 
The context-oriented approach suggests that the topic 
Prolog Lists is placed under the Prolog Data Structures 
class and linked to List Processing, Recursive Program-
ming and Terms, thus allowing for multiple ways of ac-
cessing it. Based on a taxonomic classification only, a 
learner will be left to locate the desired resources by navi-
gating through topics such as Data Types and Prolog Data 
Structures. However, in order to maximize the access to 
Prolog Lists by non Symbolic or Logic Programming initi-
ated learners this topic should be accessible from a larger 
set of programming concepts such as Data Types, Lists, 
Recursive Programming, Lisp Lists and Difference Lists. 
It is unlikely that in learners’ mental maps concepts are 
associated in any standard way that can result in a predict-
able behavior. Therefore, e-learning technology needs 
methodology and tools for organizing the learning content 
according to semantic categories and relations that aid 
learners in navigation. It must facilitate accessing the learn-
ing resources depending on the observed connectivity be-
tween topics. Consider the Prolog Lists example from this 
perspective:  
• Prolog List is subclass of List. 
• Prolog List is instance of Terms. 
• Prolog List is part of Prolog Data Structures. 
• List Processing is part of Prolog Lists. 
• Difference List is instance of Prolog List. 
• Prolog Lists are related to Recursive Programming.  
• Prolog Lists are similar to Lisp Lists.  
Because the student/author experience and intention cannot 
be foreseen in advance by the creator of the collection, it 
should be designed to allow various access points to Prolog 
Lists (signifying typical contexts) resulting in navigational 
modes that can accommodate variety of browsing strate-
gies. Even without naming the relations the graph on the 
Fig. 1 provides a sufficient weak context of the concept 
Prolog Lists. 
From the viewpoint of our definitions of context, the topic 
Prolog Lists determines a weak context defined through the 
collection of related topics:  
{Terms, Prolog Data Structures, Recursive Programming, 
List Processing, Difference Lists, Lists, Lisp Lists}. The 
secondary weak context includes topics: {Data Structures, 

Programming Techniques, Prolog, Lisp, Trees, Sets}. Also 
Prolog Lists determines a strong context (see Fig. 2) de-
fined through the relations { Prolog List is subclass of List, 
Prolog List is  instance of  Terms, Prolog List is  part of  
Prolog Data Structures, Difference List is instance of 
Prolog List, Prolog Lists are related to Recursive Pro-
gramming and Prolog Lists are similar to Lisp Lists}. 
Various forms of multi-connectivity are already in use in 
many hypertext and hypermedia applications. However, 
this trend has to be further extended with technolo-
gies/tools that support more precise connections among 
semantically related topics, as well as connections: 
• Among alternative views on the same topic. 
• Among progressively finer grain size of the same in-

formation. 
• Among different kinds of topic media/formats/repre-

sentations. 
• Among alternative versions/views of the same infor-

mation. 
This should be coupled with meaningful annotation of the 
connections. Multi-connections should not be limited to 
taxonomy and classification. Instead the tools should sup-
port variety of meaningful ways of grouping of topics. 
Having multiple ways of accessing the same information 
would help us to cope with learner’s and author’s variants. 

IMPLEMENTATION ASPECTS 
The framework for modeling context is based on the Topic 
Map (TM) paradigm [1, 9, 16, 17], which provides a sim-
ple data formalism for talking about topics, their properties, 
inter-relationships, and categories. TM are a powerful sub-
ject centric model that may be used to create multi-
dimensional indices and interfaces to resources and digi-
tally-encoded data. They allow one to build lists of con-
cepts important to a collection or to a particular area of 
research and link those concepts to electronic resources 
[18]. Such properties make Topic Maps appropriate for 
exploring learning resources.  In addition they allow learn-
ing content to be linked to and/or merged with other re-
sources by TM applications. In practice, this means that 
learning resources can be distributed across the web in a 
decentralized way, but still be meaningfully composed and 
integrated by applications, often in novel and unanticipated 
ways. 
The TM model encourages hyper-connectivity - multiple 
ways of accessing the same information, with the support 
of the associations. Using associations we can provide mul-
tiple access points to different topical dimensions, enabling 
users to select options reflecting their search contexts. 
One of the advantages of using ontology-based e-learning 
systems is the ability of having multiple interpretations of 
the same entity. In particular, by employing the Topic 
Maps model, concepts in a learning collection can be asso-
ciated with more than one topic present in the structure. In 
addition Topic Maps offer use of topics with roles to repre-



sent diverse characteristics of the topics. Generally an ob-
ject can play different roles. Prolog Lists can play a role of 
an instance in terms of Data Structures or a role of an illus-
tration in terms of Recursive Programming. Roles allow 
for the representation of multiple views of the same phe-
nomenon. In particular, multiple classifications can repre-
sent multiple abstractions such as taxonomy views and par-
tonomy views of the same reality. Topic Maps are a power-
ful means of providing users with choices of how to view 
the content. To make use of this power we have incorpo-
rated three views in TM4L: a partonomy view, a taxonomy 
view and a topic types view. With this enhancement we 
intend to provide alternative insights into the learning con-
tent structure. Based on such features a user can explore the 
learning content from different perspectives.  
Semantic relationships between topics in the domain to be 
learned can be modeled by Topic Maps associations. In 
particular with binary associations we can establish a bi-
nary relationship between a source and target entity. As 
associations are topics as well, the type of the relationship 
is given by the association’s topic type. In this way, graph-
based knowledge structures can be created. Actually, a 
Topic Map is a collection of topics linked together by asso-
ciations between the topics. To model and visualize context 
we need an application that given a topic displays all topics 
related to it. By building such an application we have com-
plemented the ontologically oriented views with a graphi-
cal viewer displaying a selected topic along with the topics 
related to it (see Fig. 1). 

 
Figure 1. Topic “Brewing Process” in the center of its two-

layer context. 

Graphical viewers implement both weak and strong con-
texts enabling less cluttered, long distance views and more 
detailed, short distance views. Graphical equivalent of con-
texts are intended to provide insight about the inter-
connectedness of the topics. The advantage of such views 
is that they make it easier to detect incomplete groups of 
topics, missing topics, redundant topics or misplaced topics 
by exploring the groupings of related topics. 

APPLICATION OF CONTEXTS IN TM4L 
The TM4L (Topic Maps For e-Learning) environment [4, 
5, 6] is intended to complement existing Topic Maps edi-
tors and visualization tools. It combines two main applica-
tions, TM4L Editor and TM4L Viewer. The modeling lan-
guage of TM4L is based on the Topic Maps standard. Two 
groups of users are targeted by the TM4L design: (i) au-
thors with a limited background of ontologies; (ii) learners 
seeking information support in their course tasks. TM4L is 
currently available as a standalone application. It can be 
downloaded from <http://www.wssu.edu/iis/nsdl/ 
download.html>. The proposed contextual framework of 
TM4L is utilized in the creation, maintenance, and use of 
ontology-aware courseware. 

 
Figure 2. Topic “Prolog Lists” in the center of its immediate 

weak context. 
In TM4L the initials set of relations Rel(D) is predefined. It 
includes five relations: Whole-Part, Superclass-Subclass, 
Instance-Of, Related and Similar. This set can be extended 
with arbitrary user defined relations. For a given topic t 
weak context is displayed as a graph structure with anony-
mous edges linking t to all topics playing role in any asso-
ciation where t is one of its role players. The number of 
levels of the displayed topics (one level, two levels etc.), 
directly or indirectly related to t is controlled by parameter 
called radius. For example, Fig. 2 shows that Prolog Lists 
is related to Prolog Data Structures, Lists, Terms, List 
Processing, Recursive Programming Difference Lists and 
Lisp Lists. 
When we extend the radius to two, then we see (Fig. 3) that 
the topic Prolog Lists is further related to Data Structures, 
Programming Techniques, Prolog, Trees, Sets, Lisp, etc. 
Different colors are used to indicate different types of par-
ticipating relations. 
These kinds of enhancements are motivated by the recom-
mendations provided by a group of users that used the 
TM4L editor for half a semester to build practical TM ap-
plications. In a study involving nine computer science 
graduates one of the suggestions was to provide a view 
displaying all topics related to a selected topic (even with-
out specifying the relations). 



 
Figure 3. Topic “Prolog Lists” in the center of its two-layer 

context. 
The point was that by enabling users to create an initial 
“sketch” of a Topic Map, we could facilitate the process of 
expressing the users’ current context. The focus in this ap-
proach is on Topic Maps sketching that reveals the topo-
logical relationships among the topics. 
Further on, for a given topic t strong context is rendered 
as a graph structure that displays all associations in which 
topic t is one of the role players (see Fig. 4). 

 
Figure 4. Topic “Prolog Lists” in the center of its immediate 

strong context. 

When using different classifications, access to multiple 
views becomes critical, because it allows inspection of the 
learning content in different contexts. Some views for ex-
ample can be global structures of learning content; others 
can be local overviews. Multiple classifications can also be 
used to represent multiple abstractions of the same learning 
content. TM4L facilitates editing, maintenance, sharing and 
reuse of learning content in a visual environment with mul-
tiple views. These views do not simply equate to different 
screens but are different ways of interacting with and ex-
ploring the conceptual structure of the learning content. 
When learning material does not appear in isolation, a 
structure is needed to encompass a set of learning objects 
in an educational unit. For example, a particular unit could 

belong to one of the sections Prolog Lists, Prolog Data 
Structures, or Prolog. These sections are interconnected 
with whole-part relations in order to build an educational 
unit comprising these sections. Thereby, Prolog Lists is a 
part of Prolog Data Structures; Prolog Data Structures is a 
part of Prolog. The part-of (whole-part) relation is in-
cluded in the Dublin Core [7] standard named as IsPartOf. 
The intended use is to relate smaller resources to the larger 
resources or collections that already exist in the collection. 

 
Figure 5. Compositional view of the topic “Prolog Lists” in 

the context of its wholes and parts. 

Since editing is made by the user via interface we offer a 
number of alternative interfaces that may be accessed 
within the same editing session. Interfaces that provide 
multiple views offer users different perspectives on learn-
ing units. The user chooses the type of interaction accord-
ing to their decision, situation and personal preference. 
TM4L incorporates three views: partonomy, taxonomy 
and typing views. Whole-part relations play an important 
role in the topology of e-learning [3]. We support whole-
part to enable users to express the inherent composite 
structure of the learning content. For example, Fig. 5 de-
picts an editing session based on the partonomy view. 
Instances of a particular class along with the resources 
attached to it play a key role in e-learning, while super-
class-subclass relationship capturing learning domains 
taxonomy trees. With this enhancement we intend to pro-
vide alternative insights into the learning content struc-
ture. Notice that partonomy, taxonomy and typing views 
can be interpreted as a strong context where the set of 
relations on a domain D is restricted to whole-part, super-
class-subclass and class-instance correspondingly. 
In addition to the three primary relationships TM4L con-
tains two other predefined relationship types, including 
similar-to and releted-to relations [3]. By offering this 
minimal set of five relation types we support TM4L au-
thors that experience difficulties in articulating and nam-
ing relationships. In this aspect the related to relation, 
which carries weak semantics by enabling us to express 
the fact that two concepts are in some way related is in-



tended for expressing unknown relationships. Another 
aspect playing role in the selection of the predefined rela-
tion set is to reduce the subjective factor. Consensus as-
sumes minimum subjectivity. Relations such as whole-
part and superclass-subclass have logical foundation in 
contrast to relations with subjective flavor such as based-
on and depend-on. 

CONCLUSION 
Context is a very important factor in many e-learning ap-
plications. Even though the research on understanding and 
using context has been intensified in the last decade the 
progress is still in its early stages. In this paper we propose 
a computational framework oriented towards e-learning 
applications and information seeking tasks. The framework 
is based on the definition of context as a collection of top-
ics related to a specific topic called center of the context. 
The defined weak and strong contexts are used as a base 
for information browsing in TM4L. Our future plans in-
clude applying them in online information search. 
The approach presented in this paper is still limited in num-
ber of ways. As there are several ways to define a context, 
a particular context may be represented by more than one 
valid relational structure. This raises the issue of how to 
represent and integrate such multiple contexts in coherent 
contextual structures. 
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