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Recent research on educational Web-based applications attempts to meet the fast 
growing needs and expectations of the education community with regard to e-learning 
efficiency, adaptation, and flexibility by employing Semantic Web technologies. The 
Semantic Web technologies and paradigms aim at providing more intelligent access to 
and management of Web information and semantically richer modeling of the 
applications and their users. An important target for (educational) Web application 
researchers and developers nowadays is to provide means to unite, as much as 
possible, the efforts in creating information and knowledge components that are easily 
accessible and usable by third parties. Within the educational space this motivates 
efforts to achieve semantically rich, well-structured, standardized and verified 
educational content. The Semantic Web with its emerging technologies and standards 
allows achieving such reusability, shareability and interoperability among educational 
Web applications. Conceptualizations, ontologies, and the available Web standards, 
such as XML, RDF, XTM, OWL, DAML-S, and RuleML, allow specification of 
components in a standard way. The notion of Web services offers a way to make such 
components mobile and accessible on the Web.  

The standards-based machine-processable semantic descriptions of Web resources 
provide the necessary grounds for achieving better personalization in the educational 
hypermedia and Web-based applications by enabling shared content and services to 
be tailored to the needs of individual users. Thus the Semantic Web offers a new 
perspective on the intelligent Web-based educational systems by supporting more 
adequate and accurate representations of learners, their learning goals, learning 
material and contexts of its use, as well as more efficient access and navigation 
through learning resources. 

The accepted seven full papers, five short papers and seven posters outline the 
state-of-the-art in the application of Semantic Web technologies in adaptive Web-
based educational systems emphasizing issues related to semantic interoperability, 
standardization, and personalization. They offer a showcase of the best practices of 
using Semantic Web technologies for adaptation and personalization in educational 
settings and discuss usefulness, benefits, lessons learned, and further steps to be 
undertaken.  



      

This workshop is forth in the series, following the successful workshop on 
Concepts and Ontologies in Web-based Educational Systems, held in conjunction 
with ICCE’2002 in Auckland, New Zealand, the three sessions of SW-EL in 2004 in 
conjunction with ITS’04, AH’04, and ISWC’04, and the three sessions in 2005 in 
conjunction with AIED’05, ICALT’05, and K-CAP’05.  

We hope that this workshop will provide some new insights and serve as a catalyst 
to encourage others to investigate the potential of the emerging Semantic Web 
technologies for the adaptive educational hypermedia and Web-based educational 
systems and will contribute to the realization of the vision of the Educational 
Semantic Web. 
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Collaborative Tagging Approaches for
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Abstract. One of the main approaches for creating metadata for learn-
ing resources in adaptive e-learning systems has been through the use of
semantic web ontologies. This approach is limiting because it doesn’t usu-
ally address a requirement for the support of annotators or the require-
ment for significant effort by annotators in learning ontological metadata
domains and technologies. This paper proposes a method of addressing
these shortfalls, by incorporating techniques used on the hugely popular
collaborative tagging websites, such as del.icio.us1. By extending on a
natural language ontology, we aim to achieve simplicity in metadata au-
thoring while maintaining the expressiveness of a lightweight ontology.
The goal of the approach is to facilitate metadata creation such that
new metadata creators (such as students) may become involved with
creating machine consumable metadata about learning objects, for use
in adaptive e-learning systems.

1 Introduction

The key to the Semantic Web is the creation of machine consumable knowledge
[1]. The main approach being taken is to use ontologies to describe concepts,
the properties of concepts, and the relationships between concepts. Among the
e-learning community much focus has been placed on investigating how ontolo-
gies might facilitate the creation of adaptive e-learning systems. The approach
has been to use instances of concept descriptions to annotate resources (often
learning objects), as seen in [2–4]. However, ontologies are not without their
drawbacks. Materialized, these drawbacks not only limit the amount and qual-
ity of ontological metadata created but also who can be involved in its creation
and therefore the overall usefulness of the approach.

This paper will explore the idea of merging the use of ontologies with collab-
orative tagging through a new approach we have dubbed CommonFolks. This
approach should help to reduce the effort required in the production of useful

1 http://del.icio.us



metadata, while maintaining the expressiveness inherent in lightweight ontolo-
gies, thus opening the door to a better quality of metadata and authoring by
those not traditionally involved in metadata creation.

The next section will continue to explore ontologies and collaborative tag-
ging as alternative approaches to metadata creation and use, and identify some
corresponding strengths and weaknesses. Section three will then detail how Com-
monFolks uses aspects of both approaches, along with the WordNet [5] English
language ontology, to create a simple yet expressive metadata framework. Fur-
ther, anecdotal observations of an initial prototype are given, which found the
approach more straight forward for inexperienced metadata authors when com-
pared with another metadata creation tool. Finally, future directions for the
further development of the CommonFolks framework will be discussed.

2 Representing Knowledge: Comments on Taxonomies,
Ontologies, and Collaborative Tagging

Often collaborative tags are referred to as folksonomies, as was originally in-
tended by Thomas Vander Wal who coined the term. He combined the words
“folk” and “taxonomy”, and was referring to the now popular collaborative clas-
sification scheme. Taxonomies, are hierarchical structures of classifications for
concepts, where the child concepts are a subclass of their parents [6]. Since these
systems do not contain hierarchies we will use the term: collaborative tagging.

Collaborative tagging techniques can be seen on websites like del.icio.us,
Flickr2, and CiteULike3, where people publicly annotate resources with keywords
that describe those resources (called tags). Each tag is both an annotation to
describe the resource and a vote for the annotation being suggested to others.
Tags have no intrinsic relationship with one another, and cannot be easily ar-
ranged into hierarchies of meaning. Nonetheless, they have become a powerful
tool for metadata creation, and have been principle in exploiting the abilities of
the casual web surfer to contribute to the larger web community (a main focus
in the “Web 2.0” movement) [7].

Ontologies extend taxonomies by further describing the relationships between
any concepts, effectively turning a hierarchy into a directed graph. Gruber de-
fined an ontology, as “... an explicit specification of a conceptualization” [8],
which was refined by Borst as “...a formal specification of a shared conceptualiza-
tion” [9]. Though ontologies give the foundations for interchangeable knowledge
representation, we argue that this does not necessarily entail their conceptu-
alizations being shared. Ontology terms can be easily misinterpreted for many
reasons, such as synonymous concept definitions, misinterpretation of concepts
or different applications in end use. While it is true that a representation of
conceptualization may be shared, it is incorrect in saying that the conceptu-
alization itself is “shared”. Rather, for a conceptualization to be truly shared,

2 http://flickr.com
3 http://citeulike.org
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we must also fully represent how it is to be used. Our anecdotal experience is
that collaborative taggers tend to create metadata with their own end uses in
mind. So, collaborative tagging by its very nature lends itself to allow for sharing
conceptualizations with a representation of purpose.

2.1 Problems with Current Learning Object Metadata

The IEEE’s Learning Object Metadata (LOM) [10], is the most widely used
specification for learning object metadata. To fit into our discussion, we will
define the LOM as, a taxonomy of terms, some of which are constrained by
preset vocabularies. The LOM is a big and well designed specification, and has
in the neighborhood of 80 terms, but it is at the same time too broad and too
specific to be applied to all possible annotations. As described in [11], the LOM
requires a lot of information, but at the same time there may be information
not adequately represented. There is significant effort used to create and define
such a structure, and the training of instructors to provide good metadata when
learning objects are being created has been an ongoing issue. Even the creators
of the standard, the IMS Global Learning Consortium, note that the desire does
not exist in practice to support such a detailed structure:

“Many vendors expressed little or no interest in developing products that
were required to support a set of meta-data with over 80 elements [and
the] burden to support 80+ meta-data elements on the first iteration of
a product is too great for most vendors to choose to bear.” [12]

Further, we have seen in less detailed metadata, that non-expert annotators de-
sire help from experts while creating their metadata, and this is especially true
of relational types of data that are inherent in ontologies [13]. We can extend,
our discussion of taxonomic metadata, therefore, to the case of ontologies. The
difficulties associated with metadata can also be problems for ontologies. Com-
pounding the difficulty of using ontological metadata is the requirement that the
annotator has an in-depth knowledge of the use of tools and technologies. Thus
there exists a need to have ontological metadata more easily created and easily
used, while making help available throughout the authoring process.

2.2 Enter Collaborative Tagging

Though not nearly as expressive for machine knowledge as ontologies, collabo-
rative tags are more easily applied to resources because of their simplicity. Their
lack of expression can be seen in more complex domains - for instance, some
del.icio.us users have implemented a hierarchy of tags (effectively taxonomies)
by prepending categorical symbols to tags [14]. This ad hoc extension to col-
laborative tags still allows ambiguous semantics (e.g. is the child tag a more
narrow term from the parent, or are elements within the child a subset of the
parent?) and begins to become less useful for other users who are not using a
similar strategy. Further, collaborative tags have no property or predicate rela-
tionship explicitly implied by the tags. This is okay for humans who are good
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at determining which keyword implies which relation, but a computer would
have great difficulty doing the same thing. For instance, tagging the URL for
“Adaptive Hypermedia 2006 Conference” webpage, http://ah2006.org, with “se-
mantic”, “web”, “Barry” and “Smyth”. Humans seeing these tags can determine
fairly easily what the tags mean, especially if they know anything about AH2006.
They imply that the conference has some involvement with the Semantic Web
technologies, and that Barry Smyth is involved in its organization. We can see
that computers may have a great deal of trouble determining what a human can
see relatively easily. Even so, the second relation may be a bit of stretch even for
a human, because of other possibilities for the implied predicate (ie. “presenter
at”). Further, the computer may not be able to group the tags together effec-
tively, “semantic” and “web”, should really be treated as the compound term,
“semantic web”. These issues limit the approach greatly, not just for computers
since they create understanding problems for humans too.

With a lack of a hierarchy, tags associated with resources can grow to unruly
proportions, even for the tags of a single user. However, the lack of relational
information and the ease of simply using keywords without design allows users
to annotate more and worry less - if they miss an appropriate tag it is likely that
someone else in the community will get it. The universal applicability of this
approach arises despite what the majority in a tagging community would deem
erroneous tags or meta noise. Rather, it is this normally useless information
which allows the metadata to cater to minorities as well. Shirky, on his well
read posting, argues for the organic classification system of tags, over a the
rigidly dictated ontological techniques, “... del.icio.us has no idea what the tags
mean. The tag overlap is in the system, but the tag semantics are in the users.
This is not a way to inject linguistic meaning into the machine” [15]. His point
hits directly at the main problem with collaborative tagging: the semantics of
the tags are only useful for human consumption and computational entities can
provide only limited reasoning in a collaborative tagging system. This is in some
ways a catch-22: collaborative tagging harnesses the power of the community
and has been shown effective in creating large amounts of metadata quickly,
but this metadata is limited to human consumption only, which can be quickly
overwhelmed. Ontologies (in the semantic web sense), on the other hand, were
designed specifically to provide rich machine decidable semantic representations.
These semantics are found within the subject-property-object relations that have
been defined by the W3C’s core ontological RDF technologies. This technique
of knowledge representation allows for more intelligent searching and reasoning
over resources, as can be seen in [16].

The idea of combining community knowledge sharing techniques with writ-
ing RDF statements has resulted in the award winning Confoto4.Confoto, like
Flickr creates annotations of pictures; however, it uses RDF statements instead
of keywords. Unfortunately, the application falls short of reaching the ease of
use of Flickr. Further, there is no way to extend the knowledge represented in

http://www.confoto.org4

6 Scott Bateman, Christopher Brooks and Gord McCalla



the application, as its annotations are based on a closed set of ontological terms,
and there is no authoring support for metadata creators.

The examination of ontologies and collaborative tags closes with a brief ex-
amination of the process for creating metadata with each approach. Steps in a
standard approach might include:

1. learning languages for writing ontologies (RDF, RDFS, and possibly OWL)
2. designing an ontology for the domain or finding and customizing an existing

domain ontology
3. creating metadata with instances that fit the ontology
4. assess the ontologies usefulness for some application(s)
5. return to the design step when the ontology doesn’t meet all needs

The de facto standard for creating metadata with collaborative tagging is much
simpler:

1. write appropriate tags (keywords) taking into account community recom-
mendations, until you think you have enough

3 CommonFolks

3.1 The Approach

With CommonFolks, we wish to define a method for anyone to easily annotate
learning objects with metadata, while providing enough semantics to map meta-
data and thus meet the needs of adaptive e-learning systems. The name Com-
monFolks borrows from the etymology of folksonomy - we want “commonly” de-
fined and used metadata, designed by people without special training (“folks”).
Using the same techniques to annotate resources with keyword tags, annotations
can be made with subject-predicate-object triples as seen with Confoto.

Collaborative tags are simple because they are based on natural language.
Therefore, our only prerequisite knowledge for their creation is knowledge of
English. Granted, while these keywords sometimes become symbolic compound
statements [14], they nonetheless have natural language connotations for their
authors. We take the advice offered by Smith, et al. in the OWL Guide,

“We want simple assertions about class membership to have broad and
useful implications. This is the hardest part of ontology development. If
you can find an existing ontology that has already undergone extensive
use and refinement, it makes sense to adopt it.” [17]

WordNet [5] is both an ontology that represents natural language as well as
an instance database of English terms, which is based on research into human
lexical memory. It provides a lattice work of the English language, where terms
(words or compound words) have relations to descendant terms (hyponyms) and
ancestor terms (hypernyms). The structure of the relations of the lattice imply
an “is a” (subclass) relationship. For instance fig. 1.i shows the lattice for the
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Fig. 1. Examples from the WordNet lattice: (i) shows the lattice for the first sense of
“hat”. (ii) shows the meronyms or parts of a hat. (iii) shows how we can add a term
“XML” to extend the WordNet lattice with new terms.

first sense of term “hat”. Multiple senses of a term therefore implies a lattice for
each sense, where based on sense of a term, there are different “is a” relation-
ships. Further, it provides synonymous terms, antonyms (negative senses of the
term), and any derived terms for each individual sense, if they exist. WordNet’s
“part of” relationships are shown in 1.ii. Here we see the meronym relation,
<hat> <has part> <brim>. Finally, the last relationship we will mention is, an
instance. An instance, is a real-world example of a term; <“Sir Walter Scott”>
is an <instance> of <author>.

3.2 Putting CommonFolks to Work

We will now show how we can leverage WordNet and collaborative tagging tech-
niques to be applied in metadata creation. The CommonFolks lattice contains
the WordNet lattice plus any terms that have been added. Tagging in Common-
Folks, as in RDF, is simply adding a predicate and an object to a given subject (a
resource, typically the learning object). Rather than designing an ontology and
then providing instances that fit the ontology for given resources, we are able to
skip the design process and begin using instances to describe our resource, since
instances will be added to or exist in the WordNet lattice. We can later infer a
domain ontology for a set of tags (instances used to describe resources) at any
point, based on our own or the communities annotations. We will refer to the
CommonFolks Tools (CFT) as a web application that facilitate CommonFolks
metadata creation and collaborative tagging techniques. The general process of
using CFT is now shown in a example of annotating a learning object.

Consider a learning object about XML. The URI we have associated for our
learning object is http://example.org/lessons/XML-Intro. Our first step is to
declare what a learning object is. Considering that we have not first declared
what a “learning object” is using CFT, and it is not a term available in WordNet,
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we must first add it to the lattice. We will now either search or navigate through
the WordNet lattice to find what we consider to be the best place for “learning
object”. CFT be able to give recommendations (provided other CFT users have
already added the term “learning object”) - imagine that CFT recommends
a few possibilities and the most widely used parent for “learning object” is
“school text”. The most popular choices for the position of “learning object”
represents a form of community consensus. We decide that this is a good idea
and add it to have “school text” as a parent. We have now implied the “is a”
relationship and that “learning object” is a “school text” and that “learning
object” is also all the other ancestors in the lattice for “school text”. Now we
use the same process to add the URI, which represents the XML tutorial, which
is an instance. We choose the parent of http://example.org/lessons/XML-Intro
as our new term “learning object”. We have now added the minimal amount of
information required in CommonFolks. We have already implied our first “tag”
or predicate-object relationship to our subject; the URI is a “learning object”.
However, let us now explore how to declare more information about our “learning
object”. It should be noted, that from now on, CFT will keep track of our new
terms, and they will no longer need to be added; further, any new additions we
make will be checked to disallow any contradictory or inconsistent statements.
Considering that people have already added “learning object” as a term, they
have probably also made some tags on “learning object” objects. This being said,
CFT will point out the most commonly used properties for “learning object”,
the URI, or any of the ancestors in the lattice.

Next, consider adding an annotation to describe the XML tutorial and re-
ceiving two community suggestions that are very similar. For this example we
will want to declare the subject of the tutorial (which we will say is XML).
In our selection list of properties assume we can see two properties that could
accurately denote what we want, “has subject” or “is about”. This will come
down to personal preference, which could be based on reading some of the most
common definitions associated with the properties, on how they are ranked or
some other preference. If nothing is appropriate then we will just add our prop-
erty using the same method as for adding the term, “learning object”. For our
example we will choose, “has subject”. Making a wrong choice is not an issue,
since we can consolidate our RDF representations by changing the property
value at any time in the future. Mappings between different choices are also
reflected in our new RDF representation, so as to accommodate for any previ-
ous knowledge conflicts. Having the property for our annotation selected (“has
subject”) we need to define the object part of our triple statement. Assume
that XML is not available as a term in WordNet or as an added term in Com-
monFolks. With no community recommendation, we are on our own, but we
can search for a closely coupled term. “Markup language” is an existing term
in WordNet, and seems like a good candidate. We receive confirmation by see-
ing that HTML already exists in WordNet and has “markup language” as a
parent. By adding XML, the lattice is extended as in 1.iii. We can also, add a
definitions for XML, which is just a RDF literal (text), this will used by oth-

Collaborative Tagging Approaches for Ontological Metadata 9



ers to decide if they like our definition and placement in the lattice for XML.
The new statements describing the our learning object which is a XML tutorial
are: <“http://example.org/lessonsXML-Intro”> <is a> <learning object> and
<“http://example.org/lessonsXML-Intro”> <has subject> <XML>.

We have now seen an example of how CommonFolks facilitates the metadata
creation process. We have also shown community support during authoring and
have a method to move towards community consensus using our collaborative
tagging techniques. Since we have our terms associated on a natural language
framework, contrary to Shirky’s earlier quote, we have “injected linguistic mean-
ing” [15] and thus semantics, using a keyword-like tagging approach.

3.3 Prototype Assessment

We have created a prototype of the CommonFolks Tools approach to annotating
metadata. It allows for the annotation of resources as described in section 3,
without the collaborative suggestion functionality. The prototype was created to
better assess if the approach would actually facilitate the creation of metadata
annotations. We compared this method for creating metadata with that found
in Aloha2,5 which provides a form for annotating a learning object with IMS
Learning Resource Metadata (IMS LRM - the precursor to the IEEE LOM).
Our observations suggest that our method would be more intuitive for new users
because of the availability of definitions and reference to the natural language
lattice. Further, CommonFolks will provide the ability to extend metadata not
represented in Aloha2 as it only represents the information provided in the IMS
LRM. However, our prototype does not provide a reference to the requirements
for standards such as the IMS LRM, but such standards can be predefined in
CFT with the use of domains, as described in the last sub-section.

We are currently running a more detailed study on the kinds of keywords
that instructors and learners associate with learning objects. In this study, we
have collected a set of keywords from subject matter experts on content written
in the domain of artificial intelligence. At the same time, a group of 100+ entry
level university students are providing similar content-related keywords. We plan
to qualitatively analyze the differences between these two groups to assess the
usefulness of collective novice behavior versus limited expert opinion. In a second
round of study we intend to introduce another set of students and instructors
to the CommonFolks approach, and compare the quality of annotations created,
the time it takes to create these annotations, and breadth of coverage of the
annotations.

4 Future Work

4.1 Dealing with Breadth and Disagreements

We foresee two possible methods for dealing with the breadth of tags or annota-
tions made by users. This breadth needs to be dealt with in a manner to allow
5 http://aloha2.netera.ca/
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users to receive the best possible support in using the system and contribut-
ing to the community of annotations. The first is to use collaborative filtering
to make predictions for recommendations to users. While the second is to use
meta-tagging to create domains and sub-domains (effectively sets and sub-sets
used in recommendations).

It should be noted that within community disagreements are surely to arise.
The goal is not necessarily to resolve disagreements between all parties but rather
to acknowledge them and allow them to occur, as is the practice in collaborative
tagging. CommonFolks then is not a way to create an authoritative ontology,
rather it is a method to encourage consensus through use by annotators. Due
to CommonFolks being a thesauri (as is WordNet), automatically consolidating
differences by referencing the relations between terms (if they exist) is possible,
and where no relation exists the level of community support can be referenced.

4.2 CommonFolks in RDF

The fundamental building block of web ontology languages is RDF. Common-
Folks metadata will be written purely in RDF, using the Simple Knowledge
Organization Scheme6 (SKOS) or by extending an existing WordNet implemen-
tation using the Web Ontology Language7. Thus data interchange using Com-
monFolks and a way to fully express the instances, terms and mappings created
in the CommonFolks tools will have strong compatibility with current adaptive
e-learning systems.

5 Conclusion

In this paper we have introduced a framework, to facilitate human metadata cre-
ation for consumption by humans and machines. Having partially implemented
CommonFolks Tools in a prototype (where annotations can simply be made using
terms existing in WordNet) we are encouraged by the outlook for our continuing
research in this area. The issue of creating high quality consistent metadata for
learning resources in a timely fashion has plagued the e-learning area since the
inception of the LOM as a standard. We have suggested a collaborative approach
which leverages work done in human lexical memory to overcome the problems
associated with formal ontology creation.
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Abstract. This article aims at defining a context ontology of teacher’s personal 
annotation, in order to use it in a context-aware annotation tool “MemoNote”. 
Starting from a general definition of the context and its application to teacher’s 
annotation, we define the uses of active and passive contexts in MemoNote 
(annotation ontologies selection, annotation memorization, pattern definition 
and selection). We then develop completely teacher’s annotation context 
annotation ontology using the classical method specified for Protégé. Finally 
the current state of the tool development is sketched, in terms of context-aware 
functionalities. 

1 Introduction 

As in traditional education, documents are one of the main resources handled in e-
learning. Since these pedagogical documents are digital in this case, textual and 
graphical annotations taken by teachers directly on documents need also to be digital. 
Moreover, these digital annotations can be capitalized into a digital and personal 
memory in order to be retrieved later. The MemoNote tool [2] aims at providing such 
a digital and personal memory based on annotations made on pedagogical document. 
It enables teachers and learners to annotate digital documents with their own 
comments and point of view as on paper. Relying on ontologies [6], the annotations 
created in the tool have an explicit semantics for both the annotator and the digital 
memory. In this paper we focus on annotations made by teachers during various 
teaching activities (preparing a lesson, teaching it, marking an exam …).  

Taking into account the personal and semantic aspects of annotation [2] is the core 
of MemoNote tool, but it needs also to take into account the fact that people annotate 
differently according to the current context [15]. Consequently MemoNote needs also 
to adapt its services and functionalities in accordance with the teacher’s annotation 
context. This adaptation would enable MemoNote to personalize and contextualized 
teacher interaction. It is then necessary for MemoNote to incorporate a context model, 
to represent all the relevant context data. From the various possible models to 
represent the context, a solution is to choose an ontological representation, which 
respects Buccholz assertion [4] “A representation of the context information should be 



applicable throughout the whole process of gathering, transferring, storing, and 
interpreting of context information”. 

Our objective in this paper is to model a context ontology to be used by a specific 
e-learning application, MemoNote.  

The article is organized as follows. In the first section, we study the context in 
order to define it and to explore the ways it has been used in e-learning. In section two, 
we describe MemoNote annotation tool, the way it uses context and we define what is 
teacher’s annotation context. This leads us to develop in section three, following a 
classical method of ontology design, the teacher annotation context ontology. Finally 
we describe how this context ontology is implemented into MemoNote functionalities. 

2 Context in e-learning 

2.1 Definition of context 

According to the Free on-line dictionary of computing [12] the context is “that which 
surrounds, and gives meaning to, something else”. The basis of this definition is that 
the context cannot be defined solely, without considering the object it concerns, the 
context of something. This definition expresses also that the context of something is 
external to this something, outside of it. Finally, this definition states that from the 
various objects, events, person that surrounds something, the context is restricted to 
the meaningful elements as regards to this something. 

We can then reformulate more formally this definition by “the context of an 
element X is the set of elements Y such as: 

- Y is around X 
- Y gives meaning to X” 

We need to accurate this definition in the case of software applications to specify 
which properties are considered to describe the context elements. 

This lead to the following definition: “The context is meaningful properties about 
that which surrounds, and gives meaning to, something else”. It means that not all the 
properties of the context elements are considered, but only the meaningful ones 
regarding what the context is about. Formally, the new definition is then 

“The context of an element X is the properties P of any element Y such as: 
- Y is around X 
- Y gives meaning to X 
- P is meaningful for X. 

2.2 Context uses in e-learning. 

According to [5] there are essentially two ways to use context: automatically adapt 
the behaviours according to discovered context (using active context), present the 
context to the user on the fly, or store the context for the user to retrieve later (using 
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passive context). Chalmers elaborates by identifying six uses of contextual 
information that we incorporate in the Chen’s two ways of using context: 

• Using active context. 
oTo reconfigure 
� Available services. Context aware configuration e.g., to cause printing to 
be on the nearest printer, or cause selection of nearby proxies when needed. 
� Services or data presentation. Context aware presentation refers to the 
adaptation of the user interface or the presentation of data, e.g. adjusting 
interaction widgets according to the display device.  

oTo adapt behaviour. Contextual mediation is the use of context to modify 
services provided or the data requested to best meet the needs and limits 
arising from the context of the interaction. 

oTo trigger actions. Context triggered actions such as loading map data for the 
predicted next location. 

• Using passive context. 
oTo inform users. Context display where sensed context is presented to the user, 

e.g. display of the current location.  
oTo memorise contextual data. Contextual augmentation annotates data with the 

context of its generation, e.g. meeting notes can be associated with people 
attendees and the meeting location. 

Context in e-learning is not currently broadly used and related literature is recent. 
Dichev and Dicheva [9] use context for information seeking in a knowledge base 

where concepts are linked through relationships. It is a kind of passive use of context 
intending to inform users, where the objective is to provide the learner with the 
situation of the concept in the knowledge base.  The context of a concept t in this case 
is the set of contexts c such as c and t are arguments of the same relation (weak 
context) or the set of relations r where t is an argument of r (strong context). 

Derntl and Hummel [7] use context to control the learner’s activity in two ways: 
• Choosing the next activity depending on the current context. 
• Altering the way the next activity is conducted (minor variations). 

They are both active uses of context intending to reconfigure the e-learning service. 
In this case, context is mainly the physical entities in the room (laboratory equipment, 
books, and people). 

Muhlenbrock [17] is using the context to help teachers to form groups of learners. 
It integrates to learner profile, context data such as sensor-derived activity and 
availability. The system is based on a probabilistic approach automatically learning 
individual characteristics and indicating relevant situations.  It is a kind of passive use 
of context intending to inform users (teachers) on the learners needs regarding joining 
a group. 

Schmidt and Winterhalter [22] are using context to retrieve relevant learning object 
for a given user. The matching service computes a similarity measure between the 
current user context abstraction and the ontological metadata of each learning object 
and then can present a ranked list of relevant learning objects. It is a kind of active 
use of context intending to reconfigure available services (learning objects). 
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3 Teacher’s annotation context 

Semantic annotation in e-learning concerns two types of activities. The most common 
is the semantic annotation of resources in order to describe their content and help 
retrieving them [3]. The second one aims at memorising the reader’s viewpoint. The 
MemoNote tool we are developing is concerned with this kind of semantic and 
personal annotation-based memory.  

MemoNote is the generic name for a set of tools providing memory facilities to the 
various e-learning actors, mainly learners and teachers. Two versions have been 
currently implemented, a Tablet-PC version for mobile use and a Web-based version. 
The focus in this paper is on the MemoNote version that is dedicated to teachers. 

To represent the semantic and personal viewpoint of a given annotator, MemoNote 
represents teacher’s annotation with three facets [1]. 

• The semantic facet represents why the annotation was created by the teacher, 
its content, its addressee and its value for the teacher (confidence and importance). 

• The physical facet represents the document side of the annotation that is its 
visible form and its anchor on the document. 

• The episodic facet represents the context in which the annotation was created, 
described by the pedagogical situation and the annotation author. 

Most of these facets attributes are represented with ontologies, depending on the 
current e-learning context. The set of these ontologies is called “annotation 
ontologies”. 

The two main functionalities of MemoNote are to memorize annotations during the 
document use and to remind annotations created in the past. To create these 
annotations, MemoNote provides the annotator with two functionalities, manual 
annotation and semi-automatic annotation using annotation patterns. Each annotation 
pattern formalizes an annotation habit. It enables then MemoNote to deduce the 
annotation’s semantics from the annotation form chosen by the teacher. For example 
if the teacher annotates a text using a question mark, MemoNote deduces that the 
teacher has annotated to memorize that he has not understood this passage. 

The manual annotation functionality is a kind of both passive and active use of 
context. The passive use consists in memorizing the current context in the annotation 
object (episodic facet). The active use consists in changing the set of annotation 
ontologies, for example, the semantic annotation facet refers to different ontologies if 
the context is “Chemistry lab” or “Mathematics lecture”.  

The semi-automatic annotation using patterns functionality is a kind of active use 
of context. The tool is able to automatically select and display annotation patterns that 
are suitable to the current context. 

Finally, the pattern creation functionality is a kind of passive use of context. The 
tool automatically records the current context into the pattern at its creation. 

The context of teacher’s annotation activity can be defined following the generic 
definition provided in section 2.1 as follows: 
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The properties P of any element Y such as: 
- Y is around the teacher’s annotation activity 
- Y gives meaning to the teacher’s annotation activity 
- P is meaningful to the teacher’s annotation activity. 

4 Annotation context ontology 

There is no one “correct” way or methodology for developing ontologies and several 
methods are proposed aiming at ontology design and development. To design the 
annotation context ontology we follow the iterative approach for ontology 
development proposed in [18]. 

4.1 Ontology domain and scope 

We start the ontology development by defining its domain and scope and this by 
answering the following questions: 

What is the domain that the ontology will cover?  The domain of our ontology is 
the context of the teacher’s annotation activity. Therefore it is unlikely that the 
ontology will include concepts about learner’s annotation, or teacher’s annotation 
concerning his/her lectures out of his/her teaching activities. It does not include either 
semantic web annotations, which are not aimed directly to human use, but which are 
aimed to be machine interpretable. 

For what are we going to use the ontology? We need to use this ontology to 
incorporate both passive and active context-awareness functionalities in MemoNote.  

These uses, described in section 3, are presented following the Chalmers 
categorization as follows: 

• Using active context to reconfigure services or data presentation. 
¾ Contextual patterns selection 
¾ Contextual configuration of annotation ontologies 
¾ Contextual assistance at the pattern management 

• Using passive context to memorize contextual data 
¾ Passive context memorization of annotation 

We have to keep in mind these contextual functionalities during the design process 
by eliminating the annotation context related terms which are not relevant to these 
functionalities. 

Who will use the ontology? This ontology is not aimed at human use, but it is 
aimed at machine processing, enabling MemoNote to provide context-aware 
functionalities.  
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4.2 Reuse of related work 

The aim of this step is to reuse existing ontologies, even if they are aimed at other 
uses. This avoids us to develop the ontology from scratch. Anyway, these ontologies 
have to be adapted and refined.  

Several context ontologies are defined in the literature, most of them (generic 
ontologies) concern mobile and pervasive computing [23], [19], [20], [5], [13] ,[11] 
and some concern e-learning [10], [14], [21] [8]. 

These ontologies claim that important aspects of the context of a given user’s 
activity include the following elements: 

1. Computing profile. Available processors, accessible devices for user input 
and display, network capacity, connectivity, and costs of computing. 

2. User profile. Location, collection of nearby people, and social situation. 
3. Physical profile. Lighting and noise level. 
4. The time. Such as time of a day, week, month, and season of the year. 

Both generic and e-learning ontologies share the same upper part of the ontology 
which corresponds to the context categories described above and that the annotation 
context ontology should reuse. In addition to these elements, the e-learning ontologies 
provide specific e-learning concepts as: organizational role [21], e-learning services 
[8], pedagogical resource, institution, domain, learner’s activity, teacher’s activity, 
place… [10]. 

4.3 Concepts identification and hierarchy 

To identify the ontology concepts, we apply the definition of the annotation activity in 
e-learning (see section 3). It means to identify elements/concepts which are around 
the annotation activity and which are meaningful for it. These concepts are relevant 
regarding the context uses in MemoNote.  

We apply the definition for each one of the following steps: 

1. Using concepts gathered from generic ontologies 
• For passive context use, we keep the user profile (user=teacher) as MemoNote is 
a personal memory, and the time.  
• For active context use, we keep both the computing (software and hardware) and 

the user profile (user=teacher) as MemoNote adapts its behavior depending on them. 
• The physical profile (like temperature and humidity) is not meaningful as 

MemoNote only deals with annotation on documents where physical elements have 
little impact. 

2. Using concepts gathered from e-learning ontologies 
• For passive context use, we keep learner activity, teacher activity, learning 

domain and learning degree and place that are relevant for annotations retrieval.   
• For active context use, we keep learner activity, teacher activity, learning domain 

and learning degree as MemoNote adapts its behavior depending on them. For 
example, the pattern contextual selection depends on the learning domain.  
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3. Complete the ontology by meaningful concepts 

• We need to add two relevant concepts for active context use. MemoNote needs to 
know which annotation tool (PC version, web version…) is used by the teacher and 
in which host system (Windows, Linux, LMS…) the teacher is using the annotating 
tool. MemoNote uses this data to adapt patterns selection. 

We structure these concepts in a hierarchy following a top-down approach leading 
to the following ontology concepts: 
• Context 
• Computing 

o Computing Software 
� Annotation tool 
� Host system 

o Computing Hardware 
• Teacher 
• Learning Activity 

o Learning Domain 
o Learning Degree 

• Teacher Activity 
• Place 
• Time. 

4.4 Classes properties 

As the classes alone do not provide sufficient information to represent the context of 
annotation activity, we must then describe the inner structure of each concept. 

We have already identified concepts (classes), which are meaningful for annotation 
activity in e-learning. For each concept we identify meaningful properties as specified 
in the definition of the annotation context (see section 3). 

As result we obtain the following properties: 

Table 1. Concepts properties 

Ontology concept Property Type 

Context 

AnnotationTool 
HostSystem 

contextID 
usedTool 
currentHost 
usedDevice 
annotator 
currentTeachingActivity  
learnerActivity 
currentPlace  
currentDate 
Name 
Name 

String 
Instance of AnnotationTool  
Instance of HostSystem 
Instance of Hardware 
Instance of Teacher 
Sub-concept of TeachingActivitie 
Instance of LearnerActivitie 
Instance of Place 
Date 
String 
String 
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Hardware name String 
Teacher Name String 
Teaching activity name String 
Learning activity  Name String 

learningDomain Sub-concept of Domain 
learningDegree Sub-Concept of Degree 

Learner domain Name String 
Learner degree Name String 
Place Name String 
Time Date Date 

The following table provides the is-a hierarchy of each concept of this ontology.  

Table 2. Concepts hierarchy 

¾ Software ¾ Learning activity 
o MemoNote-PC o Course 
o MemoNote-Web o Exercise 

o Labs 
¾ Host system o Simulation 

o Operating system 
o Mac OS ¾ Teaching activity 

o Assessment • Mac OS X 
o Design • Mac OS Tiger 
o Doing o Windows 
o Preparation • Windows XP 

o Linux 
¾  Learning domain • Linux Mandrake 
o Chemistry • Linux Red-Hat 
• Organic o Other 
• Mineral o Browser 

o Mathematics o LMS 
• Algebra 

¾ Hardware • Geometry 
o Personal assistant 

¾ Learning level o Personal computer 
o Bacheloro Tablet pc 
• Bachelor 1 

¾ Teacher • Bachelor 2 
• Bachelor 3 

¾ Place o Master 
o School place • Master 1 
• Library • Master 2 
• Labs room 
• Meeting room 

o Home 
o Public transportation 
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4.5 Instances 

The last step is creating individual instances of classes in the hierarchy. We provide 
such two instances in the following table, demonstrating the coherence of the 
ontology. 

Table 3. Two instance samples 

Property Sample value 1 Sample value 2 

contextID C152 C123 
usedTool MemoNote-PC MemoNote-Web 
currentHost Windows XP Browser 
usedDevice HP-TC 1100 PowerBook G4 
annotator Cathy David 
currentTeachingActivity  Preparing Reviewing 
learnerActivity LA12 LA27 

Chemistry Algebra 
Master 1 Bachelor 2 

currentPlace  Lab45 Public Library 
currentDate 12/10/2006, 10h45 22/02/2006, 15h40 

5 Current state of implementation  

MemoNote’s architecture is context-centric, it is based on autonomous components 
with precise responsibilities. Indeed, a dedicated context capture component gathers 
the required context data and sends it to the context manager. This latter builds an 
instance of the context ontology. According to this instance values, MemoNote adapts 
its behaviour and functionalities. The current state of implementation of context-
awareness in MemoNote is different depending on the platform in which it is 
implemented.  

5.1 Tablet-PC version 

MemoNote was first developed on Tablet-PC computers on WindowsXP for mobile 
uses. This version is based on Mobipocket Reader [16], a multiplatform e-book reader, 
working with document in OEB (an XML-based format). This requires converting 
document (.doc, .html) to this format prior to read and annotate them. 

In this version, annotation ontologies and annotations are represented with XML 
whereas pattern and context are represented in RDF. 

It provides the following context-aware functionalities: 
¾ Contextual patterns selection 
¾ Contextual assistance at the pattern management 
¾ Passive context memorization of annotation 
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Contextual configuration of annotation ontologies is no yet implemented and the 
teacher needs to change manually the configuration of these ontologies. 

The context is currently gathered at each session change, by asking the teacher to 
himself/herself provide context information.  

5.2 Web-based version 

MemoNote’s last version is a Web-based one. It is developed using JavaScript on the 
client side and a ZOPE annotation server.  Annotations can be made on HTML 
documents.  

In this version, annotation ontologies are represented in OWL, and annotations in 
RDF.  It does not include semi-automatic annotation with patterns for the moment and 
then it provides only context-awareness for memorizing contextual annotation data. 
As for Tablet-PC version, the context is gathered at each session change, by asking 
the teacher to himself/herself provide context information. 

6 Conclusion and future work. 

Starting from MemoNote core functionalities enabling teacher to memorize semantic 
and personal annotations, our objective was to extend them with context-aware 
capabilities thanks to a context ontology. 

We defined precisely what is the context of a teacher’s annotation activity, that is 
“meaningful properties about that which surrounds, and gives meaning to teacher’s 
annotation”. We categorized MemoNote context uses in terms of active and passive 
context. 

From this definition and these uses, we have been able to develop a context 
ontology for teacher’s annotation activity that includes generic properties (computing 
– software and hardware, place, time, user) and specific e-learning properties (teacher 
activity, learner activity, learning domain and degree). 

This ontology has been integrated into MemoNote TabletPC version, particularly 
for context-aware pattern functionality. 

A short-term perspective is to integrate the whole set of context-aware 
functionalities in the Web version of MemoNote, taking advantage of the Semantic 
Web standards for ontology (OWL) and annotation (RDF) (like reasoning about 
context and context constraints). This Web version could also easily be integrated into 
a Learning Content Management System (LMCS) and automatically picks up context 
information from it. 

We could also study how to augment MemoNote context-awareness by developing 
lacking uses regarding the uses categorization we provided. Triggering actions on 
context change means in our case to automatically trigger annotation behavior 
previously attached to annotation, we call pro-active annotation (for example a 
reminder depending on the date and student activity). Available services depending 
on context could mean in our case to restrict the annotation retrieval to the 
annotations matching with the current context. 
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Abstract. One of the main purposes of using ontologies for knowledge

modeling in adaptive systems is knowledge reuse and interoperability.

Commitment of knowledge models to a common ontology can potentially help

to solve a number of traditional problems found in adaptive systems, including

crossapplication personalization. A new version of the adaptive educational

hypermedia system QuizGuide integrates two domain models, based on

different conceptualizations of C programming, and models student knowledge

according to both of them. In this paper, we analyze the benefits of the
integration due to the interaction of these models and discuss the forthcoming

evolution of the system, based on communication with the ontology server.

1 Introduction

Presently, ontologies are becoming a widely used tool for modeling knowledge in

adaptive web systems (see for example [1, 2, 3]). One of the leading application areas

for this trend is Elearning. The intentionality and explicitness of ontologies as a

methodology for specification of the conceptual structure of a domain [4] open broad

opportunities for designing shareable and reusable knowledge models. Developers of

adaptive educational systems can greatly benefit from these features, and apply

ontological engineering to address some of traditional challenges of intelligent

systems, for example:

 the authoring time of new systems can be reduced through the reuse of existing

ontologies;

 knowledge base interoperability, combined with standard communication

protocols, can lead to crossapplication personalization, thus resolving the

“cold start” problem and potential discrepancies between the “knowledge in

the model” and “knowledge in the world”, i.e., the actual knowledge of a

student using several systems within one domain.

The latter problem, which is the main focus of this paper, has attracted the attention

of many research teams. Two main approaches to the development of architectures for

crossapplication adaptation are:

 a decentralized, agentbased architecture, where students’ profiles are usually

stored on the user side and are updated when the user agent communicates

with adaptive applications, using shared ontologies [2];



 a centralized serverbased architecture, where systems exchange user models

through the central ontology server [5, 6, 7].

There have been also reported attempts of separate systems integration on the basis

of a shared ontology and cooperative student modeling [3].

The majority of such projects are deliberately designed and developed within the

framework of the ontological modeling of the knowledge underlying the systems.

However, a great deal of existing adaptive educational systems, though proven to be

effective learning tools, have abandoned this process of integration and consequently

their users will potentially suffer from the shortcomings of standalone adaptive

applications. The knowledge models of such systems often contain simply a flat list of

concepts. Sometimes, concepts are connected with prerequisiteoutcome relations.

One can hardly call these models ontologies, since they are really merely domain

conceptualizations. Although such applications will never fully benefit from

ontologybased user modeling, we think, that it is still possible to “teach” them to

communicate their models and hence improve adaptation quality.

In this paper we report the first steps in this direction. Instead of making two

systems interact with each other, we have developed a new version of the system

QuizGuide [8], which integrates two different conceptualizations of the same domain.

Student knowledge is modeled according to both of them. Different parts of the

interface reflect data from the different models; moreover, the models can interact and

compensate for each other. The purpose of this paper is to investigate possible ways

of improving the adaptation process, since QuizGuide has access to parallel user

models.

This paper is organized as follows: The next section briefly describes the student

interface and adaptation process within QuizGuide. Then, in section 3 we specify two

knowledge models used by the system and analyze the benefits that arise from their

integration and interaction. Finally, the fourth section discusses the Server of

Educational Ontologies for Adaptation, which is the next stage of the process of
2

ontology integration into our architecture for distributed learning ADAPT [6].

2 QuizGuide: Adaptive Annotation for SelfAssessment Quizzes

QuizGuide is an adaptive hypermedia service for selfassessment quizzes on subjects

related to Cprogramming [8]. It informs students about their knowledge, progress

and the current learning goal by means of adaptive annotation. The minimum unit of

learning content in QuizGuide is a question, presented to a student in the form of a

simple C program. Students have to analyze the program and fill in the answer, which

is either the final value of a target variable or an output printed by the program (fig. 1,

right frame).

QuizGuide has been used in real class settings for about 2 years now. Several

evaluative experiments have demonstrated its effectiveness as a learning tool for the

selfassessment of a student’s knowledge (see, for example [9]).

Questions in QuizGuide are combined into quizzes, which in turn are categorized

by coarsegrained topics. Finally, topics belong to learning goals, which are the

internal synonym for lectures.
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The link to each topic is annotated with an icon showing a target with (or without)

arrows (fig. 1, left frame). The number of arrows (from 0 to 3) reflects the system’s

assessment of the student’s knowledge of a certain topic, as measured by his/her

performance on the quizzes within this topic (no arrows represent no or very low level

of knowledge, three arrows represent the maximum level of knowledge). The color of

a target represents the relevance of a topic to the current learning goals of the class.

Topics form a prerequisiteoutcome structure. Every time new topics are introduced in

a lecture, they are annotated with a brightblue target. Topics which serve as

prerequisites for any of the current topics have lightblue targets. All other passed

topics are assigned grey targets. Finally, topics that belong to the learning goals not

yet covered in class are annotated with crossed targets.

Fig. 1. The student interface of QuizGuide: the topicbased annotation of quizzes is combined

with additional conceptbased cues, for questions inside a quiz.

A newlyadded feature of QuizGuide is the indexing of the same set of activities in

terms of finergrained concepts. It provides the basis for the adaptive annotation of

specific questions. Concepts can play different roles in a question: either they can be

prerequisites – meaning that the knowledge of these concepts is necessary to

understand the question – or they can serve as outcomes – meaning that a student can

learn these concepts by working with the given question. A question icon encodes

these two kinds of information:

 a summary of progress made by all students on that specific question;

 the system’s assessment of the current student’s knowledge, which are related

to the outcome concepts of that specific question.
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Question progress is a binary entity. It reflects whether the specific question has

been solved correctly at least once. The system does not differentiate between

answers to novel questions and questions which have been previously attempted. As

soon as a student submits his/her first correct answer to a question, the corresponding

icon receives a checkmark. This can help students choose between similar questions

which are characterized by highlyintersecting sets of concepts. If one of these

questions has a checkmark and another does not, the student may still be interested in

testing her/his knowledge of that set of concepts, covered in these questions, and will

thus be guided to choose the unsolved question.

QuizGuide expresses its assessment of the student’s knowledge of a certain

concept by attracting the student’s attention to the questions where this concept plays

an outcome role. The color of small target icons, representing questions, encodes the

level of focus a student should have on these questions. The less cumulative

knowledge a student has about the outcomes of the question, the more intense the

color of the corresponding icon. There are five levels (and correspondingly four

thresholds to switch between these levels) and the color may range from deep blue to

light blue. When the cumulative knowledge level of the question’s outcomes is high,

its discolored target leads the student to choose another question.

It is possible that a question which has never been accessed (or answered correctly)

by a student, obtains the cumulative knowledge of the top level. The explanation for

such a scenario would be that the student has increased her/his level of knowledge for

all the outcomes of the question by working with other questions that include the

same concepts. In this case, the question is annotated with a light blue target without a

checkmark.

Figure 2 summarizes the annotation used by QuizGuide.

a) b)

Fig. 2. Annotation in QuizGuide:
a) Topicbased annotation of quizzes, reflecting the level of knowledge and relevance to the

current learning goal;

b) Conceptbased annotation of questions, reflecting the cumulative level of knowledge for all

outcome concepts and progress on that specific question.

3 Two Conceptualizations of the Domain

Utilization of two parallel conceptualizations of the same domain makes

QuizGuide rather an unusual system. We intend to show here that although these

models are not ontologies, it is possible for them to interact and for the system to

improve its adaptation based on such interaction. However, we first need to explain

the details of each conceptualization.
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3.1 Differences between the Topicbased and Conceptbased Models

These models are quite different, starting with the philosophy behind them. Topics

provide a useful way of learning material in an aggregate fashion. They organize

subjects for teachers in a natural approach, dividing the course into logically separate

units and assigning appropriate activities to each. QuizGuide uses topics in two ways:

as domain units for modeling and adaptation to the student’s knowledge, and as

interface elements used for structuring and navigation. In contrast, concepts are the

basis for a much finergrained domain model. They implement the traditional way

that intelligent systems describe a domain, where knowledge is purposely modeled as

precisely as possible.

Table 1 summarizes some of the quantitative metrics of the topicbased and

conceptbased models of QuizGuide. It is easy to see, that while those of the topic

model do not exceed manually manageable numbers, the conceptbased model is

much larger. Because of this, we have implemented the automatic indexing of content

and the extraction of prerequisiteoutcome relations for this model. We distinguish

here between ontological relations like “partof” or “isa” and the prerequisite

outcome relation. First of all, the prerequisiteoutcome relation does not reflect the

intentional semantic link between domain concepts. Instead, it specifies task

dependant constraints; the task here is learning. Secondly, they do not represent a

shared belief about the conceptualization, since a broad class of domains allows every

instructor to choose his/her own order of teaching the material and, hence, the

identification of his/her own prerequisiteoutcome structure of the domain.

Table 1. Some quantitative metrics of topicbased and conceptbased models.

Total number Ontological Relations PrerequisiteOutcome Indexes

Relations

Topics 22 0 36 171

Concepts 246 (50)* 245 754 2461

*  currently available for automatic indexing

The source for QuizGuide’s conceptbased model is the C programming ontology

[10]. The algorithm for identifying a subset of concepts used in QuizGuide was

described previously in [11]. It consists of two stages:

 the automatic indexing of QuizGuide questions by the parsing component;

 the extraction of prerequisiteoutcome relations between the concepts, based

on the course’s structure of learning goals and the affiliation of certain

questions to specific learning goals.

Currently, the parsing component is capable of automatically identifying 50 out of

the 246 concepts available in the ontology. However, the author of a question is also

provided with an interface, based on the visualization of the ontology, which enables

them to edit the automatic index by removing concepts or adding those not extracted

by the parser. Hence, while prerequisiteoutcome relations for topics are identified

manually, based on how the teacher explains them to students in the course; the

conceptbased model has a contentdependent sequence of subsets which contain

prerequisites and outcomes. Every concept, introduced as an outcome in a subset and
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used in any question from the following subset, is a prerequisite for any of the

following subset’s outcomes. Fig. 3 graphically demonstrates the structure of both

models. On the left side, the entire prerequisiteoutcome network of the topicbased

model is represented. Lectures constitute the learning goals and combine from 1 to 3

topics. The right side of the figure depicts extraction of the C ontology. Only some of

the branches are expanded up to the terminal concepts. Relations are not indicated.

Some of them are of type “partof,” such as between “syntax” and “statement,” while

others are “isa,” for example, the relation between “while” and “iteration.”

a) b)

Fig. 3. The structure of the two domain models:

a) The entire prerequisiteoutcome topic structure of QuizGuide is displayed, with

corresponding learning goals (lectures) indicated;

b) A fragment of the C programming ontology shows some concepts that are used in the

conceptbased model of QuizGuide.
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3.2 Interactions between the Two Models

Though the described conceptualizations are quite different, their main purpose is still

the same – to represent the domain of C programming and to serve as a basis for

identifying the student’s knowledge and adapting to it. There are two levels on which

the topicbased and conceptbased knowledge models can interact and enrich the

QuizGuide adaptation: the interface and the inference.

On the interface level, topics are used for global navigation and the structuring of

learning materials, allowing the student to concentrate on the set of activities which

belong to his current goal and/or require additional efforts to master. Concepts, in

turn, provide students with the opportunity to refine his/her focus on the specific

question that is most appropriate at the current moment. At the same time, since the

roles played by concepts depend on the learning goals the questions belong to, the

conceptbased navigation is also goalrelated. The student’s knowledge of concepts

influences the annotation of only those questions where concepts act as outcomes. For

example, the knowledge of the concept “while” influences the color of questions

about the while loop; e.g., those questions, which use the while loop and belong to the

topic “loops (while).” At the same time, knowledge of the concept “while” will not

change the color of a question using this concept as prerequisite and associated, for

instance, with the topic “arrays.” However, positive answers on that “arrays”question

will influence the student’s knowledge of the concept “while” and consequently the

annotation generated for the “while”questions. Hence, when students are working

with higher topics and learning goals, they implicitly increase their knowledge of

prerequisite concepts belonging to the more introductory parts of the course; and the

system captures it.

On the inference level, given that the two models are mapped, a student’s

knowledge can propagate through the prerequisiteoutcome structure of topics and

concepts as well as through ontological relations of the concept ontology. The

concrete mechanism for inferencelevel interaction is yet to be implemented; but we

have already mapped the conceptualizations to each other. Figure 4 demonstrates part

of the conceptbased ontology, with several topics mapped to appropriate concepts or

combinations of concepts. There are three basic cases we have come across during

this mapping:

 a topic can exactly match the terminal concept, which means it can be

automatically indexed (e.g., the topic “loops (while)” and the concept

“while”);

 a topic can be mapped to the parent concept of several terminal concepts (e.g.,

the topic “arithmetic expressions” and the concepts “add,” “sub,” etc.); or

 a topic can match a number of sibling concepts, but not the entire subbranch

(e.g., the topic “conditionals (if else)” and the concepts “if” and “if_else”).

There have been no cases where a topic maps to a number of concepts from

different subbranches of the ontology, which should ease the propagation algorithm.
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Fig. 4.Mapping of topics to the concept ontology.

4 Discussion: The Ontology Server as a Pivotal Point for User

Model Integration

QuizGuide operates as one of the activity servers in the componentbased architecture

for distributed learning ADAPT2 [6]. Several different adaptive applications working
2

in ADAPT alongside QuizGuide are currently used by students for studying C

programming. Although all of them report student activity to the central user model

component CUMULATE [12], only QuizGuide relies on two parallel models and,

consequently, it is the only system that can benefit from both ways of modeling the

student’s knowledge. Other applications base their adaptation on only one of the

described conceptualizations; therefore they are limited in their decisions, compared

to QuizGuide.

The integration of thirdparty adaptive components into ADAPT2 will introduce a

new challenge. Since these components are not likely to use one of our

conceptualizations to model students, hence, even when the student activities are

reported to CUMULATE from these components, none of our applications will be

able to benefit from this information. Moreover, other components exist which model

users and can work in parallel with CUMULATE. This knowledge also will not be

available for any of our applications, while the student’s knowledge modeled by

CUMULATE will not be available for those systems.

One of the solutions for these challenges, as discussed in the introduction, is the

development of an Ontology Server, which would be the central point for user model

exchange and integration. We are currently developing the project SEDONA

(standing for Server of EDucational ONtologies for Adaptation). The role of

SEDONA in the ADAPT2 architecture is to allow different applications which use

different conceptualizations of the same domain to understand each other and benefit

from the information obtained from different sources. The mapping algorithm
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between the conceptualizations is the problem we are currently working on. As

discussed earlier, a great deal of existing adaptive applications do not base their

modeling components on ontologies; therefore mapping algorithms relying on similar

patterns in the taxonomic structures of two ontologies cannot be generically applied.

Neither axiomatic inference nor natural language techniques for finding similarities in

concept definitions are applicable for mapping of such systems’ knowledge models.

However, some promising algorithms already exist for mapping ontologies, based on

the application of machinelearning techniques and the use of concept instances (or

indexes of the corpus material) as the input data (see for example [13]).

5 Conclusion

We have described the adaptive hypermedia system QuizGuide, which integrates two

different conceptualizations of the same domain – C programming. The knowledge of

a student studying programming with QuizGuide is modeled in both

conceptualizations. As a result, the system uses two different strategies for adaptive

guidance. The topicsbased navigation provides students with the big picture and

helps them to choose the subset of quizzes most relevant to their current learning goal

and to their cumulative level of knowledge of a large topic. Meanwhile, concept

based local navigation allows students to concentrate on a specific question inside the

chosen topic. A specific question is recommended by the system based on student’s

knowledge and progress at every particular moment of time. At the opposite extreme,

topicbased navigation cues are more static; they tend to shift student’s attention from

topic to topic according to the pace of the course’s curriculum. The next stage of

QuizGuide development would be the implementation of an algorithm for interaction

of two conceptualizations on the inference level. The prerequisiteoutcome structures,

along with the hierarchical relations of the concept ontology and the identified

mapping between the models should allow the data to propagate from one model to

another thus refining the models’ assessment of the student’s knowledge.

Finally, a more general solution for user model integration – the SEDONA project

– has been discussed.
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Abstract. In this paper we discuss approaches to use multilingual ontologies 
for combining language exploration and web searches. The proposed methods 
can be used in computer-assisted language learning (CALL) applications for 
teaching foreign languages as well as in multilingual information retrieval sys
tems. One main idea is to support users in navigating information using seman
tic connections between words senses provided by multilingual ontologies. This 
can help a user to better understand the different meanings of a word in his na
tive language, and even more important, to explore its meanings in a foreign 
language. Combined web searches can help in understanding meanings, since 
the search results provide examples for word and phrase usage. Furthermore, 
hit statistics of word co-occurrences in web pages provide hints about correct 
translations or word usage. 

1 Introduction 

Through the increasing globalization, people are forced nowadays to obtain and to 
process information not only in their native language, but also information provided 
in foreign languages. Especially, if people want to access and search in multilingual 
document collections, they have to have good language skills to discover the correct 
meaning of the concepts in the target language. Unfortunately, people have frequently 
a good passive understanding of a foreign language, but are very often not able to 
find the correct word sense translation. Thus, tools that are able to translate words and 
implicitly support language acquisition would be beneficial.  

In order to support this need, we present in the following an approach that com
bines the use of multilingual ontologies with document or web searches. Thus, we 
consider the Web as a learning repository, where learners can find examples of word 
usage. The web documents are representative example of combination between words 
for finding the correct translation and the word-related relevant documents. This 
combination can be used in tools for language acquisition in computer-assisted lan
guage learning (CALL) environments [2, 20] or for cross-language retrieval, while 
solving some of the still existing problems of multilingual retrieval systems and at the 
same time implicitly supporting the user in language acquisition. Approaches like 
CALL applications are used for language teaching and learning in order to support 
language learners with computer technology. Usually these tools help the learner for 



evaluating, reinforcing and presenting the learned topics essentially with interactive 
elements. 

1.1 Navigating Multilingual Information 

Currently, the possibility to navigate multilingual information is not yet so sophis
ticated that users can access information in the seamless and transparent way as they 
do in their mother tongue. There are different problems to be solved in order to en
able users to access multilingual information. These are: 

1. disambiguating the words, 
2. translating the words, and 
3. presenting the multilingual results appropriately. 

The first point refers to the problem of polysemy (from Greek: “many mean
ings”) of a word. One example is given by the word bank. It has different meanings 
(bank of a river, bank to draw money, etc) that can be recognized only by the context. 
Humans often use polysemous words for searching for documents; a distinction of the 
related word senses is difficult [9]. If we want to work in a multilingual context, we 
have to disambiguate words both in the source (query) and in target languages (lan
guage used in documents or web pages) (see Section 2). 

Second, if we want to retrieve documents in other languages, we have to translate 
the concepts of the intended word meanings. Machine translation should help in proc
essing and delivering this information. However, as discussed in [13], due to its poor 
performance this approach cannot be seen as a realistic answer to the problem of 
query translations right now.  

The problem of automatically finding multilingual documents dealing with the 
same topic over languages is not yet solved [13] and – due to the required manual 
efforts to correct wrong or incomplete translations – represents a time expensive 
solution. In our work, we use the word senses retrieved from the linguistic ontologies 
and their translation in order to provide an alternative solution to this problem (Sec
tion 3).  

The last point is related to information presentation. The visualization of the in
formation related to the words and their linguistic relations plays an important role. It 
should enable on the one hand a simple navigation through the huge number of rela
tions and documents providing examples for word usage and, if possible, should 
restrict information only to the relevant word sense-related results. On the other hand 
it should encourage users to explore and, thus, learn languages using the words of 
interest and their network of linguistic relations.  

In this paper we consider the problem of language exploration, trying to offer an 
intuitive adaptive visualization of word combinations and the related web documents. 
It means that we retrieve the word senses of a word (including their semantic word 
relations as well as translations) from the linguistic ontologies and the related match
ing documents from the Web that provide examples for word usage. Since we cannot 
expect a perfect word sense disambiguation, as described in more details in the fol
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lowing, a visualization that is adapted to context, languages and retrieved documents 
and that allows making use of possibly imperfect sense categorization is especially 
important. We discuss this issue in more detail in Sect. 3.  

2 Word Sense Disambiguation (WSD) and Sense Translation 

The automatic disambiguation of word senses is still a very interesting and challeng
ing research tasks. Since the 1950’s different researchers work on disambiguating 
words, sentences or documents for different purposes as there are machine transla
tion, information retrieval and hypertext navigation, content and thematic analysis, 
grammatical analysis (Part-Of-Speech Tagging), speech or text processing [8]. How
ever, a satisfying method with acceptable performance has not yet been found. A 
word sense disambiguation (WSD) process can be described as a two step process: 

1. All the senses of the word relevant (at least) to the considered/current text or dis
course are extracted/found (through lists, categories, ontologies, dictionaries, etc.). 

2. The appropriate word sense (considering the context and the external knowledge 
resources) is assigned to the word. 

A variety of association methods (knowledge-driven, data-driven or corpus-based 
WSD) can be used in order to assign a sense to each word occurrence. In the follow
ing, we briefly discuss some fundamental approaches. 

2.1 Disambiguating the Meaning of a Word 

Humans are able to disambiguate polysemous words using their world knowledge 
(e.g. situational or experience-dependent) about the related context, but in most cases 
they can do this using their linguistic context knowledge related strictly to the lan
guage [10]. In order to identify the meaning of a polysemous word in an automatic 
WSD task, we need to recognize and model this context. Basically, this can be done 
in two ways [8]: 

1. As a bag of words (as in some window surrounding the searched word, as in a 
bag). 

2. As relational information (including information about distance from searched 
word, syntactic relations, semantic categories, etc.). 

The linguistic knowledge can be accessed using the knowledge-driven WSD ap
proach [8]. Here, lexical resources [14] (like linguistic ontologies, machine readable 
dictionaries, thesauri or computational lexicons) provide linguistic information. In 
order to obtain a linguistic context description of different word senses we have to 
explore, e.g., linguistic ontologies using the word we are looking for, selecting the 
concepts based on the linguistic relations that define the different word senses and 
their linguistic context.  
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2.2 The Use of EuroWordNet 

Some of the linguistic information required to disambiguate word senses, as we have 
discussed above, are provided in linguistic ontologies like EuroWordNet [22]. Be
sides, this resource can be used for text analysis, computational linguistics and many 
related areas [12]. EuroWordNet provides a list of word senses for each word, organ
ized into synonym sets (SynSets), each representing one constitutional lexicalized 
concept. The EuroWordNet structure is the same as the Princeton WordNet [11] in 
terms of SynSets with different semantic relations between them. Each individual 
WordNet represents a unique language-internal system of lexicalizations. An Inter-
Lingual-index (ILI) was introduced in order to interlink the WordNets. Thus, it is 
possible to access the concepts (SynSets) of a word sense in different languages, and, 
hence, to retrieve one and the same concept in different languages with its related 
translations and linguistic relations. The multilingual retrieval of a word sense (Syn-
Set) is done using the ILI entries. When a synset, e.g. “bank” with the meaning “fi
nancial institution”, is retrieved in the English WordNet, its SynSet-ID can be used to 
retrieve the same concept in all other language-dependent WordNets (Italian, Span
ish, French, etc.) that describe the same concept with the same ID, but naturally con
tain the word description in its specific language.      

However, we encounter different problems if we use EuroWordNet for language 
acquisition or retrieval of documents, as we have discussed in more detail in [3]. 
WordNet and EuroWordNet provide a differentiation of word senses that is very 
often too fine grained [4]. For example, if we retrieve the term rule, we get 12 differ
ent meanings that would hardly be distinguished by someone who is merely interested 
in more general information about the usage and possible senses of the word ‘rule’. 
We discussed these problems in more detail in [3] and came to the conclusion that 
methods that allow a revision of the WordNet structure are required. One way to 
obtain a higher granularity is to merge SynSets if they describe a very similar mean
ing of the same word [5]. Such methods could be used for creating an adapted or 
reduced structure of the ontology hierarchy, having fewer word senses that are carrier 
of a more distinctive meaning. This reduced number of meanings can then be used in 
order to categorize the documents retrieved and a user can more easily select the 
sense he is looking for [3]. A first approach we presented to solve this problem is 
described in [5]. 

In the following, we focus on the use of EuroWordNet for retrieving documents 
that include examples of word usage in a multilingual framework. The methods for 
document search in the approaches we have developed so far are integrated in our 
search engine framework CARSA [1]. The word senses and their translations are 
obtained from the EuroWordNet Ontology. 

2.3 Combining and Translating Combinations of Words 

As we mentioned above, the word senses in EuroWordNet are also connected to their 
appropriated translation in different languages. However, if users want to restrict the 
the word usage of interest to a certain context, they usually use more than one term. 
The use of sets of words results in the problem that we now have to deal with all 
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possible combinations of all meanings of all terms. The number of combinations 
grows exponentially with the number of query words [10]. This makes it even more 
difficult to disambiguate all possible word combinations. However, in the following 
we show how we can use a visualization of search hits and combinations of the mean
ings of translated query terms to help the user in finding possibly correct translations. 

A very specific example for word combinations are transparent compound words 
(e.g. “Holztür”, door made from wood) in German. Compound words are often not 
contained in linguistic ontologies such as EuroWordNet. However, the meaning of 
such a compound word can in many cases be obtained from the combination of the 
meanings of the word parts. If people, for example, do not know the meaning of a 
compound word they try to decompose it in order to extract the word sense. In order 
to understand the word sense, people frequently try to translate the individual word 
parts in their own language and then try to understand the linguistic context.  

Another usage would be if people do not know how to translate a word/concept in 
another language with the intended meaning. Short dictionary explanations frequently 
do not help. In this case they might find it useful to navigate through all possible 
senses and automatically get examples for word usage from web documents. Besides, 
hit statistics about the co-occurence of words in documents provide information about 
possibly correct translations. These and other examples are the typical user scenarios 
we cover with our tool. 

3 Tools for Visualization and Navigation of Linguistic Ontologies  

If we like to support a user in language acquisition and cross-language text retrieval 
the interface has to adapt to the languages involved, to the word senses and to the 
context during the disambiguation process. Given that we deal with (linguistic) rela
tions and sets (or groups) of similar documents, we first briefly discuss related works 
dealing with the visualization and management of such relational features.  

3.1 Related Work 

In recent years, ontologies have been used as a way to share, reuse and process do
main knowledge. Applications such as information management systems, semantic 
web services and electronic commerce adopt them for this purpose. But in order to 
manage and present information in the best way, we need tools that support the crea
tion, visualization, and management of ontologies.  

Several ontology editors have been already implemented for this task. OilEd [2] is 
an example of freeware ontology editor for building ontologies. Protégé [6] is another 
example of a free, open-source platform to construct knowledge-based applications 
with ontologies. Protégé can be extended by plug-ins that can be easily embedded. 
However, the main focus for our task at hand is not the management of an ontology, 
but to use the ontology as a resource to enable user friendly navigation through lin
guistic information. Therefore, the aspect of information presentation is much more 
important.  
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Several approaches to visualize sets and relations have already been proposed. In 
[2] different representations of sets with the help of number values, brightness value, 
different bars and circles are shown and their effectiveness is compared. The authors 
represent with the size of the circles the number of elements in the set. Also, [19] 
describes this as a good way to represent sets, but using this circle representation in 
combination with the Steven’s psychophysical power function. 

For representing linguistic relations much work has already been done. For exam
ple, the Visual Thesaurus is a tool that uses an exploration-oriented approach in order 
to allow a user to navigate through linguistic resources. When the user clicks on any 
related word of a concept that is currently in focus, this word moves to the center of 
the search work pane (see http://www.visualthesaurus.com/). Other work like in [17] 
is based on the same design principle for working with relations using circles and 
centering the search objects. To solve the problem of overlapping, transparency ef
fects are used. 

The authors of [6] developed VisDic for browsing and editing multilingual infor
mation taken from EuroWordNet. Here users can browse static information on text 
blocks. Another web interface for multilingual information browsing is presented in 
[18]. Here a parallel corpus annotated with MultiWordNet [16] can be browsed as 
well as the words with their related annotated word senses, but the corpus is very 
restricted. All accessible information is static. This interface is used only for a bilin
gual search in a closed domain. Other work dealing with the multilinguality and lexi
cography has shown that researchers in this area mostly deal with multilingual lexical 
resources or corpora only, without automatically retrieving web documents related to 
the query. None of the above mentioned tools seamlessly integrates navigation of 
linguistic ontologies with web searches.  

3.2 MultiLexExplorer 

MultiLexExplorer is a tool that combines the knowledge-driven WSD (see Section 2) 
with the knowledge-based text retrieval [13] approach in an interactive language 
learning framework. This tool is not intended as an environment for development of 
ontologies. It is designed to help the user in the language learning process. We use 
the linguistic ontologies in order to disambiguate documents (retrieved from the web 
or a local document collection) given the different meanings (retrieved from linguistic 
ontologies, in our case EuroWordNet [22]) of a term having unambiguous description 
in different languages. We focus especially on the integration of methods that support 
the adaptation of the system interface and the output to the current search context [1]. 
Using EuroWordNet for language exploration, we support the user in: 

• exploring the linguistic context of a word in the general hierarchy, 
• searching in different languages, e.g., by translating word senses using the inter-

lingual index of EuroWordNet, 
• disambiguating the word senses of different word combinations, 
• interacting with the system changing the search context “center” of the original 

query and, thus, also the search words and the number of retrieved results,  
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• expanding the original query to restrict the number of retrieved documents, and 
in 

• categorizing the retrieved web documents automatically using different catego
rization methods (e.g., as described in [3] and [4]). 

In the following, we describe these aspects in more detail and present how Mul
tiLexExplorer implements these functionalities.  

3.2.1 Enabling Multilingual Ontology-based Exploration 

MultiLexExplorer can help users in discovering languages, disambiguating meanings 
and combining words in order to learn about their correct translation. Figure 1 gives 
an overview of the tool. The different parts of the user interface are labelled and de
scribed in the following. 

The interaction with the system starts by entering words the user is interested in 
(label a1) and configuring the services he wants to work with (label b). Users can 
explore the linguistic context of the word using the linguistic ontologies in their na
tive language or choose another language (label a1). This linguistic context can inter
actively be modified using the interface by clicking on the linguistic relation boxes to 
include or exclude such relations (label e).  

Users can decide to start a multilingual exploration search. One application could 
be given by experimenting with the disambiguation of translated german multi-word 
queries. Here, we first give the query words in one (source) language and choose the 
target language (label d). The interface automatically provides translations of all pos
sible source language senses in the target language based on the ILI entries of Eu
roWordNet (cf. Section 2.2). In this way we can recognize the word senses of the 
different word combinations and disambiguate them with the help of the lexical re
source. At this time all the query words are shown with selected linguistic relations 
(“Haus” in Figure 1 on the left hand side, and “Tür” on the right hand side) and their 
translation (in Figure 1 to the right of “Haus” or to the left of “Tür”) retrieved. The 
linguistic relations and the languages can be selected on the right hand side of the 
interface. 

3.2.2 Using Multilingual Linguistic Information for Language Acquisition 

The user can simultaneously explore word senses contained in the multilingual lexical 
resources and related web documents. Here, the tool combines the translated words 
(label c3) to search the Web for documents containing this combination of words. 
The number of hits is visualized by the size of the bigger circles (label c2). The tool 
automatically searches for all combinations between all senses and belonging syno
nyms. If a user selects one of these circles, search results are shown then in the style 
of any search engine (label f). The interface in this case shows the document hits 
distribution of the translations. Thus, if the user does not know the meaning of a 
composite word in German, he can try to understand the contextual meaning of the 
word without really knowing the word he is looking for. This can be very helpful 
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when looking for meanings that we don’t know a priori but also for language acquisi
tion. This help is given, for example, by browsing a second time the results retrieved 
from the web search.  

Another possibility given to the user is to change the search context “center” dur
ing the search process (label c1). If users are looking for a certain word sense and 
during their search they realize that the context they are looking for is another as their 
primary search, they can switch it with a right click on every word (given from the 
linguistic relations) and combine this word with the word positioned on the opposite 
side of the interface. In our example if the user clicks on the word “Gebäude” and 
choose it as the new center, this will be combined with the word “Tür”. The tool 
automatically adapts the visualization to this new selection and all word combinations 
are rebuilt for this new case and results are presented. 

The word can also be removed from the work pane (label c1) or can be added to 
expand the query for retrieving a more restricted number of web documents (label a2) 
containing the query words and this added word. For example, if we choose the hy
ponym “Eingangstür” in Figure 1, we can add it to the query “Haus AND Tür” and 
related documents are retrieved. 

MultiLexExplorer can also be used in combination with document classification 
methods described in [3]. This gives the possibility to users to better navigate the 
huge amount of documents contained in the Web, since the documents are now clas
sified with the word senses of the lexical resource or with another categorization 
processes that can be selected as plug-ins (label g).  The integrated plug-ins are con
nected to the CARSA [1] architecture that handles a pool of plug-ins, each containing 

a 
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a2a1 
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Figure 1. Screenshot of the MultiLexExplorer Tool. 
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one specific method for a specific part of the search process. This comprises plug-ins 
for accessing document collections for indexing and searching, plug-ins that provide 
methods to structure or to mine result sets as well as methods that pre-process the 
data such that it can be easily visualized by a client tool connected to the meta
searcher. Furthermore, plug-ins that provide access to ontologies (e.g., WordNet) that 
are required by other plug-ins (e.g., for multilingual support or semantic categoriza
tion) are integrated. The categorization plug-ins results are used then as additional 
information given in the second line of every document (label f). By using these clas
sification methods users could select only the meaning they are interested in and then 
navigate only relevant documents. In this way we can categorize documents not only 
depending on the language, but also on the word sense. 

4 Conclusions 

In this paper, we have discussed different problems related to word sense disambigua
tion, language acquisition and cross-language text retrieval. Based on these discus
sions we proposed methods that can support a user in language acquisition  by pro
viding support for navigation in linguistic ontologies and by supporting him with 
interactive visualization techniques in finding the correct word sense translation. At 
the same time the proposed methods facilitate a user to efficiently retrieve examples 
for word usage in foreign language documents.  

In future work we will study methods to further improve and personalize the ap
plied word sense disambiguation methods and the integration in the user interface of 
the developed prototype. For example, information from a learner profile could be 
used to automatically modify the granularity of the senses that are distinguished by 
the system (see the discussion in Sect. 2.2). An advanced learner might be interested 
in very fine grained sense distinctions, while a beginner is usually more interested in 
learning quickly rough language concepts. Currently, it is only possible to manually 
adapt the granularity of word sense distinction.  

The use of different ontologies is already possible through the CARSA web-
service architecture [1]. Given the accessibility of our implementation via web-
services, a Protégé plug-in could be made available for building knowledge-based 
tools and applications. In the near future, we are planning a user study in order to 
evaluate the performance of our tool. 

References 

1. K. Bade,  E. W. De Luca, A. Nürnberger and S. Stober. CARSA - An Architecture for the 
Development of Context Adaptive Retrieval Systems, In Proc. of the 3rd Int. Work. on 
Adaptive Multimedia Retrieval (AMR 2005), Springer-Verlag, 2006. 

2. S. Bechhofer, I. Horrocks, C. Goble, and R. Stevens. OilEd: A reason-able ontology editor 
for the semantic web. In KI-2001: Advances in Artificial Intelligence,LNAI 2174, pages 
396-408. Springer, 2001. 

Using Multilingual Ontologies 43



3. E. W. De Luca and A. Nürnberger. Improving Ontology-Based Sense Folder Classification 
of Document Collections with Clustering Methods, In: Proc. of the 2nd Int. Workshop on 
Adaptive Multimedia Retrieval (AMR 2004), pp 72-86, Valencia 2004. 

4. E. W. De Luca and A. Nürnberger., Supporting Mobile Web Search by Ontology-based 
Categorization. In: Proc. of GLDV 2005, 28-41, 2005. 

5. E. W. De Luca and A. Nürnberger, The Use of Lexical Resources for Sense Folder Disam
biguation. In Proc. of the Work. Lex. Sem. Res. (DGfS-06), Bielefeld, Germany, 2006. 

6. J. Gennari, M. A. Musen, R. W. Fergerson, W. E. Grosso, M. Crubezy, H. Eriksson, N. F. 
Noy, S. W. Tu. The Evolution of Protégé: An Environment for Knowledge-Based Systems 
Development. 2002. 

7. A. Horák and P. Smrž. VisDic - Wordnet Browsing and Editing Tool. In: Proceedings of 
the Second International WordNet Conference, GWC 2004, 2004. 

8. N. Ide and J. Véronis. Word Sense Disambiguation: The State of the Art. In: Computa-
tional Linguistics, Volume 14, Part 1, 1998. 

9. R. Mihalcea and D. Moldovan. Automatic Generation of a Coarse Grained WordNet, in 
Proceedings of NAACL Workshop on WordNet and Other Lexical Resources, pp.35-41, 
Pittsburgh, PA, June 2001. 

10. G. A. Miller. Ambiguous Words. In: Impacts Magazine. Published on KurzweilAI.net, 
2001. 

11. G. A. Miller, R. Beckwith, C. Fellbaum, D. Gross and K. Miller. Five papers on WordNet. 
ftp.cogsci.princeton.edu/pub/wordnet/5papers.ps. 1993. 

12. J. Morato, M. Marzal, J. Lloréns and J. Moreiro. WordNet Applications. In: Proc. of the 
2nd Int. Conf. Global WordNet, Brno, Czech Rep. 2004. 

13. C. Peters and P. Sheridan. Multilingual Information Access. In: Lectures on Information 
Retrieval, Third European Summer-School, ESSIR 2000, Varenna, Italy, 2000. 

14. W. Peters. Lexical Resources, In: NLP group Department of Computer Science, University 
of Sheffield, http://phobos.cs.unibuc.ro/roric/lex_introduction.html, 2001. 

15. C. Peters, P. Clough, J. Gonzalo, G.J.F. Jones, M. Kluck, B. Magnini (Eds.). Multilingual 
Information Access for Text, Speech and Images, 5th Workshop of the Cross-Language 
Evaluation Forum (CLEF 2004), LNCS Vol. 3491, Springer-Verlag, 2004. 

16. E. Pianta, L. Bentivogli and C. Girardi. MultiWordNet: Developing an aligned multilingual 
database. In Proc. of the 1st Int. Global WordNet Conf., pp. 293-302, India, 2002. 

17. S. Pierre. Revealicious revealing, the way you use del.icio.us., http://www.ivy.fr 
/revealicious/, 2005. 

18. M. Ranieri, E. Pianta and L. Bentivogli. Browsing Multilingual Information with the Mul
tiSemCor Web Interface, In: Proceedings of the LREC 2004 Satellite Workshop on The 
Amazing Utility of Parallel and Comparable Corpora, Portugal, 2004, pp. 38-41. 

19. H. Schumann and W. Müller. Visualisierung, Grundlagen und allgemeine Methoden. 
Berlin Heidelberg : Springer, 2000. 

20. J.-B. Son (ed.) (2004) Computer-assisted language learning: concepts, contexts and prac
tices. Lincoln, NE: iUniverse. 

21. Thinkmap. Visual Thesaurus, http://www.visualthesaurus.com, 2005. 
22. P. Vossen. EuroWordNet: a multilingual database for information retrieval. In: Proceed-

ings of the DELOS workshop on Cross-language Information Retrieval, Zurich, 1997. 
23. M. Warschauer (1996). Computer Assisted Language Learning: an Introduction. In Fotos 

S. (ed.), Multimedia Language Teaching (pp. 3-20). Tokyo: Logos International. 

44 E. W. De Luca, S. Hauke, A. Nürnberger and S. Schlechtweg



Towards a Standardized Representation of Syllabi to
Facilitate Sharing and Personalization of Digital

Library Conten t

Manas Tungare1, Xiaoyan Yu1, GuoFang Teng2, Manuel Ṕ nones1, Edward A. erez-Quĩ
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Abstract. A course offering involves the use of a collection of learning objects 
composed together based on a syllabus. Syllabi define the contents of the course, 
as well as other information such as resources and assignments. Currently, there 
is no standard format for representing syllabi that can facilitate automatic pro-
cessing of syllabi contents for various applications. In this paper, we report on 
the current practices in creating and publishing syllabi and present the motivation 
for a standardized syllabus schema. We report on our experiences obtaining and 
identifying syllabi published online by various institutions, and extracting syl-
labus data from them using genetic algorithms and other machine learning tech-
niques. Finally, we describe the tools needed for working with syllabus schema, 
and applications that will be made possible with the availability of syllabi in stan-
dardized formats. 

1 Intr oduction 

A syllabus forms the backbone of a course offering: a complete syllabus typically in-
cludes the course number, title, a description, the learning objectives of the course, a 
list of the topics covered, links to reference material such as books or publications, and 
other related information. The various learning objects that are included in a course of-
fering are created based on the syllabus definition, and are tightly integrated with the 
reference material (also referenced in the syllabus). 

Thus, knowledge of a course syllabus can be used to assess the structure of a course, 
the exact knowledge units covered, and the relative time devoted to each of them; i.e., 
the syllabus describes how individual learning objects are combined to form larger en-
tities and packaged as a course for students. Although the contents of a learning object 
for a particular subtopic may be more or less similar at various institutions, the syllabi 
for similar courses at distinct institutions exhibit differences. 

We are researching syllabi to better understand their role in providing information 
about courses. In this paper, we discuss the motivation behind investigating syllabi, vari-
ous ways in which syllabus information can be made accessible in a standardized format 



 

for specialized queries, approaches to collect syllabi published at various institutions, 
and tools that can help with managing and understanding syllabi. We also discuss the 
possible applications of a syllabus repository and the potential use of such a collection 
in personalizing digital library content to offer relevant additional reference material to 
instructors and students as they use course management systems in their everyday lives. 

1.1 How Syllabi are Published Today 

Many institutions have online copies of syllabi for their courses. However, there is high 
variation in the details of how syllabi are published. The differences can be summarized 
as: 

– Publication: Syllabi may be published by an instructor on his/her website, or via a 
course management system. In certain instances, syllabi are not published online, 
but only made available to students on printed paper. 
Most universities maintain a standardized course catalog that contains syllabus defi-
nitions for all courses offered at that school. Some of them include course summary 
information in the catalog, while the details are only available in university records 
systems. This information, however, is not in a standardized format across all uni-
versities, and usually contains only the most basic course information without de-
tails of learning objects. 

– Format: Popular formats for online publishing include HTML and PDF. Some 
instructors also may post syllabi as word processor documents such as Word. 

– Access: Some course management systems and network administration policies 
may prevent syllabi from being viewed outside the internal computer network of 
that particular institution. However, efforts are currently underway to make syllabi 
and course content available online under an open license. The Massachusetts Insti-
tute of Technology has taken steps towards such a system (MIT OpenCourseWare) 
[1]. 

1.2 Constituents of a Syllabus 

Most syllabi contain common sections. Some of these may be absent in certain syllabi, 
and some other unique sections may be present too, but a majority of syllabi include the 
following: 

– Course Title 
– Course Description 
– Information about:

Instructors•
• Teaching Assistants 

– Course Prerequisites 
– Topics Covered 
– Knowledge Units Covered (within the given Topics) 
– Learning Objectives 
– Course Calendar 
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– Reading List
Books•

• Book Chapters 
• Articles and Papers 
• Other Scholarly Publications 

– Classroom Material
Presentation Slides•
Instructor’s Notes •

• Assignments 

We are attempting to create a standardized schema for syllabi. Then we want to au-
tomatically parse available syllabus documents in order to express these syllabus docu-
ments as instances of the schema. 

1.3 Reuse of Syllabi 

Most course management systems (CMSs) include minimal built-in support for reuse of 
syllabi. Open-source CMSs such as Moodle and even commercial ones such as Black-
board support exporting and importing entire courses from a previous offering. The 
main limitation with this approach is that the export or import feature works only with 
the (possibly proprietary) format associated with that particular CMS. There is no in-
dustry standard for exchange of this information. 

There also is no standard to help tease out the syllabus information from the course 
material. Connections between the syllabus and parts of the course are not explicitly 
indicated in current systems. Syllabi cannot be split into subparts based on either a 
description or a list of the learning objects. Thus, syllabi cannot be reused independent 
of the course material. 

2 Previous Work 

Some have addressed the problem of lack of standardization of syllabi. Along with a 
defined syllabus schema, SylViA [2] supports a nice interface to help faculty construct 
their syllabi in a common format. 

Matsunaga et al. [3] describe a syllabus acquisition approach similar to ours, but 
it differs in the way the syllabi are identified. They crawled web pages from Japanese 
universities and sifted through them using a thesaurus with common words occurring 
often in a syllabus. A decision tree was used to classify syllabus pages and entry pages 
as a syllabus (for example, a page containing links to all the lectures in a particular 
course). Syllabus Finder [4] also helps users look for syllabi on a specific topic by 
performing a Google search behind-the-scenes. 

Our work also relates to genre detection and metadata extraction. Research in genre 
detection aims to classify data according to genre, by selecting features that distinguish 
one genre from another, for example, identifying home pages [5]. Much work has been 
done on metadata extraction from papers. For example, Han et al. [6] describe a Sup-
port Vector Machine (SVM) classification-based method for metadata extraction from 
a paper’s header field. Takasu et al. [7] describe bibliography field extraction using a 
Hidden Markov Model (HMM) [8]. 
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3 Obtaining Syllabus Information 

We believe that it is not likely that a syllabus schema would be adopted and used widely 
by academia in a short period of time. However, in order to take advantage of a schema, 
we must have access to a sizeable number of syllabi in a short period of time. Given the 
extensive availability of syllabi as published web documents, we decided to gather them 
automatically, and parse them into fields aligned with our schema definition. Any errors 
in such automatic parsing can be corrected via Syllabus Editors (discussed in Section 
4.1) or with the assistance of the community (discussed in Section 4.3). 

3.1 Obtaining a Document Set 

We used the popular Web search engine, Google, to locate documents that are highly 
likely to be syllabi. This was accomplished by a set of two specialized queries to 
Google: the first, to locate departments of interest within an educational institution, 
and second, to locate syllabi within that department. Since our current interest is in 
accumulating syllabi in the field of Computer Science, we issued a query for 

“computer science site:edu ” 

The result of this query was a list of pages within the computer science departments 
of many US university websites (i.e., those whose domain names end with ‘.edu’). We 
can easily extend our document collection strategies to include academic institutions 
from around the world (non-.edu Web sites), and departments named, for example, 
‘Computing Sciences’ or ‘School of Information Sciences’. We processed each URL 
to obtain the relevant domain name, i.e., the homepage of each institution. The result-
ing set of departments included 98 CS departments from the US. We then issued the 
second set of queries, one per institution, to locate syllabi within that department. As 
an illustration, the following query resulted in a list of syllabi from the Department of 
Computer Science at Virginia Tech. 

“syllabus site:cs.vt.edu ” 

The syllabus documents thus obtained were stored in a structured organization (for 
later retrieval), and converted from their native format (either PDF, PS, or HTML) to 
plain text to enable further text processing. 

This snapshot crawl will be updated several times each year, since syllabi are likely 
to be updated every semester. As part of the metadata for each document, we currently 
record the date that it was accessed by our crawler and added to our collection. 

3.2 Automatic Syllabus Identification 

The simple inclusion of a page within Google’s search results is not a definitive indica-
tion of a particular webpage being a syllabus. From our study of the 7900 documents 
obtained, and preliminary work on a syllabus schema, we have created four categories 
of syllabi: full syllabus, partial syllabus, syllabus entry, and noise. A full syllabus is one 
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that contains most of the basic syllabus components and no links to other syllabus com-
ponents. A partial syllabus contains some important syllabus components along with 
links to other components. A syllabus entry page (for example, a course web site home 
page) contains a link to a syllabus, or to the various pieces that make up a complete 
syllabus. The rest are noise where the keyword ‘syllabus’ might occur several times, 
such as some articles about how to write a syllabus. 

We will select content and form features to distinguish among these four categories. 
The content features include frequency of key words and phrases in a file. A thesaurus 
will be built containing important words and variations of them such as ‘instructor’ and 
‘course leader’, ‘teaching assistant’ and ‘grader’, and ‘course description’ and ‘course 
summary’. The form features include the type of document, the URL of the document, 
the positions of some important words such as ‘syllabus’ in the document, the number of 
links and their positions relative to important words in the document (if it is an HTML 
document), and so on. We have already labeled 1000 documents as one of the 4 types. 
These 1000 documents are a random subset of our bigger syllabi collection. The size of 
1000 is large enough to design and train a good syllabi classifier for future automatic 
syllabi identification purposes. With the extracted features and the 1000 documents as a 
training set, we can train a syllabus classifier using a machine learning approach such as 
the decision tree algorithm [9], support vector machines [10], or näıve Bayes methods 
[9]. 

3.3 Metadata Extraction 

Given a syllabus, our next step is to extract important components from it such as 
the course title, course description, instructor, schedule and topics. A syllabus can be 
viewed as a collection of metadata for a course. Therefore, machine learning approaches 
like support vector machines [10] and hidden Markov models [8] (HMM) also can be 
applied since they work well to extract metadata. They also have been used to extract 
limited metadata from educational resources such as syllabi [11]. 

4 Tools for Working with Syllabus Schema 

Currently, the tools for creating a syllabus document are mostly word processors or 
limited web forms in course management systems. Since there is no defined semantic 
structure, the layout and presentation capabilities of a word processor are enough to 
create a syllabus document. However, with the establishment of a syllabus schema, such 
general purpose tools may no longer be adequate to satisfy the needs of an instructor, 
and specialized tools will be needed. In addition to simply aiding the creation of syllabi, 
such tools will promote publishing syllabi to a wider audience. At least one university 
already uses specialized tools internally [2] for creation of their own syllabi. 

4.1 Syllabus Editors 

We are in the process of creating a specialized Syllabus Editor to help create and edit 
syllabi. The use of tools, we believe, will encourage quicker adoption of the schema. We 
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also realize the value of integrating a syllabus editor into course management systems 
so that the use of specialized tools will be seamless from the instructors’ point of view. 

Our Syllabus Editor will make it easy to announce the presence of newly-created 
syllabi to interested parties (via RSS/Atom feeds) and enable the inclusion of the syl-
labus definition in a Syllabus Repository (depending on the licensing options chosen by 
the instructor/institution). 

4.2 Syllabus Repository 

Although syllabi created at individual institutions will be hosted locally for the benefit 
of students, there also is value in collecting syllabi at a central repository. Services 
that such a repository would make possible include a search engine specifically for 
syllabus information, visualizations that make use of the enormous number of syllabi 
available, as well as other statistical analyses that heavily benefit from the presence of 
large numbers of syllabi. 

We are exploring the possibility of loading our syllabus collection into SIMILE 
(Semantic Interoperability of Metadata and Information in unLike Environments) [12] 
which extends DSpace [13] so that users can navigate to and contribute to syllabi along 
with other educational resources in a seamless way. SIMILE will leverage and extend 
DSpace, enhancing its support for arbitrary schemata and metadata, primarily though 
the application of RDF and semantic web techniques [12]. 

4.3 Community-Assisted Classification and Error Corr ection 

It is likely that syllabi classified and parsed automatically will have some errors. Most 
of these can be spotted by users of the system, and leveraging the assistance of the 
community would be helpful to maintain the quality of the repository. Success (to a high 
degree) has been achieved in open community-based systems in creating knowledge-
bases [14] and in correcting structured information that was automatically parsed by 
autonomous agents [15] (referred to as Distributed Error Correction). 

4.4 Linking to the Computing Curricula Pr oject, 2001 

The Computing Curricula Project [16] (CC 2001) was undertaken to develop guidelines 
for computing curricula at an undergraduate level. In its final report, the authors present 
detailed coverage of the CS body of knowledge, core areas for undergraduate studies, 
learning objectives and curriculum models. In particular, the report recommends the 
number of hours to be devoted to particular knowledge units for courses with specified 
learning objectives as a guideline to instructors preparing a course. 

This data can be of use to instructors when creating a syllabus, either to design 
their course based entirely on CC 2001 recommendations, or to pick the right mix of 
knowledge units, given their unique goals for a particular course. 

Our Syllabus Editor will have the option of selecting knowledge units from CC 2001 
to ‘tag’ a particular syllabus. This would allow instructors creating courses to use the 
content and knowledge included in the CC 2001 at course creation time. The Syllabus 
Editor will also include a browser of the knowledge units and brief descriptions included 
in the CC 2001 for each unit. 
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5 Applications 

Availability of a standardized schema for syllabi opens up possibilities for many inno-
vative applications. Although we envision and describe a few of them in this paper, the 
presence of semantically-tagged syllabus information will almost certainly lead to new 
ways of using that information. 

5.1 Personalizing NSDL Content for Students 

The National Science, Technology, Engineering, and Mathematics Education Digital 
Library (NSDL), funded by the National Science Foundation, has the potential to have 
a significant impact on the future of education in this country and around the world. 
We are exploring how to best tailor NSDL functionality toward particular communi-
ties of users, including learners and educators. We believe that, for the NSDL to have 
its intended impact, it needs to be integrated into the current pedagogical practices of 
educators and students. 

With syllabus information available for courses, we will be able to recommend re-
sources to students automatically, based on their skill level, and the focus of the course. 
Classification of the syllabus according to standardized syllabus classification schemes 
(discussed earlier in this paper) will help identify the relative importance assigned by 
the instructor to the knowledge units covered, thus enabling us to provide a proportion-
ate amount of NSDL resources for further exploration. Previous efforts in presenting 
personalized content to users include the recommendation system within CiteSeer [17]. 

To personalize the content offered via Course Management Systems, we plan to 
use techniques from genetic programming. ARRANGER (Automatic Rendering of 
RANking functions by GEnetic programming) [18] is a discovery engine developed 
by one of the co-authors; it is a user modeling tool that approximates a user’s ranking 
preference based on user feedback. In other words, given a set of documents along with 
their relevance information from a user, ARRANGER can automatically tune a ranking 
function based on syntactical and lexical evidence embedded in the documents and can 
discover a personalized ranking function that can be used to reorder information based 
on personal preferences. Combined with effective user profiling and/or user feedback, 
ARRANGER can deliver even higher quality information to end users. 

5.2 Assisting Instructors when Creating New Syllabi 

When an instructor creates a new syllabus, there is a high likelihood of the end-product 
being similar to other syllabi (or perhaps a combination of two or more syllabi.) Al -
though the similarity between two syllabi at the same institution is likely to be mini-
mal, the availability of syllabi from other institutions increases the chances of finding a 
match. Recommendations can be made to the instructor based on resources from similar 
syllabi to assist with one or more of the following tasks: 

– Recommending the relative number of hours to be assigned to each knowledge unit, 
as per standardized syllabi classification schemes 
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– Locating books, reading material, and other resources that similar syllabi have in-
cluded 

– Enabling the instructor to import material from other syllabi (licensed appropri-
ately) instead of having to recreate the entire syllabus involving extra effort 

5.3 Syllabi Overview for Students 

With the availability in a standardized format of all the courses that a student plans to 
take in a given semester, he/she can see an overview, or run specialized queries against 
all syllabi at once. For example, ready answers can be obtained to questions such as 
“show me the complete list of books that I will need to buy this semester.” 

5.4 Assisting Curriculum Design, Assessment and Accreditation 

With a complete definition of syllabi available, it will be easy to visualize the distribu-
tion of topics (or Knowledge Units from CC 2001) across a series of related courses. 
The topics used in a course can easily be used to compare two different courses and get 
a sense of if they are similar or not based solely on the matching of knowledge units 
covered in them. This could be done automatically or manually. 

Also, for accreditation purposes, the information contained in the syllabus regarding 
learning objectives could be used to map it to program outcomes. This would assist 
instructors in creating a mapping of courses to outcomes, thus helping the creation of 
assessment processes and institutional research programs. 

5.5 Comparing Programs Offered by Different Schools 

There are bound to be subtle differences between syllabi at various schools. In case 
of multi-disciplinary topics such as Human-Computer Interaction (HCI), a particular 
school may lean towards a particular area while devoting lesser class time and resources 
to other areas. We could use a collection of syllabi from a particular university and 
get a sense of the emphasis given at that institution to the different sub-areas within 
computing. This will be helpful to students to obtain better information about specific 
programs in computer science before enrolling in one that fits his/her interests more 
closely. 

5.6 Discovery of Resources 

Each syllabus record will contain details of recommended resources to assist with study. 
Enthusiastic students will be able to turn to similar syllabi from other schools to dis-
cover additional resources easily. 

5.7 Supporting Mobile Access to Educational Resources 

Semantic descriptions of syllabi make it possible to personalize that information for 
access from mobile devices such as PDAs and cellphones. Given the intrinsic limita-
tions of portable devices in terms of screen size, processing power, battery life, and 
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input/output capabilities, the information in a syllabus definition must be modified be-
fore presentation to a mobile client. 

The availability of contextual cues during a user’s interaction with a mobile device 
(for example, time or location) can be used to tailor the view of the syllabus, making it 
different from the view of the same syllabus on a standard desktop-sized computer. 

6 Conclusion 

In our work, we want to leverage the role a syllabus plays in defining various aspects of 
a course. The lack of standardization of a semantic description of syllabi has resulted in 
instructors and institutions publishing their syllabi in a wide variety of formats. We are 
working towards creating such a standardized schema, and are developing techniques to 
obtain and analyze the vast numbers of syllabi already available online in unstructured 
formats. The creation of such a repository will enable novel applications, some of which 
we discussed in detail. We hope that the adoption of such a schema by the academic 
community will help create new possibilities for instructors, students, and other entities 
involved in the learning process. 
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Abstract. Ontologies are a key technology for achieving person

alization in the educational hypermedia. In this paper we discuss 

some common problems the authors of Topic Map-based learning 

content experience in building subject ontologies, i.e. in structuring 

and articulating the conceptual model of the intended online learn

ing material. The discussed problems are not specific to educational 

topic map authoring; they are related to the creation of educational 

ontologies in general. We discuss the re-design of the educational 

topic map editor TM4L, focusing on the provided authoring support 

for ontology building. 

1 Introduction 

Ontologies are a key technology that can facilitate Web information processing by 

supporting semantic structuring, annotation, indexing, and search. Ontologies allow 

organization of learning material around semantically annotated topics, which enables 

semantic querying combined with intuitive navigation and access to the learning re

sources. They provide the necessary grounds for achieving better personalization in 

the educational hypermedia and Web-based applications by enabling more adequate 

and accurate representations of learning material and contexts of its use, from one 

side, and of learners and their goals, from another, as well as more efficient access and 

navigation through the learning resources. We have developed an authoring tool, the 

TM4L Editor [3], which enables the development of ontology-aware courseware 

based on topic maps [6]. 

In the Topic Map (TM) paradigm an ontology is an accurate description of the es

sential entities and relations which are found in the modeled area, and can be repre

sented as a set of topics linked by associations. Therefore, the TM technology is well 

suited for structuring learning material around subject ontologies. Educational Topic 

Maps (ETM) can use subject domain ontologies for classification of learning content 

and resources. This classification involves linking the content to relevant ontology 

terms (concepts), i.e. using the ontological structure to index the content. 

We have been experimenting with the TM4L Editor by creating educational topic 

maps for various university courses. In this paper we discuss our main findings related 

to educational ontology building and how we have used them to re-design TM4L. We 



start with a brief description of topic map authoring with TM4L. Then we discuss the 

main problems authors face when creating ontology-aware, TM-based courseware and 

the grounds for these problems. Finally, we propose strategies for overcoming some of 

the authoring problems and describe their use for re-designing TM4L. 

2 Creating Ontology-based Learning Content with TM4L 

2.1 The TM4L Editor 

The Topic Maps for e-Learning (TM4L) environment contains a Topic Map Editor 

that allows users to build ontology-driven learning repositories based on the Topic 

Maps model. It provides ontology and metadata engineering capabilities coupled with 

basic document management facilities [3]. The learning content created by the Editor 

is compliant with the XML Topic Maps (XTM) standard [8] and thus interchangeable 

and interoperable with any standard XTM tools. We aimed at providing an environ

ment that can support a topic map lifetime, from the design and creation through 

maintenance and onto evolution. At present TM4L facilitates the building of educa

tional TMs by providing support for creating and updating hierarchies of topics, topic 

types and instances, relationships between topics, and scopes, as well as for relating 

learning resources to topics. 

Figure 1. A screenshot from the TM4L Editor interface. 

The heart of an educational topic map is a subject ontology (in the considered do

main). As most existing ontology editors [1] (e.g. Protégé http://protege.stanford.edu/.), 

TM4L provides a graphical user interface that displays the learning domain concep

tual structure as a hierarchy of topics (see Fig. 1). Using the interface, the author can 

manipulate (add, delete, and modify) concept/topics, resources, and relations or per

form other TM-related operations such as merging, browsing, searching, and scoping. 

TM4L GUI uses the tab metaphor where each tab is associated with a different view 

on the topic map: Topics view, Relationships view, and Themes view. The Topics 

view provides a topics tree for editing topics in context, while the Relationships view 
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provides a three-pane interface for editing relationship types, roles and instances. The 

purpose of themes is to allow the topic map author to express the limits within which 

the topic characteristics have validity. To assist in defining themes, the Theme view 

offers a two-pane interface for viewing the effect of the currently set themes by hid

ing/displaying properties within the selected theme. TM4L is free software that can be 

downloaded from http://compsci.wssu.edu/iis/nsdl/. TM4L GUI is currently translated 

in 8 languages. 

2.2 The Study 

As part of the TM4L Editor evaluation, we conducted a study to find out what are the 

major difficulties that authors of educational topic maps face. ETM authors are typi

cally instructors who create the maps for the courses they teach. We invited a number 

of instructors to create learning content using the TM4L Editor. Nine topic maps were 

created in the study for the following course units: 

1. Groups (Modern Algebra) 

2. Basic Counting Principles (Discrete Mathematics) 

3. Number Systems (Software Systems)

4. Introduction to AI (AI) 

5. Integrated Circuits (Computer Hardware)

6.XHTML (Internet Technology)

7. Storage Management (Operating Systems) 

8. Prolog (AI) 

9. Introduction to Java (Computer Programming I) 

The goal of the study was twofold: from one side to evaluate the TM4L Editor’s in

terface and functionality, and from another – to provide feedback about the difficulties 

authors encounter in TM creation. In the study we found that the authors, being in

structors and competent in the subject area, didn’t have problems in selecting appro

priate resources. The major difficulties that they faced were related to ontology build

ing, i.e. to content conceptualization and classification, and to identifying and naming 

relationships between topics. Indeed, since there is no rule for determining the “best” 

criterion for classifying topics, authors had to make necessarily subjective decisions 

on how classes can be broken down into subclasses. We discuss these difficulties in 

the next section. 

3 Difficulties in Building Educational TMs 

3.1 Difficulties in Modeling the Learning Content Structure 

In a typical courseware organization, learning content is laid out in a tree-like struc

ture of course units (course, modules, lectures, etc.) much like the structure of the 

Windows file system. This approach has been adopted from the traditional textbooks 

organization (chapters, subchapters, sections, etc.). Usually the course units are linked 

with some relationships based on the author’s notion of classification. It is appealing 
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to think that the course units can be organized in a taxonomy based on a hierarchy of 

domain concepts. However, this is not true in general. Frequently the concept struc

ture used to organize the learning content is not a proper hierarchy, and the concepts 

naming the sub-units of the learning material do not represent more specialized con

tent of their “parents” [4]. This is well illustrated in Table 1, which presents fragments 

of the contents of four different well known textbooks on Prolog. In the first case the 

topic “Lists” is under the topic “Recursive programming”; in the second, it is under 

the topic “Lists, Operators, Arithmetic”; in the third case it can be found under “Using 

Data Structures”, while in the last case, it is under “Unification, Recursion and Lists”. 

Table 1. Fragments of Prolog textbook contents....

Sterling and Shapiro Ivan Bratko 

3. Recursive programming 3. Lists, Operators, Arithmetic 

3.1 Arithmetic 3.1 Representation of lists 

3.2 Lists 3.2 Some operations on lists 

3.3 Composing recursive programs 3.3. Operator notation 

3.4 Binary trees 3.4 Arithmetic 

3.5 Manipulating symbolic expressions 

Clocksin and Mellish Paul Brna 

3. Using Data Structures 5. Unification, Recursion and Lists 

3.1 Structures and Trees 5. 1 Unification 

3.2 Lists 5.2 Recursion 

3.3 Recursive Search 5.3 Lists 

3.4 Mapping 5.3.1 How to construct/deconstruct a list 

3.5 Recursive Comparison 5.3.1.1 List Destruction: 

3.6 Joining Structures Together 5.3.1.2 List Construction: 

3.7 Accumulators 5.3.1.3 Bigger Chunks: 

3.8 Difference Structures 5.3.2 The Empty List 

5.3.3 Some Possible Matches 

5.3.4 A Recursive Program Using Lists 

Obviously, the topic “Lists” is not a kind of “Recursive programming”, nor a kind 

of “Using Data Structures”. On the other hand, the topic “Lists” could be considered a 

subclass of “Structures and Trees”, and likewise “The Empty List” is an instance of 

“Lists”. Strictly speaking, “Lists” is not a proper sub-class of any of the parent topics 

in the examples listed above; it is rather a subclass of the topic “Data Structures”. 

These examples confirm that the order in learning content classifications is often 

subjective and arbitrary and could be easily altered, which in turn means that it doesn’t 

represent a true hierarchy. Apparently the subjectivism results in ad hoc concepts 

organizations. Moreover, authors’ intuition about where to place a unit sometimes is 

inconsistent with a broadly adopted structure. This may result in putting a unit in an 

unexpected for the learners place. Additional complication is that both the organiza

tion and the names of the concepts are subject of change over time. An example is the 

ACM Computing Classification System (www.acm.org/class/1998/ overview.html), 

which has been changed several times since its first publication. This makes impracti

cal any attempts to derive a durable structure of instructional units based on the 

folder-sub-folder pattern. A more permanent and predictable approach is to capture 
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the domain concepts and their relations based on the domain ontology rather than on 

ad hoc collection of folders. 

3.2 Difficulties in Topics Identification 

The structure of the learning content reflects the author’s concept of systematization. 

The topics and their relations make sense to the author in the context of their thoughts 

and goals at the time of creation. Being subjective, they are with uncontrolled terms 

and of variable quality. There are no rules to constrain the authors to use specific 

names for describing the content. Therefore one challenge is to select an appropriate 

name for each group of resources. For instance, looking at the tables of content of 

some online Prolog resources such as http://en.wikibooks.org/wiki/ Programming: 

Prolog and www.amzi.com/AdventureInProlog/.index.htm, you can find in one titles 

“Recursion” and “Arithmetic”, and in another “Recursive rules” and “Math, Functions 

and Equality”. This reflects some known principal problems with identification and 

naming of concepts/topics. The naming problems cause in turn problems related to the 

search for resources. An example is the use of different titles to represent the same 

topic. In such cases, a search for the term ”Pattern Matching” will not pick up re

sources indexed with the term “Unification”. 

3.3 Difficulties in Articulating Relations 

As we mentioned the authors had most difficulty in deciding what type of relation

ships to use in constructing their TM and how to name them. Authors typically follow 

the structure of the content in the textbook they use. Typical learning content structures 

are incoherent combinations of taxonomies, partonomies, and other unnamed schemes. 

The majority of available electronic versions of learning material continue this prac

tice of the pre-Web era. Table 2 summarizes the number of topics and of association 

types (together with their instances) for the nine topic maps created in our study. 

Some TM authors pointed out that in many cases they had found it difficult to de

termine the exact type of a particular “more inclusive-less inclusive” kind of relation 

they are dealing with. In such a case they place the new topic as a child of an already 

created topic in the displayed topic hierarchy. The extreme case of this was demon

strated in the topic maps for “Groups” (Unit 1) and “Basic Counting Principles” (Unit 

2), where beside the “created by” relation, all other relations between the defined 

topics were defined as instances of the default hierarchical type (the one used in the 

topic tree construction): 74 in the first topic map and 45 in the second. 

The parent-child classification reflects the title-subtitle (section-subsection) tradi

tion established by the conventional textbook organization and the created TM-based 

learning material mirrors the context in which authors used to see the composing 

items. The problem is that an organized collection of learning resources representing 

contextually related topics is often difficult to translate into a conventional hierarchi

cal structure. When the relationship between two topics is not hierarchical, the prob

lem is even harder. Apart from articulating it, the authors have to decide how to name 

it. The difficulty comes from the fact that differently from concepts, which are gener
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ally named by terms from the considered subject area, there are no established and 

agreed names for relations. Usually they are named by connotative words and there is 

a range of words that can express their meaning. The open choice of names can lead to 

problems for the reusability and interoperability of the created courseware. 

Table 2. Relation types in the seven Topic Maps. 

Unit 

# 

Topics Relation Types (# relations) Unit # Topics Relation Types (# relations) 

1 90 “created by” (12) 

“more general-less general” (74) 

2 54 “created by” (5) 

“more general-less general” (45) 

3 93 “derived from” (1) 

“described by” (1) 

“part of” (38) 

“represented by” (2) 

“simplifies” (1) 

“instance of” (24) 

4 41 “described by” (1) 

“extended to” (1) 

“implemented by” (2) 

“processed by” (2) 

“superclass-subclass” (10) 

“instance of” (18) 

5 67 “composed of” (3) 

“converted to binary by” (4) 

“converted to decimal by” (1) 

“interpretation in decimal” (4) 

“operates on” (10) 

“representation” (4) 

“superclass -subclass” (47) 

“instance of” (50) 

6 113 “based on” (1) 

“combinations of” (3) 

“instance of” (33) 

“superclass-subclass” (8) 

“invented by (2) 

“related to” (3) 

“same as” (15) 

“used for” (3) 

7 387 “instance of” (67) 

“superclass-subclass” (19) 

“related to” (7) 

“same as” (15) 

“similar to” (3) 

8 51 “based on” (1) 

“created by” (13) 

”part of” (6) 

“instance of” (52) 

9 79 “superclass-subclass” (23) 

“based on” (7) 

3.4 The ‘Default Relation’ Syndrome 

Another problem related to ontology authoring comes from the fact that in most ontol

ogy editors only one hierarchical relation type (typically “class-subclass”) is displayed 

as a tree. As a result, only the topics linked with relationships of that default type 

would be displayed in the constructed tree. Therefore the authors cannot see all cre

ated topics arranged in a nice tree-like structure. An attempt to “fix” this problem 

brought the author of the “Number Systems” (Unit 3) topic map to define relationships 

of two types between some topics instead of one – “instance-of”, which was the proper 

one and the false “class-subclass”, introduced only for the purpose of displaying all 

the topics in a hierarchy. The user was using the Editor’s visualization capability for 

one (the default) relation to express the hierarchical structure of another. 

Another reason for defining most of the hierarchical relationships in the created 

topic maps as “superclass-subclass” was the ease of attaching children topics in the 

(default “superclass-subclass”) topic map tree as opposed to explicitly creating and 

naming relationships in the separate “Relationships” panel. 
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4. Redesigning the TM4L Editor to Support Ontology Building 

The input from the conducted study suggested directions for improving the TM4L 

Editor. The difficulties in articulating and naming relations prompted us to include 

predefined relationship types in TM4L. For that purpose we developed an empirically 

justified minimal ontology for TM based e-Learning content. Further on, the ‘default 

relation’ syndrome suggested the replacement of the single topic hierarchy displayed 

in the Editor with three different ways of visualizing a topic map based on the three 

most typical relation types – “superclass-subclass”, “part-whole”, and “instance of”. 

4.1 The Predefined Minimal Relation Set 

To assist better the authors of educational topic maps, we introduced a predefined set 

of relations. This set is intentionally small however it can be extended with an arbi

trary number of associations. Currently it consists of five relations: three hierarchical 

and two ‘horizontal’ relations. The three hierarchical relations are the most commonly 

used semantic relations “superclass-subclass”, “whole-part” and “class-instance”. The 

other two relations, “related to” and “similar to”, have been proposed for capturing 

concept structures typical for e-learning content [4]. Note that we are not attempting 

to define an ontology covering the complex domain of e-learning, including the crea

tion of learning designs, etc. Such efforts and their results can be found, for example 

in [5] and [7], among others. Our focus is on defining a minimal set of generic rela

tions expressive enough to allow creating ontologies for structuring learning content. 

What relations hold between certain pairs of concepts is sometimes unclear for 

practitioners in the area. For example, Prolog is related to “artificial intelligence,” 

“logic” and “constraint programming.” But how exactly? To avoid introducing ad hoc 

relations with arbitrary names, we provide the “related to” relation. It captures asso

ciative connections between concepts, such as “refers to”, “is relevant to”, etc. Similar 

to the W3C SKOS scheme (http://www.w3.org/2004/02/skos/) this relation carries 

weak semantics. Its purpose is to express the fact that two concepts are related in some 

way, and that the relationship should not be used for creating a hierarchy. The relation 

“similar to” is intended to capture in a generic sense semantic similarity between con

cepts that have a close meaning or express different degree of a certain state or quality 

(e.g. advanced and complex). The metaphor ‘horizontal’ is used to suggest that the 

relations allow creating links between branches in a hierarchy of concepts. 

The basic intuition is that the five relations “superclass-subclass”, “whole-part”, 

“class-instance”, “related-to” and “similar-to” represent a sufficient basis of generic 

relations for creating ontologies for educational topic maps. This way we enable au

thors to apply predefined relations between the entities, relieving them from the need 

to create dummy or incorrect relation types. 

4.2 The 3-Perspective Concept Tree View 

Instead of adopting a single “perspective” on concept grouping, the re-designed 

TM4L GUI supports three basic hierarchical views. This way, the authors are able to 

create various classifications of certain concepts. For example, “operators” can be 

classified by arity (unary, binary and so on) or by type (arithmetic operator, Boolean 
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operator, String operator, and so on). By enabling different perspectives, we can 

model different classifications of topics. 

The concept/topic tree in the Editor’s Topic Panel can be seen in three different 

views - Taxonomy, Partonomy and Topic Typing. In each of these views relationships 

of the corresponding default type (i.e. “superclass-subclass”, “whole-part”, and “class

instance”) are automatically created/deleted during the process of topic tree editing. 

4.3 Merging Topic Maps 

Ontology merging is a key concept in ontology engineering that is explicitly built into 

the TM standard. TM4L merging allows a modular approach to TM creation. All of 

the created concepts, relationships and resources will still be present; the merging 

process neither changes nor eliminates them. The key difference is that the original 

conceptual structure has been enriched consistently with new concepts and relations. 

5. Authors Support in TM4L 

5.1 Support for ontological classifications and perspectives 

It is tempting to think that the classification schemes utilized by the libraries can be 

adapted in a simple way for use in e-learning. However, in e-learning environment the 

classification structure should account for multiple perspectives depending on the 

context in which the information is being sought. An implied goal in re-designing 

TM4L was to enable the representation of different perspectives of a domain. 

The lack of a shared understanding and consistency in using concepts on a textbook 

and course level might be compensated by using objective domain conceptual struc

tures (domain ontologies). From this viewpoint we conceive a domain ontology as a 

conceptual reference system, with a collection of concepts, relations between concepts 

and classification hierarchies. The resulting conceptual schema could serve as an aid 

for integrating related concepts (terms) from different repositories. TM4L provides 

support for authors that want to create ontological classification. Differently from 

typical ontology editors, our model includes three basic concept hierarchies: “super

class-subclass”, “whole-part” and “class-instance”. In this way authors are able to 

create conceptual structures that include various classifications of certain concepts. 

Authors can create typed concepts (with variant names) and an arbitrary number of 

resources linked to them. They can add any number of relations including transitive 

and symmetric relations in conjunction with the predefined classification hierarchies. 

5.2. Reusing Ontologies 

One way to minimize the cost of ontology-based learning content is to reuse already 

created ontologies. The domain ontology component whose development is costly is 

more stable and therefore reusable. It is stable because classification based on a do

main ontology is objective. Our framework supports reuse not only of learning re

sources but also of domain knowledge and instructional knowledge. 
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We can view the domain conceptual structures as independent information re

sources in their own right. An existing structure can then be overlaid on different in

formation pools (using the TM4L editing functionality), or merged with other TM 

(using its merge functionality) capturing different viewpoints on the same collection. 

An existing structure can be a source for new perspectives or used for interchange. 

TM4L supports ontology reuse through merging. In addition to promoting common 

understanding of concepts and avoiding redefinition of terms, it allows adding new 

meaning to preexisting course structures. For example, an existing conceptual stricture 

implemented as a TM can be integrated with a course centered topic map by merging 

them with additional mapping when necessary. We used this approach to create the 

Java topic map, driving the Java Portal (http://iiscs.wssu.edu/p4j/): by merging the 

separately created Java ontology and the course topic map, developed specifically for 

the CSC1311 Programming 1 course and using Gaddis’ book ‘Starting Out with Java’. 

5.3 “One Ontology-Many Containers” Educational TM Model 

The conceptual representation of the domain is a key factor in our framework, which 

is built on the assumption that a rational structure will facilitate a meaningful represen

tation and use of learning resources as well as the process of searching them. We ar-

gue that a single standard classification of learning materials in a subject area is a 

weak strategy from a practical perspective. In general, a classification is simply one 

particular rationalization of the relationships in a given domain that satisfies a group 

of individuals. Any classification, no matter how it is constructed, represents one pos

sible view on a domain and thus one potential way to organize a learning collection. 

Any field of knowledge may be classified from different viewpoints or contexts result

ing into different classifications. For each particular task the authors choose to repre

sent one particular view of the domain, therefore, a classification is aimed - in one 

way or another - to support a given viewpoint at the expense of other views. 

We can think of two basic perspectives on a course topic map: a structure of con-

cepts describing the subject area and a collection of text units (chapters, subchapters, 

sections) storing information about the concepts in a specific format. (Note that it is a 

common mistake to confuse a container for the concept(s) contained.) It would be 

difficult to argue that only one of these classifications is an accurate representation of 

the domain and the other is not. The selection of categories in a classification depends 

on the viewpoint/context of the community of individuals in which the classification is 

created and used. In the e-learning domain, a classification based on a module/lesson 

structure is not less significant than its conceptual counterpart. 

This approach however poses a new problem. By extending the domain ontology 

conceptual structure with a specific course structure the resulting topic map turns to be 

course specific. This of course is undesirable with regard to the reusability of the topic 

map. Hence we chose to create independently two topic maps – an ontology topic map 

and a course structure topic map. This is the basis of our proposed ‘One Ontology – 

Many Containers’ model of educational topic maps – the separation of the content 

structure into “public” and “private”. 

There are two major benefits of separating the initial representations of the two 

classifications. The first one is that the ontology TM that represents the conceptual 
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structure of the learning content can be built and used independently of the structure 

of a specific course. The second benefit is that the ontology TM can be merged after

wards with various TM representing different course structures. 

6. Conclusion 

In this paper we outline the evolution of the TM4L Editor based on some practical 

observations. The focus is on the difficulties authors face when creating ontology-

based courseware with TM4L, on the lessons learned and on the proposed strategies 

for overcoming some of them. Many of our findings may pertain to other ontology-

based educational environments. 
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Abstract. We describe XLM, the learner modelling subsystem of LEACTIVE-
MATH, from the viewpoint of how it makes use of technologies associated with 
the Semantic Web. We discuss how a better usage of these technologies could 
make of XLM a more generic learner modelling engine to serve a variety of e-
learning systems. We try to foresee important issues to be addressed and difficult 
problems to be solved in the way to this goal. 

1 Introduction

LEACTIVEMATH [1] is a Web-based educational system for mathematics that employs 
some of the Semantic Web standards and technologies. To start with, it is a content-
based system which uses OMDOC [2], a markup language for representing mathemat-
ical documents with emphasis in their meaning rather than in their appearance. LEAC-
TIVEMATH content has metadata based on LOM [3] with extensions to support the 
specific needs of L EACTIVEMATH components. Content can be presented in different 
formats on different devices by means of XSL [4]. L EACTIVEMATH is developed using 
JAVA, a main programming language for web-based systems, and it uses the XML-RPC 
[5] protocol to communicate with its remote components and associated systems. 

The learner modelling subsystem of LEACTIVEMATH, called the Extended Learner 
Model (XLM), was designed to deal with and benefit from the features of its host sys-
tem. Nevertheless, it was expected to be easily detachable from LEACTIVEMATH to 
serve other but similar systems, either as an embedded component or by offering its 
services on the Web. 

This paper first describes the current design and implementation of XLM from a 
Semantic Web perspective, digging into important issues of general relevance. Then it 
explores the possibility of accomplishing the goal of transforming XLM into a generic 
learner modelling engine for Semantic Web-based educational systems. Finally, some 
conclusions are proposed. 

� This publication was generated in the context of the LeActiveMath project, funded under the 
6th Framework Programm of the European Community - (Contract N° IST- 2003-507826). 
The authors are solely responsible for its content, it does not represent the opinion of the 
European Community and the Community is not responsible for any use that might be made 
of data appearing therein. 
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Fig. 1. The process by which content is transformed into information about learners to feed 
learner models in XLM. Thick arrows represent information flow whereas thin arrows speak 
of relationships between elements. 

2 From Content to Learner Models

Figure 1 illustrates the process by which XLM gets information related to learner inter-
action with educational content. In essence, content encoded in OMDOC is transformed 
in a presentation language (HTML, MATHML or PDF) using style-sheets and VELOC-
ITY [6]. Some of the content items and their presentations allow learners to interact with 
them in a way that the interaction can be captured by LEACTIVEMATH and reported to 
XLM in the form of event messages containing basic data, such as identifiers for learn-
ers and content items and the type of event reported, and additional information such as 
(for some events) a measure of learner performance. 

A variation of this scheme consists in the introduction of additional components 
acting as diagnosers of learner behaviour, which evaluate what happens along the inter-
action of learners with content and produce judgements on learners’ states and disposi-
tions. Examples of such additional diagnosers include an assessment tool that produces 
judgements on learners’ levels of competency, a self-report tool through which learners 
emit judgements on their own affective states, and a situational model that produces 
judgements on learners’ motivational state. A further variation of the scheme consists 
in learners interacting with their learner models instead of interacting with educational 
content. The models are made available through an XLM component called OLM (for 
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Open Learner Model) that provides learners with a graphical user interface to their 
models. It includes facilities for inspecting and challenging beliefs in the models and 
the evidence supporting them. OLM acts also as a diagnoser, producing judgements on 
learners’ levels of meta-cognition. 

Once XLM receives an event message, it proceeds to interpret it using the event 
handler that corresponds to the type of event reported in the message (figure 2). The 
event handler uses the identifier for the content item, as reported in the message, to re-
cover the item’s metadata that sets the context for interpreting the rest of the message. 
In particular, metadata provides information to identify the domain topics and compe-
tencies related to the event, while data in the message helps to identify related affective 
and motivational factors, if any. Armed with all this information, the event handler pro-
duces evidence to update a selection of beliefs in a learner model identified by their 
belief descriptor 

(domain topic, misconception, competency, affective factor, 
motivational factor,metacognitive factor). 

Each element in a belief descriptor must appear in the concept map that specifies the 
internal structure of the corresponding dimension in the learner models (bottom of fig-
ure 1). It is the composition of these maps in the predefined way (sketched in figure 3) 
what rules the composition of belief descriptors and defines the overall structure of 
learner models in XLM. The structure of the maps is used by propagators to spread the 
evidence produced by event handlers through the network of beliefs, producing in the 
end a relatively large collection of indirect evidence for a broader selection of beliefs. 
The final step in the process of learner modelling is updating the beliefs in a model on 
the light of the new evidence accumulated. 

2.1 Example

To illustrate what has been explained above, let us consider the case of a learner that 
is studying Differential Calculus and has finished the exercise on differentiation of 
linear functions shown in figure 4. XLM receives an event message reporting that 
the learner has just finished successfully the exercise identified as mbase://LeAM_
calculus/exercisesDerivs/mcq_const_lin_derivs (success rate = 1.0). Then 
XLM requests the exercise metadata and receives the following information, among 
other: 

– Exercise is for: ex_diff_const and ex_diff_lin. 
– Difficulty: very easy. 
– Competency: think mathematically. 
– Competency level: simple conceptual. 

Subsequently, XLM goes from the exercise to a pair of examples of differentiation 
of constant and linear functions (. . ./ex_diff_const and . . . /ex_diff_lin, respec-
tively), to definitions of the corresponding differentiation rules, and so on up to the 
nodes diff_quotient, deriv_pt and derivative in the map of the subject domain, 
which stand for the domain topics of difference quotient, derivative at a point and deriv-
ative, respectively. Now XLM can construct the descriptors for the beliefs the exercise 
provides new evidence for: 
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Fig. 2. The process of interpreting events to produce evidence for beliefs in learner models. Ar-
rows represent information flow. 

– (diff_quotient,_,think,_,_,_), 
– (deriv_pt,_,think,_,_,_) and 
– (derivative,_,think,_,_,_). 

These beliefs are all on the competency level of the learner to think mathematically 
on/with the topics trained or tested by the exercise. Information on the difficulty and 
competency level of the exercise and the success rate achieved by the learner is used to 
calculate probabilities for the learner being at any of four possible competency levels. 
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Fig. 3. The possible combinations of dimensions that define the structure of XLM learner models. 

These probabilites are then transformed into a belief function [7], a numeric formalism 
for representing beliefs that generalises probabilities and allows for a better representa-
tion of ignorance and conflict. It is the formalism used by XLM to represent its beliefs 
and their supporting evidence [8]. 

The initial set of direct evidence (three pieces) is input to propagators which in this 
case produce twenty two new pieces of indirect evidence for beliefs with descriptors 
such as (differentiation,_,think,_,_,_), propagating on the domain map, and 
(derivative,_,judge,_,_,_), propagating on the competency map. 

The learner’s self-report of their affective state (bottom of figure 4) would be de-
livered to XLM in another event message and then used to infer new evidence for be-
liefs on the affective dispositions of the learner towards domain topics and mathemati-
cal competencies, with descriptors such as (diff_quotient,_,_,liking,_,_) and 
(differentiation,_,think,affect,_,_). 

3 Design and Implementation Issues

Many things needs to work together for the process described in the previous section to 
run smoothly. There are many decision points where trade-offs have been made between 
efficiency, generality, flexibility and available resources along the project. 

Knowledge vs Content. From the beginning of the project there have been divergences 
regarding the nature of the material developed for the project in OMDOC. From one 
viewpoint, it can be seen close to mathematical knowledge given OMDOC semantic 
nature. From another viewpoint, the semantic nature of OMD OC is moderated by the 
nature of the documents it encodes and the processing capabilities of the interpreters. 
Formal mathematical documents encoded in OMDOC should be written with consis-
tency and completeness in mind. Their purpose is to represent knowledge that can be 
verified, proved and otherwise interpreted and used by computers. On the other hand, 
educational mathematical documents are written pedagogically, their purpose being to 
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Exercise 

functions and their derivatives  

Which assertions can you generalize from your knowledge about derivatives? 

The derivative of a straight line is always 0. 

The derivatives of straight lines have the slope 0. 

The derivative of some straight lines is 0. 

The derivative of each constant function is different. 

The derivative of any constant function is 1. 

Congratulations. That's it.  

If you want, you can send a report about this exercise. 
How do you feel about: 

Your exercise is over, please close the window. 

 

gfedc

gfedcb

gfedcb

gfedc

gfedc

this exercise in general? don't like it     like it 

the effort you put in? unsatisfied     satisfied 

the result of this exercise? disappointed     satisfied 

Close

  

Página 1 de 1ActiveMath - Exercise

25/05/2006http://garvey.inf.ed.ac.uk:8080/ActiveMath2/exercises/run.cmd?d0e111=on&d0e111=on&...

Fig. 4. Example of exercise and self-report tool in LEACTIVEMATH. 

provoke learning experiences—which themselves are not usually represented explic-
itly in the document. Educational documents can be rather inconsistent, repetitive and 
incomplete, even on purpose if that is believed to improve their pedagogical effect. 

The issue got acute when it came to decide the shape for the subject domain map in 
XLM. One possibility was to use the content available as a map, with content items (e.g. 
OMDOC concepts and symbols) being subjects of beliefs. On one hand, the approach is 
quick and simple, and it is the one used by LEACTIVEMATH old learner model. Author-
ing of new content would automatically update the map and every author could define 
topics for XLM to model learners on. On the other hand, it is an approach prone to in-
consistencies, repetitions and incompleteness in learner models, very much as content 
could be. Another possibility was to develop an explicit ontological/conceptual map of 
the subject domain, as a more stable framework for XLM to ground beliefs on. Given 
the lack of a domain expert embedded in LEACTIVEMATH and able to interpret content 
and answer questions from it, a map of the domain would deliver part of the hidden, 
implicit content semantic. A map of the domain could help authors to better describe 
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their content by making explicit references to the relevant parts of the map. On the other 
hand, since any subject domain can be described from many viewpoints, there can be 
many different, even conflicting maps of everything. 

A third option was to use a collection of content dictionaries written in OPENMATH 
[9]—the formal, XML-based mathematical language on which OMDOC is based. How-
ever, it was discarded because the content dictionaries were found inadequate, both in 
the topics covered and the relationships between them. A separate concept map for 
the subject domain was the implementation of choice for XLM, and so a hand-crafted 
domain map was implemented as part of XLM which covers a subset of Differen-
tial Calculus—the main subject domain of LEACTIVEMATH—and includes a mapping 
from content items to the relevant concepts, if available. It provides a solid ground for 
learner modelling which is less sensitive to changes in content. 

Maps and Vocabularies. The relationship between topics in the XLM domain map and 
content items is to some extent accidental. Nothing impedes content authors renaming 
their items nor map authors renaming their topics. A similar weak relation exists be-
tween the map for competencies used by XLM and the vocabularies used for specifying 
the relevant competencies in content metadata. They are based on the same framework 
[10] and care has been taken for they to coincide, but this coincidence does not derive 
from a explicit link between them. 

The mapping from content to topics is currently hardwired into the implementation 
of the domain map, hidden from content authors. In the same way, knowledge about 
vocabularies for metadata such as difficulty and competency level is hardwired into 
the code of XLM, particularly in event handlers and diagnosers such as the Situational 
Model and the Open Learner Model. There is no explicit link between this knowledge 
and the definition of the vocabularies. 

Metadata Content and Usage. A core but limited subset of the available content meta-
data is actually taken into account while interpreting events. Ignored metadata may 
describe important features of content that can be the reasons behind apparent contra-
dictory evidence. Nonetheless, since most metadata for the current LEACTIVEMATH 
content has been produced based in the subjective appreciation of their authors rather 
than on empirical evaluation of content, it is suspected that there is a strong correlation 
between its different values. In such a case, taken into account more metadata elements 
can be misleading. 

Propagation Algorithm. A learner model in XLM is a large belief network constructed 
by composition of the maps that define the distinct dimensions of learners to be mod-
elled. Every belief and evidence in this network is represented as a belief function [7]. 
Propagators, that make use of the internal structure of the maps to propagate evidence, 
require the definition of a conditional belief function per association between elements 
in the maps. In the current implementation of XLM, however, a single conditional belief 
function is used for all associations in all maps, despite their many different types. 

A careful analysis of the maps and the propagation algorithm is necessary to deter-
mine suitable adjustments. On the same line, there are a few parameters that can be fine 
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tuned to optimise XLM performance in terms of accuracy, reliability and efficiency. Of 
particular interest is the issue of performance with larger maps. 

4 Towards a Generic Learner Modelling Engine

We have envisioned a future for XLM in which it can be easily embedded into other 
educational systems and even deployed as a learner modelling server. There have been 
a few attempts to do this in the history of research in intelligent tutoring systems [11– 
14] with some level of success among the research community but no widespread usage 
outside of it. Besides the obvious moves of making XLM appealing by its core function-
ality as a learner modelling engine and improving its use of Semantic Web technologies 
and standards, a proper parameterisation of its components would help XLM to better 
serve other educational systems. We can examine these issues from the perspective of 
the learner modelling process described in the section 2. 

To start with, the number of maps used by XLM (figure 1), the way they are com-
bined to set the framework for learner models (figure 3), the learner dimensions they 
describe and their internal structure need to be flexible. The maps should be encoded 
using a standardised language, such as XTM [15] and supplied to XLM as parameters. 
An explicit and strong connection between the maps and vocabularies for metadata— 
depicted as greyed dotted arrows in figure 1—would be also beneficial. 

Knowledge of the content, structure and semantic of event messages recognisable 
by XLM (figures 1 and 2) needs to be made explicit and accessible to users. It amounts 
to specifying a data model, as in SCORM [16], plus its intelligent processing. For 
example, the current implementation of XLM supports messages reporting log-ins and 
log-outs, starting and finishing exercises (including a measure of success rate), self-
reports of affective states, diagnosis of motivational states and meta-cognitive skills, 
but all knowledge of how to interpret these reports is hardwired in the JAVA code of the 
event handlers. 

Propagation of evidence in learner models would greatly benefit from specialised 
conditionals attached to the associations in the concept maps. Consequently, finding an 
easy way to do this becomes an important problem. We are exploring a possible solution 
to this problem by defining a conditional per type of association [17] and adjusting it 
case by case, for each individual association on the maps, by taking into account the 
number of nodes each association connects—the more nodes connected, the conditional 
gets weaker. 

For OLM, the visible facet of XLM, every event, map, metadata and vocabulary 
has to be provided with (internationalised) descriptions of their various constitutive 
elements, to be used in the graphical user interface to learner models. These descriptions 
are needed at various levels, as can be seen in figure 5. 

– Parameterising the evidence view (zone B of the interface, including a list of the 
important attributes of the event) means that important attributes have to be iden-
tified, their names and values to be described, as well as the (graphical) rendering 
used to display them in the list. For example, the attribute confidence in figure 5 is 
described as ‘confidence’ in an English context, its value defined as a percentage 
and rendered as a green progress bar. 
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Fig. 5. A snapshot of the OLM Graphical User Interface. 

– Parameterising the dialogue view (zone A, a verbalisation of the exchange between 
the learner and the OLM) means that a verbal description of OLM events have 
to be defined, including the templates to use and their arguments. For example, the 
challenge event presented in the interface shown in figure 5 is described by the tem-
plate Because you told me that {0} was not {1} but {2}, using the belief descriptor, 
the previous summary level held by the XLM and the alternative statement made by 
the learner, respectively. The description of each argument needs to indicate how it 
should be formatted in the template. 

– All references to belief elements need to be defined for their externalisation: de-
scriptor, ability levels, and so on. For example, the belief descriptor (deriv_pt,
_,think,_,_,_) needs to be transcribed according to the descriptions in the rel-
evant topic maps (deriv_pt referring to the topic ‘derivative at a point’ in the 
domain map and think referring to the competency of ‘mathematical thinking’ in 
the competency map) and abstract ability levels currently used need to be mapped 
to the relevant vocabularies (for the case of a competency level, level II it could be 
transcribed as medium). 

5 Conclusions

We have presented XLM, the learner modelling subsystem of LEACTIVEMATH, a Web-
based educational system for mathematics. We have described XLM functionality, par-
ticularly in relation to its use of technologies related to the Semantic Web, and discussed 
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important design and implementation issues. Due to the fact that we aim at decoupling 
XLM from LEACTIVEMATH so that it can serve a variety of educational systems, we 
have discussed a minimum set of requirements to accomplish our goal, emphasising 
the need to parameterise XLM and improve its usage of Semantic Web standards and 
technologies. Striving to generality has been, together with open learner modelling, a 
salutory principle [18] for XLM, yet the road ahead is full of challenges. 
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Abstract. The project “A theatrical perspective on projective geome-
try” is a multimedia eLearning initiative that aims at the diffusion of an
online course on projective geometry and an historical theater play on
the life of the inventor of this discipline: the french mathematician and
engineer Jean-Victor Poncelet. We look at how we created an ontology
to centralize all the knowledge of the project and what kind of benefits
we received from this strategy by combining it with the right toolset.

1 Introduction

This paper is about how one can profit from Semantic Web [1] techniques to
develop large scale multimedia eLearning project. Evidences of the benefits of
combining eLearning with ontologies was put forward in other papers like [2–4].
We explain our views through the practical example of the Poncelet Project.

We start by giving an overview of the project in section 2. Next, in section
3, we outline some requirements and objectives of the project. In section 4, we
start explaining a basic ontological model for the project to reference multimedia
resources. In section 5, we continue to extend our ontology to assist the construc-
tion and the diffusion of the Poncelet Project. In section 6, we explain how we
can create an interactive exploratory interface that lets the learners build their
own multimedia scenarios. Finally, in section 7, we conclude with some remarks
on our experience.

2 The Poncelet Project

There are three main texts at the project basis.
First, a course on projective geometry written and taught by Gonzalo E.

Reyes explains the basic elements of this mathematical theory. Through videos,



schema, interactive simulators, notes and exercices, learners discover the funda-
mental theorem of projective geometry: there is only one conic curve.

Second, a play, written by Marie La Palme Reyes, ”Death and the young
man (The last hours of General Poncelet)” [5, 6]. Dying, General Jean-Victor
Poncelet remembers one of the most productive period of his life, when after
crossing the frozen plains of Russia, winter 1812, he arrives at Saratoff prison,
where he lays down the foundations of projective geometry.

Finally, an overview of the history of projective geometry, with its early
beginnings in the 15th century up to its apogee in the 19th century.

These three poles are self-contained but are also interconnected through their
themes and concepts. With the high volume of rich contents, we aim at offering
the interactors an organic and adaptive navigation (see [7]).

3 Some Key Project Objectives

We use the current section to outline some key objectives of the project that led
us to the consideration of using ontologies to assist in the creation and delivery
processes.

The requirements and objectives we chose to put emphasis on are:

– Offer a multitude of customized learning paths to users.
– Have multiple granularity levels for resources e.g.: play, act, scene, cue line
– Create bridges between arts and science.
– Be able to deal with multiple diffusion support medias e.g.: Web, DVD.
– Give ourselves tools to help handle the complexity of managing thousands

of multimedia documents.
– Let the users create their own multimedia scenarios.

In the following sections, we will explain how the use of an ontology helped
our progress on the above points.

4 Using an Ontology to Classify Resources and Concepts

The process of building a large multimedia project involves managing a large
amount of media files distributed on multiple locations and disks with different
compression settings and which evolves in a resources lifecycle workflow. Having
an ontology for the project that is dedicated to be the semantic referential of
all constituents of the project is the strategy that we adopted to handle this
complexity.

The design of the Poncelet Ontology was made using a graphical OWL-DL
(see [8]) editor called Mot+OWL. We will use the graphical models of Mot+OWL
to present some highlights of the Poncelet Ontology in figures inserted in the
paper. The graphical formalism is partly explained by a simplified legend pre-
sented in figure 1. At the left we see the graphical symbolism for the different
constituents of an ontology: classes are rectangles, datatypes are also rectangles
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Fig. 1. An extract of Mot+OWL graphical formalism for OWL-DL

but with a different icon painted on them, properties are hexagons and individ-
uals have shapes of their own. To express that a class is a subclass of a given
class we use an “S” link. Specifying the domain and range of a property is done
with “R” links. Individuals of a specific class are expressed using “I” links. All
the other features of OWL-DL are also expressible in our graphical formalism
but we will not use them here to simplify our discussion.

The first, and most natural class, we introduced in our ontology is the class
PonceletResources which is to be interpreted as the class of all multime-
dia resources in the project. This class is then refined into three sub-classes:
PlayResources, CourseResources and HistoryResources. Figure 2 shows this
with two additional datatype properties for PonceletResources: the hasTitle
and hasLocation properties. The hasTitle associates a title string with each

Fig. 2. The PonceletResources top-level taxonomy
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resource and the hasLocation associates a URL telling the location of the re-
source file. Note that the little hexagons (with number 1 as label) are there to
put cardinality restrictions on the properties.

The taxonomy of the resources has many further ramifications. For example,
the PlayResources has two subclasses: Act1Resources and Act2Resources.
Acts also have subclasses: the scenes. The CourseResources also has many
subclasses: one for each part of the course. We will not make the whole ontology
explicit in this paper. Instead, we will focus on some parts of it that we believe
can illustrate our discussion.

For the moment, we can use the taxonomy of the resources to classify all
the project resources in this structure and use the hasTitle and hasLocation
to name them and locate them physically. We can do this by populating the
different classes of this taxonomy with individuals (instances of these classes).
Examples of individuals are: a video segment of the course, a sound effect in the
play, an interactive simulator to explore conic curves, etc.

We already have a decent structure to manage our resources but this is not
enough if we want to capture more subtle requirements. For example, we may
wish to distinguish between the different types of resources: sounds, pictures,
videos, etc. We also outlined in the previous section that we may want multiple
diffusion support for the project: the web, DVD. To handle those requirements,
we introduce two additional properties: hasType and hasIntendedSupport. The
hasType property in introduced in figure 3 where we see that PonceletResource-
Types class is an enumerated class (using the oneOf OWL construct) consisting
of five basic types of resources. The hasIntendedSupport property associates

Fig. 3. Associating types to resources

the intended diffusion support for the resource which can be either: WebHB (web
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diffusion with high-bandwidth), WebLB (web diffusion with low-bandwidth) or
DVD (DVD diffusion support).

This very simple ontology suffices to build our resource database in a very
structured manner. To carry on this task, we adopted a mixed strategy. In a first
step, we use some software agents to generate the OWL code in batch mode.
This enables us to quickly populate the ontology with our thousands of resources.
The second step is to import all the OWL code into the Protégé OWL editor
(see [9]) and do some fine tuning on the results of step 1.

The next fundamental branch that we decided to develop in our ontology
starts with the PonceletConcepts class. This class is intended to contain all
the different concepts involved in the project. All the mathematical concepts
put together under the CourseConcepts subclass of PonceletConcepts. The
PlayConcepts is another important subclass of PonceletConcepts. Figure 4
shows the first level of refinement of the concepts in the project. The property

Fig. 4. First subdivisions of the concepts

isLinkedWith allows us to link related concepts together. This will eventually
be used to generate navigation interfaces to let users explore the concepts of the
project.

To complete this part of the ontology, we need to introduce some relation
between concepts and resources. We do this by introducing the isPresentedBy
property that is shown in figure 5. This property declares that a given concept
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Fig. 5. The isPresentedBy property

is manifested in some specific resources of the project. This property is very
useful for users that in some situations need to focus on a specific concept of the
project. Using this property, we can extract all the resources related to a given
concept.

As we have seen, we are already in a position, by adding a few crucial prop-
erties to taxonomies of resources and concepts, to build very interesting tools
that enables a flexible navigation into the contents. The next section goes some
way to show other possibilities.

5 The Ontology Supporting the Dissemination of the
Project

5.1 Using the Ontology to build the Poncelet portal

Once all the resources and concepts are classified inside the Poncelet Ontology we
can add another useful concept inside that ontology: the class of GUI’s (graphical
user interfaces) involved in the project, that we name PonceletInterfaces.
Instances of this class will be all the different graphical interactive interfaces we
will build to deliver the resources to the users.

For example, a webpage in the play or a page giving access to the text of the
notes for the mathematical course would be instances of this class. By adding
appropriate subclasses like PonceletWebInterfaceHB (high-bandwidth version),
PonceletWebInterfaceLB (low-bandwidth version) and PonceletDVDInterface
(DVD version) we can differentiate between different versions adapted to the
users bandwidth and interfaces delivered on very different media: the Web or
DVD. Refining these to separate between the play interface pages and the
mathematical course interface pages could also be useful. A crucial property
of PonceletInterfaces is that they consume resources. We therefore introduce
the consumes OWL property which associates an interfaces with the resources
they use and diffuse. The consumes property introduces some kind of dependency
relation between interface pages and resources. Figure 6 presents this property.

Keeping track of the resources used in each interface page can be certainly
very useful at the project packaging phase. In this phase, we build the end
products by extracting all the resources it uses from the resources database.
This can be very easily done using the consumes property. To populate the
PonceletInterfaces class and add the appropriate consumes properties to the
individuals we will use software agents that will scan the interface description

80 Geneviève Habel et al.



Fig. 6. The consumes property

files and insert the proper OWL code for those instances in the Poncelet Ontol-
ogy.

The creation of the interface pages by extracting the right resources and as-
semble them into a coherent structure is a time consuming task. To simplify this
process, we profit from our classification taxonomy for the resources inside our
ontology. For that, we create a special helping tool called the Resource Extractor
that sends queries to an OWL-DL inference engine which extracts the appropri-
ate resources for constructing interface pages according to the intentions of the
creator. While working on the composition of a specific set of interface pages,
the creator can select some logical constraints in the Resource Extractor and a
query is made to the ontology to extract the corresponding resources from all
available resources.

5.2 Offering Multiple Learning Paths

The decoupling of resources and interfaces combined with the existence of the
consumes property also gives a very interesting corollary: we can use it to specify
multiple learning paths in accordance with different learning styles.

By introducing another property with both domain and codomain PonceletInterfaces
called canBranchTo, we can express these paths. The canBranchTo property
therefore creates the different navigational graphs corresponding to those paths.

For example, we will offer a traditional linear path and a interactive path
with guided round trips between the play, the course and the historical part.

6 Interactive Interfaces with the Poncelet Ontology

We have seen in the previous sections how the Poncelet Ontology could be used
to support the project resource management, portal implementation tasks and
pedagogical sequencing of the resources. In this section, we will look at how the
end-users can also profit from this ontology by offering them a richer browsing
experience.

We believe that the exploitation of the Poncelet Ontology by end-users is the
optimal knowledge transmission channel we can hope for. We are very aware of
the fact that in its OWL file format, an ontology may seem rather useless for
an end-user coming in contact with one of the project products. With the use of
appropriate graphical interfaces, this fact can be completely reversed.
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6.1 Search in the Resource Bank

The first simple interface we will offer to the users is the resource search tool.
Using this tool, the user can filter the resources according to different search
criteria: keywords, course and play divisions (Act II Scene I), aggregation level
(atomic, molecular, . . . ), project concepts (parallel lines, death,. . . ), resource
type and media support.

6.2 Interactive Resources Aggregation through the Project
Ontology

To offer to users the ability to explore and query the Poncelet Ontology we
will offer them an interesting interactive experience in which they can practice
effective organic resources aggregation (see [7, 10]) through our ontology, in a
graphical multimedia scripting interface.

In a three dimensional space representing a virtual theater, we dispose the
different concepts and resources classes composing the Poncelet Ontology on the
theater scene stage. To do so we associate an icon to each of them and place the
icons in our 3D environment (with the correct perspective calculations applied to
them). The icons are of different sizes depending on the population size (number
of individuals) of the corresponding OWL classes. We animate those icons so
that they look like they take part in a complex dynamical system that looks like
a planetary system. For that, we make subclasses of any given class orbit around
their superclass.

At the front center of the stage, a spotlight shines on the floor. The users are
invited to interact in the scene by dragging references to the different icons into
the spotlight illuminated region of the floor. In this region, they can assemble ag-
gregates of multimedia ressources and of concepts. We provide the users basically
two construction principles to build aggregates of resources: sequencing behavior
and parallel behavior. They can recombine these principles to recursively build
complex structures.

When a user drags a resource class into the light, the corresponding concepts
related by the isPresentedBy property are also slowly pulled into the light. In-
versely, when a user drags a given concept into the light, corresponding resources
are slowly pulled into the light.

Once a user has completed an aggregate, he/she can execute this aggregate.
Upon the user’s request, a multimedia scenario is compiled from the user’s ag-
gregate and is played in the browser.

We believe this interactive game, giving access to all the resources of the
project in a flexible way, is a very interesting way learners can take to explore
the material according to their interests.

7 Technical aspects of the approach

Figure 7 shows an overview of the architecture. User accesses a website (Ajax
based [11]) served by the Apache server. Apache serves the resources and static
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interfaces or web services. There are presently only two web services: one for
searching and the other for launching resources. Both services use the Pellet
Inference Engine (see [12]). The Poncelet Ontology is fed into the inference engine
through its DIG interface [13] by a translator from OWL to DIG. A set of
tools were created to manipulate the Poncelet Ontology and to extract semantic
descriptors from the resource bank. The Protégé OWL editor [9] was used in the
first steps with the Poncelet Ontology. The consistency has been verified with
that tool together with the initial adjustments.

Poncelet 
Ontology

Pellet
Inference 
Engine

Resource
Bank

WS Search
Launch

Apache 
ServerInternet

OWL tools

User

Fig. 7. Overview of the Architecture

7.1 Comparing with the RDBMS Approach

One may argue that all of the above functionalities could be achieved using a
traditional relational database. We agree that this is true, in fact our ontolog-
ical approach could be mapped to such a relational database approach. This
would certainly lead to a more robust, scalable and efficient implementation.
But it would lack the high level representation, the interoperability means, the
flexibility and the reasoning services that an ontology driven implementation
provides.

8 Conclusion

In conclusion, by giving access to parts of projective geometry theory through the
angle of interactive medias, the project “A theatrical perspective on projective
geometry” transports users inside a unique learning experience.

We have learned from our experiment that very simple ontologies can be
quite useful in the development of a multimedia eLearning project. By providing
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a unifying framework where all knowledge about the project can be stored inside
a unique structure, ontologies provide a solid backbone to which all tasks can be
linked and profit from it. The Poncelet Ontology gives us a formalized vocabulary
bringing consensus inside the project members and which is directly exploitable
by computer programs like OWL-DL inference engines.

We also learned that an ontology by itself doesn’t give very concrete benefits
in the project (apart from conceptualization benefits) if it is not combined with
the right toolset. Scarcity and lack of maturity of available OWL tools is one of
the barriers of using such an ontological approach. The ability to generate tools
and interfaces evolving around the ontologies is therefore crucial at this point of
time to really profit from this formalism in a concrete way.
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Abstract. The task-based methodology to formalize a domain of knowledge is 
not new in knowledge engineering, and also in the field of the Semantic Web. 
This methodology has been used to describe the way learning resources are 
utilized; that is, to formally specify the meaning of a pedagogical strategy. In 
this paper we describe our position on the deployment of a task-oriented model 
for the purpose of characterizing domain knowledge. That is, we consider 
formal acquisition of what is usually referred to as the content of an eLearning 
application. We illustrate this model in describing the process of generating the 
issues relevant for the field of Semantic Web; with an aim to provide learners
with an alternative access to a repository of learning resources. We propose that 
this model is more compliant with a conception of the learning process as 
fundamentally situated and contextual – as opposed to the classic instructionist 
paradigm that focuses on content delivery. 

1. Pedagogical background and motivation 

Learning is a complex and multifaceted activity; two broad types can be distinguished 
[1]: the “natural” learning and more artificial, “academic” learning. The former occurs 
in the everyday situations, and often corresponds to the acquisition of not only passive 
knowledge about a domain but also an active knowing [2]. The latter type of learning 
often occurs in formal education, in schools, and particularly in universities. 
Academic learning is essentially about abstractions; that is, it is not directly tied to 
reality. It mostly works with and refines various formal descriptions of what happens 
in the real world. Indeed, what teachers try to convey to learners are alternative
accounts of everyday experiences, reusable descriptions of already known phenomena 
(for example in physics, formulae). Of course, these second-order descriptions are 
(not surprisingly) often hard to grasp in their abstract nature.

Recently, various frameworks attempted to theoretically redefine the learning 
process, in order to reconcile the ‘user entity’ with the ‘knowledge entity’ (usually
treated as separated by the classic instructionist paradigm [3]). Examples such those 
in [2, 4] can be summarized under the heading of situated cognition [5]. Learning is 
always framed in a situation, where the problem and its context are defining each 
other [6]. It is actually correct to say that the solution is spelt out in terms of the
context, and the problem is solved thanks to the entities a specific situation makes 
available. According to the authors, the situation affords a certain kind of knowledge 



production. This is true not only for the natural learning, but also for the academic 
learning. It is therefore crucial to contrive a setting for the learning (of both skills and 
abstractions) where what is taught does not appear in isolation (by definition), but in 
concomitance with the situation it originates from. 

In this paper we present an early form of a model that offers a unique value to the 
educational designers; it reflects the situated style of the human cognition and the
authentic activity through which learners create knowledge. We argue that through
employing a task-based methodology to model the existing activities in a particular
domain, we can provide a meaningful breakdown of the knowledge needed for
teaching the domain itself. With respect to a widely known model introduced in [7],
our approach proposes that beyond being used effectively to describe the structure 
(defined as the layout of a “set of learning materials in a learning course”) and the 
context (defined as “the form the topic is presented”) of the educational design, a task-
based methodology can be also employed to represent the actual content of the course 
taught (namely, “what the learning material is about”).

Next we briefly summarize the principles of task-based methodologies and relate
them to the learning and learning ontology design in particular. In section 3 we 
instantiate the abstract task-centered model using the work we are pursuing in the 
domain of Semantic Web Studies, and discuss the value of this case. Finally, in 
section 4 we sum up our position and conclude the paper. 

2. Task-oriented model 

The task-based methodology is commonly used in many domains, including 
eLearning [8]. However, in [8] as well as in most eLearning applications tasks are
employed to model the pedagogic structure of the resource or activity sequencing. For 
example, in [9] the notion of task is used to specify the right sequence of learning
resources the application has to present, according to their instructional value and the
author’s learning design. This can be pedagogically sound but by focusing on the
meta level of structuring a course it still does not sufficiently bridge the gap between a
natural, situated learning and the artificial, academic one. In other words, although the 
authors recognize that the “process of learning is more complex than navigating
between different pages and reading what is written on them”, they do not try to
frame the learning activity within the context of a problem-based situation. This is in 
fact what is required in the “natural” and most effective type of human learning.

We are instead using the task-based methodology to tie the objects of a specific
domain to their effective usage, that is, to their raison d’etre. The core section of our 
position centers on the notion of ‘usage semantics’ – which can be distinguished from
e.g. descriptive semantics of the knowledge acquisition methodologies. As we will
exemplify in the following section, this representation relies on the recursive 
instantiation of the following concepts: 
• A problem or problematic situation: this can be defined as an issue or situation that 

is so-far unresolved, from the perspective of a particular learner. A problem in this
generic sense looks for a solution and/or for further specification [6]. 
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• A solution: this can be seen as an outcome (or a set of multiple outcomes) that to 
some extent resolves the issue, the conflict or the situation identified by the learner
as the problem. 

• A generated problem: defined as a specific outcome of breaking down the problem
at the input into several sub-problems – with respect to a particular approach. 
Different approaches afford the learner to perceive different sub-problems or the 
same sub-problems may emerge at different times. Two types of generated 
problems can be identified in our model: 
− An in-domain sub-problem: defined as a problem or a part thereof that 

according to a particular approach is amenable by the domain’s methods, 
techniques and other conceptual apparatus. 

− An out-domain sub-problem: defined as a problem or a part thereof that has
been considered to be amenable by methods and concepts of a different domain. 

• Finally, an approach: this can be defined as a deliberately taken perspective on the
situation in which the learner is and in which s/he perceives a problem. When used
in a particular situation, an approach becomes the frame that allows further 
processing and analysis of the problem and the synthesis of the solution. 

3. Case example: Semantic Web Studies 

In the context of the KnowledgeWeb project, we are trying to re-operationalize a 
series of learning resources that have been deposited by their authors in the REASE 
repository1. One of the main drivers of our effort is to complement the existing topic-
centered framework of REASE by more problem-centered learning. The core facility 
on REASE that allows semantic structuring and browsing is the topic ontology that
hierarchically organizes the topics in the Semantic Web. The only meaningful usage
of this conceptual model is to comprehend an elementary linking between resources
that can be inferred through the abstract is-a relationship.

This ontology, however useful in organizing a dynamic repository, carries little
pedagogical value. Simply, when one wants to understand notion of ‘OWL semantics’
it is not sufficient to know that this belongs to the category of (say) ‘Logical 
Foundations of the Semantic Web’. Ontology designed to catalogue resources does
not reflect the usage semantics of various notions the learner may want to acquire,
such as how does ‘OWL semantics’ work, what does it afford, what are its limits,
where can it be applied, etc.

As showed in Figure 1, we take an existing application developed at KMi, Magpie
[10], and try to frame it using our model based on the problem-approach-solution 
framework. The basic question that drives this kind of contextualization has this form:
“If there is X, what does solve or tries to solve it?” For example, the problem a tool 
such as Magpie (and in general, any other semantic browser) addresses is the 
dispersion of potential learning resources on the Web and their recollection on the fly 

1 KnowledgeWeb is available online at http://knowledgeweb.semanticweb.org; REASE is one
of the outcomes of the project’s educational area, it stands for Repository of the European
Association for the Semantic Web Education, and is available at http://rease.semanticweb.org 
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Figure 1. Specific model conceptualizing the domain of Semantic Web Studies
starting by situating one particular problem into a set of sub-problems and a 
technological solution 

depending on the learner’s context of usage. We define the Semantic Web 
approach to frame this problem as comprising a model of the relevant domain
knowledge, relying on ontology and performing a web search with that ontology as a 
filter. The problem is thus broken down into (at least) two broad sub-problems: (i) 
how to model a domain and (ii) how to implement an information extraction 
technique using an ontology. The first one is considered again as a problem relevant
to the Semantic Web studies domain (so it will iteratively move to the upper box
generating a new instantiation of the model). The second one is a “border” problem,
outside the scope of our teaching (again, this scoping depends on how the approach
has been chosen). Eventually, the purpose of the iterations is to identify all these
“border” problems, which of course can be linked to the problematic issues arising in 
or tackled by other domains [11]. In the same figure we can see how the generated
problem is further developed through another instantiation of the model, which
frames the OWL language instead.

It is important to notice how the formulation of the approach drives the whole
characterization of problems as Semantic Web related or not. This choice is of course
totally arbitrary and subject to criticism. But since the overall aim of this framework
is to dissect a domain for teaching purposes, and not to define or acquire once and for
all the essence of the Semantic Web (or any other domain), we do not discuss this
choice any deeper in this paper. As a teacher inevitably has to take a specific set of
assumptions in order to explain and explore with his/her students an object domain,
we also have defined the Semantic Web approach in a specific way in order to shed
light on related “teaching materials”. Our focus is therefore not on producing an 
ontology that defines classes and sub-classes, but on carving out the relations between
entities in the domain. An interesting outcome would be, for example, the usage of a
hierarchical classification (such as the one in REASE) within the model: since Magpie 
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is classified as a semantic browser, also other similar applications can be retrieved as
examples of solutions to the same problem. In other words, if Magpie is presented to
learners in the context of the problem of remote and disconnected web materials,
automatically another semantic browser can be treated as relevant since it also fits in 
the actual context. On the other hand, these other ‘solutions’ may shed new light on
the existing problem. Only through the explicit recognition of this network of an
object usage, the domain knowledge can be treated as a truly situated cognition. 

5. Conclusions 

In this paper we have sketched a task- and problem-centered model for organizing 
learning materials, with respect to their content. Existing research focuses on 
formalizing the learning design through tasks and subtasks specification. We 
acknowledged how this research, although useful for some purposes, remains at the
level of structuring the course presentation. In contrast, the characterization of the
content through the usage of conceptual primitives in specific tasks and activities
helps to capture both a dynamic nature of the domain and a learner’s immersion in
conceptualizing it. This view is compliant with a known pedagogic paradigm that
interprets learning as a process of situated cognition. In this way, knowledge chunks
and their conceptual abstractions are not considered isolated, but in the context
specified by their Problem-Approach-Solution space. We have also introduced an 
early and ongoing work aiming at instantiating this generic model for the situations 
involving teaching the students to practice the Semantic Web. An example from the
field describes our methodology and gives a glimpse of the future direction of this
research. 

Acknowledgements 

This work has been supported by the KnowledgeWeb and NeOn projects, and also by
discussions with our colleagues at KMi. Knowledge Web and NeOn are supported by
the IST Framework VI (grants no. FP6-507482 and FP6-027595). 

Bibliography 

1. Laurillard, D., Rethinking University Teaching. 1993: Routledge. 
2. Cook, S.D.N. and J.S. Brown, Bridging Epistemologies: The Generative Dance Between

Organizational Knowledge and Organizational Knowing. Organization Science, 1999. 
10(4): p. 381-400. 

3. Noddings, N., Philosophy of education. Dimensions of philosophy series. 1998, Boulder, 
Colorado: Westview Press. 

4. Nonaka, I., R. Toyama, and N. Konno, SECI, Ba and Leadership: a Unified Model of 
Dynamic Knowledge Creation. Long Range Planning, 2000. 33. 

A Task Based Approach to Support Situated Learning 89



5. Brown, J.S., A. Collins, and P. Duguid, Situated Cognition and the Culture of Learning. 
Educational Researcher, 1989. 18(1): p. 32-42. 

6. Dzbor, M. and Z. Zdrahal. Design as interactions between problem framing and problem 
solving. in 15th European Conference on AI (ECAI). 2002. Lyon, France. 

7. Stojanovic, L., S. Staab, and R. Studer. eLearning based on the Semantic Web. in Proc. of 
WebNet2001, World Conference on the WWW and Internet. 2001. Florida, US. 

8. Willis, J., A Framework for Task-Based Learning. 1996, Harlow: Addison Wesley
Longman Ltd. 

9. Carro, R.M., E. Pulido, and P. Rodríguez. TANGOW: Task-based Adaptive learNer 
Guidance On the WWW. in 2nd Workshop on Adaptive Systems and User Modeling on the 
WWW. 1999. Toronto, Canada. 

10. Dzbor, M., E. Motta, and A. Stutt, Achieving higher-level learning through adaptable 
Semantic Web aplications. Int. J. of Knowledge and Learning, 2005. 1(1/2): p. 25-43. 

11. Brusilovsky, P. and R. Rizzo, Map-Based Horizontal Navigation in Educational 
Hypertext. Journal of Digital Information, 2002. 3(1): p. 156. 

90 Michele Pasin and Martin Dzbor



Sharing and Reusing Information on Web-Based 
Learning 

Wilson Castello Branco Neto and Fernando Alvaro Ostuni Gauthier 

1 Exact and Technological Science Department, Planalto Catarinense University, 
Av. Castelo Branco, 170. 88509-900. Lages, SC. Brazil 

castello@uniplac.net 
2 Computing and Statistics Department, Federal University of Santa Catarina 

Campus Universitário. Trindade. 88040-900. Florianópolis, SC. Brazil. 
gauthier@inf.ufsc.br 

Abstract.  This paper addresses the use of the Semantic Web in Web-Based 
Learning. It presents three ontologies created to represent information about: 
knowledge domains, learning theories, and the students attending the courses. 
Such ontologies assist on solving Web-Based Learning problems under 
computational and educational view, because they facilitate the construction 
and management of adaptive courses, which are based on learning theories. It is 
important to point out that any ontology was elaborated independently from the 
knowledge domain. That is why they allow the reuse of components and 
provide pedagogical support while constructing courses of any knowledge field. 

1. Introduction 

In the nineties, new technologies were created and others adapted after the integration 
of the web to distance learning courses. Among them, we can point out the Learning 
Management Systems, Learning Objects, Intelligent Tutoring Systems and Adaptive 
Hypermedia Systems. Although the progress obtained in each area is significant, they 
lack of consolidated results that allow the fusion of their benefits.  

This paper explores the use of resources from Semantic Web (SW) (Berners-Lee, 
Hender and Lassila, 2001), such as ontology and metadata, aiming to solve such 
problems. These resources allow represent knowledge about the learning contents, 
instructional strategies and information about students so they can be shared and 
reused in several courses and systems.  

2. Problems on Web-Based Learning 

Studies on WBL like the ones presented in Mizoguchi and Bourdeau (2000), 
Brusilovsky (2003), Koper (2004) and Aroyo and Dicheva (2004), have identified a 
number of problems, which need to be studied in order to reach better results. The 
main problems faced by WBL under the computational view are: 



   

1. When constructing new courses or instructional activities, only few materials 
are reused, making it an expensive and hard task; 

2. Ontology is lacking to describe knowledge domains, with the objective to 
facilitate the reuse of information and the interoperability between systems; 

3. For any material to be reused it is necessary to know its location becaue it is 
not easy to run precise searches in the existing Web; 

4. Even though there has already been a few standards to describe other 
instructional components (i.e. activities and learning objectives), they are 
still not quite accepted as the standard that describes LO.  

From the educational point of view, the problems that stand out are: 
5. The majority of authoring tools and of developed systems are not based on 

instructional and learning sciences; 
6. Adaptive and pedagogical techniques are strongly linked to knowledge 

domain, making it difficult to reuse; 

3. Developed Ontology 

Ontology developed to describe information used during the construction of courses 
for WBL are: pedagogical ontology; student ontology and domain ontology. 

3.1 Pedagogical Ontology 

Pedagogical ontology represents the knowledge about learning process, necessary to 
solve problems 5, 6 and 7 listed in the previous section. From its information it is 
possible to help people to build courses’ activities, easing students’ learning and help 
them to reach established objectives. Its information derives from proposals of Gagné 
(1985), Bloom et. al. (1956) and Saskatchewan Education (1991). 

The classes of pedagogical ontology hold definitions in three aspects of the 
learning process, as shown on table 1. The three main ones, InstructionalEvents, 
InstructionalStrategies and CognitiveTaxonomies, do not have straight instances. 
Their duty is to unite the subclasses which define the information according to an 
author or specific theory in the learning area. At the moment only one subclass was 
created for each main one but it will be possible in the future to expand the ontology 
including new subclasses to represent information according to other learning 
theories. 

3.2 Student Ontology 

Student ontology objective is to define the used terms to distinguish the kind of 
students using WBL systems. Their information is described under two dimensions, 
the pedagogical and another technical (Figure 1). Properties of Pedagogical and 
Technical classes register the students’ characteristics related to both dimensions, 
being most of their properties based on LOM standard. This way, it is possible to 
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compare data when selecting LO for a course, aiming to improve the assistance to the 
student’s need. 
Through attributes of the Pedagogical and Technical classes, stereotypes for students 
are created generating a set of categories at once. As well as creating the stereotype of 
students and defining their characteristics, it is also possible to determine the 
knowledge level of students of each pedagogical profile about the concepts regarded 
in a course, through knowledgeConcept property. Each instance of this class has a 
reference for one of the concepts defined in domain ontology, the indication of 
students’ knowledge level about that concept, and the level they need to achieve once 
the course is concluded. Definitions of these levels are obtained from the instances of 
Cognitive Taxonomies (pedagogical ontology) subclasses. 

Table 1. Pedagogical Ontology Classes and Instances 
Class/ 
Subclass 

Meaning Instances 

Instructional 
Strategies 

Saskatchewan 

Instances of this class represent 
the different instructional 
strategies that can be used while 
constructing a course. 

Direct Instruction, Indirect Instruction, 
nteractive Instruction,  Experimental 
Learning and Independent Study 

Instructional 
Events-

Gagne 
Instructional 
Events 

Instances of this class represent 
instructional events in which 
the student needs to pass to turn 
learning more effective. 

Gaining Attention,  Informing the 
objective, Recall of Prerequisites,  
Presenting the Material, Learning 
Guidance, Eliciting the Performance 
Providing Feedback, Assessing the 
Performance and Enhancing Retention 
and Transfer 

Cognitive 
Taxonomies – 
Bloom 
Cognitive 
Taxonomy 

Instances of this class represent 
a student’s knowledge level 
about a subject and also classify 
the learning objectives. 

None, Knowledge, Comprehension, 
Application, Analysis, Synthesis 
and Evaluation 

Fig. 1. Classes structure of the student ontology 
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3.3 Domain Ontology 

Instances of Concept class represent the concepts of a knowledge domain. Each of 
them has a name and can be related to other concepts in two ways: as a pre-requisite 
or as sub-concept, forming the domain’s conceptual map. Instances of 
LearningObjects class represent the learning objects used in the course. In addition to 
dc:keyword attribute, that relates it to an instance of the class Concepts, there are 
many more, also defined on standard LOM standard, which describe their technical 
and pedagogical characteristics.  

Learning activities are formed by a group of LO and they constitute the 
information presented to the user in order to achieve their learning objectives. Each, 
among others has a property called instructionalEvent, that it designates which stages 
of the instructional process are covered by them. This property associates the 
instances of LearningActivities class to instances of one of the InstructionalEvents 
subclasses defined in the pedagogical ontology. It makes possible to detect 
inconsistencies on activities structuring, verifying if in a group, they fulfill every 
stage needed in the instructional process. Learning activities are also associated to one 
or more learning objectives which indicate the level of knowledge a student should 
obtain about some concepts after accomplishing them.  

Learning activities are joined and displayed in hierarchy to form the different 
structures of organization and presentation of a course contents. A group of learning 
activities is represented in the ontology as instance of Organization class, which 
should be related to one of the profiles defined in the student ontology. Finally, the 
most embracing structure of domain ontology is reached, the Course class, the one 
that represents the course being created as a whole.  

4. Discussion and Related Work 

A number of work have been published about the use of ontology in the WBL, such 
as Simic, Gasevic and Devedzic (2003), Henze, Dolog and Nejdl (2004) and 
Devedzic (2004). However, a strong computational approach is noticed in the 
suggested solutions. Furthermore, some works like the one presented by Power et. al. 
(2005), allow the reuse in a closed environment. Only the contents created in the 
system are considered for reusing and the resulting course should be performed in a 
property system that makes the access difficult for a large amount of people.  

In order to minimize these problems, ontologies presented in this paper were 
created through Protégé in OWL, so that any system can reuse and store new 
information. Still aiming to facilitate the ontologies acceptance, the choice was to use 
properties defined in a standard of metadata already existent like LOM.  

In a stage further than the ontology development, a system that uses ontology to 
generate a course described according to SCORM standard was developed, which 
allows it to be used by students through any LMS with the support of the chosen 
standard. Results of this work can be seen in Branco Neto (2006). 
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5. Conclusion 

Some problems faced by the community involved with WBL were presented in this 
paper. Based on this, objectives were suggested which briefly focuses on the 
application of Semantic Web technologies to promote improvement on WBL. This is 
possible thanks to the developed ontologies which allow the construction of complete 
adaptive courses or part of them in a quicker and economic manner, through the reuse 
of instructional components properly described by metadata defined in the ontology. 
Furthermore, these same ontology propitiate a support based on instructional and 
learning theories that assist people who elaborate courses to define their objectives, 
contents and presentation structure, regardless of the knowledge domain. 

Several researches can be carried out as a continuation to the one presented in this 
article. Between them some are pointed out: studies on other instructional and 
learning theories and its consequent formalization through ontologies; it was 
emphasized that a system was implemented to generate courses in SCORM standard 
based on the presented ontologies; however, other systems can be constructed to 
generate courses in other standard such as IMS Learning Design. 
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Abstract. This paper presents six techniques for metadata retrieval of Learning 
Objects (LO) in the context of AdaptWeb2 environment. The proposed 
techniques can perform metadata retrieval in an automatic and semi-automatic 
way, depending on LO form. Our main goal was minimizing the user’s burden 
with the specification of LO metadata, as much as guaranteeing consistency of 
LO values. The techniques were designed based on the metadata standard LOM 
aiming to promoting more interoperability and reusability of the LO. Some 
results of preliminary tests have shown a considerable amount of retrieved 
metadata with a minimal user intervention. 

1 Introduction 

The concept of learning objects (LO) has appeared as a result of efforts to decrease 
time and strength spent during the development of instructional material, as well as 
reusing those materials  [1]. To fulfill the reusability requirements, an LO should be 
designed and developed according to a standard. The LTSC group of IEEE [2] has 
defined a metadata standard for Learning Objects, which is named LOM (Learning 
Object Metadata). It is composed of 68 elements that describe an LO semantically and 
syntactically. The description of LO with as much details as possible allows the search 
and retrieval operations efficiently. 

The authors of LO are responsible not only for the contents development but also 
for describing them. However, for different reasons [3], the author doesn’t always 
inform metadata values. Therefore the search and retrieval operations are sometimes 
inefficient. The critical issue is how to obtain consistent metadata values. The work 
described in this paper addresses this problem by developing the automatic and semi
automatic retrieval of metadata through six techniques. 

1 This work was partially supported by the Project CTInfo 550.845/2005-4. The first author was 
supported by a scholarship from CAPES, the third author is partially supported by grant 
305.780/2003-4. 

2 http://sourceforge.net/projects/adaptweb. 
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2 Retrieval Model of Learning Objects Metadata (RMLOM) 

The objective of the retrieval of learning objects metadata is to make the author’s task 
easier, and most of all, to guarantee quality and consistency to data, enabling the 
efficient search and reuse of LO. 

Fig. 1 shows the RMLOM architecture and its interfaces. The Metadata Retrieval 
module generates LO metadata by retrieving the information on the AdaptWeb Data 
Server and storing the retrieved metadata into the LO repository. The AdaptWeb data 
Server provides the following information sources: (i) the LO physical files; (ii) the 
AdaptWeb database that contains information about courses, subjects, contents, and 
users; and (iii) the XML documents with the description of the hierarchical structure of 
a course. 

Metadata 

User 

Data Server 

XMLLO 

LO 

AdaptWeb 

Web Forms
LO Server 

LO 
Repository 

Metadata

User

Data Server

XMLLO

Data Server

DB XMLLO

LOLO

BeliefsMetadata XML 

LOA DBS PM M I MT 

Metadata Retrieval 

AdaptWeb

Web Forms
LO Server

Fig. 1. RMLOM architecture. 

The metadata retrieval process starts simultaneously with the process of course 
specification by the author in the AdaptWeb environment [4]. The metadata retrieval 
process is performed through the six techniques (detailed in 2.1): the LO Analyzer 
(LOA), Database Search (DBS), Pre-definition of Metadata (PM), Mapping (M), 
Inferences (I), and Metadata Template (MT). The Metadata Base (Metadata), Beliefs 
Base (Beliefs), and XML Documents Base (XML) in the model comprehends the 
information required to accomplish the metadata retrieval process. XML Base stores 
XML files that corresponding to LO description templates and user’s LO description 
templates previously assigned by the Metadata Retrieval module. 

The LO Server is fed during the execution of the metadata retrieval automatic 
process. Once this process is over, the metadata from the LO repository are sent to the 
user through a Web form to be confirmed or corrected it and to fill out the metadata 
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that has not been retrieved automatically. Such operation updates metadata values into 
repository. 

2.1 Techniques of Metadata Retrieval 

The RMLOM handles all metadata specified in the LOM standard. For each LO 
available in the AdaptWeb, the system retrieves metadata in two ways: a) 
automatically, warranting metadata consistency; and b) semi-automatically, when the 
system do not guarantee metadata consistency and requests the user’s confirmation. 

The metadata automatic retrieval consists of four techniques: 

The Analysis of LO File: or “LOA” technique (Fig. 1) performs an analysis of the LO 
physical file and retrieves consistent data values to fill out LOM metadata of “4. 
Technical” category (see Table 1). The file analysis is carried out through the 
“getID3()” library, PHP-implemented. The library searches the file’s header and 
retrieves data from a wide range of file types such as: .html, .zip, .mp3, and so on. 
Search in the AdaptWeb DB: or “DBS” technique retrieves LOM metadata such as 
“2.3.2 LifeCycle.Contribute.Entity”, “7.2.2 Relation.Resource.Description” among 
others. These metadata are retrieved from the AdaptWeb DB and do not need to be 
confirmed by the author. This search is accomplished by SQL queries. 
Metadata Predefinition: or “PM” technique searches in Metadata Base the metadata 
values that a LO may take on such as the values “1”, “2” and “4” for “1.8 
General.AggregationLevel” LOM metadata. In this case, value “1” means that the LO is 
a file without associated files; value “2” means that the LO is a file that has associated 
files and; “4” means that the LO is a course. 
Mapping XML instances to the LO Repository: or “M” technique is used when a 
course is imported from an AdaptWeb server to another. In order to do this, the 
technique analyzes XML documents from XML base and retrieves the LO metadata 
fromthe tags values and stores them into LO repository. 

The metadata semi-automatic retrieval consists of two techniques: 

Inference: or “I” technique infers possible metadata values such as the values “draft”, 
“final”, “revised”, and “unavailable” for “2.2 LifeCycle.Status” LOM metadata. This 
technique uses Beliefs Base, which stores the system’s beliefs. For example, the 
technique infers “final” value when the user makes LO available.
Metadata Template: or “MT” technique searches in XML base (Fig. 1) for a LO 
description template that is similar to the LO being described or searches for the 
description templates previously described by the user currently describing the LO.
This technique allows the reuse of the LO and user descriptions.

Table 1 shows all metadata of LOM standard and the techniques of metadata 
retrieval. The composite metadata does not have values in LOM standard. 
Consequently, it does not have assigned value nor identification symbol in Table 1. 
Some metadata values could be retrieved by more than one technique. The Metadata 
Template technique does not have an identification symbol in Table 1 because the 
metadata retrieved by it depends on the template used. 
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Table 1. Retrieval techniques applied to the Learning Object Metadata 

Learning Object Metadata 
1 General 4.5 Installation Remarks (¤ ) 
1.1 Identifier 4.6 Other Platform Requirements (¤ ) 
1.1.1 Catalog ( � ) 5 Educational 
1.1.2 Entry ( � ) 5.1 Interactivity Type ( # ¤  ) 
1.2 Ti tle (� * ) 5.2 Learning Resource Type ( � * ¤ ) 
1.3 Language ( # ) 5.3 Interactivity Level ( #  ¤  ) 
1.4 Description (� * ) 5.4 Semantic Density (¤  ) 
1.5 Keyword (� * ) 5.5 Intended End User Role ( # ) 
1.6 Coverage (¤ ) 5.6 Context (¤  ) 
1.7 Structure ( � ) 5.7 Typical Age Range (¤  ) 
1.8 Aggregation Level ( � ) 5.8 Difficulty (� * ¤  ) 
2 Life Cycle 5.9 Typical Learning Time (# ¤ ) 
2.1 Version ( � ) 5.10 Description ( # ) 
2.2 Status ( # ) 5.11 Language ( # ) 
2.3 Contribute 6 Rights 
2.3.1 Role ( # ) 6.1 Cost ( # ) 
2.3.2 Entity ( �  ) 6.2 Copyright and Other Restrictions (¤ ) 
2.3.3 Date ( � ) 6.3 Description (¤ ) 
3 Meta-Matadata 7. Relation 
3.1 Identifier 7.1 Kind ( � * ) 
3.1.1 Catalog ( � ) 7.2 Resource 
3.1.2 Entry ( � ) 7.2.1 Identifier 
3.2 Contribute ( # ) 7.2.1.1 Catalog ( � ) 
3.2.1 Role ( # ) 7.2.1.2 Entry ( � ) 
3.2.2 Entity ( �  ) 7.2.2 Description ( � * ) 
3.2.3 Date ( � ) 8. Annotation 
3.3 Metadata Scheme ( � ) 8.1 Entity ( �  ) 
3.4 Language ( # ) 8.2 Date ( � ) 
4 Technical 8.3 Description (¤ ) 
4.1 Format ( � ) 9 Classification 
4.2 Size ( � ) 9.1 Purpose ( � ) 
4.3 Location ( � ) 9.2 Taxon Path 
4.4 Requirement 9.2.1 Source ( � ) 
4.4.1 OrComposite 9.2.2 Taxon 
4.4.1.1 Type (#) 9.2.2.1 Id ( � ) 
4.4.1.2 Name (#) 9.2.2.2 Entry ( � ) 
4.4 .1.3 Minimum Version (¤ ) 9.3 Description ( * � ) 
4.4.1.4 Maximum Version (¤ ) 9.4 Keyword ( * � ) 

Legend: ( � )  Analysis of LO File  ( �  ) Search in the Database ( � ) Metadata Predefinition ( * ) Mapping XML 
instances to the LO Repository ( # ) Inference  (¤ ) Requesting Metadata to the User. 

2.3 Preliminary Test 

In order to evaluate the proposed metadata retrieval techniques efficacy, we have 
tested four of them in a total of three LO fromthe AdaptWeb course entitled Algebraic 
and Numeric Computation. This course was available to math, engineering, and 
computational science under graduation level. The four tested techniques were: 
Analysis of LO File, Search in the Database, Metadata Predefinition and Inference. 

The selected LO1 and LO2, which contents corresponded to a lesson about Gauss 
Seidel Method and Gauss Method with Pivoting respectively, were an html file. LO1 
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had no associated files, while LO2 did. LO3, which is an html file, corresponded to an 
example about Gauss Method with Pivoting and it had associated files. 

Table 2 shows the main results of the test. The percentage columns “Automatic”, 
“Retrieved” and “Request” in Table 2 were computed considering the 58 atomic LOM 
metadata, while the percentage columns “Confirmed”, “Filled” and “Not Filled” were 
computed considering the number of “semi-automatic retrieved metadata” and 
“requested to user metadata” respectively. 

Based on these results, one could observe that the number of LOM metadata 
retrieved were identical for the three considered LO. We believe that this result is 
related to the similarity among the main characteristics of these LO: same author, 
course, format (html), etc. The tiny difference between LO1, LO2 results and LO3 result 
is related to the didactic resource type: while LO1 and LO2 corresponded to lessons, 
LO3 corresponded to an example. This fact has triggered different retrieval techniques.  
For example: for lessons, the system infers the value “expositive” for the “5.1 
Educational.InteractivityType” LOM metadata and for the other didactic resources it 
doesn’t. For exercises and examples didactic resources, the AdaptWeb maintains the 
information about its difficulty level while for the lessons it doesn’t. 

Table 2. The preliminary test results. 

LO 

RMLOM 

Automatic 
Semi-automatic Request to User 

Retrieved Confirmed Corrected Request 
ed 

Filled Not 
Filled 

LO 1 30 11 11 - 17 6 11 
LO 2 30 11 11 - 17 6 11 
LO 3 30 10 10 - 18 7 11 

% LO 1 51.7% 18.9% 100.0% - 29.3% 35.2% 64.7% 
LO 2 51.7% 18.9% 100.0% - 29.3% 35.2% 64.7% 
LO 3 51.7% 17.2% 100.0% - 31.0% 38.8% 61.1% 

3 Related Works 

A semi-automatic tool for the indexation of LO was proposed by Bourda et al. [5]. The 
tool was proposed to handle LOM metadata. The indexation was based on the user's 
profile and on the relation among LO. User’s profile was developed using information 
that was stored in the database. Data about the relations among LO are retrieved from 
RDF documents, for example, the metadata “1.8 AggregationLevel”, which is obtained 
from the relation “IspartOf” of RDF. 

The ARIADNE project has developed a LO repository, the KPS – Knowledge Pool 
System. The KPS uses a profile of application of 47 metadata [6], adapted from LOM. 
The LO indexation in this repository was based on three techniques: (i) Profile-based 
Indexation; (ii)  Document Properties Analysis ; and (iii) Similarity Search [7]. The 
information sources comprehend: a) Document content; b) Document context; c) 
Document usage; and d) Document composition. The AMG - Automating Metadata 
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Generation framework runs with KPS as a tool for automatic LO metadata indexing. The 
implemented sources of information in the AMG are: Document content, Document 
context. By applying the framework to documents of a course from the Blackboard it is 
possible to automatically index 17 metadata from the 18 used by KPS. 

4 Conclusions 

In this paper we have proposed six techniques for metadata retrieval of learning objects 
in the AdaptWeb environment. Our main goal was to retrieve the maximum metadata as 
possible with a minimal user intervention. 

Considering our test results, it is possible to observe that in a total of 58 LOM 
metadata, the proposed techniques have succeeded in describing 47 metadata. 
Consequently, this result enables efficient LO searches and retrieval operations as well 
as the reuse of the LO resources. Although our preliminary test has been made with a 
small sample, we have shown significant results comparing with the results reported by 
[6] while testing AMG framework. While the AMG has retrieved 11 metadata of the 
LOM standard, we have retrieved 47, which accounts for an increase of 75%. 

We do believe that these results are related to the richness of the semantics 
implemented in the AdaptWeb environment. Therefore, the richer the environment 
semantics, the higher will be the number of possible metadata available to retrieve. 

This work is being extended to retrieve metadata in a digital library environment, 
mainly to index the papers published in conferences sponsored by the Brazilian 
Computer Society (SBC), using Dublin Core standard [8]. 
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Abstract. The Friend of a Friend (FOAF) ontology is a vocabulary for mapping 
social networks. In this paper we propose an extension to FOAF in order to 
allow it to model learners and their social networks. We analyse FOAF 
alongside different learner modeling standards and specifications, and based on 
this analysis we introduce a taxonomy of the different features found in those 
models.  We then compare the learner models and FOAF against the taxonomy 
to see how their characteristics have been shaped by their purpose. Based on this 
we propose extensions to FOAF in order to produce a learner model that is 
capable of forming the basis of a semantic social network. 

 
1 Introduction 
 
The notion of modeling learners in social networks is very useful if applied in 
distance learning systems and large-scale multi-cultural organizations such as virtual 
universities, where the learners are physically in different locations and their social 
life is completely separated from the university’s academic life. Students in such as 
institution will still need friends who share the same interests, preferences or learning 
experience. As the number of students in these systems is very large, social groupings 
must be generated automatically and dynamically.   
   Although developers of learner modeling have introduced a number of standards, 
none of their models considers describing students for building social networks of 
learners. Since the FOAF vocabulary is very popular in building social networks and 
is considered to be a successful way of applying the semantic web techniques for 
grouping people [1], [2], we turn to FOAF as a possible learner profile, discuss how it 
fits in with other standards, and how it might be extended to cover the common 
information presented in other learner models such as preferences and cognitive skills. 
   In the next section, we discuss the characteristics of several existing learner models. 
Based on this study, we introduce a taxonomy of the different features that can be 
presented in a learner model, and we compare the learner models against the 
taxonomy and analyse the way they relate to each other. Based on this, we discuss the 
use of FOAF as a learner model and we propose the possible extensions of its 
vocabulary to include more learner characteristics. The last section concludes the 
paper and describes our plan for future work. 
 

mailto:il05r%7D@ecs.soton.ac.uk


2   Existing Learner Models 
 
PAPI Learner specification was originally developed within IEEE LTSC as a data 
interchange specification that describes learner information for communication among 
cooperating systems [3]. PAPI presents learner’s information in six categories: 
Personal information holds general information about the student, e.g. name, address. 
Relations information holds learner’s relationships with other persons e.g. classmate, 
teacherof. Security information holds student’s security features and access rights, e.g. 
public and private keys. Preference information holds public information about the 
learner’s preferences e.g. learning styles or language. Performance information holds 
record of the learner’s measured performance, which may be used for assessment or 
for identifying the learning experience e.g. grades, interim reports, and certification. 
Portfolio information describes the learners’ projects and works, used for accessing 
their history and previous experience.  

IMS LIP covers information similar to that found in a person’s CV [4], focusing 
more on the learner’s history and learning experience. This is due to the fact that LIP 
was developed to model the lifelong records of learners’ achievement and to transfer 
their records between institutions. Learner’s information in LIP is presented in eleven 
categories: Identification presents data about the learner, e.g. name, e-mail. Goal 
provides information about learning, career and other objectives. Qualification, 
Certification, Licenses (QCL) lists qualifications, certifications, and licenses from 
recognized authorities. Activity contains learning related activities in any state of 
completion, e.g. a digital representation of a work of art. Interest describes hobbies 
and recreational activities. Relationship describes relationships between core data 
elements. Competency describes skills and experience (formal or informal). 
Accessibility describes language capabilities, learning preferences, disabilities, and 
eligibility. Transcript presents an institutionally-based summary of academic 
achievements.  Affiliation describes the organisations where the learner has a 
membership, e.g. work groups. Securitykey holds passwords and security keys 
assigned to a learner. 

eduPerson is a specification released jointly by Internet2 (www.internet2.edu) 
and Educause (www.educause.edu). Similar to PAPI and IMS LIP, eduPerson was 
designed to facilitate communication between higher education institutions, in 
particular to move information about people between US universities [5]. The 
information covered by this standard is similar to the one found in an employee 
information system, as most of the elements hold data about the person and the 
organisation they are a member of. Since its main purpose is exchanging data, the 
descriptions provided are very detailed comparing to other standards. eduPerson 
associates learner information with forty-three elements classified in two categories: 
General attributes, which  holds information about the learner, e.g. name, contacts, 
security settings, and information about the organisation in which the leaner is a 
member of, e.g. name or location; it also points to other directories that may contain 
related data about this directory (seeAlso). The second category is New Attributes, 
which is created to facilitate collaboration between institutions, e.g. affiliation, 
entitlement, person’s ID for authentication. 

Dolog LP (our term) is a learner profile suggested by Dolog et al that uses RDF 
and learner ontologies to enable semantically enhanced learning systems to provide 
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personalisation services [6], [7]. It takes advantage of the flexibility of RDF in 
encoding user profiles to include attributes from multiple schema, and the ability to 
add more attributes as necessary depending on how it will be used.  Since the aim of 
Dolog LP is to provide personalisation services, the model was based on the 
combination of PAPI and IMS LIP [6]. It describes a learner in five categories: 
Identification holds information about the student (name, telephone, address, and 
email). Other User Features describes student Preferences (language, proficiency, 
etc.), and their Goal and Interests. Study Performance describes the student’s 
Performance, Portfolio and Certification. Human Resource Planning (HRP) holds 
information about the organisation in which they are a member. Calendar (which is 
not inherited from PAPI or IMS LIP) holds details about any appointments and events 
the learner has to attend.  

FOAF is an RDF vocabulary that provides a set of properties and classes to 
describe people, documents and organizations [8]. It was developed for building 
communities and social groupings [9]. FOAF distinguishes five categories for 
describing a person: FOAF Basics includes basic description such as name, e-mail, 
images. Personal Information includes more personal information such as weblog, 
interests, publications, and points to people this person ‘knows’. Online Accounts 
holds information about the accounts a person has. Projects and Groups holds 
information about the projects, groups, or organizations the person is a member of. 
Documents and Images holds information about a document or an image, such as: 
personal profile document, logo…etc. 
 
 

3   Learner’s Features Taxonomy 
 
In this section we build a taxonomy of the possible features that can describe a learner 
based on the analysis of the general structures of existing learner models. We classify 
the characteristics into eight categories, where each is divided into sub categories. The 
taxonomy is general and captures the types of information modeled in existing 
standards, rather than defining a canonical set of properties: 
1. Personal data:  

• Identification: metadata that uniquely identifies the person (learner/teacher) 
within the context of the system, e.g. name, contacts, e-mail. 

• Description: holds more details about the person, e.g. homepage, URL, 
images. 

2. Relations: information about the student’s relations with other people in the 
university: 
• Informal: describes general associations between people and groups, e.g. 

classmate, teacherof, instructoris, instructorof, belongsto. 
• Formal: points to another person’s learner profile or to other documents, e.g. 

knows, seeAlso. 
3. Goal: describes the objectives and sub-objectives of a learner. 
4. Achievements and Learner history: 

• Performance: record of the learner’s measured performance, which may be 
used for assessment or for identifying the learning experience e.g. grades, 
interim reports, log books. 
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• Certification: any certificates or licenses from recognised authorities. 
• Competency: any skills or abilities the learner can perform. 
• Portfolio: projects and works of the learner, used for accessing the learner’s 

history and previous experience, e.g. accomplishments and works.  
• Transcript: record of academic achievements, usually stored as a file e.g. 

grades, certification. 
• Activity: contains any learning related activity in any state of completion, e.g. 

education/training work, digital representation of a work of art. 
5. Accessibility and preferences: 

• Language: spoken and written language preferences. 
• Learning Styles: preferred learning styles of the learner. 
• Eligibility: specifies any eligibility the learner has. 
• Disability: specifies any disabilities the learner has. 

6. Interests: describes hobbies and recreational activities. 
7. Context: 

• Affiliation: describes the relationships of the learner to the institution, e.g. 
work groups, professional associations’ memberships. 

• Entitlement: URI that indicates a set of rights to specific resources. 
• Group/Organisation: information about the groups or organisations a learner 

is a member of. 
8. Security: student’s security features and access rights, e.g. keys, credentials, 

passwords, etc. 
 
 

4   Comparison of the Learner Models 
 
Table 1 shows a comparison of all five learner models described above by plotting 
them on the taxonomy. From this we observe that although FOAF was not developed 
for educational systems, it covers lot of the information that eduPerson describes. 
Neither of the models holds any description of performance or preferences as they 
were not developed to support personalization. In the table we insert ‘x’ in the FOAF 
column if an extended vocabulary has already been introduced by researchers.  
 
Table 1. A comparison of the capabilities of Learner Models: ‘+’ - full support, ‘p’ - partial 
support, ‘x’ - ability to be extended, and a gap - no support 
 

Categories Sub Categories PAPI IMS 
LIP 

EduPerson Dolog 
LP 

FOAF 

General + + + + + Personal data 
Description   +  + 
To others +    + 

Relations Reference to Others   +  + 

Goal   +  +  
Performance + +  +  
Certification + +  +  
Competency + +  +  

Achievement 
and Learner 

History 

Portfolio + +  +  
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Transcript x +    

Activity p +  p  
Language + + + + x 

Accessibility 
and 

preferences 

Learning Styles + +  +  
Eligibility + + p +  
Disability  + p + x 

Interest   +  + + 
Affiliation  + + + + 

Entitlement   +  x Context 
Group/Organisation 
description 

 p + p + 

Security  + + + + x 

 
   Based on our observations we analyse how the models map the learner’s features 
space (based on the taxonomy) and how they relate to each other. We simplify the 
representation of our taxonomy to include only its top level (categories) and include 
the subcategories that are not presented in all the data models in order to highlight 
their differences and uniqueness. In this representation, we refer to the Achievement 
category as Performance and to the Context category as Affiliation. Figure 1 
illustrates how the learner models map the features space. We observe that all the 
models share the Personal Data, Security and Affiliation presentations, and they all 
support data portability and interoperability: 
• PAPI, IMS LIP and Dolog LP focus on the performance and achievements of the 

learner. Thus, they are best used for personalization in adaptive e-learning.  
• eduPerson is best used in collecting data and transferring it between institutions. 

IMS LIP, PAPI, and Dolog PL also fit this category; however they do not have as 
much detail as eduPerson. 

• FOAF is distributed rather than centralized, so data collection is challenging. 
However, it can be used for automatic personalization. FOAF is the only model 
that describes a learner’s relations with others by pointing to learner profiles. 
eduPerson only points to other documents or managers; and although PAPI 
records relationships to other learners and teachers, relations are developed 
mainly for LMS to find other members of the team for team learning. 

 
Fig. 1. Learner models mapped to the highest levels of the taxonomy 

Affiliation 
Personal Data 

 
Preferences 

Relations (formal)  

Goal 
    Performance 

   Relations 
(informal) 

Dolog PL 

eduPerson 
FOAF 

PAPI 
IMS LIP 

Interests 
Security 

    Transcript 
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Based on this information, in Table 2 we summarize possible uses of the models. 
 
Table 2. What learning models support based on their aim of development.  

 

 PAPI IMS LIP eduPerson Dolog LP FOAF 
Info portability 

 
 

5   Extending FOAF as a Learner Model 
 
FOAF could already be used as a learner model for building and managing social 
groupings of students. There are many advantages of using FOAF as a learner model: 
• It benefits from the advantages of using RDF (extensibility and interoperability) 

and it is the 2nd most popular ontology after RDF with more than 1.5 millions of 
FOAF documents generated [1].  

• The FOAF vocabulary evolves easily: a number of extension vocabularies have 
already been developed by different researchers, e.g. the relationship ontology 
(http://vocab.org/relationship/).  

• FOAF files are easy to create using FOAF-a-Matic (www.ldodds.com/foaf/foaf-
a-matic.html). 

• FOAF makes it possible to locate people with similar interests, which is essential 
to building communities; moreover, security, privacy and trust issues with FOAF 
are well covered [10], [11]. 

   In order to bring FOAF into the context of learning, its data model has to be 
extended to include more features of the learner. 
• Although FOAF vocabulary already described a person’s interests, preferences 

such as spoken and written languages, gender, learning styles and preferred 
modules should be indicated in order for the student to attract learners with 
similar preferences.  

• Relations with others in the university can be more specified by adding extra 
vocabulary items such as classmate of, teacher of, etc; and information about the 
learner’s academic activities can be extended to include terms like taking course, 
taking module, etc. This will enrich the FOAF knows attribute and help generate 
more efficient groupings. 

• Performance information such as the learner’s achievements, grades, skills and 
goal can be also included in the vocabulary, however as publishing most elements 
in a FOAF file is optional, it is up to the learner to specify this type of 
information, since many students do not like sharing this level of privacy with 
colleagues. However, students are to be encouraged to create meaningful FOAF 
descriptions of themselves with much details to allow an effective grouping.  

• Another issue of considering the application of FOAF concepts to building 
learners’ communities is evaluating the strength of the relationships between 
learners which the grouping is based on (“friendship” relations generated from 

+ + + + + 
Personalisation + +  + + 
Recording 
Achievements 

+ +  +  

Community building     + 
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FOAF files through attributes such as “knows” and “seeAlso”). This paper does 
not discuss the algorithms of building social networks, our main concern here is 
the data model FOAF provides. 

 
 

6   Conclusion and Future Work 
 
In this paper, we have introduced a taxonomy of the different learner’s features that 
can be presented in a learner model based on the study of different learner’s data 
models. Based on this, we proposed the possible extensions to FOAF to model 
learners efficiently in order to build learners’ social networks. 
   Further work will involve implementing these extensions and analyzing different 
algorithms for building communities of learners.  Experiments of generating social 
communities of learners using FOAF will be carried and results from the experiments 
will be evaluated. 
   FOAF is one of the most popular and supported ontologies for the semantic web, if 
we use it as the basis for our learner model, not only would we gain the advantage of 
existing tools, extensions and content, but we would also be able to use its personal 
and community relations to calculate and support social networks for learners. 
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Abstract. To exploit the fact that students usually extensively use nu-
merous Web applications to gain knowledge, it is advantageous for the 
E-learning applications to exchange and share information with other 
applications. To exchange information we have to be able to translate 
this user model information between the different application models. 
Based on Semantic Web technology, we look into generating these trans-
lations and in this paper we address current research on the language for 
expressing these translations. 

1 Student Modeling on the Semantic Web

Many applications, in particular e-learning systems, need to maintain accurate 
and up-to-date information about their users in order to personalize the in-
formation and functionality they offer. Moreover, the Web is an ever-growing 
source for both information and applications. The overwhelming choice results 
in users dividing their time over many applications and the needed information 
for the applications gets scattered over all applications. Both applications (more 
detailed user information) and users (less overhead) would greatly benefit from 
the exchange of information between applications. 

The Semantic Web initiative provides a common data model to express data 
and data about data (meta data). Moreover, a Web-language like OWL allows to 
describe the semantic structure of data in form of an ontology. But, even though 
you can describe properties and structure of the data, it does not allow you to 
specify the meaning of the data. 

2 Mapping Language

In [1] we looked at the general structure of a translation component for user 
profiles. One of the issues of such a component is choosing the language to 
specify the mappings. The mapping should be a ’recipe’ that specifies how to 
translate a given schema instance of schema A into an instance of schema B. 
Designing a mapping language requires to consider a number of issues. Some of 
these issues are: 



– Semantic Web ontologies are descriptive, meaning that they describe a data 
domain rather than that they prescribe how to write down data. This has 
the consequence that the exact structure of an RDF document is not known 
beforehand. 

– Information in RDF is structured as a graph. The elements within this graph 
do not always contain atomic “pieces” of information, but rather are only 
meaningful in combination with several other elements in its surrounding. 

– Information in different models may use a different syntax for semantically 
equivalent objects. In general, we should be able to translate information 
between schematic elements that have an X-to-one relationship (i.e. not only 
equality). 

– Some information should only be translated if one or more conditions hold. 
In the context of the student models we may, for example, only be interested 
in practical experience for some subject if this experience is gained less then 
a year ago. 

– We might also want to use external data in our translation. For elements 
that have an X-to-one relationship we might want to use a data dictionary 
for our translation. 

Mapping languages are already studied to some agree for relational databases 
and XML sources (e.g. [2], [3]). They are usually part of a larger process called 
query discovery [2]. In our study we also target query discovery and we focus 
on Semantic Web data. We want to try to exploit the explicit logic of e.g. OWL 
schema descriptions. Furthermore, we choose to focus on user data, to already 
have a context of what the information in the schemas is about (i.e. the specific 
users). 

We discussed a number of issues that are of importance for our current re-
search where we are creating a mapping tool for the automated translation of 
RDF-data adhering to different ontologies. We support the inclusion of not only 
ontology mappings, but also a number of other ingredients that help to derive 
the complete recipe for translating a student model into a model for another ap-
plication. The tool is based on data expressed in RDF/OWL and uses elements 
from relevant query languages for the query expressions. This mapping tool is 
part of our larger effort for creating interoperability of user models [1]. 
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Abstract.  This paper presents architecture for the development of the Hyperbook, 
using XML to describe the application domain to adapt the content of the Hyperbook 
to the user’s needs. XML data-centric orientation makes it possible to describe appli
cation domain, data access and dynamic data composition functions. 

1 Introduction 
Hypertext books or Hyperbooks, are characterized as a grouping of electronic text 

considered as an entity [1]. In most cases, these Hyperbook still retain the conven
tional book structure and are partitioned into subdocuments called chapters, sections, 
subsections or appendices. Basic Components of Hyperbook Systems are: a) The 
Adaptation Domain Model [2], b) User Adaptation Model, c) Bookmark Model and 
d) Storage Model [3]. 

2 System architecture 
The main goal of the Hyperbook system is to provide a customised view of the 

content of the book responding to different preferences, interests and users. The ap
plication is to serve the strategy of active reading as the need of society in the infor
mation age. The system has a three-tier architecture comprising the Author Module, 
and Application and Data Layers (Fig. 1). The Author Module supports au
thors/publishers in the creation and editing of the content of the Hyperbook. It allows 
designing and validating the XML documents to create the content of the Hyperbook.  

Customising is an efficient way to improve the usability of the Hyperbook. The 
goal of the architecture of the Hyperbook is to present a content that is best suited to 
the user of the application. Accessing the Hyperbook from different devices will 
provide better future possibilities for the publishing industry. This will involve in 
some cases accessing local information that provides background information about 
the local environment that is related to the content of the Hyperbook. This service 
could be in XML (eXtensible Markup Language) web service format [4]. 

The Hyperbook data related to a particular module is represented by the XML– 
based document according to its DTD [5]. Each element contains several conditions, 
which define the model of presentation according to the given context. Attributes and 
their values within each element represent conditions. The aim of the Hyperbook is to 



 

experiment with attributes related to the type of data, granularity of presentation, time 
and spelling [5] of the presented information to several views. 

Fig. 1. Hyperbook system architecture - Application and Data Layers and Author 
Module. 

7 Discussion and further work 
In this paper, the system architecture to support the Application Domain and User 
Model was suggested to store XML-based Hyperbook documents. The XML binding 
offer Hyperbook system is able to manage Adaptation Modules from different types 
and domains of application using database technology which is particularly suited to 
improve the access to huge amounts of documents. The experiences are encouraging 
and promising for further work. The next study will extend the current work by ex
amining the details of the system architecture. 
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Abstract. In this paper, we outline Willow [1], an adaptive system for
assessing free-text student answers able to (a) automatically generate a
representation of the student’s knowledge as a concept map; (b) to guide
the student to the correct answer with clarification questions.

1 Introduction

Knowledge models are increasingly used in educational applications. A few sys-
tems, e.g. HYLITE+ [2] or STyLE-OLM [3], are able to elicit users’ conceptual
models by means of dialog interfaces. However, up to our knowledge, all of them
require some form of ontology or conceptual graph to represent the domain
knowledge.

2 Approach followed

Conceptual model Our approach consists in automatically generating the
conceptual model of a student. It takes advantage of the free-text scoring sys-
tem Willow [4], a system that allows teachers to create collections of questions
about a course, so that students can practise answering free-text answers and
be evaluated automatically. From the structure of the course, provided by the
teacher, it is possible to extract two kinds of nodes: an area-of-knowledge concept,
which corresponds to the course’s topic, and topic concept, which corresponds
to the question sets, i.e. subdivisions of the course. Furthermore, the system
analyses the questions with Term Identification techniques to identify term can-
didates that are added to the concept map as basic concepts. The map is ex-
tended with relationships between AC-TC and between TC-BC, automatically
extracted from the course’s structure, and between basic concepts, automatically
extracted from the students’ answers. The automatic evaluation of the student
answers is also used to score every node with confidence-level value that indicates
how well the student knows that concept.

This work has been sponsored by Spanish Ministry of Science and Technology,
project number TIN2004-0314.



Automatic generation of clarifying questions Given that Willow is not
a summative assessment tool but a formative one, the stress is set not on the
score itself, but on helping as much as possible in the student’s learning process.
Therefore, whenever a student answers a question, rather and simply providing
a score with some feedback, the information stored in the student’s conceptual
model is used to generate several clarification questions to help the student
answers correctly:
1. Initially, if the answer was wrong, the system simple asks Please, explain

more your previous answer.
2. Next, if the answer is still unsatisfactory, it chooses a BC X with a low

confidence score, and rejoins Please, tell me more about X.
3. Finally, if the student is not able to answer second-level questions, it con-

structs a true/false question automatically by taking a random sentence from
the reference answers and, occasionally, falsifying it by negating the main
verb or substituting relevant words with their antonyms.
Willow always reevaluates the answer given by the student to each clarifica-

tion question, bearing in mind the information given in previous answers, until
the total score reaches the minimum score to pass. If the third-level questions
are answered wrongly, the student fails. Every time an answer is reevaluated, the
confidence-values associated to each concept in the student’s conceptual model
are recalculated, the questions of the dialog are also updated according to the
new confidence-values.

Discussion In this paper, we briefly overview a system that automatically
represents the student’s knowledge as a concept map, that does not require any
manually defined map or ontology. Clarification questions both help the students
towards the right answer and update their concept map as they progress. In the
future, we plan to build a full-fledged Natural Language Generation module to
generate a dialogue more similar to a socratic tutor.
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Abstract. This paper presents an ontology, developed for e-Learning, which 
utilizes existing tools and methods available in the semantic web, as to further 
distribute personalized multimedia educational material into a private network 
environment. The ontology is enriched with a set of criteria inducing the con-
sumers to evaluate the learning system. This collected e-Reputation metadata, 
through a mechanism based on KAON, anticipates for methods to provide 
adaptable learning objects. 

1  Introduction 
Current e-Learning systems exploit the technologies of the semantic web to provide 
reliable, commonly acceptable, semantically expressed and machine recognizable 
knowledge. One of the issues concerning the e-Learning systems is the adaptation of 
the learning material to the learner’s profile. To provide personalized knowledge, 
current e-Learning systems are enhanced with knowledge presentation adaptation 
techniques. User modelling is also applied, classifying the learners according to their 
characteristics [1]. This paper approaches the issue of providing adaptable Learning 
Objects (LOs) in a P2P e-Learning network using semantic web techniques [5]. 

2  Adaptation through e-Reputation 
To implement the semantic web based course creation and distribution process: 1) An 
ontology is developed (fig. 1) based on IEEE-LOM [2] standard, which classifies the 
two main concepts of a learning system: the Learner (that captures his profile) and 
the LearningResource (that annotates characteristics of the LOs aiding to its re-
trieval). 2) The RDF-based KAON-Toolsuit [3] is used to implement the ontology. 
KAON’s underlined storage system in SQL-Server is used to maintain the metadata 
of these concepts. 3) A software is being implemented (fig. 2) that a) collects 
learner’s profile metadata and content-providers’ annotations of their LOs, and b) 
finds LOs asked by consumers, using metadata-based complex queries. 4) In this on-
tology two new concepts are introduced, which, in a final evaluation phase, are used 
to impress the opinions of the material consumers about the fetched LOs. Firstly, as e-
Reputation is defined the process of i) collecting online evaluation feedback (concern-
ing the whole e-Learning system as a whole: e.g. the learning material content, the 
metadata, the content providers, the distribution system etc), from authorized users, 
using, in parallel, mechanisms that assure the security (confidentiality and integrity) 
of the feedback data and the privacy of the evaluators, ii) the exploitation of this feed-
back from proper automated mediators using countable criteria. The concepts that 



express the metadata of this e-Reputation phase of the course creation process are: a) 
the e-Reputation [4] concept, that represents the e-Reputation metadata the consum-
ers use to critique those concepts and properties of the ontology that are used to char-
acterize and retrieve the LOs, b) the EvaluationCriteria concept introduced to evalu-
ate the e-Learning content using quality criteria.  

Fig. 1 The Ontology Fig. 2 The retrieval interface 

The e-Reputation and EvaluationCriteria metadata is collected and re-feed the knowl-
edge bases, creating a "veil" of metadata upon metadata (meta-metadata). Due to this 
metadata, the augmentation of some LOs grade is expected, because of the positive 
evaluations they may accumulate. This grade will affect these objects’ participation in 
future courses, and can be used to LOs-providers evaluation as well. Because of the 
“flat” form of the model that represents RDF-triples, the “Online Analytical Process-
ing” capabilities supported by SQL-Server, is proposed as mediator, to inference from 
the system. Future searches for LOs, using the OLAP mechanisms, can be based on 
this meta-metadata to retrieve suitable LOs for consumers having similar profile.  

3  Conclusions – Future work 
The proposed RDF-based ontology and the mechanism result to a) the outranking of 
the content metadata credibility grade, improving the candidature of proposed learn-
ing context to the individual learner’s profile, b) the qualitative enhancement of the 
LOs content plus their accompanying metadata, c) the promotion of the course crea-
tion process into a fully open democratic activity. Future work involves the incorpora-
tion of a security layer to ensure the learner’s privacy and the integrity of collected e-
Reputation metadata.  
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1 A subject-oriented navigation 

The workpresented in thispaper consiststo design an adaptive interface allowing 

learnersto make effective learningactivity. Thatis,our interface isbased on an origi-

nalconcept,namelythe subject-oriented navigation. The subject-oriented navigation 

improvesthe standard navigation especially by eliminating the well-known lost in 

hyperspaceofthe traditionalwebnavigation. So,information searchismore efficient. 

In the subjectoriented navigation approach,a searchsession beginsbydefininga 

subject. A subject isan objecton whichthe searchsession willbe oriented. Thatis, 

our idea isthatallinformation tracked byuser isrelated to a defined subject. In e-

learning,learner maytrackinformation related to a defined course. Asexample,we 

give a simulation ofa learningactivityin Fig. 1. 

Fig.1.An example ofa course-oriented navigation in e-learning 

The learner startsthe searchatthe topicDomain. The interface indicates6learning 

domains,whichare related to 45courses. We note thatthe interface isadaptive. That 

is,the topicmapisnotvisualized entirely. Ateachmoment,there isone active topic 

(now the topicDomain)and onlythe topicsrelated directlyto the active topicare 



shown. Thatis,the entire topicmap isshown progressively following the learner 

navigation. 

The learner selectsthe domain Computerscienceassubject,the interface presents 

onlycoursesrelated to thislearning domain,there are 14coursesaboutComputer 

sciencedomain. Then,the learner navigatesto the topicCourse(new activated topic). 

The interface visualizesonly three related topics:Domain (1 domain),Author(25 

authors ofthe14 courses)and Exercise(160 exercises covering the14 courses). 

From the 14 courses,the learner selectsrelational databases courses,there are 8 

RDB courses. Then,the topicmapisadapted. Thatis,now the topicauthor contains 

onlyrelational databaseauthorsand the topicexercise containsonlyexercisesabout 

relational databases. The adjusted cardinalitiesindicate thatthere are 8 relational 

databases coursesauthored by25authorsfor whichwe have 56exercises. 

The learner navigatesto the topicAuthorand selectsfrom the 25RDB authorsPe-

terHill. The topicmapisadapted byselectingonlythe two RDB coursesauthored by 

Hill and the 16exercisesrelated to RDB coursesofHill. Then,then learner selects 

exercisesabout3rd Normal Form;there are 5exercises. Finally,he navigatesto the 

solutionsgiven to the 5exercisesabout3rdNormal Form ofRDBcoursesauthored by 

Hill. 

2 Generatingpersonalized virtuallearningdocuments 

Atthe end ofa learningsession,pertinentinformation selected bylearner are assem-

bled in a single documentwithrespectto learner needs,preferencesand data structure 

given bythe explored topicmap. Thisdocumentiscalled personalized virtuallearn-

ingdocument. 

Fig.2.Mappingnavigation pathto virtuallearningdocument 
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Abstract. A lot of attention has been drawn upon the teaching and learning 
process using web technologies. Also the interplay between e-learning and 
Semantic Web has been studied. But less attention has been devoted to the 
application of Semantic Web techniques to the authoring process of educational 
material. We present some ideas of applying semantic web technology for 
authoring e-learning material in order to harness the wealth of existing content. 
We present some ideas with the use of educational ontologies, annotation with 
RDF, and reasoning with CWM in the context of distributed repositories of 
educational material. The use of inference rules to automatically generate 
metadata provides an important assistance for the authoring and reuse of 
educational material. 

1 Introduction 

The creation of learning content has always been a big effort, because often the goal 
of authors is to develop a complete course. If the main goal of a learning object (LO) 
is for teaching and learning, the second goal should be its reuse. Extensive research 
has been carried out lately to standardize learning content components, to make them 
usable in interoperable and maintainable content repositories. To organize and help in 
the retrieval of LOs, metadata labels have been defined and standardized. But this has 
introduced an additional burden, namely that of annotating LOs following these 
metadata. 

The killer application of the Internet is the people. It is with people and some 
organization that impressive results are achieved at low cost (eg. del.icio.us, 
Wikipedia, Flickr, or the syndication of blogs). Wouldn’t it be nice to draw upon from 
the vast collection of educational material that exists on the web to easily create new 
courses? Several repository efforts have been launched, but they have not taken off. 
Often the problem is one of granularity: the presentation of the learning resources is 
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too broad as to ease the reuse of specific content. But if the granularity is too small, it 
is more difficult to have a good overview. Dicheva et al. [4] propose the creation of a 
semantic layer based on the conceptualization of a subject domain. They suggest the 
use of Topic Maps to organize information in the repositories. Our approach is similar 
in the respect of creating a semantic layer, except that we use RDF, which provides a 
simpler, more flexible, and less specific model than Topic Maps. The possibility of 
reasoning with tools such as CWM [1] provides us with a tremendous power, 
allowing for the inference of new metadata from existing ones by the use of rules, so 
partially relieving from the burden of manual generation. 

2 Supporting the Authoring of Learning Content 

The authoring of learning content is similar to the COTS software building model, as 
it combines creation from scratch and reuse and modification of existing content, 
available in repositories or on the net. The reuse process requires a meaningful way to 
search and retrieve the appropriate content shaped as LOs. In our opinion, current 
approaches based on an available classification of LOs by means of metadata labels 
lack a way to search, retrieve, and reuse LOs from an instructional perspective. The 
reason for this drawback is based on the fact that (1) from an instructional 
perspective, retrieval of LOs by matching metadata attributes does not replicate the 
way a teacher operates when creating material, and (2) from the authoring 
perspective, the construction of metadata is very costly and not as precise and 
consistent as desirable.  

Concerning the first point, we have already explored in [6] how to access topic 
maps from a learning content specification to create learning material. Thus from the 
teachers’ point of view, authoring of educational content is created using instructional 
queries like i.e. ‘show examples to illustrate concept C’ or ‘exercise concept C solving 
this problem’ or ‘give me a hint’. We can be even more precise by querying ‘insert 
some easy examples to illustrate this concept’ etc. In the current way of retrieving 
LOs, we look for terms that match the metadata attributes, but without asking for a 
precise instructional relationship. It has been outlined also in [6] that authoring can be 
facilitated using these mechanisms from an educational modelling language, 
combining both abstraction and reusability.  

Current approaches of educational modeling languages reflect the evolution of 
learning content authoring from a clip-art model based on a linear aggregation of LOs 
to a complex description of units of learning [5]. Some proposals differ in the 
instructional approach, regarding whether the content description paradigm is 
activity-driven (i.e. EML or  IMS-LD) or structure-driven (i.e. PALO), or whether 
activities are individual (PALO) or collaborative (IMS-LD), but all of them provide 
mechanisms to integrate or refer to reusable components. In this sense, the use of 
external LO repositories strucured according to an  ontology can facilitate the way to 
create semantically labeled material. Moreover, with the mechanisms of PALO, 
preserving the instructional relationships and meaning of the retrieved LOs is 
straightforward by means of an equivalent RDF description on the resulting HTML 
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page. Inference and reasoning over these metadata is possible using a shared ontology 
and the semantic labels of the educational web content. 

3 Reasoning and Keeping the Overview 

CWM is a general-purpose data processor for the semantic web with RDF as its core 
language, either in its XML version or in Notation3 [2]. This core language has been 
extended to include rules, allowing to reason for querying, checking, transforming 
and filtering information. The need to annotate with metadata is thus drastically 
reduced, since rules can infer new metadata information from the one existing. The 
problem of having to annotate LOs with metadata receives with this reasoning 
capability a big relief. 

It is important not to lose the overview about what material has been finalized, 
what is still temporary and what is missing at all. Several tools can be used to help in 
keeping this overview. Tools like the Tabulator [3] can help visualizing the status of 
the work, in a similar way as iTunes helps to keep track of the music library. It is also 
possible to interface with graphical tools to show a representation as a graph. This 
allows to construct cooperatively educational material in a closed domain (in the 
realm of a particular department or group), or even better, in an open context of freely 
accessible LOs. When the author finds an LO that is useful for his/hers course, he/she 
can incorporate it (1) without changing the object, (2) without changing the already 
existing LOs, and (3) without having to worry about all the metadata that have to 
decorate it. Authoring should be a collaborative, distributed activity. It is wise to 
follow the following principles 

• have LOs distributed  
• keep them as neutral as possible (with respect to presentation, etc.) 
• annotate them externally with RDF, including instructional information and 

relation of elements 
• try to infer as many metadata  as possible using rules 
• the author should maintain the overview with graph representation tools, to 

see what is missing 
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Our aim is to produce an e-tutor that behaves like an experienced colleague looking 
over your shoulder as you learn a language.  Our e-tutor, the Intelligent Verilog Com-
piler (IVC) uses an explainer with the compiler to check syntax and explain errors.  A 
model checker is used to check the dynamic semantics of pre-defined exercises.  

The motivation for the explainer is to spot and report typographical and other er-
rors that get in the way of understanding Verilog, whilst encouraging deep learning 
by not providing the answer directly.  This models the way that a human supervisor 
leads a student towards a correct solution, and implements the concept of deep learn-
ing 

Fig. 1. The student has typed (<=) instead of (=) at line 24.  The voogle component generates 
links back into the tutorial whilst the explainer (in red text) points out the error. 



The student feedback from [1] indicates that they prefer to keep code, explanation 
and help in one window, resulting in a pop-in rather than a pop-up style of handling 
the user interface. Fig 1 shows the explanation between the code and the errors. The 
student is able to ask questions as well as being taught, allowing them to move the 
focus to what they want to ask to create a dialogue rather than a monologue. A Prolog 
program, voogle  (verilog google), provides automatic generation of text from the 
tutorial web content from a variety of viewpoints from glossary entry to full explana-
tion guided by an appreciation of the task that the student is trying to perform. 

Fig. 2. The student asks a question to understand the error and explanation. 

The ask a question button replaces the help text shown in Fig. 1 with a dialogue as 
shown in Fig. 2. English, Verilog keywords and symbol ontologies connected by 
synonyms create a richness of vocabulary to support the question answering in unre-
stricted English. Early results show that the question answering is being used to find 
an answer to the current bug, often as an alternative to reading the help provided: “I 
don’t want to read what you provide, I want to ask specific questions”. Fig. 2 shows 
comparisons between alternatives which are mostly satisfied by glossary definitions. 
Questions about programming in general indicate that the ontology needs to link into 
other resources using the search engines Swoogle or Google. At the time of writing 
there is no other ontology advertised for Verilog: it is one of our aims to provide one. 

IVC is a shallow system but we believe this is sufficient to help with the initial learn-
ing curve for a language as well as revision a few months later, and differing capabili-
ties in different parts of the language to be learnt. This work was funded by the Cam-
bridge MIT Institute (CMI) and the evaluation performed with the Centre for Applied 
Research in Educational Technology (CARET). We wish to thank the undergraduate 
and postgraduate students for their enthusiasm and commitment to this project. 
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Traditional Adaptive Hypermedia Systems have tended to act as stand-alone 

applications that have attempted to fulfil a user’s informational need, e.g. personalised 
content retrieval and delivery, as well as his/her infrastructural needs, e.g. content and 
media management. This “one stop shop” approach has lead to Adaptive Systems that 
are highly specialised serving increasingly niche user needs. Each of these specialised 
systems generally supports a wide range of Adaptive Hypermedia techniques. 
However, the interplay between these techniques is usually fixed according to the 
application area the system is supporting. 

Building on the successful Applying Adaptive Hypermedia Techniques to Service 
Oriented Environments Workshop (http://phaedrus.cs.tcd.ie/aahtsoe) held at AH2004 
this workshop explores the application of service oriented architectures to Adaptive 
Hypermedia and Adaptive Information Systems. A key focus of the workshop is to 
explore the common problems in adaptive composition and delivery for adaptive 
information as well as adaptive services. Through this workshop the connections 
between personalisation and (web) service paradigms will be investigated. 
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Abstract. Service-oriented architecture using XML-based Web services has 
been widely accepted by many organisations as the standard infrastructure to 
integrate heterogeneous and autonomous data sources. In the context of data in-
tegration, problems arise when Web services are assembled to deliver an inte-
grated view of data, adaptable to the specific needs of individual clients and 
providers. Traditional approaches of data integration and transformation are not 
suitable to automate the construction of the adaptive connectors that are dedi-
cated to connect selected Web services to render integrated and tailored views 
of data. We propose a declarative approach that addresses the often-neglected 
data integration and adaptivity aspects of service-oriented architecture. 

1   Introduction 

The advent of Web services and service-oriented architecture (SOA) has provided a 
unified way to expose the data and functionality of an information system. The use of 
standard technologies reduces heterogeneity and is therefore key to facilitating appli-
cation integration. However, the recent research activities in Web services have been 
focused on service composition and integration rather than data aspects. We propose 
a two-pronged approach to address this shortcoming: firstly, data integration and 
adaptivity through declarative, rule-based service adaptor definition and construction, 
and, secondly, a mediator architecture that enables adaptive information service inte-
gration based on the adaptive service connectors. 

Our objective is to explore solutions to compose a set of data integration services. 
The Business Process Execution Language (BPEL) can be used as the orchestration 
language to build up a mediator process flow for service-based data integration. The 
data integration services deliver a unified data model built on top of individual data 
models for adaptivity in dynamic, heterogeneous and open environments. 

Portals, provided by Application Service Providers (ASP), are classic examples in 
which data might come from different sources that motivate our research. In order to 
consume the information, the data models and representation needs to be understood 
by all participants. The ASP maintains the application, the associated infrastructure, 
and the customer’s data and ensures that systems and data are available when needed. 



2 Declarative Data Integration and Transformation 

Information integration is the problem of combining data residing at different 
sources, and providing the user with a unified view [3]. This view is central in any 
attempt to adapt services and their underlying data sources to specific client and pro-
vider needs. One of the main tasks in information integration is to define the map-
pings between the individual data sources and the unified view of these sources and 
vice versa to enable adaptivity; see Fig. 1 for an example.  

There are two major approaches to the data integration problem. One is the medi-
ated approach, which extracts data from the source schemas in advance; the second is 
data warehousing approach, which gathers data from the appropriate data sources on-
demand to populate the entities in the global view. A mediated approach to integra-
tion is suitable for information that changes rapidly, for service environments that 
change, and for clients in need tailored data – all characteristics of adaptive systems. 

 

transform ation
betw een view s
transform ation
betw een view s

 
Figure 1: Example of Data Integration in Adaptive Service Architectures. 
 
XSLT transformations – the current solution to data integration – are difficult to 

write and maintain for large-scale information integration. It is difficult to separate 
the source and target parts of the rules as well as the filtering constraints. With this 
difficulty in mind, we propose a declarative query and transformation approach yield-
ing more expressive power and the ability to automatically generate query programs 
as connectors to improve the development of adaptive services-based data integration. 

The flexibility of the architecture in which information integration is to be realised 
is essential in order to separate the business logic and the application logic. Therefore, 
the data transformation rules are best expressed at an abstract business model level. 
We have adapted Xcerpt [1], a declarative rule-based XML query language, to sup-
port the construction of the adaptive service connectors. Fig. 2 shows an example of 
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this pattern matching-based approach that separates a possibly partial query based on 
resource and construction parts. Goal-based rule chaining is applied. In addition, we 
propose a mediator-based data integration architecture where the Xcerpt-based con-
nectors are integrated with the BPEL-based web services. 

GOAL
Out { Resource {“file:SupportIdentifier_Customer.xml”},

SupportIdentifier [ All var SupportIdentifier ] } 
FROM

Var SupportIdentifier -> SupportIdentifier {{}}

CONSTRUCT
SupportIdentifier [var Code, optional Var Cname, Var Code]

FROM  
in { Resource {“file:customer.xml”},

ArrayOfCustomer [[
customer [[ optional countryName [var CName],

couuntryCode [var Code],
csiNumber [var CSI]  ]]  ]]  }

Figure 2. Declarative Query and Transformation Specification. 
 

The construction of Xcerpt-based connectors can be automated using rule chaining. 
Ground rules are responsible for querying data from individual web service. Interme-
diate composite rules are responsible for integrating the ground rules to render data 
types that are described in global schemas. The composite rules are responsible for 
rendering the data objects described in the interfaces of the mediator Web services 
based on the customers' on demand. Therefore, exported data from a mediator service 
is the goal of the corresponding connector (query program), see Fig. 2. Rules are 
saved in a repository. When needed, a rule will be picked and the backward rule 
chaining enables data objects to be populated to answer transformation requests.  

3 Mediator Architecture 

Zhu et. al. [5] argue that traditional data integration approaches such as federated 
schema systems and data warehouses fail to meet the requirements of constantly 
changing and adaptive environments. We propose, based on [2,4,5], a service-
oriented data integration architecture to provide a unified view of data on demand 
from various data sources. There is a need for mediators in an architecture that har-
monise and present the information available in heterogeneous data sources. This 
harmonisation comes in the form of identification of semantic similarities in data 
while masking their syntactic differences; see Fig. 1. Relevant and related data is then 
integrated and presented to a higher layer of applications. The sourcing, integration 
and presentation of information can be seen as logically separated mediator rules for 
integration and adaptivity and form the basis for a layered mediator architecture. 

The mediator architecture (Fig. 3) transforms XML documents into documents 
based on a global schema. The data integration engine is built in BPEL, where com-
ponent invocation orders are predefined in the integration schemas. Service orchestra-
tions are defined by specifying the order in which operations should be invoked.   
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Figure 3. Mediator Architecture for Adaptive Service-based Information Systems. 

4 Conclusion 

The benefit of information systems on demand must be supported by correspond-
ing information service management systems. Many application service providers are 
modifying their technical infrastructures to manage information services. However, 
how to handle the information integration in the context of adaptive service manage-
ment has not yet been fully exploited. Our proposal aims to explore information inte-
gration technologies for adaptive service-oriented software architectures. 

The crucial solutions for the information integration problem are drawn from me-
diated architectures and data model transformation, allowing the data from local sche-
mas to be transformed, merged and adapted according to a declarative, rule-based 
integration schema for dynamic, heterogeneous and open environments. We propose 
a declarative style of transformation, with implicit source model traversal and implicit 
target object creation/virtual target objects. The development of a mediator service is 
crucial for the success of the service architecture from the deployment point of view.  
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Abstract. TELOS is the integration subproject of the LORNET pan-
canadian eLearning project. We explain how ontologies are used in the
development process of TELOS from the conceptual architecture, to the
system implementation and in the actual system usage.

1 Introduction (context)

There exists actually many specialized tools and hundreds e-learning platforms
(WebCT, Moodle, Docent, etc.), also called Learning Management Systems (LMS)
or Learning Content Management Systems (LCMS), available through a Web
browser.

Compared to the evolution of generic software (text editors, spreadsheets,
etc.), where large integrated systems have been replaced by integration mecha-
nisms at the operating system level through desktop operations, the TeleLearning
Operating System (TELOS) aims to provide a similar flexibility for e-learning
and knowledge management environments.

The semantic Web [1] provides us a general framework, where semantic search
can be performed based on knowledge representations associated to the resources
stored in repositories available through the Internet. TELOS can also be situated
in the context of the growing field of Service Oriented Architecture (SOA)1. A
SOA creates a broad vocabulary, that we formalize into an ontology, and which
is used to model recurring concepts and integration environments. A framework
supports the development by organisations of their own implementation infras-
tructures, using a flexible service-oriented approach. Service-oriented frameworks
[3] imposed themselves with the wide adoption of Web Services and the new in-
terest for ontology-driven architectures.

In the next section, we first define the basic conceptual orientations of TE-
LOS, present the main use cases where ontological referencing is used and give
an overview of the conceptual organization of the system. Section 3 concretizes
that framework by focussing on the central role of ontologies for the very defini-
tion of the software architecture, where the TELOS Core technical architecture
plays a central role.

The ideas presented here are the result of work that has started at the LICEF-
CIRTA research Center since the beginning the mid-nineties: on the concept of a
1 For examples of service-oriented eLearning frameworks, consult (CETIS-JISC 2004)

(IMS-AF 2003) and [2]



Virtual Campus [4], on the Explor@ system seen as a learning portal generator
[5], and on resource aggregation [6, 7]. This chapter is based mainly on recent
results achieved within the LORNET 2 project ([8], [9] and [10]).

2 TELOS Orientations and Conceptual Structure

We now present some of the main elements from the TELOS Vision and Orien-
tation, the TELOS Use Cases and Requirements, and the TELOS Conceptual
Architecture and Framework documents.

2.1 Vision and Orientation Principles

TELOS is solution-driven to tackle real learning and knowledge management
problems. It is based on modularity, reusability, interoperability and scalability
principles. It integrates together human and computer agents using two basic
principles, resource aggregation and semantic representations of resources. An
important goal is to Build Technology-Independent Models, to help the system
survive the rapid updating pace of technologies in general. For that purpose,
the conceptual specifications should not be kept separate from its possible im-
plementation. The TELOS system should be able to reuse them as “concep-
tual programs”. In this vision, the conceptual models are not just prerequisite
to building the TELOS system; they are part of the system, as one of its most
fundamental layer. All those factors motivated the need of an ontology-driven
architecture (ODA) combined with a Service Oriented Architecture SOA which
promotes the usage of many international standards like OWL, SOAP, LOM,
SWRL and RuleML.

TELOS is basically an Assembly and Coordination System. The term “TEle-
Learning Operating System” means that TELOS is planned essentially as a set of
coordination and synchronization functionalities supporting the interactions of
persons and computerized resources that compose a learning or knowledge man-
agement system, above the operating system of a computer, at the knowledge
level. For that purpose, the TELOS kernel will hold a set of computer agents
capable to play scripts of the “TELOS conceptual programs” using alternative
compilers or interpreters to operate on different operating systems.

2.2 Main actors and use cases

TELOS helps produce a cascade of more and more specific system and their
corresponding actors. The TELOS core is managed, adapted, extended by sys-
tem engineers. With it, technologists produce one or more TELOS platforms
called Learning and Knowledge Management System (LKMS), each one used for
2 LORNET (www.lornet.org) is a Canadian research network led by the second author

and financed by the Canadian Government and private companies for five years until
2008. It groups 6 research centers and laboratories and over a hundred researchers,
research professionals and graduate students.
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the aggregation of resources, activities and actors, adapted to an organizations
particular needs. With any TELOS LKMS, designers can create, produce, de-
liver and maintain a number of courses, learning events, knowledge management
portals, called Learning and Knowledge Management Applications (LKMAs).
Within a LKMA, end users, learners and facilitators, will produce resources and
outcomes called Learning and Knowledge Management Products (LKMP).

All the TELOS resources resulting from this cascade are stored in distributed
resource repositories (including the systems themselves). Each resource is refer-
enced using descriptors taken in one or more semantic referentials. This is the
case for all kinds of resource such as human actors, multimedia documents, soft-
ware components, operation and designs, and the resources obtained by aggre-
gation of these atomic resources. TELOS system components within the TELOS
Core also have semantic descriptor taken from a technical ontology.

Semantic referentials can be built in the TELOS system to represent knowl-
edge associated with a resource. Semantic referentials are processed by semantic
services [11] such as editors used to construct a semantic referential, viewers
to help browse the knowledge classes, individuals and properties, referencers to
associate semantic descriptors to any kind of resource, and publishers to inte-
grate referenced resources into a resource repository where they can be found
and made available to users.

2.3 TELOS Framework Organization

The TELOS Core comprises a Kernel, a Core manager that enables the evolu-
tion of the core, Core libraries of resources and their corresponding handlers.
The knowledge library is one of these core libraries that plays a special role. It
contains semantic referentials to describe application domains as well as tech-
nical and administrative metadata needed for processing resources. The other
libraries group resources according to their aggregation level: atomic resources
(documents, software components, persons, operations), resources interfaced or
aggregated from atomic resources, and larger aggregates such as LKMS, LKMA
or LKMP. The Kernel contains service registries and servers, client application
and agents distributor, a communication coordinator, a general resource con-
troller and translators between protocols and standards. Figure 1 presents a
taxonomy of TELOS Services needed to handle the main operations of these
resource libraries, including the systems software components.

3 Ontologies and the TELOS Software Architecture

3.1 A leading role for ontologies in the architecture of TELOS

The TELOS Software Architecture document (see [10]) follows the requirements
explained in the previous sections. This document therefore puts very much em-
phasis on the use of ontologies in the TELOS system. Figure 2 shows a simplified
overview of a TELOS node structure.
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Fig. 1. TELOS Services Taxonomy

We see in that figure that a TELOS node is principally composed of TELOS
Resources and a Semantic Layer. Nodes are linked together by a global bus and
are interfaced to a runtime environment through a local bus.

3.2 The Ontology Driven Software Architecture of TELOS

The software architecture of the TELOS system is fundamentally an Ontology
driven architecture (see [12]). In this sense, all the constituents of the system must
fit inside an ontology that we call the TELOS Core Technical Ontology. This
ontology describes all the concepts and properties of TELOS from a technical
point of view.

The introduction of a combination of SOA and ODA in the software archi-
tecture provides more benefits that the sum of each of these approaches. In fact,
the SOA benefits from the semantic description of services provided by the ODA
and the ODA benefits interoperability, modularity and openness qualities of SOA
with the introduction of web services interfaces over the reasoning services.

To design the essence of the software architecture of TELOS, we took the
TELOS Ontology given in the Conceptual Architecture and Conceptual Frame-
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Fig. 2. A typical TELOS node structure

work documents (see [8]) and we adapted this ontology to a technical ontology.
In this manner, we detail the data structures design and functional design and
encode it in the TELOS Core Technical Ontology.

3.3 Ontologies and Logic Programming

The TELOS Core Technical Ontology is the logical blueprint of TELOS. It is
the TELOS “Program”. In this manner, ontologies are integrated in the imple-
mentation process of TELOS. One of the most fundamental task in the TELOS
development plan is thus the development of the TELOS Core Technical Ontol-
ogy.

The business logic of the TELOS System is actually programmed in:

1. An OWL-DL ontology: the TELOS Core Technical Ontology
2. Predetermined and parametrized queries to inference engines reasoning on

the above ontology

This programming style follows a pattern analogous to the Prolog program-
ming language. Here the declarative part is encoded in OWL-DL statements
analog to the Prolog statements. The execution part is encoded in parametrized
queries prepared for inference engine analog to the Prolog queries.

In the TELOS software development process, this strategy will be used to
cover the most fundamental elements of the core but it cannot realistically cover
the whole TELOS implementation. We only wish to profit as much as we can
from this programming paradigm to develop TELOS.

This strategy has many advantages:
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1. Since TELOS has powerful tools to deal with ontologies, we try to profit
from this power in an optimal way

2. TELOS already contains a powerful visual OWL editor that can be used to
elaborate the functionalities of the system

3. We can develop TELOS using itself as a supporting tool in the development
process

4. TELOS development effort can use the multi-actors workflow scenarios of
TELOS

5. We have a lot of flexibility at the TELOS core level since ontologies can be
modified much more easily than huge programs in traditional programming
languages. Evolution of the system functionalities can therefore be achieved
with less effort.

3.4 An example: Access Rights Management

We use the present section to illustrate concretely the principles that we ex-
plained above. We will explain how one can program the “logical blueprint” of
the access rights management module of TELOS using OWL-DL and inference
engine queries. In a multi-user system, we must be able to control which users
have the right to perform some specific operations. This is usually handled by
assigning permissions to users, roles and groups of users. This problem is very
common, and solutions for it are reinvented in each (large enough) system im-
plementation.

In fact the use of ontologies and declarative programming techniques to im-
plement access management is also discussed in other papers, see [13, 14] for an
overview of policy based security management. In our case we wish to extend
this technique to the whole system. Here we will only focus on the simplified
rights management example.

Programming this in TELOS Core Technical Ontology is a very simple and
natural process. We now give a simplified overview of how this can be done. To
simplify the discussion, we will use a graphical representation for describing the
parts of the ontology we wish to present. This representation was developed at
LICEF research center to create a graphical editor for OWL called Mot+OWL.

First, we give a very simplified taxonomy for resources in TELOS (look at fig-
ure 3 to follow the construction). The rectangles correspond to OWL classes and
the “S” links corresponds to OWL subsumption construct: rdfs:subClassOf.
Next, we add some properties in the ontology to handle access rights. For exam-
ple, we may add a property for group membership: isMemberOf. We use hexagons
to represent owl properties and incoming or outgoing “R” links to specify a prop-
erty domain or range. We do the same for roles assignments with the introduction
of the hasRole property. We also see in this picture how CardinalityMin owl
construct is expressed visually (in words: a user has at least one role in the sys-
tem). We finally create the crucial property that links actors to documents that
grants rights to some actors; the canEdit property. Using the above ontology,
we can declare users, groups, roles and documents and assign edition rights to
individual users, to groups of users and to roles for each document. All this data
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Fig. 3. A simplified ontology for resources access rights management

can be expressed using the above ontology by populating it with individuals
(instances of the classes we defined).

Now that this setup is in place. We can naturally formulate some queries to
this ontology to ask if some specific user can actually edit a specific document
like the following:

Can Joe edit the document MyDocument ?

We can give a precise semantic to this question using our ontology by saying (in
Description Logic’s syntax):{

Joe
}
v canEdit : MyDocument ∨ ∃hasRole.

(
canEdit : MyDocument

)
∨ ∃isMemberOf.

(
canEdit : MyDocument

)
which in natural language basically asks the ontology if the individual Joe is
declared to be able to edit the MyDocument by the canEdit property directly or
Joe is in some group of users that can edit the individual document MyDocument

or if Joe has some role that can edit the document.
This is what we mean by programming the functionalities of TELOS in

the logic programming paradigm of ontologies and queries. The actual func-
tion checking the edition rights would be a parametrized query to the TELOS
Core Technical Ontology like in the simplified example we have shown above.
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4 Conclusion and Future Work

With regards to knowledge representations, we have taken a pragmatic approach,
looking for flexible and usable solutions. We reject one extreme not to include
any representation because such a resource management system would support
learning poorly. We also reject the other extreme where complex representations,
theoretically more satisfactory, would exceed the capacity of most persons to use
them. In many applications, simple metadata or lightweight ontologies can be
used with immediate benefit, for example pairing peer users with appropriate re-
sources, while at the same time supporting a facilitator to guide its interventions
towards other users. We are looking for such benefits that will repay the effort
made to integrate knowledge representation into the environments design. Our
work on TELOS is continuing on two levels: the further definition of the tech-
nical architecture of the system and the reconstruction of our actual Explor@-2
system [5] to bring it closer to the technical architecture proposed here. Both
streams of research will be synchronized periodically as the research process un-
folds. Meanwhile, other LORNET research teams work at the development of
a variety of components that are taken in account in the TELOS architecture,
such as new resource interoperability services, learning design and function man-
agement editors and players, adaptive learning objects edition and integration,
knowledge extraction from resources and advanced multimedia components.
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Abstract. Assisting independent learners to access, compose and manage their 
learning pathway throughout their life in a range of institutional, informal and 
work-based settings is a challenging issue on the lifelong learning agenda. In 
this paper, we present a service-based architecture and an implementation that 
provides support in planning lifelong learning and creating personalised 
learning pathways. The architecture integrates several tools and web services, 
interacting with services provided by external organisations in order to create 
an environment that supports independent lifelong learners in identifying 
learning opportunities available through different learning providers at regional 
level. The resulting system offers functionalities for the creation of 
individualised learning pathways, and for the sharing of personal learning 
experiences with the regional community of independent lifelong learners. The 
system also offers recommended learning pathways through courses and 
learning opportunities in order to facilitate learners’ progression into Higher 
Education and support career choices.  

1   Introduction 

Rapid changes in technology, workplace, communications and educational 
institutions have resulted in widespread awareness that education is not limited to 
childhood and adolescence, but it has become a lifelong activity. The Higher 
Education (HE) sector has recently undergone a series of changes, affecting its 
organisational structures, traditional practices as well as the perception of HE 
institutions and academics by the local community and the public in general [13]. 

Thus, the educational system is moving, as Parry states [15], ‘from an early notion 
of access based on defined routes and discrete courses to one more centrally 
concerned with the “accessibility” of institutions and the suitability and flexibility of 
their curricula for a diverse student audience.’ In this context, it is important to ensure 
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that learners are experiencing an appropriately increased learning challenge and 
autonomy as well as independence [13]. Making this happen in practice requires that 
learners become more aware of their own studying and thinking processes, and 
demands that tools and guidance are provided to support this process of planning a 
lifelong learning pathway through the various courses, levels and stages of an 
educational system.  

Personal development planning [9] has been proposed as a means of encouraging 
students to reflect on their progress towards achieving specific goals, while the role of 
careers guidance in lifelong learning has been emphasised by the Organisation for 
Economic Co-operation and Development [14]. In this vein, the HE Funding Council 
for England, the Learning and Skills Council, and the UK Department for Education 
and Skills are currently exploring the scope for developing Lifelong Learning 
Networks (LLNs) in individual regions, i.e. networked organisations of groups of 
institutions, including HE institutions and Further Education colleges, that come 
together across a city, area or region to offer new progression pathways for learners. 
In an LLN, lifelong learning becomes a collaborative and community-based process, 
which calls for tools to support the autonomous and dynamic creation of lifelong 
learning communities and new distributed e-learning services.  

These changes to the educational landscape, both nationally and internationally, 
require that technology is used effectively to assist lifelong learners to access, 
compose and manage their learning under varying circumstances and settings, such as 
institutional, informal and work-based. Thus,  

• Models need to be developed and frameworks need to be extended that will 
allow local, regional, national and international systems to work together to 
provide coherent access to e-learning resources;  

• Pilots need to be established that will evaluate the integrated use of e-learning 
systems, tools, repositories, and content by teachers and learners with respect to 
their effectiveness in supporting widening participation in HE and lifelong 
learning. 

A number of attempts have been reported so far to create decentralised solutions 
where both resources and computation can be distributed [3], [4], [7], [12], [16]. 
Several consortia and initiatives around the world have been developed to support the 
development of new distributed e-learning services, such as the E-Learning 
Framework (www.elframework.org) promoted by JISC (UK) and DEST (AUS), the 
IMS Abstract Framework (www.imsglobal.org/af/), the Open Knowledge Initiative 
(www.okiproject.org), and the European Learning Grid Infrastructure Project 
(www.ELeGI.org). 

This paper presents a service-based architecture that adopts the ELF specification. 
It integrates tools and web services, and interacts with services provided by external 
suppliers in order to create L4All – an environment that supports independent lifelong 
learners’ progression into HE and career choices. Section 2 describes some of the 
main features of the L4All system, while Section 3 examines service orientation and 
its advantages. Section 4 provides an overview of our approach in developing L4All 
and the technologies involved. The paper ends with our concluding remarks. 
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2   Supporting the Independent Lifelong Learner in L4All 

The LifeLong Learning in London for All (L4All) project has focussed upon 
supporting independent post-16 learners who traditionally have not participated in HE. 
The lack of information about learning opportunities and the perception that such 
learning pathways are ‘not for me’ have led to self-exclusion from such opportunities 
in the London region. L4All aims to provide lifelong learners in the London region 
with access to information and distributed resources that facilitate their progression 
from Further Education (FE) into HE. L4All allows career advisors, widening 
participation officers and learners to create and reflect on learning pathways offered in 
the London region.  

Figure 1 illustrates the main interface of the L4All Trail Creator. This is the 
component of the system that supports learners in creating their learning trail or 
timeline. A timeline consists of several life episodes, and can be created by dragging 
and dropping lifelong learning activities from the My Courses and My 
Recommendations lists which have been previously identified through personalised 
searching or recommended through other services of the system. Learning and work 
related icons as well icons that represent a variety of life events, and even customised 
icons, can also be included in the timeline. Episodes can be annotated and the timeline 
created (an example is shown at the bottom of Figure 1) can provide a holistic view of 
an individual’s lifelong learning pathway, giving details of particular life episodes in 
the Detail Window.  

 
Figure 1. Screenshot of the main timeline 
creation interface. 

Figure 2. Searching timelines of others 

As an aid to constructing their own learning pathways throughout their life, learners 
are able to search for timelines provided by career advisors and other learners. This 
gives learners a repertoire of learning possibilities that they may not have otherwise 
considered, allowing sharing of successful learning pathways and presenting 
successful learners as role models to inspire confidence and a sense of opportunity 
amongst those previously excluded. A personal space for lifelong learners such as this 
contrasts with many of the learning environments currently in use, which provide 
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learners with resources and learning management tools that relate to their study at a 
single institution. L4All offers learners a set of distinct features, such as learner 
control over learning pathways, reflection on where their learning is taking them, 
management of their profile, view of their learning pathway throughout life, a sense of 
community building, and information sharing with individuals and organisations.  

3   Service Orientation and Personalisation 

L4All adopts a design approach that is based on the JISC’s ELF 
(www.elframework.org), which defines and provides technical standards for services 
so that these can be built individually as discrete units and then combined together 
into a larger system. The services map onto identifiable functions within teaching and 
learning. For example, searching courses or sequencing of learning activities can be 
defined as individual services within the framework, and can be used together (with 
other underlying services) to find learning opportunities that match learner preferences 
and plan personalised lifelong learning activities that help to achieve a particular goal. 
This focus on defining, constructing and combining small chunks rather than building 
a large monolithic system is known as a service-oriented approach. 

Service orientation permits the development of modular and flexible personalised 
systems, where components can be added, removed or replaced more easily than in 
traditional models of adaptive hypermedia systems, and where new applications or 
systems can be composed from collections of available services [1]. Service-oriented 
approaches allow the integration of user models, adaptation techniques and web 
services and provide several benefits [11]: support for planning technical and 
interoperability specifications, and standards development; enabling alignment with 
business processes and supporting business models; offering flexibility in 
accommodating evolving organisational requirements; providing a flexible and 
modular technology base; making information sharing of applications simpler; and 
allowing co-operating organisations to deploy applications that meet their common 
needs. Service-oriented approaches also facilitate the integration of commercial, in-
house and open source components and applications within organisations and 
federations by agreeing upon common service definitions, behaviours, data and user 
models, and protocols. 

A service-based architecture may provide personalisation on the basis of well 
defined service behaviours and interfaces and allows various open specifications, open 
source toolkits and standards to be used in implementing the services. From the 
functional definition and scope of a specific service, an abstract model of behaviour 
and data can be developed which describes the expected behaviour of a realisation of 
this service and the data it handles or exchanges. Although service-oriented 
architectures can be realised in a number of other ways, the emergence of the Web 
Services approach based on protocols such as HTTP, XML, SOAP, UDDI and 
WSDL, allows services to be platform and language independent, and dynamically 
located and invoked.  
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The service-oriented approach models an application on the basis of services and 
processes that describe sequences of steps and the services and data involved in each 
step [2]. Personalisation in this context emerges through the aggregation of a set of 
services that implement a personalised functionality [4], [10], [17]. It can be 
materialised by creating, managing and storing user metadata, usage behaviours or 
relationships between user behaviours from a diverse set of existing applications using 
a user model service. This can be used for matching resources against user data, 
combining components (which will provide the necessary functionality) and 
assembling services from a set of components to tailor content, interface features, 
filtering and navigation support to the needs of a user. Attempts to further enhance this 
personalisation approach exploit advances in the infrastructure of the semantic web, 
which is expected to augment the current web with formalised knowledge and data 
that can be processed by computers [5]. In this context, a user model can be 
distributed and reflect features taken from several standards for user modelling and be 
supported by various web services [6], [7], [11]. 

4   L4All Architecture and Technologies 

L4All consists of a set of components and services, and is consistent with the ELF. A 
sample of the services of the L4All system is shown in Table 1  

 
Service Functionality 
Search learning opportunities Performs search on courses. 
Search among peers Searches for people with similar preferences and 

characteristics 
Recommendations Provides a set of qualifications and experiences 

required to pursue a particular career goal (part of 
auto-mentoring). 

Search learning pathways Searches for timelines that match some criteria, e.g. 
keywords, experiences 

User profile Manages the user models 
Timeline Stores a timeline and its attributes for a particular 

user. 
Episode Manages the episodes of a timeline 

Table 1. Sample of services used to accomplish tasks in L4All. 

The L4All architecture comprises two parts: (a) the backend and (b) the user interface. 
To implement its functionalities, the backend interacts with three external services, 
wrapping them into a set of web services accessible through the user interface: 
DELTA (www.essex.ac.uk/chimera/delta/index.html) for searching over RDF 
metadata resources; ISIS (www.hull.ac.uk/esig/isis.html) for providing sequencing 
over a set of courses (in our context these correspond to lifelong learning activities 
and stages) according to a set of criteria that relate to user characteristics and 
preferences; and a third external service that retrieves search results from the 
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LearnDirect courses database (www.learndirect.co.uk). The backend also connects 
with RDF repositories for storing, retrieving and modifying metadata that describe 
users and learning courses/opportunities/activities. 

Tomcat 5.0.28

Course 
Metadata

DELTA Search Service

Java Beans

User 
MetadataISIS Sequencing Service

LearnDirect Search Service
Web Services

Portal

Flash application Registration 
Pages

 
Figure 3. Main components of the L4All system architecture 

Figure 3 illustrates the overall architecture and its major components. The Web 
Services component consists of the set of web services which we have developed in 
order to wrap the backend functionality into a set of services that can be called by the 
user interface. These web services are implemented as Java servlets over Apache 
Tomcat 5.0.28. They accept HTTP GET and POST requests from the user interface 
components and dispatch them to the appropriate Java Bean for processing. The 
results of processing are sent to the called service where they are formatted into XML 
and then passed back to the calling user interface component. The Java Beans are a 
set of Java classes providing the core backend functionality. This is where the three 
external services are connected with the system and where communication with the 
metadata repositories is handled, including all actions relating to storing, retrieving 
and modifying the course and user metadata. 

A portal, developed using uPortal (www.uportal.org), serves as the platform for 
user-system interaction. A Flash Application and Registration Pages make up the user 
interface. From within the Flash application users are able to visually create and 
manage their timelines, search for courses according to various criteria and 
preferences, search for other users with similar goals, preferences and learning 
characteristics, search other learners’ timelines and episodes, and receive 
recommendations about future learning choices based on their goals and preferences. 
The Flash application interacts with the Web Services for sending and retrieving 
information to the backend. The Registration Pages are where a user registers with the 
L4All system and provides personal information to it. They are implemented using 
HTML and JavaServer Pages for contacting the necessary service from the backend 
for the submission and update of the user metadata. Both the Flash application and the 
rest of the user interaction pages are embedded in the portal. 

The course and the user metadata are encoded in RDF (www.w3.org/RDF/) using 
the Dublin Core (dublincore.org) and IMS (www.imsglobal.org) standards. These 
standards have been extended to include some additional properties for lifelong 
learners and learning pathways (see Figure 4 for a fragment of the learner schema). 
The course and user metadata are stored in a MySQL database using the Jena 
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framework (jena.sourceforge.org) as a wrapper over the database that provides 
mechanisms for storing, retrieving and querying the RDF metadata.  
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Figure 4. Fragment of the learner model schema. 

With respect to access management, the user metadata schema conforms to the 
eduPerson standard, which is an auxiliary LDAP (RFC 2252/RFC2256) object class 
designed to facilitate communication among higher education institutions [8]. In order 
to build a user data repository using LDAP it is necessary, apart from eduPerson to 
use the “person” (RFC2256), “organizationalPerson” (RFC2256) and “inetOrgPerson” 
(ITU X.521) object classes in order to specify the user personal details. 

5   Concluding Remarks 

We have presented a personal space for lifelong learners that offers users tools for 
planning their learning and reflecting on their learning pathway throughout life. The 
functionalities of the L4All system are provided through interaction with external 
services and components (most of which were open source but originally designed 
from quite a different perspective and serving a different purpose), and development 
and integration of several new web services and components. Overall, the L4All 
development process required combining different metadata schemas; extending these 
with new metadata elements; exchanging data between heterogeneous services; 
privacy considerations and release policies of user attributes for access management 
and personalisation; and interoperability between the heterogeneous components of 
the system. We are currently working on evaluating the alpha version of the system 
with several different groups of lifelong learners and expanding its community-
building and personalisation functionalities.  We also plan in the near future to 
refactor the Web Services component of Figure 3 in order to publicly expose the 
timeline management and timeline and user searching functionality as a set of 
independent web services that can be discovered and invoked by other applications, 
thereby increasing the potential usage and value of L4All.  
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Abstract : Perhaps the greatest challenge of the ICLASS integrated 
project is being an integrated project. The challenge arises due to the 
necessity to integrate various components developed at geographically 
distributed institutes into a system that would cause an impact on the 
domain, namely technology enhanced learning. This challenge not only 
influences the architecture of the system but also the development 
framework. As architecture iClass pursues a Model Driven Service 
Oriented Architecture. As a development framework iClass partners 
pursue a reference model approach similar to standards development 
paradigms in general. Given the fact that more than half of all software 
projects fail today and 80% are considered unsuccessful for being either 
over budget, late, missing functions or a combination, iClass needs to rely 
on its architecture and framework as a best practice to avoid the destiny 
of many of its ilk. 

Keywords : Distributed Programming, Distributed Software, Distributed 
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1 Introduction 

iClass is an Integrated Project in Technology Enhanced Learning domain, carried out 
by a consortium of 22 partners from 11 different countries under the auspices of the 
EC’s 6th framework program for research and technology development. 
 
iClass system consists of a number of modules and educational material that these 
modules utilize to deliver an adaptive and personalized eLearning experience. The 
end-users interact with a single web based presentation so this modular system 
should be perceived as a whole. On the other hand, the very nature of Integrated 
Projects requires that each component can be developed at a separate geographical 
location. Therefore, to ensure coherence, the architecture and the development 
paradigm must be matching. 



 
  

 
 
 
 
 
 

 
A Model Driven Service Oriented Framework is adopted by the iClass project and 
successfully used in implementation of the first release of the system which was 
piloted for a month starting from 15th November, 2005. 

2 Examples of eLearning Frameworks 

A framework can be created to serve the domain needs of a community by 
implementing a modular system where each module can evolve separately. Initial 
work to constitute a framework should include 
1 – The definition of a broad set of building blocks or services required to support 
the operational requirements. A service offers functions and content through agreed 
behavior and interface. 
2 – The definition of rules as to how the blocks would work together in order to 
establish a coherent behavior while responding to the end user interactions. 
 
Perhaps the most well-known eLearning framework is the ELF. Yet ELF was not the 
first framework. In fact, it practically builds upon prior work of different 
organizations especially Carnegie Mellon Learning Systems Architecture Lab 
(LSAL). The LSAL Learning Services Architecture is perhaps the oldest of the 
service oriented frameworks presented in the context of virtual university 
architecture as a “portal resource services model” where the services had XML API 
interfaces! That was 2000 and just about the same time when the SOAP protocol was 
taken by Microsoft (who launched MS.NET that year) from Don Box of 
DevelopMentor and Dave Winer of UserLand to be submitted as a note to W3C for 
standardization. This event marks the birth of web services paradigm. Later the IMS 
Abstract Framework (IAF) was released based on LSAL architecture as well. 
 
The e-Learning Framework (ELF) is an initiative by the Australia's DEST,  U.K's 
JISC and their partners, to produce an evolving and sustainable, open standards 
based, service oriented technical framework to support the education and research 
communities. Commissioned in 2003, the first report of ELF was published in 
February 2004. It described sets of aggregated services abstracted into 4 layers: User 
Agents, Application Services, Common Services and Infrastructure. In addition, 
open-source toolkits such as software libraries to assist developers were created. The 
intention is not to provide a blueprint for an open-source solution, but rather to 
facilitate the integration of commercial, home-grown, and open source components 
and applications within institutions and regional federations, by agreeing common 
service definitions, data models, and protocols. Each service in the Framework 
consists of an interface definition, a data model, service definition and 
documentation.  
 
JISC is currently funding a range of small scale projects running until April 2006, 
aimed at exploring areas of functionality defined in the framework. Examples are 
services for Sequencing, Activity Management, Learning Flow, Assessment, 
Federated Search, Personal Development and ePortfolios. Called the “e-Framework 
for Education and Research”, this JISC initiative builds on ELF. Some examples are 

Service-Oriented Model-Driven eLearing Frameworks 149



 
  

 
 
 
 
 
 

FREMA, ASSIS, and ISIS projects. Under ISIS tools and libraries to facilitate 
creation, integration and presentation of sequenced learning activities is developed.  
 
In such projects a single service is developed (as a part of a framework) to execute a 
single functionality. However, if the functionality is demanding such as 
"collaboration" or "personalization" or "content distribution", it will require a set of 
services and perhaps a framework of its own. COLIS and CORDRA are such 
specialized frameworks. COLIS is about content sharing while CORDRA is about 
content distribution. They are designed to extend existing MLE (Managed Learning 
Environment) or LMS (Learning Management System) establishments in order to 
bring in the specific uses they are built for. Both projects involve large number of 
academic and commercial organizations; hence they pursue the framework approach 
with reference models to integrate the geographically distributed development work. 
 
iClass framework is position the same way as COLIS and CORDRA : a specialized 
framework addressing a specific functionality which is personalized eLearning.  

3 What is the iClass Framework? 

Simply stated, ICLASS framework is a set of orchestrated web services developed in 
the form of a reference model by iterative rapid prototyping of models. Before 
describing further this approach, let us portray the necessities for which the project 
has adopted such an approach: 
1. A flexible system: Flexibility to allow changes as research on a new pedagogical 

approach matures.  
2. A modular system: Easy to incorporate results of 8 research strands, 7 Subprojects 

and various pieces of  pre-existing know-how. 
3. A distributed system in its design: Supports business scenarios that demands 

remote/shared access. 
4. An instantiated system : A service may exist in multiple instances  
5. A platform independent system: Different instances may be required to run on 

different platforms. 
6. A distributed system in its development: The development effort has to be 

undertaken by geographically distributed partners. 
7. An application used by people: Pilots with real users over many semesters, 

requires the system to be easy to use and maintain. 
8. An open system used by machines: Installed MLEs and LMSs can be extended to 

have personalization and adaptation features by exposing a service interface that 
iClass can latch on.  

9. An evolving system: iClass itself is a “learning” project. 
 

Like COLIS and CORDRA, iClass tries to augment existing MLEs with a specific 
functionality. iClass consortium consists as well of large multinational enterprises 
working together with academic and research institutions. Main objective of iClass is 
to bring in personalization and adaptation with a new activity-based pedagogical 
approach to any MLE or LMS that would provide the defined user interface. This 
demanding functionality can be achieved by introducing a specialized framework. 
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4 Service Orientation in iClass Framework 

The requirement that parts of the system would involve user interaction determines 
the nature of the service-orientation iClass adopts. As some of the modules have both 
servicing components and user-facing components, they can not be implemented as a 
single service. Using contemporary techniques a web service can not launch a page, 
close down that page by user command, and return back to the application which 
called it. This will partially be possible once the “remote portlets” technology 
(WSRP: Web Services for Remote Portlets) becomes mature.  
 
Notice that the ELF framework defines its “Application Services” as those services 
which “may be implemented so that they have a user-facing interface, but the key 
requirement is that they must expose their functionality through as a standard 
interface to support this reuse”. However once such a component is launched from 
the main application (by user selection obviously) it has the control and it can not 
give back the control to the main application. The user must close it down and 
continue with the main application which should not time out. Users can be “alerted” 
to do so, but considering the age group of iClass users (6-7 graders) this won’t be a 
healthy workflow. iClass framework differs from ELF in that all user-facing 
components are brought together under a web application. This application also has 
the navigational logic and conducting logic. It is surrounded by a set of web services 
that implement parts of the modules that are subject to reuse. The services keep their 
own database hence achieving the decoupling of data while the web application is 
loosely coupling the services. In this manner a coherent experience can be provided 
to the users. 
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Fig. 1 The Service Oriented Architecture of iClass 
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This orchestrating web application with navigational logic and user-facing 
components is a service-oriented architecture (SOA). Even though SOA philosophy 
seems to opt for breaking down all functions into discrete services, keeping some of 
them under an application does not breach the principles of SOA. The principles of 
SOA are really simple: 
1 – Decouple data and application logic 
2 – Breakdown the application logic into loosely coupled services 
 
Adopting SOA, the application logic contained in the various systems across the 
organization – such as student record systems, library management systems, VLEs, 
directories and so on – are exposed as services, which can then be utilized 
(consumed) by other applications.  For example, a profiling module may expose a 
service that evaluates user data and keeps user profile records. However, the part of 
the profiling module which would inspect the user (such as a questionnaire) requires 
user interaction. In this case a profiling application can be developed, with such a 
user interface, which calls the servicing component. When another profiling tool is 
introduced (such as a game) it can use the same servicing component. 
 
SOA approach is different to two other common ways of integrating systems, which 
are to integrate at the user interface level using portals or at the data level by creating 
large combined datasets. A service-oriented approach does not preclude also using 
portals or data warehouses, and is in fact agnostic about how the rest of the 
enterprise is configured, which is why it makes a good approach for a framework. 
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Fig. 2 The positioning of iClass services 
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While iClass system consists of services gathered around an application as the SOA 
approach demands the services are agnostic to the application. They just fulfill the 
functionalities that are promised by their interfaces as executable. Therefore 
replacing parts of the system is greatly simplified. Service consumers access a 
service without the need to know about the implementation details of the service. We 
can replace the platform that the service runs without affecting others that depend on 
its capabilities. However the application needs to be developed considering the 
functionalities that the services offer, because the application is to orchestrate those 
services in order to achieve certain operational scenarios. The part of the application 
which does this job is called the “Conductor”. 
 
Since iClass is a Demonstrator Project as well, to be piloted for a few semesters we 
needed to create an application that provides the end-users with an educational 
benefit. This benefit is limited in scope in that only a particular set of usage scenarios 
are supported. The selected set of usage scenarios are enabled by running 
corresponding operational scenarios. Each operational scenario requires the 
Conductor to orchestrate the services in a particular way to accomplish the usage 
goals. The basic release starts with a small set of usage scenarios only to increase 
their number based on the feedback from the piloting end-users.  
 
Another benefit of having a single unit that conducts the services is that there may be 
multiple instances of each service, being installed at different locations. The 
conductor just needs to know the set of services that it has a right to use. This 
flexibility enables iClass to support almost any business scenario. 
 
Services can evolve independently as long as they keep the same interfaces. As more 
knowledge pours in by means of research and piloting, functionalities of the services 
can be improved. The advancing parts of the iClass system are listed as follows: 
 
• Scope : As usage scenarios extend, so do the operational scenarios 
• Managed Learning Environments: iClass can be used together with a growing 
number of MLEs. On the other side, an MLE that iClass works with can be advanced 
independently as long as the service interface stays intact. 
• Evaluation Tools for Profiling: The profiling service can embody increasingly 
better AI algorithms to evaluate the inspected data about the learners. 
• Profiler and Monitor databases: These databases can grow to keep larger 
number of users. 
• Evaluation Tools for Monitoring: The monitoring service can use increasingly 
better algorithms to evaluate the learning events of a student such as the questions 
the student answers, the time it takes him/her to view content etc. 
• LO generation: The creating of LOs out of (or across) iLOs can be made with 
more advanced narratives. 
• Personalized Learning Path (PLP) Selection: The selection of PLP for a given 
learner out of the data base of common practice learning designs can be made with 
more advanced narratives. 
• Content Access and Content Repositories: Not only the content repositories 
can grow, but also the access service can return increasingly more relative results. 
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5 Development Approach in iClass Framework 

In brief terms, iClass is an integrated eLearning system where modules expose 
themselves as services. It is imperative to note that there will be multiple instances of 
some iClass modules constituting a highly distributed service-oriented system. 
Hence a need to have a “reference model” emerges. For example, when there would 
be many Profiler Modules installed at various schools or service providers one can 
compare these installations with the up to-date reference model. 
 
The implementation of the reference model is an iterative process as the reference 
model design is continuously updated. At a time there exists a built which must be 
up and running. This set up together with the engineering tools used, constitutes the 
rapid prototyping environment. The system evolves by frequent scheduled updates of 
the parts and when all the functionalities indicated for a major release are integrated, 
the Reference Model is frozen and identified as having a basic, advanced or a 
complete release. The Basic Release of the Reference Model had been piloted in 
Ankara/Turkey for a month with 15 students and 2 teachers in a real school 
environment. 

6 How can a Reference Model be Model-Driven? 

Is a Reference Model by definition Model-Driven? To call a system "model driven" 
we can consider two properties: 
1 – The whole system must be represented with corresponding models, and the 
updates to the system must always be subsequent to the updates to the models 
2 – The models should adhere to the business (or user) requirements completely 
 
The iClass framework adopts these properties. However, the model-driven paradigm 
is more ambitious in that given models it should be possible to provision automatic 
code generation. Except for a few artifacts this was not practiced in iClass. 
 
Model-driven architecture (MDA) is the next big evolutionary step in programming, 
thanks to Unified Modeling Language using which software designs can be modeled. 
MDA simplifies porting software over platforms, allowing programmers to focus on 
more important aspects, such as business logic. In fact, there is an assumption 
without which MDA actually doesn’t make sense at all: “At a given domain, there is 
certain business logic that is so mature that, once modeled, it can be used by many 
agents without much need for modification or exception handling.”  Based on this it 
makes sense to single out such logic and capture its functionality under models. 
iClass uses UML models to enable fruitful collaboration between geographically 
distributed developing partners and to keep the rapid prototyping under control.  
 
The MDA approach takes the responsibility to adhere to requirements away from the 
code and gives it to the design. This enables harvesting the work on design patterns 
since most software structures one can think of, if not all, has been written before 
and can be specified and reused in modeling terms.  
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The way the reference model of the iClass framework is conceived and the way it is 
model-driven also fosters the employment of rapid prototyping techniques such as 
extreme programming while advancing the reference model. This suggests that there 
is a working system at all times and all additional functionality is accompanied by a 
new usage scenario to be tested alongside existing ones.  

7 Conclusion 

The iClass system is positioned as a major component to be added to the Managed 
Learning Environments that exists in some of today’s schools, and that will certainly 
exist in the majority of tomorrow’s school. These environments may comply with a 
pervasive framework such as ELF, in which case iClass can be viewed as a 
subsystem. The use of a modular structure (hence a framework) is necessary, given 
the fact that iClass is developed at different geographical locations and that there is a 
business requirement to enable partial exploitation. 
 
The issue of determining the servicing components is important as a Service-
Oriented Model-Driven Architecture is adopted. The models should be selected to 
reflect those parts of the application logic which are mature and likely to be 
implemented with the same design pattern no matter what platform is targeted. 
Therefore the borders among the models should reflect the cross-cutting concerns in 
the overall system. For example separation of the monitoring service and the 
profiling service stems from such analysis. Aspect-oriented approach has helped in 
identifying and modeling these cross-cutting concerns and corresponding sets of 
services [1]. 
 
iClass is an R&D project which, in its lifetime, continuously generates knowledge on 
better ways of meeting the user needs with pedagogically sound ICT solutions. 
Therefore it is after creating a Reference Model that is evolving rather than product 
design. The current state of the Reference Model reflects the current state of 
knowledge generated in the project. Having 7 research tasks and 7 subprojects 
running in parallel this evolution is only possible with rapid prototyping of the 
pouring results and findings. This evolution has close ties with the feedback from the 
piloting partners. Essentially, by definition all reference models should be subject to 
intensive testing as they mature. So is the case with the iClass Reference Model.  
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Abstract. Quality education can be delivered at a time, place and pace that suit 
the learner, teacher and administrator. One way to achieve this is for 
universities to devise an appropriate and effective web based education 
environment that supports customization for the individual. Such an 
environment requires interoperability of heterogeneous systems, reduced cost 
through re-use of existing invested technology, robustness to cater for future 
changes in technology and adaptability that allows the display of information 
that is personalized for each learner. Such a framework for an integrated 
adaptive distributed web based education environment is proposed and 
discussed in this paper. The goal of this framework is to provide a detailed 
architecture that aggregates heterogeneous systems and provides a container 
into which systems can plug in and deliver educational services dynamically. 

Introduction 

The nature of educational information systems is changing from local applications to 
large-scale global and dynamic systems that are adapted to the learner’s, teacher’s or 
administrator’s preferences. For example, learning content could be displayed based 
on the learner’s prior knowledge and in a pedagogical format based on the teacher’s 
preference for a case study. The administrator’s preference could be based on a report 
format that highlights students performance measured on course completion from a 
Learning Management System (LMS) and contact details from a Student 
Management System (SMS). This trend presents challenges to the interoperability of 
global systems where hardware and software configurations are heterogeneous, 
distributed processing is at multiple locations and educational institutes require reuse 
of invested technology as services. 

Research is ongoing in Adaptive Hypermedia Systems (AHS) where content is 
adapted to the learner’s preferences, such as knowledge and goals [2] and teachers 
preferences such as the choosing of pedagogy related to a case study [5][14]. Current 
adaptive systems are tailored for specific application domains that are difficult to 
reuse, integrate or extend [8].  

A Service Oriented Architecture is a style of design that guides the development 
and reuse of services. Combined with Web-Services it allows the composition and 



 

 
delivery of robust and reusable services that are easily adapted to satisfy changing 
requirements [13]. The use of software patterns facilitates the wrapping of 
heterogeneous services with a standard XML interface that allows services 
communicate with each other from multiple locations.   

The eLearning Research Agenda Forum [6] identifies the need to investigate 
architectures that are appropriate for learning management systems and learning 
environments to support software engineering process and criteria such as reusability. 
The purpose of this research is to describe an architecture that facilitates 
interoperability and reuse. Such architecture will facilitate the complete customisation 
of the educational experience by supporting the composition of educational services 
based on learner’s, teacher’s and administrator’s preferences. Through this the vision 
of education tailored specifically to the needs of the learner, while corresponding to 
the preferences and constraints of the underlying educational environment, the 
possibility for online learning that suits the real life needs of the learner at a time, 
pace and place may be achieved.  

Educational support systems 

Web-based/Online education support systems support education from the learner, 
teacher and administrator’s perspective. One such model for supporting online 
education termed the Hub model [16] includes entities for Student Management 
System (SMS), Content Creation Tools, Learning Management System (LMS), 
Accounting System (AS), Prospective System, Logistics System (LS), Customer 
Relationship Management System (CRM) and other systems. However Paulsen 
[15][16] concludes that there is a lack of integration between support systems as they 
grow from small scale to large scale systems.  

Other systems in the Hub model could include Adaptive Hypermedia Systems 
(AHS) that personalizes student learning by building a model of the individual user 
and adapting the content of a hypermedia page to the user’s knowledge and goals [2]. 
Examples of such systems are AHA! [7] and ELM-ART [2]. In APeLS, Conlan et al. 
[5] propose a separation of content and narrative models that allow a teacher choose 
different pedagogical models. O’Keeffe et al. [14] separate the pedagogy and the 
description of the knowledge domain into two distinct entities. This is achieved by 
developing a Selector service that guides the overall pedagogical strategy of a 
learning experience and the LO Generator service that personalizes toward the 
learners preferences and current context. This iClass [18] system allows the 
composition of services that tailor the educational environment to learners and 
teachers, but not to administrators.  

The composition and delivery of services that adapt to the learners, teachers and 
administrators preferences may be achieved by extending the Hub model with 
Adaptive Hypermedia services from the iClass system. 
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Service Oriented Architecture 

Service Oriented Architectures (SOA) represents the evolution of distributed software 
component architectures. It is an approach to building software systems that is based 
on loosely coupled services that are described in a uniform way and that can be 
discovered and composed [17]. Services may be composed to provide a more 
appropriate online educational environment that suits the learners, teachers and 
administrators needs better. This also involves the peripheral services that support the 
learning process such as student management, accounting systems and billing systems 
etc.. In addition services that directly support the learner in their learning activities 
may be composed to produce a personalized learning experience.  
The value of a SOA is that it matches the needs of a service consumer such as a 
learner, teacher, or administrator with the capabilities of a service producer such as an 
adaptive system or accounting system.  

Web services offer an approach to realize a SOA [13]. The World Wide Web 
Consortium (W3C) defines Web services as a software system designed to support 
machine-to-machine interaction over a network. It has an interface described in a 
machine-processable format (e.g. Web Service Description Language). Other systems 
interact with the Web service in a manner prescribed by its description using SOAP 
messages, typically conveyed using HTTP with XML serialization in conjunction 
with other Web-related standards. 

Web Service Description Language (WSDL) documents describe Web services in 
two sections namely an abstract section and a concrete section. The abstract section 
describes the operational behavior i.e. SOAP messages that go into and out of a 
service. The concrete section describes how and where to access a service 
implementation. 

The Universal Description, Discovery and Integration (UDDI) specifications 
define a way to publish and discover information about web services. The service 
producer publishes its service by storing its WSDL document in the UDDI registry.  

Service composition is the orchestration of a number of existing Web services to 
provide a richer composite service assembled to meet user requirements in a web 
based environment. One language for Web service composition is the Business 
Process Execution Language (WS-BPEL), which combines Web services in a process 
oriented way. Dynamic service composition requires users to request a service in 
several ways, namely by choosing or creating a service template [1]; by specifying the 
inputs and outputs of the service; by using a logic language; through an intuitive 
manner such as natural language [9]. Conlan et al [4] describes the composition of 
Web services based on techniques in Business Process Modeling and languages for 
workflows.  

Design patterns represent an effective use of architecture. They capture expert-
level knowledge and important lessons learned. Most systems that are developed 
today represent vertical solutions, where each software module has a unique interface 
corresponding to each software implementation. Use of the Common Interface Pattern 
to a system allows modules to interoperate without explicit dependencies upon 
particular implementations and thus facilitate reuse. A related pattern called the 
Horizontal Vertical Metadata pattern [11] incorporates dynamic architectural 
elements represented as metadata, to the static architecture for a system defined in 
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terms of a common interface (Horizontal) with vertical interface extensions. A 
dynamic architecture represents a key solution for implementing variability and 
adaptability in software architectures. Horizontal interfaces [12] provide the 
mechanisms for reuse and interoperability. Vertical interfaces provide functionality to 
end users. Metadata is self descriptive information that describes services and data 
available.   

Architectural Framework and Scenarios 

This section describes an architectural framework based on the Service Oriented 
Architecture as shown in Fig 1. The framework allows the reuse of heterogeneous 
legacy systems by wrapping them with the Horizontal Vertical Metadata pattern. The 
Horizontal interface provides a web service interface (SOAP + WSDL) to a legacy 
system and is responsible for receiving incoming SOAP messages, translating them 
into a format that the legacy system can understand and then routing the request to the 
appropriate legacy system such as a Student Management System, Learning 
Management System, Reporting and Financial Systems. The Metadata facilitates 
dynamic service discovery and usage through the description of the service contracts. 
The service registers its service contract with the UDDI registry based on WSDL 
and/or WS-BPEL. 

Systems that are developed as web services that provide a SOAP and WSDL 
interface are shown in Fig. 1, examples are Profiler, Monitor, Selector, LO Generator 
and Presenter Services.  

Initially the administrator describes the orchestration of several services through 
modelling tools such as Business Process Modelling language and workflow in the 
Conductor. The Conductor is responsible for composing and executing composite 
web services. Web Services Orchestration (WSO) defines the services that compose 
the orchestration and the order in which the services execute based on WS-BPEL. The 
WSO publishes the WS-BPEL as a Web service that is also registered with the UDDI 
registry. The Web Services Orchestrations are shown in Fig 1 with a WSO 
abbreviation prefix e.g. WSO0 Create Course. Each additional composite service is 
prefixed by WSO1..n. 

A learner accesses the system through a Portal as shown in Fig 1. The Portal 
contacts the UDDI registry to discover the services that the learner requires (message 
1). If the discovered service is a composite service denoted by WSO0..n then the 
Conductors’ WSO run time engine executes the WS-BPEL process definition 
(message 2). The run time engine is responsible for the discovery of the services that 
take part in the orchestration (messages 3 and 4) and contacts with the services 
(messages 5, 6, 5b, 6b etc.). The run time engine preserves context and correlation 
across multiple services by storing state information in the Conductors WSO 
Repository (message 7). Finally, The Portal displays the service to the learner 
(message 8). 

The following process scenario for creating an adaptive course will help to clarify 
the execution of the WSO run time engine. For this scenario the learner has logged 
into the Portal. The Portal contacts the UDDI registry and a Web service that creates 
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an adaptive course is identified i.e. WSO Create Course. WSO Create Course is an 
orchestration of several services to create an adaptive course based on the teachers’ 
pedagogical preference, the learners’ prior knowledge and the learners’ preference.  

It utilises five services to provide the learner with a personalised learning 
experience, the Profiler, Monitor, Selector, LO Generator and Presenter. The Profiles 
service contains knowledge of the teachers pedagogical preference, the learners 
preference and portfolio details. The Monitor service contains knowledge of the 
learners’ competencies i.e. prior knowledge. The Selector service identifies the 
concept domain ontology, selects a pedagogic strategy and creates a narrative. The 
LO Generator selects concepts suited to the learners preferences and the Presenter 
creates the course. The WSO run time engine, in the form of the Conductor, is 
responsible for orchestrating these services into a coherent offering. 

The WSO run time engine will execute the WSO Create Course WS-BPEL 
process definition file. This initiates contact with the UDDI for discovery of the 
Profiler service. The WSO run time engine retrieves the teacher’s pedagogical 
preferences, learner’s preference and portfolio details from the Profiler service. The 
preferences are stored in the WSO repository. 

The WSO run time engine discovers the Monitor service from the UDDI registry. 
The Monitor service provides the learners competencies (prior knowledge) to the run 
time engine. The competencies are stored in the WSO repository. 

The WSO run time engine discovers the Selector service from the UDDI registry. 
The Selector service is called. The run time engine passes the teachers pedagogic 
preferences, learners’ preferences and prior knowledge to the Selector service. The 
Selector service identifies the concept domain ontology. The Selector service 
interprets the teacher’s preference and learner’s preference and selects a pedagogy 
strategy. The Selector service creates a narrative that consists of concepts and the 
pedagogic relationship between them, taking into account the prior knowledge of the 
learner. The narrative is stored in the WSO repository.  

The WSO run time engine discovers the LO Generator service from the UDDI 
registry and passes the narrative from the WSO repository. The LO Generator 
identifies concepts that are suited to the learners preference and assigns a Learning 
Outcome Identifier (LOI). This LOI is stored in the WSO repository.  

The WSO run time engine calls the Selector service again and passes the LOI. At 
the end a full Personalized Learning Path (PLP) and associated identity is created with 
all the concepts for a problem domain. The PLP identity is stored in the WSO 
repository. 

Finally, the presenter service is identified from the UDDI registry. The WSO run 
time engine passes the PLP identifier to the Presenter service. The presenter service 
creates a course by fetching the learning outcomes associated with the PLP identifier. 
The course is presented to the learner via the Portal. 
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Fig 1 Architectural Framework for the composition and delivery of adaptive educational 
support services 

Conclusions 

The proposed framework applies the SOA and Web services to the composition and 
delivery of adaptive educational support services  

The benefit of this framework is that it provides a means to integrate educational 
services that can be adapted to suit the learner’s, teacher’s and administrator’s 
preferences. The architecture is designed for robustness to allow for the addition of 
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new services or the orchestration of composite services. The architecture is 
independent of changes to the technology of the encapsulated systems. 

The complexity of the system is simplified through the use of Web services that 
allow for the allocation of components at multiple locations and their interoperability 
through standard XML interfaces. The use of patterns provides a robust and dynamic 
architecture that allows the implementation of variability, adaptability and facilitates 
reuse of invested technology.  
In summary the SOA realized through Web services allows heterogeneous systems 
publish web based educational support services based on the learners, teachers and 
administrators preference at multiple locations. 

Further research 

Our aim is to implement an adaptive educational support service based on the SOA 
and Web services. In addition we intend to carry out further research on the 
application of business process languages and workflows to the service orchestration 
of educational support services.  
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Abstract Existing Business-to-Business (B2B) infrastructure is primarily 
focussed on the secure, reliable, and scaleable transfer of information 
between business partners.  The time and effort taken to establish these 
B2B connections has meant that the resulting business relationships tend 
to be long-term and rigid in nature.  More recently, however, the 
configurability of the value chain connecting business partners has been 
seen as a key to competitiveness.  There is increasing pressure to establish 
more transient ad-hoc relationships whereby dynamic decisions can be 
made to, for instance, exchange one partner with a more competitive 
alternative.  This dynamic business model introduces considerable 
complexity both in the need to deal with heterogeneous partner interfaces 
and the need to support dynamic decision-making.  In this paper we 
explore how semantic web service technology can be combined with 
policy-based management to infuse adaptivity into existing B2B 
infrastructure.  This adaptivity enables organisations to effectively deal 
with the increasing levels of heterogeneity and change expected with next 
generation e-business 

 
1. Introduction  
 
The current de facto approach to B2B integration is to employ a standards 
based e-business framework such as RosettaNet, EDI, ebXML, etc. [3].  The 
implementation of the framework is a non-trivial task with backend integration 
required to ensure internal systems can produce and consume the pre-agreed 
documents and considerable effort required to ensure inter-organisation 
message exchange takes place as expected, [4].  The infrastructure lends itself 
to a particular business model in which long term rigid partnerships are 
established between organisations.  For many organisations, however, there is 



increasing pressure to establish more transient ad-hoc relationships whereby 
dynamic decisions can be made to, for instance, exchange one partner with a 
more competitive alternative, [1,5].   
 
This dynamic business model introduces considerable complexity both in the 
need to deal with heterogeneous partner interfaces and the increased 
operational complexity associated with dynamic decision-making, [7].  
Organisations participating in these fluid value chains need a highly adaptive 
B2B infrastructure to address the additional complexity.  In our research we are 
investigating the use of an integrated semantic web service (SWS) and policy-
based management approach to infusing adaptivity into existing e-business 
framework implementations.  Semantic web service technology is used to 
mediate process and data conflicts within partner interfaces.  Ontologically 
encoded policies are used to automatically or semi-automatically enforce 
human governance on dynamic decisions relating to service selection, pricing, 
levels of service, and so on.  Specific contributions of the paper include: 
  

• a description of the challenges facing businesses in their efforts deal 
with changing business models (section 2) 

• an overview of a system architecture which incorporates a transparent 
integration of semantic web services (SWS) technology, widely 
deployed e-business frameworks, and policy engineering techniques 
(section 3.1).   

• an account of how the approach delivers adaptivity in a specific use 
case scenario (section 3.2) 

• an insight into how a high performance decision engine can be utilised 
to to enforce organizational policies in decision making related to 
service selection, parameter setting, and constraint enforcement 
(section 4). 

 
 
2 Problem domain - Use Case Scenario 
 
To illustrate the problem domain we consider a use case in which a small-scale 
supplier, organisation A, supplies widgets to a considerably larger electronics 
manufacturer, organisation B.  Organisation A and B have a long term B2B 
relationship with fixed terms (pricing, shipping locations, etc..) and IT support 
through a RosettaNet e-business framework.  Organisation A would like to 
lessen its dependence on organisation B as its main customer and has recently 
been approached by other electronics manufacturers requesting quotes for its 
widget product.   
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The nature of this new business is somewhat different insofar as requests are 
more ad-hoc and terms more variable, e.g. pricing, service level, shipping 
locations, and so on can vary greatly.   Specific difficulties exist in that the B2B 
interfaces to each of the electronics manufacturers are different and additional 
overheads exist due to the requirement to make on-the-fly decisions on pricing, 
levels of service, etc..   
 
B2B heterogeneities occur across three layers – network, data, and process.   
The network layer is the most straightforward to deal with as many of the 
manufacturers are willing to provide smaller suppliers with B2B software 
clients which can handle the encoding and transportation of messages 
according to their standard protocol.  Data conflicts are more troublesome.  
Even for manufacturers sharing the same e-business standard it’s quite common 
for data conflicts to arise.  For instance one manufacturer may expect contact 
phone numbers that include area and country codes whereas another simply 
expects phone numbers to have an area code.  Perhaps more serious would be a 
situation where two manufacturers have different standard units of measure for 
the same product (e.g. one uses a 5 pack whereas another uses 10 pack).  These 
mismatches are only apparent by inspecting the content of messages or even 
worse as a result of an investigation following unexpected events.  Process 
heterogeneities relate to differences in the specific message exchange 
sequences.  One manufacturer may issue multi-line orders as a series of 
individual requests whereas another may bundle them together into a single 
request.  Again even within the same e-business standards differences can arise. 
 
Organisation A’s plans to diversify its customer base and grow production is 
good for business, but requires significantly increased adaptivity in its B2B 
function.  The option to standardise B2B operations across its customers is not 
realistic, primarily due to the company’s size relative to its customers.   The 
organisation needs to ensure that profits from its new business are not wiped 
out by the overhead associated with managing the additional operational 
complexities.   
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3 High Level Architecture Overview 
 
Our approach to addressing the particular demands of the use case scenario is 
to implement an integration of SWS technology, policy engineering 
techniques, and existing e-business frameworks.   
 
3.1 Overview of Solution 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 1: High-level view of architecture 
 
 
Key elements of the architecture include: 
 
• WSMX - we make use of the Web Services eXecution Environment 

(WSMX) as our SWS platform, [2].  It provides core support for semantic 
service discovery, data meditation, process mediation, and service 
invocation.   WSMX resides entirely within organisation A.  This allows us 
to avoid making any assumptions on the semantic technology capability of 
partner organisations.  WSMX makes use of the Web Services Modelling 
Language (WSML) [8] for all internal processing.   

• e-business framework ontologies – these ontologies are flat WSML 
representations of e-business framework (RossettaNet, ebXML, EDI, etc.) 
message contents.  XSLT is used to automatically construct these  

ontologies from an XML schema representation of the e-business standard.    
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    <LineNumber>1</LineNumber> 
    <requestedQuantity> 
          <ProductQuantity>10</ProductQuantity>  
    </requestedQuantity> 
… 

   dc#title hasValue "…" 
 endNonFunctionalProperties 
 lineno ofType (0 1) _integer 
 unitcode ofType UnitOfMsre 
 qty ofType  (0 1) Quantity 

       
• e-Business Adapters – these exist to translate or ‘lift’ e-business standard 

messages into a WSML format, making use of concepts defined in the e-
business framework ontologies.  For messages going in the opposite 
direction the WSML concepts are ‘lowered’ to become e-business standard 
messages.  These adapters are also responsible for creating WSML goals on 
receipt of ‘kick-off’ messages.  

 
• Semantic web service 

descriptions representing back-
end information systems (Order 
Mgt., Shipping, etc..) within 
organisation A. The 
descriptions eliminate semantic 
ambiguity by binding input and 
output parameters to specific 
concepts within an 
accompanying domain 
ontology.  Another adapter 
exists to ‘lift’ and ‘lower’ 
messages received and sent 
between back office systems 
and their corresponding 
semantic web services. 

webService OrderMgt 
 
importsOntology { _"http://www.orgA.com/OM" } 
 
capability OrderMgtSWSCapability   
  sharedVariables {?request} 
   
  precondition 
    definedBy 
      //A request to create an order 
      ?request memberOf mn#createOrderRequest or 
      //A request to add a lineitem to an order  
           … 
       
  postcondition  

… 
  interface OrderManagementInterface  
  choreography OrderManagementChoreography 
     stateSignature 
             … 

• Design time ontology mappings - these mappings identify equivalences and 
relationships between concepts in each of the e-business ontologies and the 
domain ontology.  A data mediation tool exists to support the process. 

• The Policy decision engine is used to enforce organisational policies in 
decision making processes.  Decision points are exposed as semantic web 
services using concepts from the domain ontology (or possibly another 
ontology linked to the domain ontology via mappings).  The policy decision 
engine is discussed in greater detail in section 4. 

 
 
3.2 Simple walk through 
 
In this section we provide a simple walkthrough of the architecture described 
previously.  For the walkthrough we assume we are dealing with a purchase 
order request received from a customer who utilises RosettaNet.  We further 
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assume there are backend services to both build an order (ProcessOrder) and to 
deal with shipping (InternalShip and ExternalShip).  As part of the decision to 
broaden its business activities org A has introduced an external shipping 
function that can be used in place of its internal shipping function for certain 
situations. The basic flow of activity for processing a purchase order is shown 
below.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig 2: Overview of message flow. 
 
 
Key points include: 
 
• RosettaNet purchase Order request message, PIP 3A1, is ‘lifted’ by the RNI 

adapter into an equivalent WSML format.   The receipt of this message 
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templates.  The goal seeks to have a purchase order processed. 
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create an order, to ship an order, etc.. This match may be quiet simple in 
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between a goal and the available service descriptions.  For instance in this 
example there is no single service to process an order.  However by 
composing the Build Order and one of the Ship Order services the goal can 
be achieved.   

• The service selection step, in particular which shipping service to utilise can 
be partially or fully controlled by policy based management.  Further detail 
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on how this may take place can be found in section 4.  The use of policy 
based management in this way introduces a significant level of adaptivity 
into operations management and provides a consistent scaleable solution to 
the increasing operational complexities found when dealing with additional 
business partners. 

• The mappings defined between the base and domain ontologies are 
executed as part of the SWS invocations.  The mappings ensure RosettaNet 
concepts/attributes such as AddressLine1, CityName, etc., are appropriately 
translated into their backend equivalents, e.g. Street, City, etc..   

• Process mediation is a further service offered by the WSMX environment.  
WSMX is capable of analysing the process choreographies of the goal and 
the individual service descriptions to identify and reconcile process 
heterogeneities.  For instance the RossettaNet message process purchase 
order expects to receive an acknowledgement following the issue of a 
purchase order message (PIP 3A1).  This acknowledgment may not be 
provided by the back-end BuildOrder service, the process mediator is thus 
responsible for auto-generating the acknowledgement message.  Abstract 
state machines are used at runtime to keep track of process executions. 

• During the service execution WSML individuals will be lowered into a 
message format that can be consumed by the Order Mgt and Shipping back-
end services. 

 
4. Policy based management  
In our research we propose policy-based management to support dynamic 
decision making.  Declarative rules are used to enforce organizational policies 
in decision making related to service selection, parameter setting, and 
constraint enforcement.  The Vortex rules engine [18] is being used as the 
decision engine.  Vortex is a high performance, acyclic, forward chaining rules 
engine that supports reasonably rich policy management for real time 
environments.   
 
Policies, in their simplest form, are event-condition-action rules.  
Correspondingly Vortex rules have a simple : 

 
 If(Condition) then  
            action1,  
            action2, 
            action3,  
             …  
      end  
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format.  The rules language is strongly typed with support for both atomic and 
complex typed variables.  Vortex is packaged with an extensible range of 
support functions that can be called from any rule condition or action.  
Permitted actions include assigning a value to a variable, appending a value to a 
list variable and removing a value from a list variable.   Rules are organized 
into what are known as rule sets, i.e. the set of rules that should be used for a 
given ‘decision request’.  Each rule set has an explicit input/output signature.  
From an architectural perspective we expose rule sets as individual services 
with ontologically bound input/output parameters.  In some cases data 
mediation may be necessary as part of decision request processing.   
 
In order to provide an insight into how the decision engine is utilised we build 
on the scenario developed in previous sections.  In this scenario one of the 
decisions required is to select the most appropriate shipping options.  
Organisational policies should be adhered to in compiling these options.  
Information from the purchase order and candidate shipping services are 
forwarded with the decision request – it itself being a WSML goal.  The 
decision engine is capable of issuing requests to external sources to retrieve 
additional information required to evaluate the conditions of all rules.  The 
information returned from the decision service consists of a set of shipping 
options that comply with organisational policies pertaining to the shipping 
request.  A human administrator may make the ultimate shipping decision from 
this short list of valid choices.  Alternatively the selection may be based on 
some simple criteria such as the cheapest conforming shipping service.  
 
Rule sets begin with a declaration of input, output, and intermediate variables.  
In our simplified shipping decision rule set input variables include the list of 
concrete shipping candidates, the name of the purchasing organisation, the time 
the shipment will be available for pickup, the shipment destination, etc.. 
     variables: 
                purchasingOrgName : string; 
               availableForPickup : string; 
               shipmentDestination :  list Record of  { location : string }; 
               shippingCandidates  : list of Record { identity : String; 
                                                                             pickup_Time : string; 
                                                                             pickup_Date : string; 
                                                                             cost : string; 
                                                                             setdown : string; }; 
    
An adapter takes care of lowering WSML concepts to become input variables.  
In some cases the set of input variables are extended as a result of additional 
domain knowledge held in the ontology.  For example a single 
shipmentDestination of Kista would have the additional locations of Stockholm 
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and Sweden added as Kista is located in Stockholm which is in turn located in 
Sweden.  This expanded list of locations results in more robust rule sets.   
 
Intermediate variables are used to store temporary values during the rule set 
execution.  In some cases these temporary values are populated as a result of 
rule actions to retrieve information from external sources. 
 
                shipmentChannel : string; 
                internalShippingCapacity : string 
                filteredFromInHrs, filteredFromPerf, filteredFromPickup, 
                filteredFromPerferred, blacklisted : 
                                     list of Record { identity : String; 
                                                              pickup_Time : string; 
                                                              pickup_Date : string; 
                                                             cost : string; 
                                                             setdown : string; 
                                                              priority : string; }; 
                  onTimePerf  : list of Record {identity : string; 
                                                                               channel : string;  
                                                                               perf_Rating : string; };  
                 preferredVendorList  : list of Record {identity : string; 
                                                                               channel : string; };  
 
The single output variable in this case is the list of shipping options that adhere 
to all organizational policies.   
 
       validShippingServices  : list of Record { identity : String; 
                                                              pickup_Time : string; 
                                                              pickup_Date : string; 
                                                             cost : string; 
                                                             setdown : string; 
                                                              priority : string; }; 
The actual rules are typically organized into groups with the initial group 
setting intermediate variables, e.g. : 
 
      shipmentChannel = “lane1”; 
      if(shipmentDestination[$i] == “USA” || shipmentDestination[$i] == “UK”) then 
                       shipmentChannel = “lane2”  
      end 
 
The shippingDestination[$i] syntax leads to an evaluation of the rule for each 
member of the shippingDestination list value. 
 
Subsequent rule groups actually enforce the organizational policies.   In our 
simplified scenario we assume the following policies exist : 
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1. A preferred vendor list exists for each shipping lane.  Company policy 

states for any given shipment the selected shipper must be on the 
preferred list for the shipments shipping lane.  

2. A shipper must have an on time performance of greater than 95% for the 
the shipping channel in question 

3. Shippers are required to make pickups within regular hours 
4. The pickup cannot be more than 4 days after availableForPickup date 
5. Shipments for organization B take priority in the case of the internal 

shipment service 
 
Generally speaking policies act to filter the allowable list of shipment services.  
The corresponding rules for each of the policies are presented below : 
 
      rule: Rule_1 
       if(shippingCandidates[$i].identity == PreferredVendorList[$j].identity &&  
               PreferredVendorList[$j].ShippingChannel == shipmentChannel) 
                       filteredFromPreferred += ShippingCandidates[#i]; 
 
      rule: Rule_2 
       if(filteredFromPreferred [$i].identity == onTimePerf[$j].identity &&  
               onTimePerf [$j].channel == shipmentChannel && onTimePerf [$j] > 0.95) 
                       filteredFromPerf  +=  filteredFromPreferred[#i] 
 
      rule: Rule_3 
       if(Time::between(filteredFromPerf[$i].pickupTime, “08:00”, “18:00”))  
                 filteredFromInHrs += filteredFromPerf[#i]; 
 
      rule: Rule_4 
       if(Time::numberOfDaysBetween(filteredFromInHrs[$i].pickupDate,   
                                                                  availForPickup) < 4)  
                filteredFromPickup += filteredFromInHrs[#i]; 
 
      rule: Rule_5 
       if(filteredFromPickup[$i].identity == “Internal” &&  
                               internalShippingCapacity < 0.2 && requestingOrg != “Org B”) 
                 blacklisted += filteredFromPickup[#i] 
 
      rule: Rule_6 
       if(! (filteredFromPickup[$i] in blacklisted )) 
                 validShippingServices += filteredFromPickup[#i] 
 
Relating organisational policy semantics to the semantics used to define both 
back-end systems and partner interfaces has obvious benefits in ensuring policy 
constraints operate as expected.  By enforcing policies in service selection and 

Adaptive Architectures to Support Value Chains 173



parameter setting an organisation can flexibly and consistently control how it 
interoperates with partners.  Semantically encoded policies are themselves 
more adaptable to change and heterogeneity and are considerably easier to 
encode.  For instance a policy that states “during public holidays pickups must 
take place between 9:00am and 12:00am” can take advantage of domain 
knowledge for what constitutes a public holiday to simplify the encoding.   
Data mediation further enables policies to adapt to heterogeneity, e.g. a 
concrete service description might encode a pickup time using a 24 hour format 
in place of the standard 12 hour clock used internally.  A mediator can 
automatically mediate this.  
 
5. Related Work 
 
Much work has been carried out both in industry and research communities 
that demonstrate approaches to support adaptivity in the supply chain.  
Research efforts have shown how various B2B standards can be ontologised 
[11,12]. Other research work has focused on applying SWS technologies to 
B2B integration [13,14] 
 
Many XML based B2B interactions standards have grown up such as cXML, 
ebXML, RosettaNet[3]. Achieving smooth B2B connections requires an 
integration platform. Many commercial offerings have entered the market 
(such as Oracle Application Server Integration[15], webMethods[16], Cape 
Clear ESB[17]).  
 
This diversity of standard and platform only increases the need for strong  
adaptivity in the supply chain support systems since neither standard nor 
platforms embrace the semantic model in a significant way. 
 
 
6. Conclusions and future work 
 
In this paper we have presented some of the problems facing organisations 
attempting to participate in configurable value chain partnerships. Increased 
adaptivity is required within the B2B function to address interface 
heterogeneities and operational complexities introduced by the more dynamic 
business model.  An integration of SWS technology and policy-based 
management are proposed to deliver the required adaptivity.  Internally 
deployed semantic web services are employed to address data and process 
heterogeneities present in partner interfaces.  Semantically encoded policies are 
used to ease difficulties associated with the dynamic decision-making.  
 

174 Ray Richardson et al.



The focus of our work is currently on investigating the options available to 
integrate the policy management and semantic web services onto a single 
platform, preparing an evaluation framework for the architecture, and building 
supporting tools.  The tools include : 
  
- model driven approach to adapter generation.  We currently employ custom 

built XSLT transformations for adapters, it should be possible to 
automatically generate adapters from XML Schema descriptions. 

- support in the auto-generation of SWS stubs from WSDL descriptions  
- tools to support the auto-generation of policies from non-functional 

properties of WSML goals and service descriptions 
- support for resolution of conflicting policies and alignment of policies 

operating at varying levels of granularity within the organisation 
- enhanced data mediation toolkit.  Currently the ability to auto-generate 

mappings is quite limited 
- tools to support the change management process, e.g. tracking and in some 

cases automating the update of models following the introduction of change 
- tools to support semi-automated generation of composite services 
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Abstract. Current recommender systems make recommendations mostly 

independent of context. The recommender systems field is starting to 

acknowledge that systems need to incorporate the context in or for which they 

make recommendations to improve results. We show how recommender 

systems can make use of CASAN nets, our extension of the classical 

associative spreading activation network formalism. In CASAN nets, content 

nodes are not just connected by plain directed weighted links but also have 

associated link type and context nodes. Our spreading activation algorithm 

incorporates mechanisms to handle these two new functions of nodes. 

Contextual behavior is achieved because the activation values of link type and 

context nodes modulate the strengths of the links they are associated with. 

Thus, the activation pattern of the nodes associated with links establishes a 

context. This changes the network topology on whose basis a system chooses 

recommendations. 

1 Introduction 

Recommending in context means to base recommendations not solely on historical 

ratings data but also the current goal, task, or specific taste of the user. However, all 

these circumstances are mostly ignored in current systems and it is also unclear how 

they could be properly modeled within the currently used formalism. 

This paper is not concerned with a specific type of recommender system (of which 

there are broadly speaking three: content-based [1-3], collaborative [4-6], and hybrid 

[7-9]); type of contents (such as books, CDs, movies, restaurants, papers, or wedding 

mates); or method of user profile generation, maintenance and exploitation [10]. We 

are concerned, however, with the underlying formalism used by recommender 

systems to represent their knowledge and the algorithm used to choose 

recommendations. 

Recommender systems are still very much related to general information retrieval 

systems—out of which they originally grew [5]—and web search engines in 

particular. Like information retrieval systems, most current recommender systems do 

not take into consideration the context in or for which they are making 

recommendations. Lawrence [11, p. 25] summarizes the problem for web search 



engines: “Web search engines generally treat search requests in isolation. The results 

for a given query are identical, independent of the user, or context in which the user 

made the request.” While most recommender systems do not give identical results 

independent of the user (as user profiles are exploited to personalize 

recommendations) they do, however, just like search engines, largely ignore context. 

As next generation search engines will make increasing use of contextual information 

[11, p. 25], so will recommender systems need to incorporate this kind of information 

into the recommendation process, because, despite the recent advances, they require 

further improvements to make recommendations more effective [12]. 

The idea to use contextual information is rather new in the recommender systems 

field [13, 14] and personalization is currently the biggest associated challenge 

(handling vagueness might be another). Related areas such as user modeling [15] and 

adaptive hypermedia [16] are all also troubled by it. Therefore, we recognize the need 

for a formalism that can handle context well and propose one in this paper. In this 

paper we will only be concerned with the formalism and not with what will be used as 

contextual information as that will largely depend on the domains of concrete 

systems. 

The formalism we propose is an extension of classical spreading activation 

networks. However, since the classical formalism can only handle a simple form of 

context itself we cannot use it directly. We add link type and context nodes to the 

classical model and formulate a new spreading activation algorithm that uses the 

activation values of these new node types to modulate the topology of the content 

node network and thus adapt its behavior to the current context. We will show how 

recommender systems are one type of system that can make use of these so-called 

CASAN networks. 

2 Current Recommender Systems Mostly Ignore Context 

The entities in traditional recommender systems are items and users. Users can rate 

items based on some scale of values. If we arrange items and users in a matrix we can 

let the ratings be the elements of the matrix. So, if Alicia gives a rating of 5 to the 

movie Ikiru we’ll put it in the position where the Alicia column and the Ikiru row 

meet and if Joshua rates Memoirs of a Geisha with a 1 we’ll also put it in the 

corresponding element of the matrix. Since not every user will rate every item—in 

fact most users will not rate most items—we’ll end up with a very sparse matrix. 

The classical problem of recommender systems is now to estimate the missing 

entries. To estimate a missing entry means to predict how the user in that column 

would rate (or like) the item in the respective row. How this is done depends on the 

approach taken. A content-based recommender system would use some similarity 

function for items (perhaps something like a document-similarity function in 

information retrieval or something completely different). Then, items that are similar 

to items rated highly by a user would get high values in the matrix and would be 

returned as recommendations for that user. On the other hand, a collaborative 

filtering-approach would estimate the unknown rating of an item for a user based on 

how other users have rated the item. And finally, a hybrid system would try to 
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combine the content-based and collaborative approaches in some way. Of course, 

there are many variations on this basic theme [12], but for our purpose it is important 

to note that other than items and users nothing else is represented in this formulation 

of the recommendation task. 

A matrix expresses a binary relationship which in turn can be represented by a 

graph. Therefore, we can turn the recommendation matrix into a network by linking 

nodes for users and items such that there is a link between nodes if an item was rated 

by a user and the strength of the link is set to the rating. 

Adomavicius et al. [17, p. 104] note that the “accurate prediction of consumer 

preferences undoubtedly depends upon the degree to which we have incorporated the 

relevant contextual information into a recommendation method.” For instance, even 

though Alicia likes the old Japanese 1952 Ikiru, she wouldn’t want to be 

recommended similar black-and-white classics if she was looking for a movie to see 

on a date. And though Joshua doesn’t particularly like Memoirs of a Geisha he might 

still be interested in the same-genre movie The Last Samurai if he was planning to see 

it with his little nephew. If we take the matrix view of the problem, the obvious 

solution to incorporate this as contextual information would be to add to the two-

dimensional item-user matrix a third dimension labeled, say, occasion. This approach 

is pursued by Adomavicius and his collaborators [13, 17]. However, in the 

corresponding network view, it is far from clear how this contextual information 

might be added to the formalism. 

3 Context in Classical Spreading Activation Networks is Too 
Simple 

We sought a solution to the problem of incorporating contextual information into 

associative spreading activation networks because we find network representations 

more appealing and we were interested in applying them to recommender systems. As 

it turns out, however, classical spreading activation networks capture only a simple 

notion of context themselves. We can’t therefore apply them directly to the task of 

adding context to recommender systems. 

The details of spreading activation networks in the literature differ considerably. 

However, they’re all equal with respect to how they handle context. In classical 

spreading activation networks, context-dependency of associations is achieved via 

modulating input from additional surrounding nodes. To see what this means, let’s 

look at a typical example discussed by Takagi et al. [18] which we chose for it’s 

simplicity. Fig. 1 shows the network in question which models the concept tall whose 

meaning is to change depending on whether it refers to a Japanese or American 

person. The node for tall is associated with different nodes representing heights. 

Activating tall together with American should result in an appropriate activation 

pattern in the middle layer and this pattern should differ if tall is activated together 

with Japanese. 
Context-dependency of the association between tall and the height nodes in the 

middle layer is achieved by excitatory or inhibitory links between the nodes Japanese 
or American and the height nodes. For example, if the link from tall to 170cm has 
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strength 0.1 but an American of this height isn’t considered tall, the link from 

American to 170cm would have to be inhibitory with strength -0.1, thus canceling 

the activation coming from tall. Further, if a Japanese of that height is already 

considered somewhat tall, the link from Japanese to tall would have a strength of, 

say, 0.5, thus reinforcing the activation coming from tall. So the context-

dependency of the association between tall and 170cm is achieved by modulating 

input coming from the additional nodes Japanese and American, which function as 

context in the example. It is not the strength of the association itself that changes, but 

the input from the “context nodes” Japanese or American adjusts or modulates the 

resulting activation pattern in the middle layer of height nodes. 

Similar examples and arguments for the ability of spreading activation networks to 

handle context-dependencies abound in the spreading activation network literature. 

However, this way of modeling context is not sufficient on two grounds.  

First, we propose that in an associationist view, context can be viewed as that 

which changes or modulates associations. In other words, context determines 

association strength: two objects that are associated strongly in one context may be 

weakly, or not at all, associated in another context. From an associationist point of 

view, it is the association itself that changes with context but this cannot be modeled 

with traditional spreading activation networks. In classical networks, context nodes do 

not modulate links at all but, as we have seen in Takagi’s example, exert an influence 

on target nodes of the associations they are supposed to modulate. In fact, there is no 

way to model any context-dependent change of associations at all in classical 

networks as the formalism only allows links whose strengths are fixed.  

Second, links cannot be turned off unconditionally such that, no matter what the 

activation of the source node, the target node won’t receive any activation. This 

would be important in cases where there are contexts in which an association is not 

applicable at all. In classical networks, as we showed in Takagi’s example, the input 

of surrounding context nodes needs to be finely tuned to achieve a certain activation 

value in the target node of a context-dependent association. If the activation in its 

source node changes, a corresponding change would have to be made to the context 

nodes to achieve the same activation in the target node.  

As a result, not only is the way context-dependency of associations is handled in 

classical networks inadequate from a theoretical perspective (they cannot correctly 
model it), but also from a practical point of view (some behavior is impossible to 

achieve). We mention in passing that associations are not only context-dependent; 

they also differ in the way they associate. And again, classical spreading activation 

networks don’t contain appropriate mechanisms for this. But since this topic is outside 

the scope of this paper, we will omit a discussion here.  

In summary, classical networks can only model a simple type of context-

dependency of associations and neither their formalism nor their spreading algorithms 

can handle different types of being associated. What is more, contexts and association 

types themselves should be allowed to enter in associative relationships and those 

associations again might be context-dependent. We propose a new class of spreading 

activation networks that can handle these problems. 
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4 Captur ing Context in Associative Networks 

Our proposal of the CASAN model contains three parts: the first is concerned with 

additions to the classical associative network formalism, the second deals with how 

the classical spreading algorithm needs to be changed to accommodate these additions 

and the third translates the theoretical formalism into a practical system which we call 

the CASAN engine. 
Context makes a statement about an association; it says that the strength of the 

association itself changes. Therefore, we propose (i) to introduce a mechanism into 

the formalism that works directly on links themselves. Associations aren’t all of the 

same sort. Therefore, we propose (ii) to introduce link types. The diagram in Fig. 2 

details the elements our formalism. At the heart are linked nodes, as in classical 

spreading-activation networks. We call these nodes content nodes, links are directed 

leading from the source to the target. The link itself has a weight that is continuously 

varying between -1 and 1. Links have an associated context node as well as an 

associated link type node. Both link type and context nodes are first class nodes, just 

like content nodes: they can be source or target of links and all nodes participate in 

the spreading algorithm. In the diagram, the association of a context node with its link 

is graphically represented by a triangle adjacent to the link and a dashed line 

connecting the context node with the triangle; a dotted line associates the link type 

node with the link. These are all the ingredients of the formalisms. 

Depending on the situation, any node can function as content, context or link type 

node. We need to change the classical spreading algorithm to take into consideration 

these three different functions that nodes can take on. All three node types do carry 

activation values, but these will differ in their effects. While the classical spreading 

activation algorithm [19, 20] was a later addition to already existing associative 

networks, it is an integral part of our formulation of the CASAN formalism. 

Many spreading activation algorithms exist. However, the most commonly used 

one is a recursive formulation based on the leaky capacitor model [21]. Leaving aside 

various parameters, the fundamental equation of the model is: 

 

Fig. 1. Example network used by Takagi et al. 

to model the context-dependency of the 

concepts tall and short. 

Fig. 2.  The CASAN model adds context 

and link type nodes to the classical 

associative network formalism. 
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Under certain constraints this equation, when iterated, leads to a fixed point 

representing the asymptotic activation of all nodes in the network, called an activation 
pattern. Our proposal necessitates two changes to the fundamental equation. First, 

instead of a two-dimensional weight matrix, we introduce a four-dimensional weight 

tensor and, second, we introduce a mechanism for sharing activation between link 

types. The fundamental equation thus becomes: 
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 : Standard inner product but also taking care of activation sharingY
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For the current purpose the Y -operator can be considered just a regular inner 

product1 that is, it expresses matrix with vector multiplication: first, group elements of 

rows of matrix ''W  with elements of A by multiplication and, then, contract the 

groups by summation to obtain an element of vector '''W . The c© -operator groups 

elements of the fourth dimension of W , the context nodes, not by summation but by 

multiplication (in this calculation missing elements default to the multiplicative zero 

which is 1 for otherwise the result of the contraction would almost always be 0). This 

means that when multiple context nodes are associated with a link their combined 

influence on the link will be the product of their activation values (not their sum). The 

                                                           
1 Above we didn’t give the discussion motivating the introduction of link types. The details of 

the sharing mechanism are also not relevant here, but the gist is this: most classical spreading 

activation formulations constrain the weights of outgoing links of a node to a sum of 1. This 

way, the weight of an outgoing link equals the percentage of activation it transmits of any 

activation coming into the node. However, once we introduce link types this way of sharing 

introduces problems, so we changed the mechanism to group outgoing links according to 

their link type and then share the whole amount of activation in above way but separately for 

each group. This functionality is embedded in the Y -operator in equation (2). 
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next step yielding ''W  is the result of collapsing the third dimension of W , the link 

type nodes, using a regular inner product. This computation combines the activation 

of context nodes with link types and yields the effective strengths of a link. So while 

the entries in W  represent the nominal strength of a link, the effective strengths of a 

link is modulated by the activation values of associated link type and context nodes. 

This effective strength, in the last step of the calculation, determines how much 

activation is passed via links. 

These changes to the associative network formalism and spreading-activation 

algorithm give us contextual associative spreading activation networks or CASAN 

for short. They are used just like classical spreading activation networks: some nodes 

are activated, the activation is spread via the spreading algorithm and the asymptotic 

activation pattern is used to select result nodes based on their activation strength. 

They differ from the classical model in that the topology of the embedded associative 

network changes with the context which is represented by the activation pattern of 

nodes that play a role as link type or context nodes. 

Even when using a powerful technical computing environment such as 

Mathematica which offers many constructs (e.g., sparse matrices and efficient list 

processing operators) that greatly reduce the actual amount of calculations needed 

compared to the amount needed by the complete tensor formulation in equation (2), 

the theoretical proposal of these networks is still computationally intensive. As a 

result, for practical purposes we propose a three layered architecture, shown in Fig. 3. 

In this architecture, context, content and link types nodes are clearly separated into 

layers and no links between nodes in different layers are allowed. (Remember that the 

dashed and dotted lines in Fig. 3 are not links but merely indicate, respectively, 

association of context nodes and link type nodes to links.) 

If we assume to have a partitioning into context, link type, and content nodes such 

that there are no links between the sets, we can consider the three layers as separate 

networks and calculate first the asymptotic activation patterns in the context and link 

type layers and, using those, precompute the first two steps of equation (2) to obtain 
eW , the matrix of effective link weights. The equation thus becomes: 

  : Effective weight of link from  to  after computing effect of activations of link type and context nodes 

 : Standard inner product but also taking care of activation sharing
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Fig. 3. Three layers of architecture. 
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The matrix 
eW  needs to be recomputed only if the current context changes and 

having separated the three types of nodes, this computation will be less intensive the 

fewer context and link types a concrete system using the CASAN engine admits. 

5 Related Work 

The journal recommender system by Bollen and collaborators [22, 23] might have 

been the first work to use spreading activation to make recommendations. In that 

system a query for Journal of Theoretical Biology and Artificial Intelligence would 

return other journals that are associated with these two journals, such as Statistics and 
Probability Letters and Cellular Immunology. This recommendation is obviously not 

made by matching keywords as in traditional information retrieval, but by spreading 

activation from the nodes of query journals in an associative network which was 

constructed from access logs to these journals. By using plain-link associations this 

system is restricted to the simple contextual behavior provided by the classical 

network model. The same is true for Huang et al. [24] who introduced the spreading 

activation model to the field of collaborative filtering. They give an associative 

retrieval formulation of the recommendation task and use spreading activation to 

explore transitive associations. One difference to Bollen’s work is that they use a 

bipartite graph with item and user nodes such that connections are only allowed 

between product and consumer nodes. Bollen’s system makes transitive associations 

between journals (items), whereas here transitive connections result from traversing 

alternating product and consumer nodes. 

Herlocker and Konstan [14] were the first to argue that including knowledge about 

the user’s task into the recommendation algorithm of their MovieLense Matcher 

system can lead to better recommendations. Given a “task-profile” (defined as a set of 

example items related to the task) they reduce the problem of “task-focused” 

recommendation to finding associations between items: “If we can identify a network 

of associations among items in our database, then we can identify items associated 

with items in the task profile. Any item that is associated with all items in the task 

profile is likely to be associated to the user’s task.” [14, p. 43]  

A different approach is that of Adomavicius and Tuzhilin [17] who propose to 

extend the classical two-dimensional paradigm by allowing dimension other than for 

users and items. The additional dimensions would incorporate contextual information 

such as time and place. Furthermore, every dimension in turn consists of one or more 

attribute (such as name, type and price for item). This multidimensional model is 

directly mapped to tables in a data warehouse such that a rating function will be 

represented by an additional table referencing all other dimension tables. Though our 

approach is also multidimensional in a sense, our dimensions are fixed to four. Also, a 

multidimensional table scheme cannot be easily mapped to a network formalism. 
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6 Conclusion 

Let us conclude the paper by illustrating: take for example the issue of trust between 

users rating items. Suppose we had a recommender system based on the CASAN 

model. For simplicity we assume only one link type associating items in the content 

layer. Let a link of strength s from item A to item B represent that B is similar to A to 

degree s. Further, let the nodes in the context layer represent users. If user u thinks 

that B is similar to A to degree s we can associate this user’s node with the link from A 

to B. Suppose further the links of the network in the context layer represented amount 

of trust (Ziegler and Lausen [25] indeed proposed such a spreading activation trust 

network). A user wishing to obtain a recommendation from the system would first 

specify what user’s ratings he wanted to trust for this request. The CASAN engine 

would activate the nodes of those trusted users and spread it in the context layer, 

thereby obtaining an activation pattern which represents the context of the current 

request. In the next step this pattern is used to calculate the effective strengths of links 

between items. And here the interesting thing happens: nodes of untrusted users are 

turned-off since they have zero activation. This turns off the links to which they are 

associated making them ineffective. These links don’t play a role in the ensuing 

calculations and can be ignored when spreading activation in the content layer. After 

this contextual setup, the user formulates an actual query by telling the system which 

items he likes. The system now activates the corresponding nodes, spreads activation 

from them, retrieves the nodes with the highest resulting activation and presents these 

to the user as recommendations. 

The system makes this recommendation in the current context, that is, the set of 

trusted users. If the same user wishes to change whom he trusts for another request, 

this results in a different context and, even if issuing the same query, the 

recommendations could differ because the new context results in a different topology 

of the content network. The more trusted a user is, the higher the activation value of 

his node in the context layer, the higher the effective strengths of links his node is 

associated with. 
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Abstract In the literature, long-term user models are used to provide 
personalized interactions in ecommerce websites. The growing numbers of 
online users and massive number of different products, demand not only user 
models, but also well-organized product information in order to find the 
products that an individual may like. Although such knowledge engineering is a 
time consuming task, its reusability reduces this disadvantage. Although 
products are relatively easy to model using their attributes, due to the 
complexity of human nature, different types of information about users are 
required to capture their needs and preferences. In this paper we introduce a 
novel user model architecture, with the ability to store such user information in 
layers. We highlight the importance of using buying behaviour characteristics 
for maintaining a long term user model. 

1 Introduction 

Due to technological growth, globalisation and busy lifestyles, e-commerce is 
increasing in importance in our lives. Users have the choice of leaving a website to 
find another with a mouse click. Due to this reason, ecommerce websites can benefit 
highly by offering personalised interactions. There are many different user models in 
the current e-commerce environment. The techniques used to provide personalisation 
in these models mainly falls into a few categories. Burk [1] identifies five such 
categories. Namely, (i) Collaborative, (ii) Content based, (iii) Demographic based, 
(iv) Utility based, and (v) Knowledge based techniques. Currently, rating profiles 
based on collaborative filtering perform well in ecommerce environments. But still 
there is no way of capturing the real reason behind similarity of two given profiles 
since the reason why an individual prefers an item is not known.  
Out of the rest of the methods, knowledge based methods use knowledge engineering 
to map user needs to corresponding product features. But knowledge based systems 
do not have the ability of learning and hence do not maintain long-term user models. 
An advantage of knowledge based methods is that the real reason behind a user 
preference is known. Although knowledge engineering is a time consuming task, a 
long-term profile can capture the individual’s preferences, not as a list of items and 
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ratings or as a list of preferred product features (as in the content based technique), 
but as a description of preference towards product features. Then using functional 
knowledge, products fulfilling user needs can be found. Since each of these methods 
has disadvantages when used alone, many user models have tried to use hybrids of 
these methods (see [1] for a detailed comparison).  
Although combining the techniques helped to overcome some of the described 
problems, to our knowledge none of the existing user models has the ability to 
describe the user meaningfully and then use such descriptions to identify products 
they required. Considering the above arguments, we support the ideas in early work 
[2, 3] regarding explicit user-and product models and the use of the knowledge based 
approach to meaningfully link them. But, due to the complexity of human needs and 
preferences, the most challenging issue is determining the contents of the user model.  
Looking at the currently available user models, the information used to describe 
consumers can be categorised into three inter related types. Personal information 
about the consumer conveys the general picture of an individual and his/her lifestyle. 
Secondly, as an individual’s behaviour changes according to the product domain, it is 
very important to have a way of recording consumer behaviour in each different 
domain. Finally there are many occasions where users’ behaviour changes from 
expected domain behaviour. This could be due to the particular ‘state of mind’ and/or 
spontaneous decisions.  
The proposed new user model architecture has the ability of describing users under 
three different information layers. (1). Personal information describing the user such 
as demographics and general buying characteristics, (2). User’s product domain 
specific behaviour and (3). Product related attribute preference information (to 
capture current user expectations) for each transaction. 
In this paper we explain the importance of having three layers of information, and the 
importance of layer one behavioural characteristics which enable the long term cross 
domain usability. 
The rest of the paper is organized as follows. Section 2 describes the layered 
architecture. Section 3 describes the derivation of the behaviour characteristics 
discussing its importance. Finally the conclusions are presented in section 4. 

2 The Layered User Model Architecture 

This work is the personalisation component of a larger project called e-Hermes[4, 5]. 
This component consists of a personalised interactive user interface, a layered user 
model that has the ability to be used in multiple application domains and a domain 
hierarchy supporting such information reuse. In this paper we present the user model 
consisting of the three layers (as shown as the user profile component in Figure 1) and 
a detailed discussion of the roll of behavioural characteristics within this new user 
model architecture.  

2.1 Layer 1 

Layer1 contains the following user information.  
(a) User identification details such as user name and password. 
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(b) User’s personal information such as demographics obtained at the 
registration by filling a form. 

(c) User’s buying characteristics as calculated using demographics. 
 
 

Figure 1: Overall architecture where three-layered model is employed 

The expanded layer 1 according to these information types is shown below (figure 2).  

Figure2: Expanded layer 1 contents 

Although users are reluctant to disclose their demographic information due to privacy 
concerns in ecommerce contexts, this is powerful information for accurately 
predicting user behaviour. Since in traditional marketing, consumer behaviour 
analysis is extensively done, in literature such work is used within the electronic 
market environment [6]. In buying behaviour analysis, the VALS survey1 (a 
questionnaire developed by the Stanford Research Institute) has defined different 
segments of the population. Consumers are divided in to different categories 
measuring lifestyle choices, and to a lesser extent cultural and demographic aspects. 
VALS type segments are used in Unilever [7] to model consumer behaviour. Based 
on such groupings, person's expectations are predicted to be used in suggesting 
his/her purchasing needs. In Lifestyle Finder [8] each individual’s lifestyle is 
identified and possibly suitable e-commerce websites for shopping are suggested.  

                                                 
1 Value and Lifestyle survey  www.srlc-bi.com/VALS/presurvey.shtml. 

Use of Buying Behavioural Character istics in Long Term User Models 191



Consumers have expectations from the products they purchase [9]. In [7] how 
products contribute towards consumer expectations are discussed. When they 
purchase products, consumers expect to satisfy their needs such as ‘need for time 
saving’, ‘need for product quality’, etc. Based on the above described work, our 
proposed system use eight consumer characteristics (Figure 2).  
Each user characteristic is initially represented by a value function based on 
demographics. These value functions are defined using the Multi Attribute Utility 
Theory (MAUT) to generate an estimated value between 0 and 1 for each of user 
characteristics using demographic information.  
Using MAUT, for an individual x,   ith characteristic is given by:          
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 v j(x) is the evaluation of a given characteristic on the jth value dimension dj (in this 
case each user attribute becomes a value dimension) and wj is the weight determining 
the impact of the value dimension on the overall evaluation (the relative importance 
of a dimension), n is the number of different value dimensions. 
These characteristics are calculated using demographics, which are common to 
general buying instances for a given consumer. For our work the corresponding 
demographics for each characteristic were identified according to demographic 
clusters and their significant attributes based on clustering the Adult data set2 and also 
ideas from Lifestyle Finder. When generating the user model, collecting demographic 
information for layer 1 is a one off process (less obtrusive) supported by the less 
volatile nature of the demographic data. Layer 1 is stored as a separate component and 
shared over different domains.  

2.2 Layer 2 

Layer 2 contains domain dependent product usage related information, which is 
domain dependent. As a user seeks personalization in a different domain, a new 
second layer is created for the particular domain. Layer 2, contains (i) User 
identification, (to facilitate linking between other layers), (ii) Preferred product 
feature numbers (Domain Features – difi), (iii) Preferred attribute for those features, 
(iv) A relevance value indicating how important that attribute to the user and (v) A 
confidence value of the system about the reliability of the attribute value.  
Domain Features (difj) are product descriptions that are important to consumers when 
deciding which product to purchase. A given domain di is made up of one or more 
domain features (eg. for restaurant domain Cost, Décor, etc). A domain feature 
consists of domain attributes (Cost => below $15, $15-$30, $30-$50, over $50).    
When the consumer seeks personalization in a new domain, the second layer for that 
domain, for that particular individual, is created. Within the user model, the layer 2 
consists of multiple (n) domain layers.  
Layer 2 of the profile receives information during two occasions: 
 (a) Updating layer 2 with user character istics (layer 1). Initial values for layer 2 
are filled using an ‘influence matrix’.  Each domain di has an influence matrix (IM), 

                                                 
2
 http://www.cs.toronto.edu/~delve/data/adult/adultDetail.htm/. 
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where columns represent buying characteristics (chl), and rows represent attributes 
(atk) of the particular domain.  As such, IM values  (where is the total 

number of attributes and l is the total number of characteristics) represent the possible 
value for characteristic ch

lk chatim , k

l of a user, who is expected to show interest in attribute atk. 
Since for each individual, behavioural characteristic are different, relevance of an 
attribute varies from one user to another.  The IMis now used to populate layer 2 of 

the user . values for  are mapped on to IM to produce relevance levels 

rel

id

iu
iulch , iu

id

m, (m { low, med, med-high, high}), for at» k values, and stored in layer 2. These 
‘general impressions’ will be later fine tuned with actual purchase patterns as 
described below. 
(b) Updating layer 2 with generalised transaction data (layer 3) 
When a user interacts with the item selection process, answers provided for attribute 
related questions are stored in the layer 3 of the user model. These preferred attribute 
values are used to update the preferred features in the layer 2. Due to privacy issues, 
users generally feel more comfortable to answer product related questions rather than 
questions on personal issues [10] resulting in less obtrusiveness. 

2.3 Layer 3 

Each record in layer 3 contains a set of product feature values related to a single 
transaction by a particular user. Layer 3 captures spontaneous changes in buying 
behaviour or in other words how user is feeling at the time of the transaction. For 
example a person who generally prefers to dine in a cheap restaurant, may choose an 
expensive one for a special occasion. Each interaction starts with user selecting the 
most important features for the current query which will result in highlighting such 
deviations. 

3 Demonstration of Generating Values for  Character istics 

For this demonstration we use a modified version of the Entrée dataset. Entrée is a 
restaurant recommender system [11, 12], which emerged from a line of research 
known as ‘FindMe Systems’, that supports interactive critiquing. We have cleared the 
original attributes removing any overlaps and categorised under 31 features. Our 
database consists of nearly 2000 restaurants where each of them is described using 
253 attributes indicating presence or absence of each attribute.  

3.1 Creation of layer 1 for a particular user ‘John Smith’ 

Demographics: {( Family Type : single/bachelor), (Gender : M), (Work Hours : 21-40 
hrs), (Date of Birth : 18/Jan/1975 ), (Income :50k-100k ), (Occupation: Professional), 
(Industry :  Consumer Goods), (Education : Diploma/Advanced Diploma )} 
Derived characteristic values (section 2): { (Time Saver : 0.53), (Price Sensitivity : 
0.81), (Quality Consciousness : 0.65), (Fun Spending : 0.88), (Health Consciousness : 
0.74), (Family Person : 0.36), (Socializing : 0.63), (Adventurer : 0.84) 
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used to calculate an importance value. As such the order of preference in attributes is 
personalised. In [13] user model supported dialog process is used for item retrieval. 
Their user model has a new user problem and lack of initial user information 
increases the number of questions user has to answer. Also the user model keeps track 
of the items the user preferred and uses them in the similarity calculation to new 
products. We believe when handling massive numbers of products such product 
tracing is going to be impossible. Compared to these systems our user model is unique 
in two aspects. Its ability to store user’s general characteristics not only solves the 
start up problem but also helps to determine a user’s real need in addition to his /her 
request. Secondly, this user model is reusable over time and across domains. The 
adaptive nature (captured by layer 3) support, reusability over time while general 
information in layer 1 and domain preferences in layer 2 supports cross-domain 
reusability. 

4 Discussion and Conclusion 

As mentioned in the introduction several different user models has been proposed and 
used in the literature. User modelling servers such as GroupLens [14] use rating 
profiles to provide recommendations over multiple domains, they do not have a 
descriptive model of the user. Since increase in number of users also increases the 
problems related with collecting and comparing ratings, rating user models are hard to 
be implemented. 
Among recent work, the ‘Personis’ user modelling server maintains a main user 
model and a collection of application based ‘Personas’ for each individual. Since 
these personas hold application domain specific information, they seem conceptually 
similar to the second layer in our layered user model.  The main difference with the 
Personis user models is, that our user model architecture has the ability to infer the 
second layer domain dependent behaviour information from information collected by 
asking the user’s preferences towards product attributes (in layer 3). 
The user models used in [15] have the ability to capture user preferences in TV 
programs categories. Although the information in the model is not reusable for other 
domains, the entire architecture is organized as a ‘shell’, which is easy to adapt for a 
new domain. But each new domain needs knowledge reengineering such as building a 
new set of stereotypes. In our architecture, initial second layer values are obtained 
using a similar strategy as stereotypes. As described in section 2, registration 
information is used to calculate behavioural characteristics and those values are used 
against an influence matrix to obtain initial domain behaviour. Since these 
characteristic values are reusable irrespective of the domain, only the influence matrix 
needs recreating for each different domain. This requires less effort than generating an 
entire set of stereotypes for each new domain. 
Again, information reuse within a user model is partially addressed by applications 
such as Microsoft passport3, Liberty Alliance4, Lumeria5, and Digital Me6. These 

                                                 
3  http://www.passport.com,  
4   http://www.projectliberty.org.   
5   http://www.lumeria.com/.  
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systems are simple data stores without inferencing ability and the idea of a single user 
model is only partially solved. 
In conclusion, we highlight that the purpose of this paper is to present the ability of 
our new layered user model to acquire an ‘understanding’ about the consumer. This 
understanding is represented by the characteristics in layer 1. The architecture caters 
for improved understanding in the long term as well as adapt to any changes in user 
demographics or buying behaviour.  
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Abstract. In this paper, the recommendation process carried out in a collabora-

tive mobile learning environment is presented. Its main aim is to recommend 

the most suitable activities to be proposed to a specific user at a certain time de-

pending on his/her personal features, previous actions and current context (loca-

tion, spare time, available devices). The recommendation process also decides 

whether it is appropriate to alert the user about the availability of the recom-

mended activities or, otherwise, the user should not be disturbed at that time. 

This process is based on rule processing and log analysis. Its basis, illustrated 

by an example of a specific scenario, is presented. 

1   Motivation  

The widespread development of mobile and wireless technologies is leading to the 

creation of systems to support the realization of activities from any place at any time. 

People spend a lot of time working and travelling nowadays and time has become a 

valuable good. These facts motivate the appearance of web-based applications that 

facilitate an agile and flexible realization of activities in different situations. In the 

context of learning, mobile learning (m-learning) applications have also been devel-

oped. M-learning has been defined as e-learning through mobile and handheld devices 

using wireless transmission [1]. The fact that different learners have distinct needs, 

preferences or personal features has been considered with adaptation [2][3] and rec-

ommendation [4] purposes. In the context of m-learning, the contents also need to be 

adapted to different devices [5]. A classification of the characteristics that can be used 

with adaptation purposes in mobile learning environments is presented in [6].  

In this framework, we aim to recommend users with the most suitable activities to 

be tackled at a certain time, depending on their personal features, previous actions and 

current context (location, spare time, available devices). The recommendation process 

should also decide whether it is appropriate to alert the user about the availability of 

recommended activities or, otherwise, the user should not be disturbed at that time.  

The rest of the paper is organised as follows: Section 2 presents the main goals of 

this work and a sample scenario. Section 3 describes the recommendation process and 

its functioning for that scenario, and section 4 describes conclusions and future work.  

                                                           
1 This work is funded by the Spanish Ministry of Science and Education, proj. TIN2004-03140 



2   Sample Scenario and Main Goals 

In order to illustrate the functioning of the recommendation process, a sample sce-

nario is provided. In this scenario, two users are considered: Ann and John. Both of 

them are students of Informatics and partners for laboratory work. Both are novice 

students (they have no previous knowledge). Regarding the active/passive dimension 

[7], Ann’s learning style is active while John’s is passive. They both use to connect to 

a learning system. Some activities defined in this system are:  

/ A: Lab work to be done collaboratively. It is composed by different subactivities.  

/ B: Meeting between the members of a group to plan collaborative work. 

/ C: Collaborative elaboration of a solution for a given problem.  

/ D: Writing a report. 

/ E: Solving a free text answer exercise individually. 

/ F: Reviewing already studied materials. 

/ G: Sending messages. 

The relationships between these activities have been established in different ways 

depending on the users the activities are intended to. In the case of the composed 

activity A, it will be split in different ways for novice and advanced students. When 

accessing A, novice students will be presented with activities B, C and D, in this order 

(direct guidance). Advanced students will be presented only with C and D, and they 

will be allowed to tackle them in any order (free guidance). 

Today, John is sat on the grass at the university campus and sends a message to 

Ann through his PDA 15 minutes before going to the laboratory. The system recom-

mends him to review some contents, but John disconnects. Ann is travelling to the 

university. Her trip is around 45 minutes long. She switches her laptop on to check 

what she can do during the trip. The system sends John’s message to her and also 

recommends her to review already learned contents (activity F). As her partner John is 

not connected now, she is not proposed with the synchronous collaborative activity B. 

Afterwards, when Ann and John connect to the system from different laboratories, 

they are informed about the possibility of accomplishing the synchronous activity B. 

Our main goal is to recommend the most suitable activities to be tackled by each 

user in an m-learning environment according to their specific context (physical loca-

tion, spare time and available devices), personal features (learning style, expertise, 

etc.) and previous actions (activities done, results obtained, etc.). The recommending 

system should also be able to decide whether the users should be alerted intrusively 

about the availability of a new recommendation. More specifically, we aim to: 

/ Provide general recommendations related to the suitability of certain types of ac-

tivities in specific contexts. 

/ Include/exclude activities for different types of students and propose each activity 

at the most appropriate time for each of them.  

/ Adapt the navigational guidance offered (direct, free or alternative) to different 

types of students when tackling a set of related activities.  

/ Exclude activities with specific requirements related to the users’ context or per-

sonal features in case that these conditions are not satisfied.  
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/ Manage groups and collaborative activities, so that collaborative synchronous 

activities are proposed to users only if they are connected at the same time. 

/ Alert the users about new recommended activities intrusively only when it is con-

sidered convenient to interrupt them, according to their context. 

/ Use information about previous interactions of the students in case that no instruc-

tions are given about a certain activity, in order to decide whether the student 

should be interrupted to be informed about new recommendations.  

3   The Recommendation Process 

The recommendation process is divided in two phases: i) selection of the most suit-

able activities to be accomplished by a user in a specific context, and ii) decision 

about the convenience of alerting him intrusively. In the first phase, information about 

the activities, the relationships between them, the suitability of some types of them in 

certain contexts and the specific requirements of specific activities (if any) is proc-

essed. This information is represented by means of rules, which are described in sec-

tion 3.2.  

Concerning the types of activities to be supported, users can accomplish both indi-

vidual and collaborative activities such as studying theory, learning from exam-

ples/simulations, solving exercises, doing lab work, or discussing about topics. Other 

types of activities are generated on the fly, such as sending/receiving messages or 

files, or asking/receiving tutoring. Each activity may include conditions about its 

availability depending on any information about users and groups.  

The information about the users to be considered with recommendation purposes 

(the user’s features, actions and context) constitutes the user model. The information 

about the groups is stored in the group model and contains, for each group, data about 

its members, the activities in which they are involved, the results of the activities 

accomplished, and the users’ opinions about previous collaborations. The information 

about the users’ actions is also used for giving recommendations according to the 

users’ previous behaviour in similar situations. In cases where not enough previous 

information about a user is available, information about similar users can be used.  

During the recommendation process, each activity has a state, which is updated 

during the process: recommended (all conditions are satisfied), available but not rec-

ommended (conditions related to the user’s context are not satisfied) and unavailable 

(non-contextual conditions are not satisfied). An annotated list of activities is gener-

ated dynamically. Annotations are made according to the traffic light metaphor [8]: 

the recommended activities are marked in green colour; yellow is used for available 

but not recommended activities; and red is used for unavailable activities.  

Once the activities have been annotated, the alerting module is in charge of decid-

ing whether the user should be intrusively alerted about the recommendations or, 

otherwise, the recommendations should be stored and made available for the user 

when he/she asks for it. In order to make this decision, alerting rules are processed 

and, in case that no rule is triggered, a statistical analysis is done to obtain information 

about what resulted better for the same or similar users in similar contexts. The phases 

of the process mentioned above are described in detail next. 
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3.1   Main Phases of the Recommendation Process 

With the aim of exemplifying each phase of the recommendation process, Ann and 

John’s example will be used. Recommendations will be done to Ann when travelling 

by train, and to John when having a rest outside of the university.  

The Activity Recommendation Phase 

During this phase, the availability and suitability of activities for a certain user in a 

particular context is decided according to the characteristics and context of the user. 

This phase is structured in three steps: initial recommendations based on structural 

rules, context-based recommendations, based on a filtering process, and recommenda-

tion refinement, based on specific activity conditions (see figure 1).  
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Fig. 1. Activity recommendation 

Initial recommendations.  

The first step concerns the selection of activities depending on their relationships, as 

well as on their requirements and on the navigational guidance for each set of activi-

ties (direct guidance, free navigation or alternative paths), which can be different for 

each type of student. For this initial selection, structural rules [9] are processed. They 

indicate the way in which each activity is split in sub-activities for each type of user, 

and contains information about the curricula adaptation. The relationships between 

activities and the navigational guidance to be offered can be established in different 

ways for different types of users, by means of rules with distinct activation conditions. 

During this phase, the rule conditions are compared to the information about the user, 

and if a rule has no conditions or its conditions are satisfied, it is triggered and the 

corresponding activities are added to the list of available activities. After this phase, a 

first set of available activities is obtained. It constitutes the initial recommendation. 

In our example, A is split in different ways for novice and advanced students, as 

shown in (1). When accessing A, novice students will be presented with B, C and D, 
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in this order, as indicated by R1. Therefore, they will be guided directly to B. How-

ever, R2 indicates that the advanced students will be presented only with activities C 

and D, and they will be allowed to tackle them in any order (free guidance).  
 

R1:  [knowledge = novice]       A å B + C + D     (direct) 

R2:  [knowledge = advanced]   A å C + D            (free) 
(1) 

In the scenario, as Ann and John are novice students, R1 is triggered and B is anno-

tated in green and added to the initial list of recommended activities for both of them. 

Since no structural rules are given for E, F and G, they are also added to the list. 

Context-based filtering 

In this second phase, the initial list of recommended activities is filtered according to 

the information about the suitability of each type of activity for the context in which 

the user is. This information is made explicit in context-based rules, which indicate 

which types of activities are recommended (or not) for certain types of users accord-

ing to their context. Context-based filtering consists of triggering the corresponding 

rules for each user and updating the annotated list of activities accordingly.  

In our example, it was considered desirable to propose review, theory and individ-

ual exercise activities to active students if they have more than 15 minutes left and are 

outside the university or home. However, it is considered inappropriate to propose an 

individual exercise to passive students if they are outside but have less than 20 min-

utes left. These decisions are specified by the rules presented in (2).  
 

R3:  [lstyle=active, time>15, place=outside]       review, theory, ind_exercise 

R4:  [lstyle=passive, time<20, place=outside]     NOT ind_exercise  
(2) 

 

In our sample scenario, R3 is triggered for Ann, since she is travelling, she has got 

more than 15 minutes available and her learning style is active. Consequently, activi-

ties E (individual exercise) and F (review) are annotated as recommended now (green 

colour). However, in the case of John, as he is passive and has only 15 minutes left, 

R4 is triggered and activity E is coloured in yellow in his list (not recommended). 

Recommendation refinement 

Finally, requirements for specific activities can be expressed by means of individual-

adaptation rules. The recommendation refinement step consists of checking, for each 

activity in the list of recommended activities, whether specific requirements should be 

fulfilled for its recommendation and, in this case, whether they are satisfied. Apart 

from these rules, specific implicit requirements are also considered. For example, in 

the case of synchronous activities, it is checked whether all the members of the group 

are connected. The list of recommended activities is updated accordingly and the 

output of the activity recommendation phase is used as input in the alerting phase. 

In our example, it has been stated that novice students will need more than one 

hour to accomplish the individual exercise E, while advanced students would be able 

to tackle it if they have al least half an hour left (see (3)).  
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R5 :     [knowledge=novice, time>60]    E 

R6 :     [knowledge=advanced, time>30]         E 
(3)

Therefore, according to R5, the activity E is not recommended to Ann in her current 

context (she has not enough available time). Therefore, E is annotated in yellow, as 

available but not recommended at that time. Concerning implicit conditions, as B 

requires the members of the same group to be connected synchronously and John is 

not connected when Ann enters the system, B is marked in red for Ann. The final list 

of recommended activities for Ann when travelling by train contains: B, C and D in 

red, since they are not available now; E in yellow, since it is available but not recom-

mended; and F and G in green, to be recommended to Ann. Regarding John, he is 

recommended to get involved in F (rules R1, R4 and R5). 

The Alerting Phase 

At this phase it is decided, for each activity of the annotated list generated during the 

previous phase, if the user should be immediately informed about the recommenda-

tion or, otherwise, if the activity should be stored in the list of “pending activities”, so 

that the user is not disturbed at that time but can access this information afterwards. 

This phase consists of two steps: rule-based alerting and log analysis (see figure 2). 
 

ALERTING
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processing
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HISTORICAL LOG
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Actions

Context

Alerts Checking

FG

ALERTING

USER MODEL

GROUP MODEL

GE F

D
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BA Alerts

Pending

activities

F

G
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Fig. 2. The alerting phase 

Rule-based Alerting 

In this step, decisions about the convenience of interrupting a user to inform him/her 

about the recommended activities are taken. With the aim of configuring the alerting 

service, alerting rules must be specified. They may have conditions related to users or 

activities and they can be grouped according to the nature of their activation condi-

tion, which gives rise to different sets of rules. Each set constitutes an alerting filter. 

Therefore, it is possible to establish different types of filters by means of different sets 

of rules. Regarding the rule processing, for each recommended activity, if a rule gives 
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information about the (un)convenience of alerting the user about it, the activity is 

added to the list of alerts or directly kept in the list of pending activities, respectively.  

The result of this phase is the annotated list of activities obtained during the rec-

ommending-activity phase, along with information about the convenience (or incon-

venience) of alerting the user intrusively about each of them. The Log Analysis mod-

ule takes the decision if no information is found about it in the alerting rules. 

Some of the rules that give rise to the configuration of the alerting service for our 

example are presented in (4). As it can be seen, in our example the users will be 

alerted about the availability of urgent activities, messages or reminding. On the con-

trary, users will not be alerted intrusively if they do not want anyone to disturb them, 

if they are at the university attending a lecture of if they are taking a practical class in 

the lab. In these cases, the activity must be stored in the list of pending activities. 
 

R7:   C_Conection     [state = not_connected or state = not_disturb]   STORE 

R8:   C_Conection     [urgency = urgent]                                             ALERT 

R9:   C_Type             [type = message or type = remind_later]           ALERT 

R10:  C_Location       [location = uni_class]                                        STORE 

R11:  C_Location       [location = uni_labo AND agenda = class]       STORE  

 

(4) 

 

In our scenario, the recommended activities for Ann are F and G. As G is a mes-

sage, rule R9 is activated, and the message is sent directly to her. Given that no infor-

mation is provided for F (review activity), the log analysis module can take charge of 

the final decision for both Ann and John.  

Log Analysis.  

Finally, the previous actions of the users are analysed in order to decide whether, in a 

specific situation, it is appropriate to alert the user about the availability of certain 

activities. The actions of the user in similar previous situations are considered in order 

to take the decision about the convenience of interrupting the user. If this information 

is not enough or does not exist (the user was not in similar situations before), the 

analysis is done with respect to what similar users did in these cases.  

In our example, no decision has been taken concerning the recommendation of F to 

Ann. Therefore, F is processed. Let us suppose that Ann uses to use her spare time for 

reviewing already learned topics when travelling. The result of the statistical analysis 

says that more than 60% of the times when Ann was proposed to review topics in 

similar situations she did it. Therefore, Ann is informed about the recommendation of 

activity F. With respect to John, no information is available, so he is suggested this 

activity too. He does not engage in the activity, what is stored for future decisions.  

4   Conclusions and Future Work  

We have developed a recommendation process that i) selects the most suitable learn-

ing activities for each user taken into account his/her personal features, characteristics 

of groups and the current context and ii) informs the user about new recommendations 

either intrusively or non intrusively.  
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The modularization of the recommended process makes it possible the specifica-

tion of adaptation capabilities in a flexible and configurable way. It is possible to give 

suggestions at a general level (based on the relationships between activities or on their 

type) and at an activity level (based on their specific requirements), by means of dif-

ferent types of rules. Thus, it is possible to decide which type of recommendations 

will be supported, by providing the corresponding type of rules.  

The alerting mechanism is also configurable: instructions about in which cases the 

users should be disturbed to be informed about new recommendations can be given.  

Alerting rules support the specification of these criteria, which can be different for the 

same type of users depending on their context and also for distinct types of users in 

the same context. If no instructions are given (which is also feasible), a log analysis 

will help to determine the convenience of alerting the user intrusively or not, based on 

the previous actions of the users (or similar users) in analogous contexts. This log 

analysis could be applied not only for deciding about the convenience of alerting the 

users about the availability of activities, but also for recommending activities depend-

ing on what the users did in previous similar situations. In such a way, the recommen-

dation process would be enriched. Future work concerns testing the recommendation 

process to check its suitability and exploring the possible use of log analysis in the 

activity recommendation phase. 
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Abstract. The accuracy of content-based recommender systems tends to de-

pend on the way similarity is defined. In this paper, we will explore different 

ways to measure similarity for a news recommender system based on news 

headlines. We will compare human judgements of similarity with Lin’s taxon-

omy-based measure and the WASP measure that uses annotated corpus data.  

The main aim of this work is to better understand similarity, so that it can be 

used to explain recommendations to users.  

1 Introduction 

Recommender systems using content-based filtering suggest items according to a 

similarity measure between items already known to be preferred by users, and new 

prospective items (e.g Pazzani & Billsus, 1997). This similarity measure needs to be 

chosen with care (Ziegler et al., 2005). An overly narrow definition of similarity be-

tween items can lead to a portfolio effect, where identical or near identical items are 

recommended. Examples of this are the recommendations given on the Amazon web-

site (www.amazon.co.uk). A user looking at Hard Times by Charles Dickens will, for 

the most part, be recommended more books by Charles Dickens. On the other hand, a 

very broad definition of similarity will lead to poor accuracy at best, and an overload 

of information in the worst case. 

It is important for a recommender system to be able to explain its recommenda-

tions to users, so to be transparent and scrutable (Kay, 1999; Barneveld & Setten, 

2004). A recommendation can be explained in terms of the ways in which the item is 

similar to items the user has rated before. So, rather than a similarity measure behav-

ing like a black box, we would like it to provide a user understandable explanation 

(e.g. a cricket item is similar to a football item because they are both about sports).  

In this paper, we will explore the topic of similarity in the context of a news re-

commender system. Section 2 discusses various ways similarity is currently being 

measured between concepts, and extends this to similarity measures between sets of 

concepts. Section 3 investigates how humans judge similarity for news headlines. 

Section 4 investigates how well two of the similarity measures perform on the same 

headlines, i.e. how well they correlate with the human judgments. Section 5 presents 

some conclusions. 



2 Similarity 

2.1 Similarity between concepts 

Fernández et al’s (2006) recommender system bases inter-concept similarity on the 

distance of the concepts to their least common subsumer in an ontology. This kind of 

similarity measure is related to the path distance measures that have been used by a 

number of researchers including Lee et al (1993). This definition can be used to ex-

plain recommendations to users. 

However, Resnik (1995) pointed out that the links in a taxonomy do not always 

represent uniform distances. He proposed a similarity measure based on the informa-

tion content of the common ancestor(s): for concepts c1, c2 

 )(P logMax),(Similarity
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−=   

where P(c) = probability of c or its descendants occurring based on a corpus.    

Basing his work on Information Theory, Lin (1998) also advocates the use of in-

formation content for defining similarity. He proposes for concepts c1, c2 
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where c is the common ancestor of c1 and c2, and P() is defined as above. 

The main difference with Resnik’s definition is that Lin includes how concepts dif-

fer, not just what they have in common. Lin’s definition resolves an important prob-

lem of Resnik’s. Using Resnik’s definition, similarity between a concept and itself 

varies between concepts (Richardson et al., 1994). Lin’s definition results in self-

similarity being 1 for all concepts.  

Resnik, Lin and others have used the WordNet taxonomy to determine common 

ancestors. Corpus data, such as the BNC (British National Corpus) has been used to 

determine the probabilities. WordNet has its limitations. For instance, we considered 

the similarity between “invention”, “painting” and “play” (in the sense of theatrical 

play). We found that “invention” was a lot more similar to “painting” than to “play”. 

While “invention” and “painting” both descended from “artifact”, “play” did not. It 

was in a completely different hierarchy, descending ultimately from “communica-

tion”. Another problem with basing similarity on common ancestors is that words that 

seem highly related, like “Painter” and “Painting” may be very far apart in an “is-a-

kind-of” hierarchy.  

Instead of using a taxonomy as a basis for calculating similarity, it is also possible 

to use only annotated corpus data. The frequency with which concepts are used in the 

same grammatical structures (namely “dependency triples” that consist of a word, a 

grammatical relation, and a word) can be used to define similarity (e.g., Lin, 1998). 

Kilgarriff and Tugwell’s  (2001) WASPS system is based on an adaptation of this 

idea. We again compared the similarity between “invention”, “painting” and “play”, 

and WASPS found that painting and play were more similar to each other than either 
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to invention1. WASPS also has its limitations. It does not distinguish between word 

senses (in contrast to WordNet). For instance, “Royalty” seems to be far more fre-

quently used in the meaning of “Bonus”, “Premium” then in the intended sense of 

“Monarchs”. This is likely to impact its similarity ratings.  

Latent semantic analysis (LSA) (Landauer et al., 1998) takes the idea of using a 

corpus without a taxonomy even further: it uses pure corpus data, without even 

grammatical annotations. It learns from a corpus how likely words are to occur in the 

same contexts (sentences, paragraphs, texts). It does not just look at the frequency of 

word co-occurrence, but learns more hidden relationships. For instance, if words w1, 

w2, and w3 tend to occur together, and words w2, w3, and w4 tend to occur together, 

then it may induce a relationship between w1 and w4 even if they were never to occur 

in the same text (perhaps because they are synonyms). Because LSA does not use a 

taxonomy nor grammatical information, it has no difficulty learning that “Painter” 

and “Painting” are similar.  

2.2 Similarity between sets of concepts 

News headlines contain multiple words, so we need to decide how to calculate the 

similarity between headlines like “Painters and Inventors” and “Kings and Queens”. It 

seems sensible to calculate Similarity(co1 and co2, co3), for concepts co1, co2, co3, as a 

function of Similarity(co1, co3) and Similarity(co2, co3). Obvious candidates for this 

function are the maximum, average, or minimum. 

Consider headlines “Lions and Elephants” and “House cats and Airplanes”. The 

similarity between “House cats” and “Lions” is probably quite high, as both are cats. 

The similarity between “House cats” and “Elephants”, “Lions” and “Airplanes”, and 

“Elephants” and “Airplanes” are likely to be a lot lower. Taking the maximum simi-

larity does not seem the right decision, as it would make these two headlines as simi-

lar as “House cats” and “Lions”.  The problem becomes even worse if we use a simi-

larity measure that does not distinguish between word senses. Consider headlines 

“Royalty and Palaces”, and “Premiums”. The similarity between “Royalty” and 

“Premiums” might be very high, given that “Royalty” has a word sense “Bonus”. 

However, we believe that the similarity between “Royalty and Palaces” and “Premi-

ums” should be very low. Based on these examples, it is tempting to use the mini-

mum.  

However, this definition would result in the Similarity between “Painters and In-

ventors” and “Painters and Inventors” being lower than expected, as the minimum 

would dictate this to be Similarity(Painter, Inventor). Using the minimum seems 

therefore not the right decision. Using the average would have the same undesirable 

effect. This leads us to using the maximum, despite our earlier reservations. However, 

we do not simply take the maximum. This would have resulted in headlines “Lions, 

Guns, Swords and Spears” and “Tigers, Chocolates, Raisins and Biscuits” to be as 

similar as “Lions” and “Tigers”.  Instead, we will consider each concept in s1, and de-

cide how similar it is to s2.  

                                                           
1 Play was 47 in ranking for Painting, Painting 108 in ranking for Play. Painting was 471 in 

ranking for Invention, Invention 669 in ranking for Painting.   
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To preserve commutivity, i.e. Similarty(s1,s2)=Similarity(s2,s1) , we will also consider 

each concept in s2, and decide how similar it is to s1. We will average over all con-

cepts. Hence, we define 
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3 Experiment: Human judgement of similarity 

As a basis for comparison, we first investigated how humans judge similarity between 

news articles, based on only headline information.  

3.1 Method 

Twenty-six computing students of the University of Aberdeen participated in the ex-

periment, which was conducted online in a classroom setting. Each subject was given 

nine comparisons of news articles A and B. Only the headlines of the news articles 

were given. For each comparison, subjects were asked three questions about the simi-

larity of the news articles using a seven point Likert scale: 

 

1. How related is the topic of news article A to that of news article B? (scale from 

Dissimilar to Similar) 

2. You know somebody is interested in news article A. How sure does this make you 

that they will also be interested in news article B? (scale from Unsure to Sure) 

3. If you have read news article A, how much new information might news article B 

give? (scale from None to A lot) 

 

All headlines were taken from Google news (news.google.com) on 13
th

 March 2006. 

They originated from several English speaking news editions (e.g. in South Africa, 

UK, USA). We purposely did not restrict ourselves to say British articles, in order not 

to benefit a particular similarity measure (e.g. WASP uses the British National Cor-

pus, while WordNet is mainly built by Americans). 

Headlines were selected from various categories, such as Entertainment, Science 

and Technology, Sports and World news. For each headline, we also selected another 

two “identical” headlines, namely the two headlines given in Google news about the 

same topic. For instance, for headline “Finnish road transport strike ends”, we also se-

lected “Transport strike continues, mediation effort rejected Sunday night” and “Ini-

tial impact of transport strike on Finnish industry is small”.  To give another example, 

for headline “Sean Connery fit after tumour operation”, we also selected “Sean Con-

nery undergoes surgery for kidney tumor” and “James Bond on the mend”. This re-

sulted in sixteen groups of three “identical” headlines.  
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Subjects were given three different types of comparison: 

• “Identical” (I). The two headlines to compare were taken from within a group.   

• “Related” (R). The two headlines to compare were taken from two different 

groups, but within the same category, for instance, both from Entertainment.  

• “Different” (D). The two headlines to compare were taken from an altogether dif-

ferent category, for instance, one from Entertainment and one from Science. 

Example comparisons of these three types are given in Table 1. 

Table 1 Example comparisons of type I, S, and D. 

 Headline A Headline B 

I Sean Connery fit after tumour operation. James Bond on the mend 

R Sean Connery fit after tumour operation. Crowe's son names his brother 

D Sean Connery fit after tumour operation. 
NASA relieved as probe makes 

orbit 

 

To ensure that the topics chosen would not have too much impact, the sixteen 

groups of headlines were divided into four sets of four groups (with each four groups 

consisting of two pairs of groups from the same category), and subjects were ran-

domly assigned to one of them. Subjects were presented with an I, R and D compari-

son for three of the groups within their set (group 4 being used to provide an R com-

parison for group 3). Which other headline was used in I comparisons was 

randomized. The order of the headlines was also randomized. 

3.2  Results and Discussion 
 

Table 2 shows the results for the three questions per comparison type. A general lin-

ear model with repeated measures showed a significant effect of comparison type for 

Questions 1 and 2 (p<.001). Pair wise comparisons showed a significant difference 

between the comparison types I and R (p<.001), as well as between R and D (p<.01), 

for both Questions 1 and 2.  

Table 2 Results for Questions 1, 2 and 3 for the different comparison types.  

I comparisons R comparisons D comparisons  

Mean StDev Mean StDev Mean StDev 

Question 1 2.12 1.42 4.15 1.99 6.38 1.30 

Question 2 2.50 1.36 4.35 2.08 6.15 1.05 

Question 3 3.69 1.59 3.54 2.12 3.77 2.78 

 

However, no effect of comparison type was found for Question 3. Subjects’ com-

ments revealed confusion with this question. Some subjects believed “new informa-

tion” in this question to mean new information overall, while others interpreted it as 

new information pertaining to the subjected initiated in Headline A. This may explain 

the lack of difference.  
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The significant results for Questions 1 and 2 suggest that subjects indeed thought 

that “identical” headlines are more similar to each other than to “related” headlines, 

and more similar to “related” headlines than to “different” headlines.   

4 Automatic judgement of similarity 

The next step was to give automated similarity measures the same task as our human 

subjects. We pre-processed the news headlines: we manually went through them and 

selected the nouns. Some nouns varied in spelling across headlines, for instance “tu-

mour” and “tumor”. Those were kept as they were. We have used “hot potato” and 

“car bomb” as nouns, as they are common concepts and present as such in WordNet.  

4.1 Lin measure applied to WordNet 

We have implemented a similarity measure between sets of concepts using the PERL 

interface to WordNet and implementation of Lin’s measure of similarity provided by 

(Pedersen et al., 2004), using the BNC corpus for information content. To use Lin’s 

measure, we needed to know which word sense to use for each of the nouns. We have 

manually annotated the nouns with their correct word sense in WordNet. The follow-

ing concepts were not in WordNet: Russel Crowe, Crowe, Milosevic, Sean Connery, 

Mohali. Similarity between those concepts and other concepts would therefore be 

zero. We replaced “test” with “test match”, as the right word sense of “test” (meaning 

cricket match) was not in WordNet. We used the only sense of “explorer” in WordNet 

(“someone who travels into little known regions”), which is not exactly right given 

that the “explorer” in the headline is a vehicle, not a person. We used capitals in the 

same way as they are used in WordNet.  

The same comparisons as done by human subjects were done using Lin’s similarity 

measure. Examples of the results are shown in Table 3, with descriptive statistics in 

Table 4. A general linear model with repeated measures showed a significant effect of 

comparison type (p<.001). Pair wise comparisons showed a significant difference be-

tween the comparison types I and R (p<.001), and R and D (p<.05). The Lin similar-

ity measure was significantly (Pearson’s correlation, p<.001) correlated with subjects’ 

answers to Questions 1 (r=-.56) and 2 (r=-.50).  

So, overall the Lin measure performs quite well. There some cases where it per-

forms badly though. One of those is the second example in Table 3, where it gives a 

very low similarity to “identical” headlines. This is caused by “death” having nothing 

in common with “autopsy” in WordNet (they do not even have a common subsumer, 

as they are part of different WordNet hierarchies, death being an event, and autopsy 

an act).  Human subjects had no problem making the link between autopsy and death 

as clear from their comments (e.g. “A and B share the theme of death, and are hence 

at least a little related”). Similarly, “stork” and “baby” are only related in WordNet as 

both are living beings. WordNet also does not know that “Sean Connery” has any-

thing to do with “James Bond” (“Sean Connery is undefined, but even if he were, they 

would still have noting in common as “James Bond” is classified as ultimately a 
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“psychological feature”).  A number of concepts being undefined also affects the 

similarity particularly of the “identical” headlines.  

Table 3 Results for some example comparisons. Numbers in brackets give senses other than 1. 

Type Comparison Lin WASP 

I transport, strike, mediation, effort, Sunday, night(2)  

road, transport, strike  

0.52 .50 

I reaction, death, Yugoslavia  

expert, autopsy 

0.03 0 

R road, transport, strike  

doomsday(2), export, commuter(2) 

0.26 .05 

R bird, flu  

flu, vaccine, kid  

0.55 .46 

D road, transport, strike  

police, security(4), government, house(2), turmoil(3), 

Thailand 

0.10 .12 

D impact(3), transport, industry  

police, security(4), government, house(2), turmoil(3), 

Thailand 

0.35 .16 

Table 4 Means and standard deviations using same comparisons as done by subjects. 

I comparisons R comparisons D comparisons  

Mean StDev Mean StDev Mean StDev 

Lin .47 .21 .24 .17 .13 .10 

Wasp .38 .17 .16 .18 .06 .06 

4.2 WASP measure 

We have implemented a similarity measure between sets of concepts in PERL using 

Albert Gatt’s PERL interface to WASP. We have only used nouns, as we did for 

WordNet, although WASP could cope with adjectives. The same comparisons as done 

by human subjects were done using WASP’s similarity measure. Examples of the re-

sults are shown in Table 3, with descriptive statistics in Table 4. A general linear 

model with repeated measures showed a significant effect of comparison type 

(p<.001). Pair wise comparisons showed a significant difference between the com-

parison types I and R (p<.001), and R and D (p<.05). The WASP similarity measure 

was significantly (Pearson’s correlation, p<.001) correlated with subjects’ answers to 

Questions 1 (r=-.57) and 2 (r=-.47). It was also significantly and very strongly corre-

lated with the Lin measure (Pearson’s correlation, p<.001, r=.91.  

The performance of the WASP measure was very similar to that of the Lin meas-

ure. For instance, WASP did not find any similarity between “autopsy” and “death” 

either. It should be noted that we have used a version of WASP that only provides 

similarity between concepts and the 500 most related concepts. WASP may well per-

form better if no cut-off were used. We should also try whether incorporating adjec-

tives would increase performance. However, the high correlation between WASP and 
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Lin is encouraging, in that WASP needs less information than Lin as we do not need 

to give it word senses. This would make it a lot more viable to use in a real world set-

ting.  

5 Conclusions 

Both the Lin and WASP measures seem feasible options for calculating similarity in 

the context of real-world news headlines. WASP has the advantage of not needing 

word senses. However, the Lin measure is better suited for construction explanations 

for users. We propose a hybrid approach, in which we calculate both the WASP and 

the Lin measures, using word sense 1 for all words (so, that we do not have to manu-

ally annotate). We use the WASP measure as our similarity measure, but whenever 

the measures give similar results, use the common subsumer as used by Lin to explain 

the similarity to the user.  
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Abstract. In the context of the problem of adapting of the interaction
between an e-shopping application and its users, we examine and com-
pare four different clustering methodologies, namely hierarchical, fuzzy
c-means, spectral, and artificial immune network (AIN)-based clustering,
to 150 customer profile feature vectors. The profile vectors have been col-
lected using Vision.Com, an electronic video store application that we
have developed as a test-bed for research purposes. The data collected
have been fed into each of the four clustering algorithms and the results
have been compared. Each algorithm produced clusters of users’ interests
with respect to characteristics of movies of the video store application.

1 Introduction

Adaptivity provides individualised assistance to users’, which is dynamically gen-
erated. In the context of an e-shopping application, adaptivity can enhance the
system by individualising its sales operation. This means that the system may
collect information about customers’ preferences and interests, process this in-
formation and provide personalised sales recommendations and assistance. This
procedure needs a user modelling component. The adaptive responses to users
are usually created using the technology of adaptive hypermedia [1].

One common approach to user modelling is the categorisation of users into
groups of similar behaviour. In this way, if a user is found to belong to a particular
group of users of similar behaviour then this user may be expected by the system
to have similar preferences and behaviour with the rest of the members belonging
to the same group. Thus, a system may draw quick inferences on an individual
user based on the behaviour of other users. Such technique has often been used
in user stereotypes [12]. User stereotypes depict clusters of users with similar
behaviour in the context of a particular application.

The construction of user stereotypes is not an easy task. One solution to
this problem can be provided by clustering algorithms that may group users
dynamically based on their behaviour while they use a system on-line. The main
advantage of such an approach is that the categorization of user behaviour can
be conducted automatically.
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In the context of an e-commerce application it is very helpful to acquire
information about users’ interests and then gruop users with similar interests in
products. Clustering algorithms can undertake the role of grouping users in an
efficient way, thus creating the bone structure of the user model. There are many
web-based recommendation applications that have used clustering algorithms
(e.g. [2–7, 10, 11]).

There are, also, many clustering algorithms that exist and could be used. It
is not clear in advance which algorithm can yield better results. Therefore, one
solution to the problem of selecting the most appropriate clustering algorithm for
a particular application is the comparison between prospective algorithms after
haveing applied each of them in a prototype version of the system. In this paper
examine and compare four different clustering algortihms, namely hierarchical,
fuzzy c-means, spectral and AIN-based clustering in the context of an e-shopping
application. The e-shopping application is a presonalised electronic video store
named Vision.Com. To compare the four clustering algoritjms and select the
most appropriate one for our application we used a prototype version of the
electronic video store to collect the data on users’ behaviour.

Thus, the prototype version of Vision.Com has been used by 150 users. Their
behaviour within the e-shop application has been collected in users’ protocols.
These protocols constitute data that have been fed to each clustering algorithm
separately. The results of each algorithm have been compared in terms if the
clarity of users’ groups.

Fig. 1. The Vision.Com animated agent.

2 Vision.Com and Experimental Customer Data

Description

The system we developed and used as test-bed is called Vision.Com and is an
adaptive e-commerce video store that learns from customers preferences. Its aim
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is to provide help to customers choosing the best movie for them. In order to
help users understand the system more quickly, Vision.Com uses an animated
agent (Fig. 1) that provides help whenever is needed. The web based system
ran at a local network with IIS playing the role of the web server. We used this
technique in order to avoid the network problems at peak hours.

In Vision.Com every customer can visit a large amount of movies by navi-
gating through four movie categories: social, action, thriller and comedy movies.
Every customer has a personal shopping cart. If a customer intends to buy a
movie she/he must simply move the movie into her/his cart by pressing the
specific button. S/he also has the ability to remove one or more movies from
his/her cart by choosing to delete them. After concluding which movies to buy a
customer can easily purchase them by pressing the button buy. All navigational
moves of a customer are recorded by the system in the statistics database. In
this way the Vision.Com saves statistics considering the visits in the different
categories of movies and movies individually. The same type of statistics was
saved for every customer and every movie that was moved to the buyers cart.
The same task is conducted for the movies that are eventually bought by every
customer. All of these statistical results are scaled to the unit interval [0,1].

In particular, Vision.Com interprets users actions in a way that results in the
calculation of users interests in individual movies and movie categories. Each
users action contributes to the individual user profile by showing degrees of
interest into one or another movie category or individual movie. For example,
the visit of a user into a movie shows interest of this user to the particular movie
and its category. If the user puts this movie into the shopping cart this shows
more interest in the particular movie and its category. If a user buys this movie
then this shows even more interest whereas if the user takes it out of the shopping
cart before payment then there is not any increase in the interest counter. Apart
from movie categories that are already presented, other movies features that are
taken into consideration are the following: price range, leading actor and director.
The price of every movie belongs to one of the five price ranges in euro: 20 to
25, 26 to 30, 31 to 35, 36 to 40 and over 41. As a consequence, every customers
interest in one of the above features is recorded as a percentage of his/her visits
in movie-pages. For example, interest of the customer at a particular bought
movie is calculated as in Eq.(1).

InterestOnBoughtMovie =
VisitsOnBoughtMovie

VisitsOnAllBoughtMovies
(1)

Vision.Com was used by 150 users that bought movies using this particular
system. The system collected data about the user’s behaviour. The data collected
consisted of three parts. Every part is similar to the others. The first one contains
statistical data of the visits that every user made to specific movies. The second
part contains data of the cart moves (i.e. which movies the user moved into
his/her cart). The last part consists of statistical data concerning the preferences
on the movies bought by every user. Every record in every part is a vector of the
same 80 features that were extracted of the movies characteristics and represents
the references of one user. The 80 features of these vectors are the movie features
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we described above. Every 80 featured vector is consisted of the four movie
categories, the five price ranges, all the leading actors and all the directors. The
value of each feature is the percentage of interest of every individual customer
in this particular feature (equation (1)).

3 Clustering Algorithms

In this paper attention, was focused on the clustering capabilities provided by the
novel computational paradigm of artificial immune systems (AIS) through the
development of an AIN. Specifically, we tested and compared three widely used
clustering techniques [10], namely a) agglomerative hierarchical clustering, b)
fuzzy c-means clustering and c) spectral clustering against AIS-based clustering.

3.1 Agglomerative Hierarchical Clustering

This clustering procedure produces a hierarchy of nested clusterings that are best
visualized with the utilization of a dendrogram whose leaves coincide with the
initial data points to be clustered. More specifically, agglomerative hierarchical
clustering involves an iterative procedure, which begins with a number of clusters
which equals the population of the initial data points and terminates at a single
cluster containing the complete set of the given data points. The formation
of groups is dominated by the definition of suitable proximity measures that
estimate firstly the similarity between points and secondly the similarity between
points and groups of points. The dendrogram produced by hierarchical clustering
applied to the feature vectors of our application is shown in Fig. 2.

 2  6 15 12 19 25 26 17 18 21  5 28  7 16 30  4 22 27 29  3  1  9 14 10 24 13  8 11 23 20

0.8

0.85

0.9

0.95

1

1.05

1.1

1.15

1.2

1.25

Hierachical Clustering based Dendrogram for the complete data set

Fig. 2. Hierarchical clustering-based dendrogram of 150 customer profile feature vec-
tors.
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3.2 Fuzzy c-Means Clustering Algorithms

This clustering technique is derived from the optimization of a cost functional
which depends on both the original data and an unknown vector of parame-
ters which can be interpreted as identifiable centers of the initial data points.
Moreover, the resulting clusters are fuzzy, in the sense of the initial data vectors
not assigned to a unique cluster each, but rather assigned a different degree of
membership in every cluster identified by the algorithm.

−1 −0.5 0 0.5 1
−0.8

−0.6

−0.4

−0.2

0

0.2

0.4

0.6

0.8

1
Fuzzy c means based data points clusters

Fig. 3. Plot of the spatial distribution of the two-dimensional projection of the 150
data points, as clustered by fuzzy c-means clustering. Different clusters are indicated
with different marks

3.3 Spectral Clustering Algorithms

Spectral clustering constitutes a recent clustering approach which is based on
spectral graph theory and interprets the data as graph nodes and their distances
as the corresponding connecting weights. In the context of spectral clustering
the formation of data groups involves the utilization of eigenvectors computed
from matrices that are derived from the distances between the data points.
This clustering method is based on obtaining a data representation in a lower
dimensional space where the original data points can be more easily clustered
with application of traditional clustering techniques, such as the standard c-
means algorithm.

In Fig. 4, we show a plot of the spatial distribution of 150 customer profile
data points obtained by reducing the original 80-dimensional feature vectors to
their 2-dimensional projections obtained with a principal component analysis al-
gorithm. In Fig. 4, we also show the dendrogram produced by spectral clustering
applied to the feature vectors of our application.
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Spectral Clustering based data points clusters
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Spectral Clustering based Dendrogram for the complete data set

Fig. 4. Plot of the spatial distribution of the two-dimensional projection of the 150 data
points, as clustered by spectral clustering and corresponding dendrogram. Different
clusters are indicated with different marks.

3.4 AIS-based Clustering Algorithms

The core idea behind the development of an AIN is to generate a minimal set
of representative points that capture the properties of the original data set and
can be interpreted as the centers of the initial feature vectors. In the context
of AIS [11], this set of representative points in a multidimensional feature space
constitute a set of memory antibodies that recognize, in the sense of Euclidean
distance proximity, a given antigenic population consisting of the complete data
set. The produced set of memory antibodies provides an alternative more com-
pact way of representing the given data set while conserving their original space
distribution.

In the present e-shop application, the antigenic population consists of the
initial set of customer profile feature vectors. In Fig. 5, we show a plot of the
spatial distribution of 22 representative points obtained by reducing the origi-
nal 80-dimensional antibodies to their 2-dimensional projections obtained with
a principal component analysis algorithm. Clearly, the set of representative an-
tibodies in Fig. 5 maintain the spatial structure of the complete data set in
Figs. 2 and 3, but, at the same time, form a minimum representation of 150 fea-
ture vectors with only 22 antibodies. This indicates significant data compression,
combined with clear revelation and visualization of the intrinsic data classes.

On the other hand, the application of traditional clustering algorithms on
the set of memory antibodies takes advantage of the realized redundancy reduc-
tion yielding a plain revelation of the intrinsic data clusters present in the set of
customer profiles. This latter fact is also demonstrated in Fig. 5, in which the
dendrogram produced by hierarchical clustering applied to the memory antibod-
ies feature vectors of our application is shown.
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Fig. 5. Plot of the spatial distribution of the projection of the 22 AIN-produced mem-
ory antibodies onto two dimensions and corresponding hierarchical clustering-based
dendrogram.

4 Discussion of Results of Clustering Algorithms

We observe, that spectral clustering (Fig. 4) does not provide a clearer revela-
tion of the intrinsic similarities in the dataset over hierarchical clustering. On
the other hand, the leaves in the AIN-based dendrogram in Fig. 5 are signifi-
cantly fewer than the leaves in either the hierarchical (Fig. 2) or the spectral
dendrograms (Fig. 4), which stems from the fact that the former corresponds
to clustering only 22 representative points in the 80-dimensional feature space,
while the latter two correspond to clustering the complete set of 150 data points.
Thus, the AIN-based dendrogram demonstrates the intrinsic data point clusters
significantly more clearly and compactly than the corresponding hierarchical and
spectral dendrograms.

Also, we observe that spectral clustering does not result in cluster homogene-
ity, while fuzzy c-means clustering results in higher cluster homogeneity, but in
only four clusters rather than six required. Specifically, we observed that fuzzy c-
means clustering assigned the same degree of cluster membership to all the data
points, which implies that certain intrinsic data dissimilarities were not captured
by the fuzzy c-means clustering algorithm and this makes the clustering result
less useful. On the contrary, AIN-based clustering returned significantly higher
cluster homogeneity. Moreover, the degree of intra-cluster consistency is clearly
significantly higher in the AIN-based rather than the hierarchical and spectral
clusters, which is of course a direct consequence of a data redundancy reduction
achieved by the AIN.

A third observation is that the set of representative antibodies in Fig. 5
maintain the spatial structure of the complete dataset in Figs. 3 and 4, but, at
the same time, form a minimum representation of 150 feature vectors with only
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22 antibodies. This indicates significant data compression, combined with clear
revelation and visualization of the intrinsic data classes.

5 Conclusions and Future Work

In this paper, we have compared four different clustering algorithms for creat-
ing groups of users’ interests in the context of an e-shopping application. The
comparison has been performed by using protocols of 150 users who were asked
to use a prototype version of Vision.Com. The clustering algorithm that was
considered as most appropriate gave clearer grouping results than the rest of
algorithms. Such results were achieved by the AIN-based algorithm in contrast
to hierarchical, fuzzy c-means and spectral clustering. Future work will concen-
trate on mapping the various customer profile data clusters identified via the
clustering algorithms into of user classes (“stereotypes”). This and other work
is currently in progress and will be reported on a future occasion.
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Abstract. This paper describes a strategy that automatically clusters ontology-
based user profiles taking into account their common interests for domain con-
cepts. The obtained semantic clusters are used to identify similarities among indi-
viduals at multiple semantic preference layers, and to define emergent, layered so-
cial networks that can be applied in collaborative and recommender systems. As 
an applicative development of our method, we have experimented with building a 
personalized information retrieval model that provides ranked item lists based on 
the existing concept clusters and multi-layered user networks. 

1   Introduction 

The rapid development, spread, and convergence of information and communication 
technologies are leading to new ways of inter-personal connection, communication, and 
collaboration. Virtual communities and computer-supported social networks [5,6] are 
starting to proliferate in increasingly sophisticated ways, opening new research opportu-
nities on social group analysis, modeling, and exploitation. Finding hidden links be-
tween users based on the similarity of their preferences or historic behavior is not a new 
idea. In fact, this is the essence of the well-known collaborative recommender systems 
(e.g. see the survey given in [7]). However, in typical approaches, the comparison be-
tween users is done globally, in such a way that partial, but strong and useful similarities 
may be missed. For instance, two people may have a highly coincident taste in cinema, 
but a very divergent one in sports. The opinions of these people on movies could be 
highly valuable for each other, but risk to be ignored by many collaborative recom-
mender systems, because global similarity between the users is low. 

In this paper we propose a multi-layered approach to social networking. Like in pre-
vious approaches, our method builds and compares profiles of user interests for semantic 
topics and specific concepts, in order to find similarities among users. But in contrast to 
prior work, we divide the user profiles into clusters of cohesive interests, and based on 
this, several layers of social networks are found. This provides a richer model of inter-
personal links, which better represents the way people find common interests in real life.  

Our approach is based on an ontological representation of the domain of discourse 
where user interests are defined. The ontological space takes the shape of a semantic 
network of interrelated domain concepts. Taking advantage of the relations between 
concepts, and the (weighted) preferences of users for the concepts, our system clusters 



the semantic space based on the correlation of concepts appearing in the preferences of 
individual users. After this, user profiles are partitioned by projecting the concept clus-
ters into the set of preferences of each user. Then, users can be compared on the basis of 
the resulting subsets of interests, in such a way that several, rather than just one, 
(weighted) links can be found between two users. 

The rest of the paper is organized as follows. Section 2 describes the underlying se-
mantics representation framework upon which our social network models are built. The 
proposed clustering techniques to build the multi-level relations between users are pre-
sented in Section 3. The exploitation of the derived networks to enhance collaborative 
filtering is described in Section 4. A small experiment where the techniques are tested is 
described in Section 5, and conclusions are given in Section 6. 

2   Semantic User Preference Space 

Our research builds upon an ontology-based personalization framework [1] that makes 
use of explicit user profiles. User preferences are represented as vectors ui = (ui,1, ui,2, ..., 
ui,N) where the weight ui,j Œ [0,1] measures the intensity of the interest of user i for con-
cept cj in the domain ontology, and N is the total number of concepts in the ontology. 
Similarly, the objects dk in the retrieval space are assumed to be described (annotated) 
by vectors (dk,1, dik2, ..., dk,N) of concept weights, in the same vector-space as user prefer-
ences. Based on this common logical representation, measures of user interest for con-
tent items can be computed by comparing preference and annotation vectors, and these 
measures can be used to prioritize, filter and rank contents in a personal way.  

The ontology-based representation is richer and less ambiguous than a keyword-based 
or item-based model. It provides an adequate grounding for the representation of coarse to 
fine-grained user interests, and can be a key enabler to deal with the subtleties of user pref-
erences. An ontology provides further formal, computer-processable meaning on the con-
cepts (who is coaching a team, an actor’s filmography), and makes it available for the per-
sonalization system to take advantage of. Moreover, ontology standards support inference 
mechanisms that can be used to enhance personalization, so that, for instance, a user inter-
ested in animals (superclass of cat) is also recommended items about cats. Inversely, a user 
interested in lizards and snakes can be inferred to be interested in reptiles. Also, a user 
keen of Dublin can be assumed to like Ireland, through the locatedIn relation. 

In real scenarios, user profiles tend to be very scattered, especially in those applica-
tions where user profiles have to be manually defined. Users are usually not willing to 
spend time describing their detailed preferences to the system, even less to assign 
weights to them, especially if they do not have a clear understanding of the effects and 
results of this input. On the other hand, applications where an automatic preference 
learning algorithm is applied tend to recognize the main characteristics of user prefer-
ences, thus yielding profiles that may entail a lack of expressivity. To overcome this 
problem, we propose a semantic preference spreading mechanism, which expands the 
initial set of preferences stored in user profiles through explicit semantic relations with 
other concepts in the ontology (see picture 1 in Figure 1). Our approach is based on the 
Constrained Spreading Activation (CSA) strategy [2,3]. The expansion is self-controlled 
by applying a decay factor to the intensity of preference each time a relation is traversed. 
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Fig. 1. Overall sequence of our proposed approach, comprising three steps: 1) semantic user pref-
erences are spread, extending the initial sets of individual interests, 2) semantic domain concepts 
are clustered into concept groups, based on the vector space of user preferences, and 3) users are 
clustered in order to identify the closest class to each user 

We have conducted several experiments showing that the performance of the per-
sonalization system is considerably poorer when the spreading mechanism is not en-
abled. Typically, the basic user profiles without expansion are too simple. They provide 
a good representative sample of user preferences, but do not reflect the real extent of 
user interests, which results in low overlaps between the preferences of different users. 
Therefore, the extension is not only important for the performance of individual person-
alization, but is essential for the clustering strategy described in the following sections, 
and it shows the advantages of a rich and precise ontology-based representation. 

3   Semantic Multi-Layered Social Networks 

In social communities, it is commonly accepted that people who are known to share a 
specific interest are likely to have additional connected interests [5]. In fact, this assump-
tion is the basis of most recommender system technologies [7]. We assume this hypothe-
sis here as well, in order to cluster the concept space in groups of preferences shared by 
several users. Specifically, a vector cj = (cj,1, cj,2, ..., cj,M) is assigned to each concept 
vector cj present in the preferences of at least one user, where cj,i = ui,j is the weight of 
concept cj, in the semantic profile of user i. Based on these vectors a classic hierarchical 
clustering strategy [4] is applied. The clusters thus obtained (picture 2 in Figure 1) rep-
resent the groups of preferences (topics of interests) in the concept-user vector space that 
are shared by a significant number of users. Once the concept clusters are created, each 
user is assigned to a specific cluster. The similarity between a user’s preferences ui = 
(ui,1, ui,2, ..., ui,N) and a concept cluster Cr is computed by: 
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where cj represents the concept that corresponds to the ui,j component of the user prefer-
ence vector, and |Cr| is the number of concepts included in the cluster. The clusters with 
highest similarities are then assigned to the users, thus creating groups of users with 
shared interests (picture 3 in Figure 1). 

The concept and user clusters are then used to find emergent, focused semantic so-
cial networks. On the one hand, the preference weights of user profiles, the degrees of 
membership of the users to each cluster and the similarity measures between clusters are 
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used to find relations between two distinct types of social items: individuals and groups 
of individuals. On the other hand, using the concept clusters user profiles are partitioned 
into semantic segments. Each of these segments corresponds to a concept cluster and 
represents a subset of the user interests that is shared by the users who contributed to the 
clustering process. By thus introducing further structure in user profiles, it is now possi-
ble to define relations among users at different levels, obtaining a multi-layered network 
of users. Figure 2 illustrates this idea. The top image represents a situation where two 
user clusters are obtained. Based on them (images below), user profiles are partitioned in 
two semantic layers. On each layer, weighted relations among users are derived, build-
ing up different social networks. 

 

Fig. 2. Semantic multi-layered social network built from the clusters of concepts and users 

The resulting networks have many potential applications. For one, they can be ex-
ploited to the benefit of collaborative filtering and recommendation, not only because 
they establish similarities between users, but also because they provide powerful means 
to focus on different contexts. The design of two information retrieval models in this 
direction is explored in next subsection. 

4   Multi-Layered Models for  Collaborative Filter ing 

As an applicative development of our multi-layered social network approach, we propose 
two recommender models that generate ranked lists of items in different scenarios. The 
first model (that we shall label as UP) is based on the semantic profile of the user to 
whom the ranked list is delivered. This model represents the situation where the interests 
of a user are compared to other interests in a social network. The second model (labeled 
NUP) outputs ranked lists disregarding the user profile. This can be applied in situations 
where a new user does not have a profile yet, or when the general preferences in a user’s 
profile are too generic for a specific context, and do not help to guide the user towards a 
very particular, context-specific need. Additionally, we consider two versions for each 
model: a) one that generates a unique ranked list based on the similarities between the 
items and all the existing semantic clusters, and, b) one that provides a ranking for each 
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semantic cluster. Thus, we consider four retrieval strategies, UP (profile-based), UP-r 
(profile-based, considering a specific cluster Cr), NUP (no profile), and NUP-r (no pro-
file, considering a specific cluster Cr). The four strategies are formalized next. In the 
following, for a user profile ui, an information object vector dk, and a cluster Cr, we de-
note by and  the projection of the corresponding concept vectors onto cluster Cr, i.e. 

the j-th component of and  is ui,j and dk,j respectively, if cj Œ Cr, and 0 otherwise. 

r
iu r

kd
r
iu r

kd

Model UP. The semantic profile of a user ui is used by the system to return a unique 
ranked list. The preference score of an item dk is computed as a weighted sum of the 
indirect preference values based on similarities with other users in each cluster, where 
the sum is weighted by the similarities with the clusters, as follows: 
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are the single and normalized similarities between the item dk and the cluster Cr,  
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are the single and normalized similarities at layer r between user profiles U and Um, and 
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is the similarity at layer r between item dk and user ui. 

Model UP-r. The preferences of the user are used by the system to return one ranked list 
per cluster, obtained from the similarities between users and items at each cluster layer. 
The ranking that corresponds to the cluster for which the user has the highest member-
ship value is selected. The expression is analogous to equation (2), but does not include 
the term that connects the item with each cluster Cr. 

* + * + * +, ,r k i r i l r k l
l

pref d u nsim u u sim d u? © ,Â  (3) 

where r maximizes sim(ui,Cr). 

Model NUP. The semantic profile of the user is ignored. The ranking of an item dk is 
determined by its similarity with the clusters, and the similarity of the item and the pro-
files of the users within each cluster. Since the user does not have connections to other 
users, the influence of each profile is averaged by the number of users M. 
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Model NUP-r. The preferences of the user are ignored, and one ranked list per cluster is 
delivered. As in the UP-r model, the ranking that corresponds to the cluster the user is 
most close to is selected. The expression is analogous to equation (4), but does not in-
clude the term that connects the item with each cluster Cr. 
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M
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5   A simple exper iment 

To test the proposed strategies and models, a simple experiment has been set up, as 
follows. A set of 20 user profiles are considered. Each profile is manually defined con-
sidering 6 possible topics: motor, construction, family, animals, beach and vegetation. 
The degree of interest of the users for each topic is shown in Table 1, ranging over high, 
medium, and low interest, corresponding to preference weights close to 1, 0.5, and 0. 

Table 1. Degrees of interest of users for each topic, and expected user clusters to be obtained  

 Motor Construction Family Animals Beach Vegetation Expected 
Cluster 

User1 High High Low Low Low Low 1 
User2 High High Low Medium Low Low 1 
User3 High Medium Low Low Medium Low 1 
User4 High Medium Low Medium Low Low 1 
User5 Medium High Medium Low Low Low 1 
User6 Medium Medium Low Low Low Low 1 
User7 Low Low High High Low Medium 2 
User8 Low Medium High High Low Low 2 
User9 Low Low High Medium Medium Low 2 
User10 Low Low High Medium Low Medium 2 
User11 Low Low Medium High Low Low 2 
User12 Low Low Medium Medium Low Low 2 
User13 Low Low Low Low High High 3 
User14 Medium Low Low Low High High 3 
User15 Low Low Medium Low High Medium 3 
User16 Low Medium Low Low High Medium 3 
User17 Low Low Low Medium Medium High 3 
User18 Low Low Low Low Medium Medium 3 
User19 Low High Low Low Medium Low 1 
User20 Low Medium High Low Low Low 2 

 
We have tested our method with this set of twenty user profiles, as explained next. 

First, new concepts are added to the profiles by the CSA strategy mentioned in Section 
2, enhancing the concept and user clustering that follows. The applied clustering strat-
egy is a hierarchical procedure based on the Euclidean distance to measure the similari-
ties between concepts, and the average linkage method to measure the similarities be-
tween clusters. During the execution, a stop criterion should be defined based on an 
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appropriate number of clusters, but since in our case the number of expected clusters is 
three, the stop criterion was not necessary. Table 2 summarizes the assignment of users 
to clusters cluster, showing their corresponding similarities values. It can be seen that 
the results are totally coincident with the expected values presented in Table 1.  

Table 2. User clusters and associated similarity values between users and clusters. The maximum 
and minimum similarity values are shown in bold and italics respectively 

Cluster Users 
User1 User2 User3 User4 User5 User6 User19 1 
0.522 0.562 0.402 0.468 0.356 0.218 0.194 
User7 User8 User9 User10 User11 User12 User20 2 
0.430 0.389 0.374 0.257 0.367 0.169 0.212 

User13 User14 User15 User16 User17 User18  3 
0.776 0.714 0.463 0.437 0.527 0.217  

 
Once the concept clusters have been automatically identified and each user has been 

assigned to a certain cluster, we apply the information retrieval models presented in the 
previous section. A set of 24 pictures was considered as the retrieval space. Each picture 
was annotated with (weighted) semantic metadata describing what the image depicts 
using a domain ontology. Observing the weighted annotations, an expert rated the rele-
vance of the pictures for the twenty users of the example, assigning scores between 1 
(totally irrelevant) and 5 (very relevant) to each picture, for each user. 

 

 

Fig. 3. Average precision vs. recall curves for users assigned to cluster 1 (left), cluster 2 (center) 
and cluster 3 (right). The graphics on top show the performance of the UP and UP-r models. The 
ones below correspond to the NUP and NUP-r models 

Finally, the four different models are evaluated by computing their average preci-
sion/recall curves for the users of each of the three existing clusters. Figure 3 shows the 
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results. Two conclusions can be inferred from the results: a) the version of the models 
that returns ranked lists according to specific clusters (UP-r and NUP-r) outperforms the 
one that generates a unique list, and, b) the models that make use of the relations among 
users in the social networks (UP and UP-r) result in significant improvements with re-
spect to those that do not take into account similarities between user profiles. 

6   Conclusions and future work 

We have presented an approach to the automatic identification of social networks ac-
cording to ontology-based user profiles. Taking into account the semantic preferences of 
several users, our approach clusters the ontology concept space, obtaining common 
topics of interest. With these topics, user preferences are partitioned into different layers. 
The degree of membership of the subprofiles to the clusters, and the similarities among 
them, are used to define social links that can be exploited by recommender systems. 

Early experiments with a simple problem have been conducted, showing positive re-
sults. However, more realistic experiments need to be performed in order to properly 
evaluate our strategies. For instance, in real situations, user profiles usually have noisy 
components and do not easily allow to partition the concept space in a clear way. We are 
also aware of the need to test our approach in combination with automatic user preference 
learning techniques, to show that it is robust to imprecise user profiles, and test the impact 
of the accuracy of the ontology-based profiles on the correct performance of the clustering 
processes. 
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Abstract. User-adaptation can benefit from advances in ontology en-
gineering, when it comes to modeling domain and user or content and
context. Particularly when it comes to enhanced personalized access to
existing content repositories, the incorporation of ontological knowledge
can help a lot. In this paper we share the experience from two out of
a number of use cases in which we have applied an ontology-based ap-
proach to enhance the personalized access to available content (one for
TV multimedia content collections, one for cultural heritage multimedia
archives). As we demonstrate, the approach involves proper modeling
of the domain and of the additional knowledge that is included in the
system (to enrich the access) and it involves data transformations that
match the ontological knowledge. This gives us excellent opportunities
to investigate the properties of ontology engineering for enhancing the
personalized access to available, existing repositories.

1 Introduction

While the Web steadily but continuously keeps its advance towards a full-blown
user-adaptive content collection, other similar content providers like television

broadcasters and historical archives are lagging behind. However, lately integra-
tion seems to be the keyword for the next generation. Content providers search
for ways to put all their content at a digital visitor’s disposal. A clear step has
been set, also in the fields we mentioned. However this integration creates new
demands and requirements regarding personalization, handling diversity of users
and/or groups of users, interaction and content explosion issues [1, 2] on an even
more diverse scale. The process of integrating content collections from different
heterogeneous sources and presenting them to the users in a personalized and
context-aware manner demands a good understanding of both the content we
are dealing with and the users using it [3]. The Semantic Web [4] provides just
the means to achieve an unambiguous understanding of content and concepts
needed to integrate and map content collections. Even more interesting, once
knowledge is modeled, the content set can be enriched with reasoning facilities
to infer new knowledge to offer even richer service to the users. In this paper



we concentrate on the use of ontology-based knowledge in enriching the person-
alized interaction with content collections, and we consider the technical steps
that have to be set. In the two fields we mentioned we have experienced how on-
tologies can help to include additional knowledge in providing access to available
(legacy) multimedia collections.

In section 2 we look at a number of issues involved in including additional
knowledge into the domain ontology engineering. Later on in section 3 we de-
scribe how we implemented the ontology-inclusion in two concrete use cases.
There we give illustrative examples of the modeling of the ontological knowl-
edge and the data transformations and the mappings needed. In section 4 we
comment and evaluate based on our practical experience.

2 Domain Ontology Engineering

To provide a personalized environment to a user, a consistent domain ontology
is important. It forms the heart of the application, and thus should contain all
information needed to provide the service it was engineered for. The amount of
information it contains and its completeness is another discussion. It is for exam-
ple not very efficient to reinvent a complete domain while possibly other external
sources already contain this knowledge. Thanks to the semantic movement of
the last years a wide variety of both specific and more general ontologies exists
today. This abundance of knowledge is there for us to make use of and thus
enrich our central domain ontology. Seeing our available content repositories as
legacy applications, it means that we can offer interfaces on top of them that
provide enriched personalized access to them.

However, most of these knowledge repositories are usually quite disjoint and
thus need to be mapped or translated in order to include them. To be able to
include other available ontologies we need a common language to interpret and
exchange information. For this purpose RDF(S) [5, 6] and OWL [7] are both
good candidates because of their high acceptance among the community and
already being the main language for ontologies. Four kinds of ontologies might
provide useful knowledge in a system [8]:

– General ontologies: general knowledge, independently of specific domains or
tasks, with a medium level of precision; for example WordNet [9]

– Domain specific ontologies: specific for a domain but independent of a task;
they should reflect underlying reality and theory of the domain like for ex-
ample TV-Anytime [10] and MPEG7 [11] describe multimedia content

– Upper-level ontologies: multi-purpose and thus applicable on all domain spe-
cific tasks, e.g. time, space

– Application ontologies: with restricted scopes and driven by specific applica-
tion objectives (tasks); typically with a relatively small number of concepts

Usually applications work with one central domain ontology which then can
get enriched by others from one of the four former categories. In this paper we
consider existing repositories that have a given domain model and for which
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we add an interface application that includes (other) ontologies to significantly
enhance the access by the end-users to the repositories. Besides purely modeling
relevant knowledge about the domains, the ontology-inclusion opens doors when
it comes in our user-adaptive systems to modeling the user and the user’s context
[12]. Naturally, from technical perspective we can apply a similar approach here
to get more out of the data we have available in the user model by exploiting
extra ontologies that relate to that given data. In the next chapter we describe
our general approach to include extra knowledge for the purpose of enriching
the access to the given content repository.

3 Ontology-Inclusion Implementations

We have addressed this ontology-based approach to adaptation in a number of
industrial settings, of which we consider here only two in detail. One provides
personalized access to TV Multimedia Content Collections and one to Cultural
Heritage Multimedia Archives. Before we focus on the approach, we shortly
sketch the nature of these two implementation cases.

3.1 CHI: Access to Cultural Heritage Multimedia Archives

At a regional historical archive in the Netherlands, we applied the approach
for multimedia archives of cultural heritage photos, pedigrees and text notes.
The Cultural Heritage Interface (CHI) Web-based demonstrator aims to exploit
a novel ontology-based technology for improving archive search (Fig. 1). The
archive owners want to go beyond the traditional keyword-based text search
as well as to overcome interoperability issues in the heterogeneous metadata
annotations.

Fig. 1. CHI Search Interface

The archive currently holds about 35.000 items. It is in a process of being
digitalized and will therefore grow substantially in the future. The tool previ-
ously used for archive access was a database interface where users could search
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by entering free-text keywords. Naturally, this had the shortcoming of only find-
ing items of which the metadata description contained an exact match of the
given search keyword. Making this approach even more difficult, the metadata
descriptions of the system are to a great extent heterogeneous, with different fo-
cus and use of keywords. For instance, an archive record about e.g. a bookstore
may have been described in various terms like ”store”, ”shop” or ”boutique” etc.
This made it cumbersome for the end-user to know if the searches had a good
coverage and thus several queries had to be made.

To begin, with the aim of tackling the problem with inconsistent annota-
tions we have applied a CHI domain ontology describing in RDF some of the
most common concepts (keywords) in the archive, and how they relate to each
other. Relations used are: narrower, broader, instance-of, related-to, see-also and
previously-called. We have constructed an interface in which this structure is also
used as a basis for a new graphical navigation structure. If for example ”book-
store”, is the keyword selected by the user, then ”store” and ”shop” will also
be presented in the interface to show alternative related keywords and how they
are related, indicated by using different connector symbols. Currently, WordNet
is being added next to this CHI-specific ontology.

Furthermore, we have created an ontology of geographical concepts, since
spatial reasoning is very relevent for this archive as most records have a geo-
graphical reference. Our CHI-Geo ontology has been made on a level of detail
corresponding to the items in the archive, which here comprises concepts of re-
gion, city, neighborhood, area, and street. The most common instances of these
have been added to the ontology. This resulted in the added value of being able
to filter on preferred geographical level, e.g. all items from the city Eindhoven,
or a specific city area. This is a suitable base for connecting the geographical
concepts to other larger ontologies like GeoNet [13], and to introduce a graphical
map-based navigation user interface.

So, in CHI we start the search with a query from the end-user, which by
mapping to ontologies and exploiting their reasoning capabilities is refined to
get an improved content retrieval request (Fig. 2). The figure illustrates how,
based on the keywords for content annotation, a domain ontology is incorporated
in the process that adds semantic relations to describe the relationships between
keywords and likewise for the additional geographical concepts.

Fig. 2. CHI Functionality
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3.2 Blu-IS: TV Content Multimedia Collections

The second implementation is part of a case study on ontology-driven user adap-
tation for TV content handling in ambient home media centers. It has been car-
ried out within the European ITEA funded Passepartout project, with partners
like Philips, Thomson, INRIA and ETRI. The research presented in this paper
is a result of the specific collaboration with Philips Applied Technologies. The
demonstrator software called Blu-ray Interactive System (Blu-IS) illustrates a
connected home media environment to enable personalized access and interac-
tion with digital TV content. Blu-IS is a connecting point for home devices, such
as shared (large) screens, personal (small) handhelds, hand-gesture recognition
and biosensor-based interfaces. The major issues investigated in the project are
personalization, satisfying the diverse requirements that different users such as
children and adults may have, and intelligent information filtering in order to
prevent an information overflow as the abundance of available TV content will
be very large. As part of this, ontological background knowledge is incorporated
in the user’s access to the content collection (Fig. 3).

Fig. 3. Blu-IS Architectural Overview

In this figure we see on the left the user-environment and on the right the
available content sources (broadcast, Blu-Ray disks1 and IPTV) that provide
the content flow into the system as TV-Anytime packages [10]. The Blu-IS sys-
tem is responsible for the personalization of the user-content interaction and
offers therefore the personalization loop we see in the center of the figure. When
the user posts a query, the Blu-IS application uses the ontological knowledge,
in terms of background, context and user knowledge, and constructs a corre-
sponding refined query to the content repository (as also shown in the CHI
demonstrator, Fig. 2). At the bottom of the figure, we see that Blu-IS does a
similar filtering transformation using the user model on the query result before
presenting it to the end-user. In other words, it adapts the result to the needs
of the user or group of users and ranks them according to their relevance.

In the next section we discuss the technical details in the adaptation process
with including extra ontological knowledge and thus exemplify the generic ap-
proach we applied in both use cases.

1 http://www.blu-ray.com/
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3.3 Inclusion of Ontological Knowledge

Let’s take for example the Blu-IS multimedia content - it is represented in TV-
Anytime (TVA) format and thus the queries to the repository need to be ex-
pressed according to the data model for TVA. (Note that the approach works sim-
ilarly for the data in CHI format.) The content domain data model by definition
cannot incorporate all relevant knowledge to realize personalized access. There-
fore we incorporate an ontology subsystem implemented in a semantic repository
framework (Sesame [14]). The consequence is that we need to align the content
model and these extra ontology data models. For this, we developed a mapping

to map domain concepts and/or relations to corresponding concepts and/or re-
lations within the relevant ontologies. With this mapping we have augmented
the reasoning facility, i.e. the process of deducing new facts from known ones by
applying a logical framework. Although reasoning is perfectly possible within a
single (ontological) data structure, reasoning over the union of a set of ontologies
provides more than reasoning on each of the separate ontologies because more
facts can be combined (1+1=3). In this perspective, the mapping provides the
means to achieve a richer reasoning strategy and thus enlarges the conceptual
understanding of the content. A similar mapping was also realized in the case of
CHI. The ontology subsystem in both use cases contains lexical, temporal and
geographical ontologies.

As an illustrative example, we take the use of a Time ontology to allow the
reasoning over time in Blu-IS. This reasoning is quite relevant in both use case
domains. The cultural heritage archive data belongs to various historical periods
and events. The TV content usually comes with time properties like starting and
ending times of broadcasted shows and airing times of new material. The (given)
domain model for the TV content is comprised out of the TV-Anytime content
model and MPEG-7 [11]. In this domain, ’time’ is expressed by the standard
XML schema ’datetime’ type and the MPEG-7 ’timePointType’, where a time
point is expressed as a regular expression. The following code snippet example
shows the XML ’datetime’ type expression:

’-’?yyyy’-’mm’-’dd’T’hh’:’mm’:’ss(’.’s+)?(zzzzzz)?

The date ’2006-01-01T12:00:00’ for example satisfies this regular expression.
By mapping this string to an external Time ontology like [15], which provides
an abstract meaning of time and time relations, reasoning about time in such a
content becomes more powerful. In the Time ontology a point in time is expressed
as a ’CalendarClockDescription’ (we omit the correct OWL syntax due to space
restraints):

<owl:Class rdf:ID="CalendarClockDescription">
<owl:DatatypeProperty rdf:resource="#unitType"/>
<owl:DatatypeProperty rdf:resource="#year"/>
<owl:DatatypeProperty rdf:resource="#month"/>
<owl:DatatypeProperty rdf:resource="#week"/>
<owl:DatatypeProperty rdf:resource="#day"/>
<owl:DatatypeProperty rdf:resource="#dayOfWeekField"/>
<owl:DatatypeProperty rdf:resource="#dayOfYearField"/>
<owl:DatatypeProperty rdf:resource="#hour"/>
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<owl:DatatypeProperty rdf:resource="#minute"/>
<owl:DatatypeProperty rdf:resource="#second"/>
<owl:DatatypeProperty rdf:resource="#timeZone"/>

</owl:Class>

From these snippets we can see how it is more condensed to use the XML
’datetime’ datatype, however the advantage given by using the ontology’s ’Calen-
darClockDescription’ is that it can express more than ’datetime’, like for example
’week’, ’day of week’ and ’day of year’ (note that all properties have type ’non-
NegativeInteger’). To be precise, we do remark that this mapping maps domain
concepts expressed in OWL to concepts in the extra ontology. In Blu-IS we also
had before this the (straightforward) syntactic translation towards OWL (and
in CHI we did not have to this), but this is not relevant here.

Now, let us consider an example query in which we exploit the use of this
extra knowledge from the Time ontology: ”give me all movies produced in the
year 1980”. The TVA content repository defines in its scheme a ’productiondate’
for the content elements (of type dateTime) as:

<BasicContentDescriptionType rdf:ID="Untouchables">
<ProductionDate rdf:datatype="http://www.w3.org/2001/XMLSchema#dateTime">2006-02-09T14:07:48</ProductionDate>

</BasicContentDescriptionType>

The end-user query (in SeRQL) in this case looks like:

SELECT *
FROM {a} TVA:Productiondate {b},

{b} rdf:type {TIME:CalendarClockDescription},
{b} TIME:year {1980^^xsd:nonNegativeInteger}

USING NAMESPACE
TVA = <http://win.tue.nl/BluIS/TVA.owl#>
TIME = <http://win.tue.nl/BluIS/TIME.owl#>

In this query, we now define a CalendarClockDescription which describes the
notion of ”1980”. However, in the triple ’{a} TVA:Productiondate {b}’ this is
not a valid object and so we refer to the TIME ontology. There we have an
instance which looks like:

<CalendarClockDescription rdf:ID="1980">
<year rdf:datatype="http://www.w3.org/2001/XMLSchema#nonNegativeInteger">1980</year>

</CalendarClockDescription>

Now we have found a concept describing the year 1980, but this still is not
enough to get everything running. The year 1980 is actually describing an in-
terval and not a specific point in time. We want to get two exact points in time
(a start and end-point) correctly defined to the level of seconds in order to be
able to translate it to our TV-Anytime model again. From here we could do two
things. We can make a mapping between ontologies that translates a Calendar-
ClockDescription to a valid TVA interval (all the transformations are now in the
mapping). The alternative is to make a translation within the TIME ontology
by converting a CalendarClockDescription to a TIME interval (or instancepair)
and afterwards translating the TIME interval to a TVA interval. From these
two solutions, we see that the second one offers much more and uses better the
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facilities already included within the ontology. The OWL TIME scheme for both
interval and ’CalendarClockDescription’ we had to omit for space reasons, but
we give an instance example:

<InstantPair rdf:about="instantPair001">
<firstInstant>

<Instant rdf:about="instant01">
<inCalendarClock>

<CalendarClockDescription rdf:about="start1980">
<year>1980<\year>
<month>1<\month>
<day>1<\day>

<\CalendarClockDescription>
<\inCalendarClock>

<\Instant>
<\firstInstant>
<secondInstant>

...
<CalendarClockDescription rdf:about="end1980">

...
<\secondInstant>

</InstantPair>

We can now go from the ’TIME:CalendarClockDescription’ for ’1980’ we
started with to the ’TIME:InstantPair’ (above) and then from there to the
’XML:datetime’ values ’1980-01-01T00:00:00’ and ’1980-01-01T00:00:00’. With
those values, we can then move again back to the TVA instances (first in its
OWL variant and then its XML variant) and form a SeRQL query which will
retrieve our requested information.

SELECT *
FROM {a} TVA:MediaTitle {movie};

TVA:Productiondate {b}
WHERE b > "1980-01-01T00:00:00"^^xsd:datetype

AND b < "1989-12-31T00:00:00"^^xsd:datetype
USING NAMESPACE

TVA = <http://win.tue.nl/BluIS/TVA.xsd#>

4 Ontology-Inclusion Practices and Evaluation

Above we presented basic steps we took to allow OWL-based reasoning on the
data from the repository (in OWL-TVA format). This gives nice possibilities
that we exploit in the interface we present to the end-users. With this we can
also make instances of the time class defining specific time concepts like ’noon’
and ’midnight’ or duration specifications (a class containing two time points)
like ’eighties’ and ’evening’. By this a user can, for example, request programs
about the eighties in the evening. A user could now also ask for a specific TV
program alert on every third day of the week, which was not possible before.

We have used above the Time ontology to illustrate the incorporation of
ontologies, but of course this is only meant as an illustration. Obviously, we
consider the case where the query language itself is not capable of solving the
semantic gap and where we do need to exploit additional knowledge from the
extra ontology that is included.

One observation that we made during the construction was related to the
experience with lexical reasoning, i.e. reasoning based on lexical relations like
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synonymity, hypernymy and hyponymy. In contrast to the spatial and temporal
reasoning that we apply first at query time, lexical reasoning is better placed
at retrieval time, i.e. in the content retrieval part of the process. Spatial and
temporal reasoning are in our applications typically done at query time because
here you can update the query to request content in a certain time frame or
geographical location. For lexical reasoning on the other hand it is better to leave
it to the content retrieval repository to enrich the result to be send back to the
user. Of course we do not always have control over content provision which ruled
out this option in the case of the TV content. In Blu-IS the content is coming from
content providers and broadcasters which are usually private companies shielding
off their data for the outside world. Here it is thus up to these broadcasters to
provide lexical reasoning or again up to us, but then implemented at query time
after all. In CHI however, the available content is under our own direct control. In
this case the retrieval system can, upon arrival of a query, provide more content
than the user asked for, through lexical reasoning. The most elaborated linguistic
database existing on this moment is WordNet [9] which we therefore incorporate
in both our use cases, and in the case of CHI position at the retrieval part. It
shows that both the level of structure in the additional ontology knowledge and
the level of control are factors in positioning the ontology enhancement.

Fig. 4. CHI concept-based navigation

One interesting difference between the cases concerns the interface used in
CHI. In Blu-IS the application enriches the query more or less automatically,
and leaves it to the result presentation part of the application to indicate, with
appropriate ordering and hyperlinking within the presentations, which content
is ’added’. In CHI we have chosen to feedback the related keywords directly to
the user, i.e. at query construction time, allowing for more control by the end-
user. While the technical approach allows both options, it depends on the actual
application scenario what suits best. In CHI it means that the user is presented
with a graphical (node-and-link) presentation of the keyword structure ’around’
the keywords they entered at first (Fig.4).

User evaluation has proved that the users much appreciate the added func-
tionality in CHI as they feel more in control. An appreciated added value is the
new support for the combination of several keywords and that current keywords
in use are shown. Furthermore, users tended over time to use the keyword search
in lesser extent and more the graphical navigation.
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5 Conclusions and future work

In this paper we have presented our experience in including ontologies to of-
fer enhanced personalized access for digital content collections. For the specific
examples of a collection of TV multimedia content and for a cultural heritage
multimedia archive we have demonstrated what generally is needed to enable the
inclusion of external ontologies to get more out of the domain content and user
context models. Thus, we show how the incorporation of additional ontologies
allows the reuse of relevant background knowledge in the access interface for the
digital collections that thus become more appealing and easier to use. This gives
us a much wider use of the given content repositories.

Most of the current work concerns experiments regarding the usability of
the interfaces to analyze which particular ontologies can help: now that we have
the generic recipe we want to study the domain-specific application. One of the
other items on the list of things to extend tackles the problem that the names of
concepts can change. In CHI we have the situation that locations like streets can
be renamed during time. We experiment with the ontology concept ”previously-
called” and the time ontology concepts to investigate this.
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The ADALE Workshop on Adaptive Learning and Learning Design aims to integrate 
research and development in the fields of adaptive educational hypermedia and 
learning design. The goal of this workshop is to discuss how adaptive learning 
processes and learning design interact with each other to provide adaptive 
personalized learning experience. The adaptivity based on a user profile is naturally 
suited for individualized learning due to its learner and context centric notion which is 
apparent in personalized systems for learning. However, the knowledge representation 
and focus of specification should be shifted more towards learning activities and 
processes. IMS Learning Design (IMS LD) is a promising approach for the standard 
based integration of learning activities, resources and learning networks, which is 
activity centered. Anyway, integration of the IMS LD with more knowledge centric 
approaches, as well as learning and business process analysis are needed. The 
ADALE workshop session at AH2006 is especially interested in how adaptive 
hypermedia and adaptive web techniques can be helpful in conjunction with IMS LD 
to improve learning. Another ADALE workshop session is part of the ICALT 2006 
Conference, focusing on extending IMS LD for adaptive instruction. 

The workshop leads to better understanding of the interaction between learning 
design and workplace processes on the one hand, with the adaptive hypermedia 
methods and adaptive web techniques on the other. The workshop topics are based on 
the research problems studied in the wider community of PROLEARN Network of 
Excellence and Professional Learning Cluster. TenCompetence Integrated Project as 
well as COOPER and LUISA Specific Targeted Research Projects are in particular 
dealing with such issues and support this workshop. 

The seven accepted papers give an interesting overview of the state-of-the-art: 
They deal with implementation of adaptive educational methods with IMS LD, 
runtime adaptation of learning processes, integration of learning process modeling 
with IMS LD, knowledge representation for adaptive learning design, template 
approach for adaptive learning strategies, and present experience from the aLFanet 
and iClass projects that play important roles in research of adaptive learning design. 
We can state that IMS LD contributes significantly towards representation and 
interoperability of learning designs, providing also certain facilities for adaptation. 
But harmonization of the existing learning standards is not satisfactory, so Semantic 
Web techniques are usually used to overcome these issues. 
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Abstract. The paper describes adaptive methods developed in the area of 
adaptive educational hypermedia according to a simple taxonomy schema based 
on three dimensions: What components of the educational system are adapted? 
To what features of the user and the current context does the system adapt? 
Why does the system adapt? Based on this taxonomy several classical methods 
of adaptive educational hypermedia are classified. In a second step the paper 
shows how those methods could be implemented in a standardized way using 
IMS Learning Design. 

Keywords: Adaptive learning, IMS Learning Design, Adaptability, Unit of 
Learning. 

1 Introduction 

In adaptive educational hypermedia a variety of research work about questions on 
how to adapt curricula and learning content to individuals and groups of learners has 
been done [1-5]. From our point of view the application of adaptive methods to 
educational hypermedia applications can mainly be structured according to four main 
questions: 

 What parts or components of the learning process are adapted? This question 
focuses on the part of the application that is adapted by the adaptive method. 
Examples can be the pace of the instruction [3] [6]  that can be modified based on 
diagnostic modules embedded in the learning process or adaptation of content 
presentations, the sequencing of contents and others. Extensions with new forms of 
information delivery allow the distribution of learning materials to different learning 
contexts relevant to the individual user or groups of users. 

What information does the system use for adaptation? In most adaptive educational 
hypermedia applications a learner model is the basis for the adaptation of the 
previously given parameters of the learning process. Nevertheless there are a several 
examples where the adaptation takes place not only to the learner knowledge, 
preferences, interests, cognitive capabilities, but also to tasks and learner goals. 

How does the system gather the information to adapt to? There are a variety of 
methods to collect information about learners to adapt to. Mainly implicit and explicit 
methods like described in works from user modeling can be distinguished. A 
overview can be found at Jameson [7]. 



 

Why does the system adapt? This question mainly focuses on the pedagogical 
models behind the adaptation [8-10]. Classical educational hypermedia system mainly 
adapted according for compensation of knowledge deficits, ergonomic reasons, or 
adaptations to learning styles for an easier introduction into a topic. 

Table 1. A classification schema for adaptive methods 

What is adapted ? To which features ?  Why ? 

Learning goal 
• Content 
• Teaching method 
• Content 
Teaching style 
• Media selection 
• Sequence 
• Time constraints 
• Help 
Presentation 
• Hiding 
• Dimming 
• Annotation 

Learner 
• Preferences 
• Usage 
• Previous knowledge, 

professional background 
• Knowledge 
• Interests 
• Goals 
• Task 
• Complexity 

Didactical reasons 
• Preference model 
• Compensation of 

deficits 
• Reduction of deficits 
Ergonomic reasons 
• Efficiency 
• Effectivness 
• Acceptance 

 
Furthermore examples for adaptive methods can be found in different research 

areas as Intelligent Tutoring Systems [11-13], Adaptive User Interfaces [14, 15], 
Adaptive Hypermedia [1], Intelligent Multimedia or Intelligent Agents [16, 17] for 
Learning. Examples found in the literature can be mostly classified to the scheme 
introduced above. The following section will give an overview with some examples. 
In the following we will pick out some examples and discuss the possibilities to 
implement them in IMS-LD. 

2 Elements in IMS Learning Design to Realize Adaptive Units of 
Learning 

IMS Learning Design [18] is focused on the design of a pedagogical method able to 
sequence learning activities linked to learning objects. The learning flow is structured 
in plays, acts, activities, activity structures and environments and can be defined in a 
flexible way, providing several itineraries depending on the role assigned of on a set 
of rules. 

Although there is an increasing amount of literature about the specification [19-21] 
it is not so usual to find references to some specific modelling showing concrete 
elements and educational applications of IMS Learning Design. This section aims to 
provide some support on this approach. 
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Table 2. Examples of classified adaptive methods 

What? To what? Why? How? 

Adaptive Sequencing 

Sequencing 
Content or 
Learning 
Activities 

Learner tested 
knowledge or 
navigation history 

Compensation 
of Deficits or 
Encouraging 

Tests, 
Tracking  

Incremental Interface 

Complexity of 
Interface, 
Number of 
functionalities 

Tasks, Skills, 
Domain 
Knowledge 

Usability User Tracking, 
Questionnaires  

Adaptive Presentation 

Selection of 
media 

Knowledge 
preferences goals 

Compensation 
of deficits 

Diagnostic 

Adaptive navigation support 

Hyperlinks,  
restriction of 

navigational 
freedom 

Knowledge, 
background, 
preferences 

Adaptation to 
zone of proximal 
development 

Diagnostics, 
Tests 

 
IMS LD consists of three levels (Figure 1). Each level itself provides specific 

features to the educational information pack, called Unit of Learning. Furthermore, 
Level A provides method, plays, acts, roles, role-parts, learning activities, support 
activities and environments; Level B provides properties, conditions, calculations, 
monitoring services and global elements; and Level C provides notifications. Every 
level is built on the previous one. As Level A is the main part of the specification, as 
gives the ground to build any Unit of Learning, Level B adds powerful features to 
create more complex e-learning lesson plans, and Level C sums a specific use of a 
trigger system. 

Besides the basic and crucial structure provided by Level A, the elements of Level 
B become the actual key for adaptation, as they combine properties with conditions 
and other features that encourage and make more flexible the content and the learning 
flow. 

IMS LD is able to carried out six main types of adaptation [22]: Learning flow 
based, content based, interactive problem solving support, adaptive user grouping, 
adaptive evaluation and changes in run-time. They are also useful to address 
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complementary issues to adaptive learning, like active learning, collaborative 
learning, dynamic feedback, run-time tracking, ePortfolios and assessment [23]. All 
these types of adaptation and specific applications to educational purposes make an 
intensive use of several features in Level B, as we describe in the next section. 

 

Fig. 1. IMS Learning Design and three levels specification 

3 IMS LD Level B and adaptation 

The elements in Level B providing support to adaptation in Units of Learning are 
categorized as 1) properties, 2) conditions, 3) global elements, 4) calculations and 5) 
monitoring services 

3.1 Definition, Set-up and Use of Properties 

Properties are taken as variables to store values. There are several types of properties: 
local, global, personal and role. A variable must be defined and initialized. In the 
following lines we define a property, String type, and a second one, Integer type, and 
we initialize this last one to 0: 

 
<locpers-property identifier="LP-name"> 
  <title>your name</title> 
  <datatype datatype="string"/> 
  </locpers-property> 
<locpers-property identifier="LP-age"> 
  <title>age</title> 
  <datatype datatype="integer"/> 
  <initial-value>0</initial-value> 
</locpers-property> 

 
When several properties are defined around a category they can be grouped. This 

process facilitates the data input providing one single confirmation button per group, 
instead of one per every property: 
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<property-group identifier="LP-group-profile"> 
  <title>User information</title> 
  <property-ref ref="LP-name"/> 
  <property-ref ref="LP-age"/> 
</property-group> 

 
After the definition, the property can be used to set and view values, using global 

elements - see 3.3 later in this text. A property can also change the stored value 
internally, without any user input: 

 
  <change-property-value> 
    <property-ref ref="QuestionTrue1"/> 
    <property-value>100</property-value> 
  </change-property-value>    

3.2 Conditions 

IMS LD is able to define a basic structure if-then-else, for instance to change the 
value of a property. In this case, the value 100 is stored in the property QuestionTrue 
if the property Answer contains the value Circle. In other case, the value to store is 0: 

 
<if> 
  <is> 
    <property-ref ref="Answer"/> 
    <property-value>Circle</property-value> 
  </is>     
</if> 
<then> 
  <change-property-value> 
    <property-ref ref="QuestionTrue"/> 
    <property-value>100</property-value> 
  </change-property-value>    
</then> 
<else> 
  <change-property-value> 
    <property-ref ref="QuestionTrue"/> 
    <property-value>0</property-value> 
  </change-property-value> 
</else> 

 
We can also use conditions to hide and show elements in the learning flow, for 

instance between two Activity Structures, in case there is a certain value (Sports) in a 
property: 

 
<if> 
  <is> 
    <property-ref ref="LP-choose-activity"/> 
    <property-value>Sports</property-value> 

 

Implementing Adaptive Educational Methods with IMS Learning Design 245



 

  </is> 
</if> 
<then> 
  <show> 
    <activity-structure-ref ref="AS-Sports"/> 
  </show> 
  <hide> 
    <activity-structure-ref ref="AS-Music"/> 
  </hide> 
</then> 

3.3 Global Elements 

Global elements provide a communication flow between the IMSmanifest.xml, where 
the different levels of IMS LD are set-up, and other XML files. Mainly, they can get 
an input from the user and they can show a value of a property: 

 
<ld:set-property-group ref="LP-name" property-

of="self"/> 
 
<ld:view-property-group ref="LP-name" property-

of="self"/> 

 
Furthermore, they can manage DIV layers (classes) in XHTML, for instance to 

show and hide specific content. In the following case the class called Feedback_Right 
is on the screen when the property Answer contains the value Green: 

 
<if> 
  <is> 
    <property-ref ref="Answer"/> 
    <property-value>Green</property-value> 
  </is>     
</if> 
<then> 
  <hide> 
    <class="Feedback_Wrong"/> 
  </hide> 
  <show> 
    <class="Feedback _Right"/> 
  </show>  
</then> 

3.4 Calculations 

IMS LD is able to make some basic calculations (sum, subtraction, multiplication and 
division) and some combination of a number of them in a row, to get a more complex 
formula, like a simple average, for instance. Following, we define the sum between 
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Value_A and Value_B and we divide this partial result by 2, storing the final result in 
the property Simple_Average: 

 
<change-property-value> 
  <property-ref ref="Simple_Average"/>  
  <property-value> 
    <calculate> 
      <divide> 
        <sum> 
          <property-ref ref="Value_A"/>  
          <property-ref ref="Value_B"/>  
        </sum> 
        <property-value>2</property-value> 
      </divide> 
    </calculate> 
  </property-value> 
</change-property-value> 

3.5 Monitoring Service 

The specification allows monitoring any kind of property assigned to a user, a group 
or a role, for instance. In order to start this action, firstly the component monitor must 
be set-up inside an environment (in this specific case): 

 
<environment identifier="E-qualifications"> 
  <title>Which are the qualifications of the 

others?</title> 
  <service identifier="S-qualifications"> 
    <monitor> 
      <role-ref ref="Student"/> 
      <title>Qualifications of the other 

students</title> 
      <item identifierref="R-qualifications"/> 
    </monitor> 
  </service> 
</environment> 

 
Moreover, this property can also be traced with the monitor component. For 

instance, the following code allows reading (view) the property of a different student 
(supported-person), using a global element. 

 
<ld:view-property property-of="supported-person" 

ref="LP-qualifications"/> 

 
In these lines, the monitoring service is defined for a learner (Student). This means 

that every student can view the content of the properties of other classroom partners. 
When a tutor needs to view students’ properties, a similar structure can be designed, 
providing a proper tracking of each participant in a course. 

 

Implementing Adaptive Educational Methods with IMS Learning Design 247



 

Basically be the combination of Properties, Calculations, Conditions, Global 
elements and a Monitoring service quite a variety of classical adaptive methods can 
be modeled, e.g., Properties allow for making use of user features, group features, and 
adaptation to stereotypes [24]. Beside the classical adaptation to individual learners 
especially the adaptation to learning groups or properties of roles offer new 
possibilities. The use of environments in IMS-LD allows for the adaptation and 
personalization of supporting learning environments for different learning activities. 

4 Specific Examples 

In the previous section, we define all the key elements in the Level B of IMS LD to 
create adaptive Units of Learning, based on sequence, groups, content, evaluation and 
other features. But how to realize this adaptation? To illustrate the appropriate 
combination of some of some elements in Level B that carry out a type of adaptive 
learning we show two full examples, Learning to listen to Jazz and Geo Quiz 3 
(LN4LD, 2005). 

Learning to listen to Jazz is a course about the different music styles in Jazz. There 
are two different routes to follow, one thematic and another one historic, and the user 
can swap between both in different moments of the learning flow. In this case, the 
adaptation comes from the user, based on a pre-design of the course by the 
author/tutor.  

 

 
 

Fig. 2. Learning flow in Geo Quiz 3 
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The second example, Geo Guiz 3, provides a general quiz on geography with five 
questions and multiple answers, where the user gets some score, average and 
percentage of accuracy, and also where the next activity to study depends on these 
results, coming out of four possible activities. This example guides the learning flow 
of the student based on his performance and a set of pre-defined rules. The conceptual 
graph is shown in Figure 2. 

5 Integration and Outlook 

IMS-LD enables a standardized way for designing personalized learning experiences 
as shown in the specific examples. In the following we try to map the dimensions of 
the classification model the first part of this paper and map them on the parameters in 
IMS-LD to represent personalized learning. 

What information is used for adaptation and how is this represented in IMS-LD? 
Basically properties are a very open and flexible way to represent information about 
users ranging from preferences, knowledge, interests, and even more complex 
calculations can be used to compute more complex models. Using properties not only 
for single users but also for groups of users allows synchronizing collaborative 
learning activities in which we see a very interesting opportunity for future research in 
contextualized and mobile distributed learning. Furthermore the possibilities of Level 
C in IMS LD, which have not been considered in this paper, will allow for updating 
user and role properties based on arbitrary events in the collaborative learning or 
tutoring activities. Another strength of IMS-LD definitely lies in the role properties 
that can be used in a variety of ways like shown in the jazz example but also for 
adaptation to stereotypes. 

What can be adapted and how is this represented in IMS-LD? IMS-LD allows for 
description of learning processes and the connection of resources, activities and Units 
of Learning, furthermore like described in the specific examples and parameters IMS-
LD can also be used for navigational guidance where dependent on properties certain 
elements in a navigations tree can be annotated or hidden and content adaptation in 
which certain elements are visualized or not. More research needs to be done on ways 
how to describe learning designs an certain adaptation rules for them on a meta level, 
e.g. to describe rules for all activities and knowledge resources based on properties. 

Why does the system adapt and what is the pedagogical aim? The strength of IMS-
LD for reuse of pedagogical patterns and applying them to different domain 
instantiations can be easily seen in projects like AUTC [25] or LN4LD [26] where a 
variety of reusable patters for collaborative and individual learning experiences have 
been developed. In the upcoming research our team aims at developing reference 
examples for adaptive methods taking into account group and individual learning 
models for adapting not only sequencing and content adaptation but also run time 
adaptation of pedagogical patterns. A main strength of IMS-LD in comparison to 
several adaptive educational systems is the pedagogical background coming out of 
EML. 

How does the system get the information about the user? As seen in the first 
example IMS-LD can support adaptability as also adaptivity. The integration with the 
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IMS specifications on Questions and Tests Interoperability [27], Reusable 
Competence Definitions [28] and Content Packaging [29] is definitely a strong plus 
for both the integration with assessment on the level of knowledge, competences and 
goals as also the possibilities for content delivery. 

We foresee high potential for IMS-LD to be a powerful approach for modeling 
adaptive methods in education and will continue to investigate its potential with the 
implementation of specific examples as also the participation in the Adaptive 
Hypermedia community and the IMS bodies. 
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Abstract. The aim of this work is to bring together the traditional way of 
teaching and work using a computer-supported environment. This means 
increasing the flexibility of the learning processes application, giving the 
chance to instructors to introduce variations on runtime. Besides, learning 
processes are refined through their use, by making permanent the modifications 
which have shown to improve the learners' performance on the different 
learning objectives. We term this late modelling of learning processes. This 
paper describes the lifecycle of late modelling and proposes an architecture for 
implementing its runtime stages in the learning process described by means of 
the IMS Learning Design specification. 

1 Introduction 

When describing an educational process it is not always possible to know all its 
characteristics at design time. Many of them as, for instance, the ones related to 
synchronization and temporization of the activities cannot always be established 
before the proper execution of the learning process begins. 

Regardless how carefully and precisely a learning process has been defined, its 
application to actual educational settings is not rigid, since it is very difficult to 
foresee all the potential reactions from learners. In practice, teachers take the learning 
process as a starting base, not to be followed blindly, and observe the evolution of the 
learners during its execution, introducing the appropriate adaptations in order to solve 
specific problems, reinforce the learning of some particular concepts and, more 
generally, guarantee the achievement of the original learning objectives. Furthermore, 
the adaptations proven to improve the original process results will be part of future 
applications. Due to the above, the learning process is refined through its use. We 
term this late modeling. 

This work aims at increasing the degree of freedom of the teachers when applying 
a learning process on a computer-supported environment. Instructors will be provided 
with the possibility to introduce modifications in the learning process definition 
during its proper execution. The adaptive actions introduced could be evaluated 
against their original goal, measuring its influence on the learning objectives 



 

achievement and, accordingly, giving the teacher a chance to automatically include 
them in the original process. This way, instructors would imitate the way teachers 
work in real life: the gain obtained by the use of the process is kept within the process 
and, at the same time, is also used to refine it. 

The rest of the paper is organized as follows. First, the late modelling lifecycle will 
be defined, describing the purpose and characteristics of each of its different stages. 
Next, the architecture of a system able to implement the runtime phases of the late 
modelling of IMS Learning Design [1] specified process will be outlined. Finally, 
some conclusions will be presented. 

2 Late Modelling of Learning Process 

The application of a learning process is in practice quite flexible as it is not possible 
to foresee all the potential reactions from the learners. Instructors take the learning 
process as a basis, and after observing the learners reactions, they may response 
providing extra examples, explanations to reinforce particular concepts, repeating 
activities, tuning the time-limits for completion of the assessments, etc. However, the 
more the instructors play the course, the less adaptations are required to be applied as 
the process is refined through its use. The experience gained from prior plays is 
comprised within the process definition and a wider range of learners' reactions 
response is captured. This means that the course model definition does not conclude 
at the design phase but rather when no more modifications are required to be applied. 
We term this process late modelling. 

 

Fig. 1. Late modelling of learning process lifecycle 

Figure 1 illustrates the different activities of the late modelling of a learning 
process carried out on a computer-supported environment. The process starts once an 
initial model of the course is been defined and its execution begins. Tutors observe 
learners interactions and introduce the appropriately tagged adaptations. The success 
of the applied adaptations is evaluated and once the process is finished, the learning 
objectives achievement will be measured. Based on that information a new version of 
the learning process could be generated, including the successful modifications 
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introduced. This new version will go through the same cycle on its next plays until no 
more adaptations are required to be applied. 

This section provides a description for each of the different activities that compose 
a late modelling process: to monitor the execution, to introduce adaptations, to 
evaluate the adaptations, to evaluate the process results, and finally, to integrate the 
adaptations. 

2.1 Monitor the Execution 

In order to detect potential problems and introduce the appropriate adaptive actions, it 
is fundamental for the instructors to be able to monitor the learner's interactions and 
progress during the learning process. 

The more information tutors can obtain from the process execution, the better they 
will identify causes of problems during the learning process. For instance, if they can 
only retrieve information about the learner's score on the different activities, they may 
only be able to conclude that her performance is not being adequate. Otherwise, if 
they could retrieve information about which resources the learner has visited and how 
much time has she spent on each of them, they may be able to extract more accurate 
conclusions and produce appropriate recommendations and adaptations. 

On the other hand, the comparison of information from the different learning 
process instances of the different participants allows the instructors to detect which 
problems are specific of a particular learner and which others are common to all of 
them. To facilitate this task, it is desirable to count on a system which allows the 
definition of watch points. 

2.2 The Introduction of Adaptations 

Based on the information retrieved from the monitoring activities, instructors will 
describe the process variations required to guarantee the process success. 

Jacobson et al [2] defined variation points as "places in the design or 
implementation that identify locations at which variation can occur". Variation points 
can be bound to the system at different stages of the product lifecycle. Svahberg 
presented [3] a taxonomy of variability realization techniques which defined different 
ways in which a variation point can be implemented. One of these techniques is the 
code fragment superimposition, where a software solution is developed to solve the 
generic problem; code fragments are superimposed on top of this software solution to 
solve specific concerns. This superimposition can be achieved by means of different 
techniques; as for example the Aspect Oriented Approach [5], and provides the 
designer the possibility to bind the modifications during the compilation phase or 
even at runtime. 

We can take these concepts into the adaptation of learning processes. Authors can 
describe the desired adaptations on auxiliary specification files that could be 
processed together with the original Unit of Learning (UoL) [1] and applied at 
runtime giving the user the feeling that they were included in the original UoL. This 
way, we can maintain a single UoL definition and a number of descriptions for 
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adaptations. Those files tie together all the changes involved in a particular adaptation 
and keep that particular concern separated from the main UoL functionality and the 
rest of adaptations. 

 

Fig. 2. Overview of different adaptation possibilities of a learning process 

An overview of the process is shown in figure 2. From several possible adaptations 
defined for a particular UoL, the designer chooses the one which best fits the current 
situation and applies it to the UoL. The introduction of the adaptive action can be 
carried out at design time (adaptation 1) or at runtime (adaptation 2, 3, 4). In the last 
case, adaptation could be applied to all the running instances of a UoL (adaptation 2), 
to all the users of a particular running instance (adaptation 3) or only to the 
personalized view of a particular user (adaptation 4). 

In [4] authors defined adaptation pokes as descriptions of small modifications of 
some elements in a learning design process. The set of elements whose modification 
could be described by an adaptation poke were also defined. The authors also 
introduced the three different types of files which could be required to specify an 
adaptation poke: an adaptation command file (describing the adaptive actions), 
adaptation manifests files (containing the definition of new learning process 
elements), and resource files (corresponding to new content files). In the context of a 
late modelling process it may also be necessary to specify: 

• Description of the adaptation poke objectives: The outcomes that instructors expect 
to obtain by introducing the poke. 

• Description of the mechanism for evaluating the adaptation poke objectives: The 
way the grade of satisfaction of the adaptation poke objectives should be measured. 
This includes the definition of the moment when the evaluation must be performed. 

• Condition of integration: a condition to determinate when the adaptation poke 
should be permanently integrated into the learning process. 
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Regarding the purpose of the adaptation, moment of introduction and possibility of 
integration, adaptation pokes can be classified into four different groups: 

− Touch Pokes: These are specific variations whose introduction should not be 
considered during the rest of the process. They are always included at runtime and 
do not contain adaptation objectives or evaluation mechanism descriptions as they 
respond to an external requirement. For instance, when tutor need for any reason to 
set to ‘completed’ or ‘incomplete’ the status of a particular leaner activity, or due 
to the momentary unavailability of a required resource, tutors modify the time limit 
of an assessment activity. 

− Readjustment Pokes: Here, the purpose is to readjust the learning process after an 
incidence external to the process nature occurs. They do not include adaptation 
objectives or evaluation mechanism, but their introduction must be taken into 
account when evaluating the process. They can be introduced in the process before 
or after the beginning of the execution. For example, the original course schedule 
may have been modified due to adverse atmospheric conditions. As a result, the 
available time for the completion of some of the activities has been decreased. 
Another example could be the modification of the original course program to cover 
a new subject in response to the students’ interests. 

− Corrective Pokes: A problem is detected during the learning process and some 
corrective actions must be introduced in order to accomplish the established 
learning objectives. It is necessary to describe the objectives of the adaptation as 
well as an evaluation mechanism. Due to its nature, their introduction only makes 
sense at runtime. Examples of corrective adaptations could be the introduction of 
complementary material, the adjustment of the time limit to complete a particular 
assessment, replacement of incorrect content, etc. 

− Variation Pokes: They define a specific variation in the whole learning process. 
This means, they transform the original UoL to adequate it, for instance, to a 
different learner profile, context or agenda. They must be introduced before the 
execution of the learning process starts and they do not require objectives 
specification. This way, authors can create variation pokes for obtaining adequate 
versions of the UoL for distance courses, intensive on-campus instructions or just 
to remove the student’s evaluations. 

A corrective poke may become a variation poke for the next course execution. To 
illustrate this situation a whole process example will be shown: consider a course run 
during which instructors may have been required to introduce several corrective 
adaptations including complementary material. Once the process is finished 
instructors analyze the process data to find out the reason of the adaptations 
requirement. The analysis ends up with the conclusion that the learners profile 
assignment was incorrect: the learner's real profile did not match the expected one and 
most of the adaptations introduced aimed to cover knowledge gaps between the two 
of them. Designers decide to group the introduced corrective adaptations under a 
single variation poke to be applied to the original UoL in future instructions in order 
to adapt it to the new learner profile. 
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2.3 Evaluation of Adaptations 

Once the adaptation has been introduced it is necessary to score it. This way, not only 
the grade of satisfaction of the adaptation objectives must be evaluated, but also its 
influence in other parts of the process must be considered. Evaluations can be 
specified using formulas composed of values retrieved by process monitoring 
mechanisms, direct tutor observation or from the leaner profile. Those values can 
refer to the student performance in the different process activities and learning 
objectives but also to the collaborative skills proven during the process, prior 
knowledge, etc. The moment when the evaluation should be performed must also be 
specified: once the learning process is finished, once a particular assessment activity 
is completed, etc. 

Together with the evaluation formula, a list of learning objectives that can be 
influenced by the adaptation can be provided. Pokes with clashing related learning 
objectives should be thoroughly examined in order to detect possible correlations 
between their actions. 

Note that the evaluation is not directly based on the learner’s results but on 
comparing the expected consequences of the adaptation with the actual ones. Hence, 
the difficulty lies on the identification of what is a real consequence of the adaptation 
and what is not. 

2.4 Process Evaluation 

Once the learning process is finished, its results must be evaluated to identify 
strengths and weaknesses. This evaluation is mostly based on the information about 
the performance of the learners for each learning objective obtained once the process 
is finished. If most of the learners score low for a particular learning objective, 
designers may consider including complementary material, reviewing the pedagogical 
approach or reconsidering the calibration of the difficulty of the assessment activities. 
However, causes of low performance may also lay on external circumstances or 
incorrect learner profiles. It is necessary then, to establish the grade of reliability of 
the process results by comparing them other plays of the course data. 

Following this idea, instructors can perform two different types of results data 
evaluation: 
• Evaluate the overall results of all the participants of a particular course play: This 

gives instructors an idea of the success of the learning process definition for the 
current group of learners. 

• Compare actual results with historical results: Historical data become more 
relevant the higher the number of plays accumulated, and it becomes a useful tool 
to identify weakness or improvements in our learning process. Average results 
before and after the introduction of a particularly important adaptation must be 
compared to gain an idea of its possible impact on the course success. 
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2.5 Integration 

Once the process results have been analyzed, the integration phase takes place. This 
way, adaptive actions which have proved to lead to an improvement of the process 
become a permanent part of it. Instructors thoroughly examine all the corrective pokes 
evaluations selecting the ones to be integrated. 

Conditions to establish the integration of the objective pokes can be specified to 
give the instructors the chance to automatize the process. These conditions will be 
based on threshold values for the adaptation evaluation results. Corrective pokes 
whose integration condition has been evaluated to true would be selected for its 
integration. The system will apply them to the original UoL definition following their 
introductory order. Each of the adaptation introductions is validated separately to 
facilitate the identification of dependencies with rejected adaptation in case of failure. 

3 Implementation of Late Modelling in Learning Design Process 

This section covers a proposed architecture for implementing the runtime phases of a 
late modelling of learning design specified process. The core of the architecture is a 
Learning Design Player able to interpret adaptation pokes descriptions and to 
introduce the specified modifications at runtime. A mechanism to guarantee the 
integrity of the modified UoLs must also be defined. 

3.1 LD Player 

A Learning Design Player (LD Player) is the program that interprets a UoL. It 
presents the different activities and resources to the involved roles and controls their 
interactions. In [4] authors outlined the structure of a LD Player capable of 
combining, both at design and runtime, the original UoL information with adaptations 
descriptions included in the adaptation pokes. The proposed structure (Fig. 3) follows 
object-oriented design principles, establishing a correspondence between the elements 
of the Learning Design specification and the class concept from an OO approach. It 
also made use of design patters and an Aspect Oriented Approach [5]. This allows a 
separate specification of the elements of the structure and the definition of the 
operations that can be applied to it. Two of the possible operations that could be 
implemented were the modification of the elements definition (Adaptor class) and the 
retrieval of information about their stage (ProgressWatcher class). 

A set of commands were defined for specifying the modifications that could be 
carried out for each of the elements. Designers used those commands to create 
adaptation pokes which were included in the content package or uploaded to a 
running instance. The AdaptationReader generates the appropriate Adaptor object and 
passes it to the execution engine to perform the required adaptation. 

Following the same approach, another set of commands was defined to specify the 
elements' characteristics whose value could be retrieved at runtime. Designers 
introduced the appropriate command at runtime indicating the element identifier and 
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UoL running instance desired to be observed. A ProgressWatcher instance was then 
generated and the appropriate values obtained. 

The adaptive LD Player was implemented as an extension to the CopperCore IMS 
Learning Design engine [6] and can be used to implement the main stages of a late 
modelling of learning design specified process: the introduction of adaptations and the 
monitoring of the execution. The first one clearly match the adaptive LD Player 
operational way and the second one can be performed using monitor services 
implementations [1], complemented with ProgressWatcher actions. 

 

Fig. 3. LD Player Structure 

3.2 Adaptation Validation 

Some considerations must be taken into account to ensure that the adaptation by the 
LD Player previously described does not compromise the integrity of the original 
UoL. Every time a UoL is published in a particular player, a validation process is 
launched to guarantee its compliance with the IMS LD language definition and the 
availability of the referenced resources. Consequently, after the introduction of 
runtime adaptations, the same validation process should be repeated to ensure that the 
UoL definition remains valid. 

An adaptation poke should be considered as a whole transaction and thereof its 
introduction should result on their complete application or invalidation. Some 
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conflicts between adaptive actions within the same poke or between different pokes 
result in their application failure. In these cases, to maintain a copy of the UoL state 
before the adaptation to be restored can be enough to solve the problem. 

However, some inconsistencies are harder to detect as the adaptive action does not 
cause failure. This type of validation could be solved by means of programming by 
codifying the characteristics and properties a valid Learning Design should 
accomplish. However, this is a hard task to undertake, and future changes or 
extensions on the LD specification would involve modifications on the program code. 
A more effective approach would consider the use of an ontology to capture the 
semantics of the Learning Design specifications to validate the consistency of the 
adapted UoL. 

In [7, 8], the authors describe an IMS LD-based ontology which captures the 
semantics of the IMS LD Level A specification as well as the restrictions to be 
verified between the LD concepts. As this ontology model defines formally these 
restrictions, it is possible to use it for the detection of inconsistencies on adapted 
instances of a learning design, because the detection of inconsistencies will happen 
when these restrictions are not verified. The IMS LD ontology was implemented in 
Frame-based Logic (F-Logic) [9], and the FLORA-2 reasoner [10] was used to check 
the axioms of the ontology when the concepts instances were introduced. 

The process for detecting the inconsistencies can be resumed as follows: first, an 
adaptation poke is introduced into an UoL instance, and, as a consequence, its LD 
description is changed; then, the ad-hoc translator is executed to transform the XML 
schema representation of the adapted learning design into the F-Logic description; 
and finally, the FLORA-2 reasoner is invoked to answer the queries associated to the 
axioms that must be verified. 

4 Conclusions 

This paper has introduced the concept of adaptation poke as the specification of small 
adaptive actions that can be applied, even at runtime, to a previously defined learning 
process. The adaptive actions introduced are evaluated against their original goal, 
measuring its influence and, accordingly, giving the instructor a chance to 
automatically include them in the original process. The process of progressive 
refinement of learning processes through their use is what we call late modelling. 

An architecture of a Learning Design Player that provides the means to implement 
the runtime stages of the late modelling in Learning Design specified process has 
been described. The player was designed as an extension to the CopperCore runtime 
engine and implemented with the help of different design patterns and an Aspect 
Oriented Programming approach. Once the UoL has been adapted, it must be 
validated in order to guarantee its compliance with the IMS LD specification. For that 
purpose an ontology that captures the semantics of the elements of the Learning 
Design specification is utilized. Although at this moment the ontology is only able to 
validate changes in Level A elements, future versions of the ontology will be able to 
represent Level B increasing the validation capabilities of the system. 
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To facilitate the evaluation of both the introduced adaptations and the process 
results, an evaluation model which works on top of the learning process definition can 
be used. Work is being carried on to produce an XML notation for the evaluations 
specification. At the same time, the XML language may also be adequate enough for 
the description of the adaptation commands. The adaptation description can be 
increased with new elements in order to support the adaptation evaluations definition. 

Future lines of work include the development of an application to aid in the late 
modelling process. The application will provide facilities for the authoring of process 
evaluations and adaptations. By using a GUI interface, designers will be able to select 
elements of an IMS LD specified process and connect them with evaluation profile 
elements. Templates to facilitate the adaptation definitions and new learning process 
components specification will also be provided. The application will communicate 
with a CopperCore engine increased with adaptation capabilities in order to directly 
introduce the described adaptations into running UoL instances. The retrieval of data 
to populate the evaluation profiles will also be possible by means of the 
ProgressWatcher implementation. This will simplify the process progress 
monitorization tasks. 
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the Ministry of Science and Technology, Spain. 

References 

1. IMS Global Learning Consortium. “IMS learning design information model, version 1.0 - 
final specification”. Electronically available from 
http://www.imsglobal.org/learningdesign/ldv1p0/imsld infov1p0.html, 2003. 

2. Jacobson, I. Griss, M. Johnson, P. “Software Reuse. Architecture, Process and Organization 
for Bussiness Success”. AddisonWesley, ISBN: 0-201-92476-5. 1997. 

3. Svahnberg, M. et al. “A Taxonomy of Variability Realization Techniques”, Technical paper, 
ISSN: 1103-1581, Blekinge Institute of Technology, Sweden, 2002 

4. T. Zarraonandia, J. M. Dodero, and C. Fernández, “Croscutting runtime adaptations of LD 
execution”, Journal of Educational Technology and Society, volume 9, number 1, 2005 

5. Marcus, A. et al. “An overview of aspect oriented programming”. Kent State University, 
Dept. of Computer Science, 2001 

6. Open Universiteit Nederland (2005) “CopperCore v2.2.2 release”. Electronically available 
from http://coppercore.org/ 

7. M. Lama, E. Sánchez, R. Amorim, and X.A. Vila. “Semantic Description of the IMS 
Learning Design Specification”. AIED-Workshop on Semantic Web technologies for E-
Learning (SW-EL 05), Amsterdam, 2005. 

8. R. Amorim, M. Lama, E. Sánchez, A. Riera, and X.A. Vila. “An Ontology to Describe 
Semantically the IMS Learning Design Specification”. Journal of Educational Technology 
and Society, volume 9, number 1, 2005. 

9. M. Kiefer, G. Lausen, and J. Wu. “Logical Foundations of Object-Oriented and Frame-Based 
Languages”. Journal of ACM, 1995. 

10. G. Yang, M. Kiefer, C. Zhao, and V. Chowdhary. “FLORA-2: Users' Manual (version 
0.94)”. http://flora.sourceforge.net/docs/floraManual.pdf. 

 

A Late Modelling Approach 261



 

Learning Processes and Processing Learning:  
from Organizational Needs to Learning Designs 

Ambjörn Naeve1, Miguel-Angel Sicilia2 

1 The Knowledge Management Research Group 
School of Computer Science and Communication 

Royal Institute of Technology 
Stockholm, Sweden 
amb@nada.kth.se 

http://kmr.nada.kth.se 
2 Information Engineering Research Unit 

Computer Science Dept., University of Alcalá 
Ctra. Barcelona km. 33.6 – 28871 Alcalá de Henares (Madrid), Spain 

msicilia@uah.es 
http://www.cc.uah.es/ie 

Abstract. Learning activity or learning process models represent the basic 
material elements of any learning event. However, the organizational learning 
setting requires the consideration of objectives outside the individual, and the 
transformation of these activities into measurable, efficient behavior. In order to 
process learning activities with technological tools, such characteristics must be 
properly modeled. This paper describes a model for such a process-oriented 
view on learning in organizations, and sketches how that framework could be 
integrated with IMS Learning Design, a language for the description of 
pedagogical arrangement of multi-role activities.    

1 Introduction 

Learning events are actions that some intelligent agent performs and that involve a 
sequence of mental events. Such mental events eventually produce knowledge, which 
can be considered a kind of improvement from the agent’s perspective [13]. In our 
complex societies, learning, in many cases, materializes in planned, non-accidental 
and purposeful activities. Learning plans result in learning processes, and these are 
ontologically something that occurs, so that their properties and outcomes can be 
subject to examination and rational inquiry. An important step in such inquiries is a 
proper formulation of the ontology of learning that is considered as a supporting 
theory [11].  

A part of the learning processes that occur in organizations are not completely self-
planned, but directed by organizational needs or other kind of forces external to the 
individual. Further, the outcomes of the processes influence the capabilities and 
behavior of the organization. Learning processes have thus an interest as value-
creating activities inside organizations [5] and this is why there is also an interest – 

 



 

from an Information Systems perspective – to “process learning processes” in the 
following sense: Systems could plan learning processes based on some inputs 
(including the capabilities of the individuals), and produce some outputs (including 
improvement of those capabilities). Current learning technology is near to be able to 
automatically start (or at least suggest) that some learning process could be interesting 
for the objectives of a social group or organization, and it is also able to support the 
delivery and realization of these activities through networks as the Internet. This kind 
of processing requires concrete ontologies of the inputs, outputs and main activities 
inside the concrete organizational situation. This is not to say that we adhere to some 
“computer metaphor” for learning, since any existing theory of learning (behaviorist, 
constructivist, socio-cultural, etc.) can be formalized in ontological terms [10] to 
some extent and be subject to the kind of “processing” or “planning” we are talking 
about. 

This paper provides a model that links learning activities with a view on the 
organizational forces that drive knowledge creation. This is complementary to related 
efforts that connect learning objects with Knowledge Management (KM) concepts 
[12], and KM processes to learning designs [8]. Then, the main elements of the model 
are mapped to IMS Learning Design (LD), a language for the description of 
pedagogical arrangements of multi-role activities. Such mapping enables new 
technology reusing LD units of learning in a broader context, driven by organizational 
behavior.          

The rest of this paper is structured as follows. Section 2 describes the essentials of 
the process model that integrates a process view of KM with learning activities. That 
model attempts to explain how individual knowledge acquired through learning 
activities propagates to become organizational learning, with an emphasis on 
competencies as observable, inter-subjective behavior as one of the important 
measures in workplace learning. Then, Section 3 provides the details on how such a 
model can be used as an extension of the model of Learning Design [4] that is able to 
enable processing of learning plans in the sense of planning and arranging them 
towards organizational objectives. 

2 Linking Pedagogy and Epistemology 

Naeve [6] defines (mental) knowledge as consisting of efficient fantasies and 
describes (mental) learning as based on inspiring fantasies. Each fantasy has a 
context, a purpose and a target group, and it is only when we have described how we 
are going to measure the efficiency of our fantasies - within the given context, with 
the given purpose, and against the given target group - that we can speak of 
knowledge in a way that can be validated. In consequence, epistemology is connected 
to measurement and observability.  
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Fig. 1. Learning and Knowledge Management perspectives of the Learning Process: 
Transforming inspiring fantasies into efficient fantasies 

 
In a service oriented environment aiming for reusability of service components, the 

“process-object” – or process-module” is of vital importance1. In the Astrakan™ 
process modeling technique2, which underlies the diagram of Figure 2, a Process 
Module has certain Process Goals, produces Output Resources for different 
Stakeholders, refines Input Resources and makes use of Supporting Resources. 
Moreover, the difference between an input- and a supporting resource is that the 
former is refined in the process, while the latter facilitates this refinement. 
 

 
Fig. 2. A Process Module with its Process Goals, and its Input-, Output-, and Supporting 

Resources 
 

                                                           
1 In fact, in order to construct a modular framework of interoperable services, we need to 

construct an ontology of process modules. 
2 www.astrakan.se 
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Figure 3 depicts a kind of (= subclass of) Process Module, called a Learning 
Process module with its corresponding Learning (Process) Goals, and its Input-, 
Output-, and Supporting Learning Resources.  
 

 
Fig. 3. A Learning Process Module, with its Learning Goals, and its Input-, Output- and 

Supporting Learning Resources 
 

Observe that Figure 3 describes the crucial connections between Learning 
Resources (LRs), which include so called Learning Objects (LOs)3, Learning Process 
Modules (LPMs) and Learning Goals (LGs). Hence it becomes possible to describe 
why we are using a certain LO in a certain LPM, i.e. what pedagogical aspects that we 
are trying to support and what LGs that we are trying to achieve. Apart from the 
never-ending debate about their definition, a major criticism against Learning Objects 
is that they are too often considered in isolation from the learning context within 
which they are supposed to be used (see e.g., [3]). Hence it becomes difficult to 
connect LOs with the social and pedagogical dimensions of the learning process, and 
answer the crucial pedagogical/didactical questions of why LOs are being used and 
what one is trying to achieve by using them. 

Using the modeling techniques introduced here, such questions can be answered, 
which is illustrated in Figure 4. Here an abstract learning process is broken into 4 
different parts, each of which is supported by a number of pedagogical aspects and 
tools. By instantiating this abstract framework and concretizing the entities in a top-
down manner, we can describe how different learning process modules are supported 
by different pedagogical aspects and resources (e.g., tools). Moreover, from such 
“concrete descriptions”, commonalities can be identified and different learning 
process ontologies can be constructed in such a way as to facilitate reuse of learning 
objects “in context”, i.e., within a specific learning process module that is connected 
to a set of learning objectives (goals). 
 

                                                           
3 as well as other types of resources, such as human resources and physical resources 

(materials, tools, laboratories, etc.) 
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Fig. 4. Abstract Learning Process (broken into 4 different parts) supported by Pedagogical 

Aspects and Tools 

2.1 The GOAP Approach to Process Modeling 

The processes in an organization are related to different Goal, Obstacles, Actions, and 
Prerequisites (GOAP). We will now describe the main elements of the GOAP 
approach to process modeling. See e.g. [1] for more details. 

To start with, relationships between goals as dependencies and associations are 
introduced. The dependency should be interpreted as stating that the fulfillment of the 
smaller (partial) goal contributes towards the fulfillment of the larger (dependent) 
goal. A goal that has been completely broken down into partial goals4 indicates that 
the goal will automatically be fulfilled if all of the partial goals are met. 

In connection with describing the goals we also describe the obstacles that stand in 
their way. An obstacle is a problem that hinders the achievement of a goal. By 
analyzing the problem, new goals or partial goals are discovered that attempt to 
eliminate the problem. An obstacle is therefore always linked to a goal. Similar to a 
goal, an obstacle can also be broken down into partial obstacles. Obstacles are 
eliminated (overcome) by actions. An action plan can be formulated from the 
goal/obstacle model, where temporary obstacles are resolved as soon as possible, and 
the goals linked to the continuous obstacles are allocated to processes in the business. 
The action plan should contain:  

 
1) A list of the goals and partial goals. 
1) A list of the obstacles for each goal / partial goal. 
2) The cause of each obstacle. 
3) The appropriate action for each obstacle.  
4) The prerequisites for each action to be effective.  
5) The process module responsible for carrying out each action. 

 

                                                           
4 There may be incomplete break-downs into partial goals. 
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Finally, for each process module, prerequisites take the form of input resources or 
supporting resources. The outcomes of the process module are relevant to different 
stakeholders in the organization, and the connection of the outcomes of concrete 
activities with the inputs and support of others provides a way to explain the transition 
from the individual to the organizational behaviour. Figures 5 and 6 illustrate this 
idea.  

2.2 Stakeholder Matrices - Connecting Process Modules into Service Networks 

In the Astrakan™ modeling technique, stakeholder modeling is used for the output of 
processes, as illustrated in Figure 3. Here we expand this idea and make use of what 
we call stakeholder matrices in the description of every aspect of a process module, as 
shown in Figure 4.  This means that we model not only who has an interest in the 
different output resources of a process module, but also who has an interest in its 
different goals, its input resources and its supporting resources.  
 

 
 

Fig. 5. Process module with stakeholder matrices 
 

As mentioned above, the idea of modeling the stakeholders of each aspect of a 
process module provides a way to connect these modules into service networks. This 
is illustrated in Figure 6, where the output resources from the process module to the 
left function as input- and supporting resources to the two process modules to the 
right. The “interfacing questions” that must be answered in order to set up these 
connections can be summarized as follows: 
 
• Producing what? - What output resources give which wanted effects for whom? 
• Why?  - Which needs for whom are being satisfied? 
• How? - How should the process be performed in order to reach whose goals? 
• From what? - Which input resources from whom should be refined in the process? 
• Using what? - Which supporting resources from whom should support the process? 
• How well? - How well did the output resources satisfy whose needs? 
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Fig. 6. Service process network – connected through stakeholder matrices 
 
The modeling framework described provides a generic way to model 

organizational processes as linked to general goals, with a possible decomposition. Of 
course, the “goal stakeholder matrices” are connected as well (not shown in Figure 6) 
in a way that models how the different partial goals interconnect in order to support 
the overall goals of the service process network.  

2.3 Operational Learning Needs from a Business Perspective 

The learning processes in the workplace can be divided into operational and strategic, 
which reflects the two different levels on which a company operates. The operational 
level deals with the short range of everyday activities of the company, while the 
strategic level is concerned with the long range development of its future activities. 
Operational learning needs are mainly project-based (“what do we need to learn in 
order to handle the project that just got approved”), while strategic learning needs are 
mainly competence-based (“what do we need to learn in order to secure the approval 
of future projects”). “Project-based” here is understood as “planned” activities, with 
schedules, clear objectives and milestones, as opposed to ad hoc reactions.   
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Fig. 7. The origin of operational learning needs from a business perspective 
 
In Figure 7 we illustrate how the project-based operational learning needs arise in 

the workplace from a business perspective. As shown in this figure, the overall 
Company Business Process is supported by Human Resources (HR), Physical 
Resources (PR), and Financial Resources (FR).  

In order to attract business, the company is involved in a Project Proposal, which 
involves the construction of a Project Plan.  When the project gets approved, which is 
modeled by the occurrence of an Approval event, this triggers an Internal Resource 
Allocation (IRA) process, resulting in an Updated Project Plan, which contains a 
Partially filled in process network of the kind shown in Figure 6. In this IRA process, 
the available supporting resources (HR, PR, FR) of the company are distributed 
across the various process modules that describe the workflow of the project, and a 
suitable part of these resources (HRX, PRX, FRX) are allocated to process module X. 
The learning needs arise from the “competence-gaps” in this process module network.  

3 Contextualizing Learning Designs 

Learning Designs are purposeful arrangement of activities intended to fulfill some 
specific objectives5. Thus, it is the consideration of objectives external to the 
individual, which come from the needs of the organization. In addition, since 
organizational learning is intended to result in accountable knowledge, a second 
requisite is that the outcomes are measurable.  

Competencies are candidates to fulfill both requirements when considered as [7]: 
(1) the work situation is the origin of the requirement for action that puts the 
competency into play, (2) the individual’s required attributes (knowledge, skills, 
attitudes) in order to be able to act in the work situation, (3) the response which is the 
                                                           
5 Explicit mentioning of IMS LD elements are provided in Courier font.  
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action itself, and (4) the consequences or outcomes, which are the results of the 
action, and which determine if the standard performance has been met.”. Overall 
competence can then be assessed as deficits of competencies required. Figure 8 
depicts this idea, which is in fact a formulation of the well-known KM concept of 
“knowledge gap”. Even though competencies do not subsume any possible desirable 
requirement, they cover the most common workplace situations. Since objectives 
need to be contrasted with the outcomes of the activities in LD, formulating both in 
terms of competencies provides a form of measurement.  
 

 
 

Fig. 8. Example view on competence that needs to be developed 
 
Once the objectives of the learning units are expressed in external terms as 

competencies, the following step is the modeling of prerequisites. The inputs and 
outputs of the GOAP approach can be represented as objectives, but there are 
contributing inputs (supporting inputs) that can be modeled as prerequisites in 
LD. The description of the employee competency records could be modeled by the 
property mechanism attached to persons. Further the mechanisms of conditions 
can be used for the chaining of learning activities. Conditions in LD are defined as 
“If-Then-Else rules that further refine the visibility of activities and environment 
entities for persons and roles”, so that they could be used for that purpose.  

An additional interesting mapping is that of learning-objects with 
“knowledge assets”, as items that go through continuous revision as represented in the 
KMCI model. 

From the above discussion, it may be concluded that there is a one-to-one mapping 
from GOAP concepts to LD constructs, if we consider that processes are similar to the 
various granularities of activities in LD (method, play, act, activity, sub-activity). 
However, the following are essential elements that still require an extension for LD, 
or better, an “application profile” for the specifics of organizational learning: 

 
Aspect #1 The objectives and prerequisites of LD in the context of organizational 

learning need to be expressed in some language of measurable goals and outcomes. 
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The LD specification states that competency models as IMS RCDEO can be used 

for objectives. The problem is that models as RCDEO are not computable in the sense 
that they lack computational semantics. For example, there is not a concrete 
interpretation of “competency components” and how they should be handled [9]. So, 
only a limited number of models could be used, with the requirement of having strict 
semantics. Such semantics are a requirement for the computation of “competence 
gaps”. 

 
Aspect #2 Learning activities are part of business processes of a different nature, 

which may include not only learning but also other KM activities as dissemination, 
knowledge validation or knowledge use. 

 
This second aspect requires a higher level model that somehow embeds learning 

designs as a concrete kind of (sub-)activity. Then, units of learning inside business 
processes should be combined with other activities. A strictly additive way of 
extending LD in this direction may create a higher level schema from existing models 
of KM [12, 8]. The common context expressed in terms of languages as those 
prescribed by aspect #1 would provide a way to integrate the workflow capabilities of 
LD with orchestration languages for business processes, such as e.g., BPEL.  

 
Aspect #3. From the viewpoint of the run-time environment, there is a need for 

traceability across several learning designs. 
 
The third aspect concerns implementation frameworks. Since learning units are 

connected to others in a broader process context (see Figure 6), there is a need to trace 
the flow from one to another, possibly including non-learning activities. 

 
Aspect #4. Learning objects require some additional metadata that is able to 

describe its degree of “validation” as understood in KM validation processes. 
 
The fourth aspect implies that learning objects will be assessed during their usage, 

and also eventually as independent knowledge assets. This has an epistemological 
dimension, since such validation cycles make the object somewhat more “credible” 
with respect to its intended properties. From a KM perspective this is an important 
issue, even though it is not directly related to the LD model. 

 
Aspect #5. Integration with project management and work calendars is required as 

an added feature for workplace learning. 
 
LD units of learning are de-contextualized as generic arrangements of activities, 

but the environment of organizations requires constraining the run-time semantics of 
the flow of activities with common time and project management systems. This 
influences the decisions on selecting the persons fulfilling the roles for a given 
learning activity (that of course comes from some organizational goal), as pointed out 
in [5]. 

 

Learning Processes and Processing Learning 271



 

4 Conclusions and Outlook 

Learning objects and learning activities can be connected to learning processes inside 
organizations by considering measurability and links to organizational goals. 
Competencies provide a possible language for the expression of goals, prerequisites 
and outcomes that link the network of learning activities. 

A tentative mapping of the GOAP model to LD constructs has been sketched, and 
some tentative aspects that suggest the need for an extended specification embedding 
LD have been discussed. Further work should address the specificities of such 
integration by reusing existing ontological models of KM [2]. 
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Abstract. This paper aims at addressing the issues of knowledge representation 
in the area of learning design and adaptive learning. A specification of concrete 
learning design instances is usually context dependent and does not support 
reusability very well, thus we need to represent the knowledge that could help 
us in generating the instances dynamically. As we are dealing with learning 
design and adaptation, especially the procedural knowledge is highly important. 
Attempting to examine the degree of reusability and interoperability of 
procedural knowledge in the current adaptive educational hypermedia systems, 
we discuss several strategies and techniques, including informal scripts, system 
encoding, elicited knowledge, standardized specifications, and ontologies. 

1  Introduction  

Based on Freud’s theories, Minsky [1] suggests that we can see the mind as a 
collection of structures that can both cooperate with and oppose one another to find 
ways to deal with conflicting goals. He sees several causes of human resourcefulness 
[2] – multiple representations of knowledge (various descriptions, interconnections), 
emotions as different ways to think (suppressing resources that one otherwise usually 
uses when thinking), learning on multiple levels (when and how to use knowledge), 
and analogies. People need to develop a wide range of ways to represent multiple 
dimensions of a problem, and redundancy in knowledge representation is an 
important feature of our brains that enables viewing objects in various contexts and 
from different perspectives. Then if one approach to solve a problem fails, changing 
the point of view can lead to an alternative solution. 

Solutions to complex problems require usually more knowledge than single 
persons possess, thus the involved stakeholders have to communicate, collaborate, 
and learn from each other. The process of arranging personalized adaptive learning 
experiences is a complex one and typically people with different expertise have to 
collaborate to achieve a good quality solution based on modern technologies. The 
complexity of this problem results from the difficulty to formalize all the knowledge 
necessary in the pedagogical process. Anyway, the authoring process can be 
simplified if relatively independent components with clearly defined interfaces are 

 



 

constructed at various levels of the application, ideally according to existing 
standards, to enable a high degree of reusability and interoperability. 

The aim of this paper is to outline the current state of the art in the area of adaptive 
learning and learning design as well as some possible perspectives in this field. 
Currently, we have the IMS Learning Design specification [3] that enables creation of 
concrete instances for learning design, which can be processed by various systems 
that “understand” and support this standard. Reusability and reproducibility are 
among the basic requirements for standardized specifications, but they both still 
remain to be very important research issues in the field of learning design [4]. 
Another challenge is the complexity of adaptation that is enabled by the existing 
standard. Therefore, it makes sense to investigate opportunities for overcoming these 
issues in order to simplify the authoring process and to enhance the expressiveness of 
specifications. One possibility might be representation of various types of knowledge 
driving the process of personalized adaptive learning and then letting those types 
interact when generating the concrete instances of adaptive learning design 
dynamically. Aiming to examine the degree of reusability and interoperability of 
procedural knowledge in the current adaptive educational hypermedia systems, after 
presenting a model of adaptive learning, we discuss several strategies and techniques, 
including informal scripts, system encoding, elicited knowledge, standardized 
specifications, and ontologies. 

2  Model of Adaptive Learning 

In this section, we start discussion on adaptive learning from the description of the 
knowledge organization in adaptive hypermedia systems. The knowledge driving the 
adaptation process can be represented in adaptive hypermedia systems as five 
complementary models that specify the three aspects of adaptation [5]: 

• what is to be adapted: domain model; 
• according to what parameters it can be adapted: user model and context model; 
• how the adaptation should be performed: pedagogical model and adaptation 

model. 
This means that the personalized adaptive learning experience is not controlled by 

uniform rules, but several specialized parts take care of particular functions and 
interact with each other instead. The individual models may be distributed in reality. 
The domain and user models have been comprehensively analyzed [6], while the 
context model has become important more recently, taking into account new 
challenges like mobile learning. The pedagogical and adaptation models specify the 
scenarios and navigational design for an adaptive educational hypermedia application. 
Together with the presentation specification they tell how the adaptation should be 
performed, so they describe the system dynamics. Thus, while the other models 
represent typically the declarative knowledge of an adaptive application, the 
pedagogical (activity) and adaptation models form usually its procedural knowledge. 
In the rest of this paper we are focusing on the models related to the procedural 
knowledge. 
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2.1  Pedagogical Model 

To discus representation opportunities for pedagogical models in adaptive learning 
applications we need to consider learning design that is understood as the human 
activity of designing learning activities or scenarios. Two standardized specifications 
are related to the design of pedagogical activities: 

• IMS Simple Sequencing – representing the intended behavior of an authored 
learning experience, without considering the characteristics of the individual 
learner; 

• IMS Learning Design – describing a method enabling learners to attain certain 
learning objectives by performing certain learning activities in a certain order in 
the context of a certain environment; it defines three levels of implementation 
and compliance [3]: 
− Level A – the core language providing the basic structure, roles, activities, 

and method; 
− Level B – adds other facilities, like properties, conditions, global elements, 

monitoring services, calculations, allowing more sophisticated learning; 
− Level C – adds notifications that can support e.g. collaborative learning. 

A key axiom that is common to all major educational approaches says that 
“learners perform activities in an environment with resources.” The IMS Learning 
Design specification [7] uses the metaphor of a theatrical play to describe the 
workflow involved in learning and teaching scenarios. It separates the design of the 
pedagogical model from the content. Main challenges include encoding dynamic 
interactions between users and system, representing scenarios (objectives, 
tasks/activities), and describing interactions between participating roles and system 
services.  

2.2  Adaptation Model 

Based on the research in the field of adaptive hypermedia, this model defines the 
specific adaptation semantics. Adaptation specifications describe the status of 
individual objects (e.g. content objects or fragments) and activities based on their 
metadata attributes and the current parameters of the user and context models. The 
adaptation effect is usually achieved by adapting content and links by using suitable 
adaptation techniques that can be chosen on this level. The taxonomy of adaptive 
hypermedia technologies [8] includes adaptive presentation (content level adaptation) 
and adaptive navigation support (link level adaptation), but there can be also other 
adaptation aspects such as adaptive content selection, adaptive learning activity 
selection, adaptive recommendation, or adaptive service provision. 

The Adaptive Hypermedia Application Model – AHAM [9, 10] uses Condition-
Action rules, while some other models built upon it identify additional layers, with the 
objective to enable reusability at various levels, focusing mainly on adaptation 
strategies and techniques. On a higher level of the AHAM model, the presentation 
specification defines how to present the chosen adaptation techniques as well as how 
the objects with a particular status should be presented to the user (e.g., hiding, 
sorting emphasizing, and annotation techniques). 
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3  Representations of Learning Activities and Adaptation 

As we have already mentioned, declarative knowledge is typical for the description of 
the subject domain (e.g., learning materials, metadata, and domain ontologies), the 
user and context knowledge. On the other hand, the procedural knowledge is 
important for designing learning activities from the pedagogical viewpoint as well as 
for defining adaptation strategies. In the following, we present several different 
approaches to addressing these issues, together with related benefits and obstacles. 
Formal specification of concrete instances does not support reusability very well, thus 
we need to represent the knowledge that could help us generate these instances and 
their adaptation at run-time. Regarding learning design and adaptation, especially the 
procedural knowledge is highly relevant.  

It has been pointed out that when learning objects are more context-specific they 
become less reusable [11]. The validity of this statement may be enhanced for 
specifications of learning activities and adaptivity as well. As formulated in [7]: “the 
notation must make it possible to identify, isolate, de-contextualize, and exchange 
useful parts of a learning design so as to stimulate their reuse in other contexts.” 
Therefore, it would be beneficial to distinguish well-defined layers of learning 
applications with clear interfaces in order to build a comprehensive solution. 

3.1  Informal Scripts  

A. Bork attempts to address the problem of lifelong global learning for all and has 
suggested a new learning paradigm [12] – instead of the dominant information 
transfer or classroom-teacher paradigm he proposes tutorial learning, based on the 
Socratic dialog with frequent questions and free-form answers delivered via modern 
technology. For this purpose adaptive learning units have to be designed by a team of 
people with different competencies, including domain experts and teachers. They first 
prepare an overall design and its result is a list of modules to develop. In a detailed 
design they make the activity sensitive to individual students by generating diagnostic 
questions and providing suitable feedback. This is based on the concept called zone of 
proximal development by Vygotsky to find what the student is ready to learn next. 
Designers decide what student data to store, how to analyze answers, and what media 
to use. They sketch informal scripts to specify both the design logic and messages for 
the learner. Later on, programmers implement these ideas into programming logic, 
screen design, and suitable media. 

This approach demonstrates that it is not easy to formalize all the knowledge 
necessary to deliver adaptive learning experience. In this case most of the knowledge 
is represented implicitly in the design scripts. As a consequence this knowledge is 
generally not reusable in other learning units or in other applications. Although the 
authors can freely specify designs of learning units, what certainly simplifies their 
work, the authoring process is complicated by the fact that the specifications of 
learning unit instances always have to be eventually implemented by programmers in 
each individual case. 
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3.2  System Encoding 

Other approaches try to abstract the procedural knowledge in such a way that it can be 
encoded in the learning environment and reused in various learning units created in 
the corresponding authoring tool. Several existing systems have followed this 
approach; let us name at least WINDS as an example. In the WINDS project [13], 
teachers first specified their pedagogical requirements (for the field of design and 
architecture) and the ALE system was implemented accordingly. Then, authors 
without programming skills could produce adaptive courses by specifying declarative 
knowledge for adaptation purposes by means of metadata – like pedagogical roles of 
either learning objects or content fragments. This along with procedural knowledge 
encoded in the player generate adaptive delivery of courses. 

It is important to note that the advantage here is that immediately after a learning 
unit has been created authors can check how it will be presented to learners and 
improve it if needed. On the other hand, after they have specified their requirements 
at the beginning of the project, it is not so easy to adjust the behavior of the system 
later on, especially if it could change presentation of previously created learning units. 
Similarly, it is not possible to use an alternative learning design method for various 
learning units or to assign a different adaptation strategy to the method. The 
representation of procedural knowledge is fixed and the authors cannot tailor it 
according to their needs in a specific learning situation. 

3.3  Elicited Knowledge 

The authoring process can be simplified if specifications of learning design and 
adaptation strategies are separated from concrete learning materials and contexts. 
Teachers usually use one pedagogical method in various situations and in multiple 
learning units with different learning resources. Therefore, instead of having to 
specify again and again the same design or strategy, it would be highly efficient to 
have a relatively independent specification that can be reused. Two of such attempts 
are LAOS and FOSP. 

Coming from the adaptation field, LAOS [14] addresses the highly important 
objective of a clear separation of different types of knowledge, but those related to 
pedagogy and adaptation seem to be mixed together. Its adaptation language uses if-
then-else rules and cycles were considered for the future. Adaptation is defined by the 
"select" and "sort" elements. The aim of LAG [15] was to let the author of adaptive 
educational hypermedia work on a higher semantic level, instead of struggling with 
the “assembly language” of adaptation. Furthermore, these patterns should represent 
the first level of reusable elements of adaptation. Reuse should be strived even at the 
level of adaptation strategies (that correspond to cognitive/learning strategies).   

The FOSP method [16] is a generalization of the WINDS approach, aimed at more 
flexibility, reusability, and interoperability of partial learning resources via separation 
of different kinds of knowledge, taking into account a typical learning design pattern 
as well as content object preferences for various learning styles and contexts. FOSP is 
based on the experience that authoring of adaptive educational applications is easier if 
the procedural and declarative knowledge are separated. To support collaborative 
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authoring through reusability of partial results, it is also beneficial to separate the 
procedural knowledge related to instruction, adaptation, and presentation. FOSP 
addresses these issues by means of several functions and one general design pattern. 
The main idea here is to separate different types of knowledge and let them interact. 

These attempts can simplify the authoring work and provide reusability of 
procedural knowledge in the framework of a particular system or between systems 
sharing the same specification format. However, to achieve a critical mass of its 
instances a specification language has to be standardized (if not by official 
standardization bodies, then at least as “de facto” standards adopted by large 
communities such W3C or IMS). 

3.4  Standards 

Two most relevant standardized specifications related to learning design and 
adaptation are IMS Simple Sequencing and IMS Learning Design (IMS LD). The 
former one provides learning material tailored to the learner’s current context, but 
does not use any knowledge of each individual user, thus it makes no distinction 
between users. IMS LD offers more opportunities for specification of instances, 
focusing primarily on definition of diverse learning approaches and pedagogical 
scenarios.  

The primary aim of IMS LD was to provide an explicit notation that would enable 
the interoperability on the level of systems. This means that the instructional 
knowledge does not have to be hardwired in the learning environment, but authors 
can specifically define it for each learning application representing an appropriate 
pedagogical pattern. To allow personalization, a method of a learning design can 
contain facilities like conditions, DIV layers, or hide-visible properties. Conditions 
are if-then-else rules that further refine the assignment of activities and environment 
entities for persons and roles. They can be used to personalize learning designs for 
specific users. The ‘if’ part of the condition uses expressions on the properties that are 
defined for persons and roles in the specific learning design. Thus, IMS LD can be 
used to model and annotate adaptive learning design with a certain degree of 
complexity. It seems that this specification currently satisfies better the requirements 
of interoperability between various systems than reusability of learning design 
methods in various courses or learning units. 

Generally, we cannot be satisfied with the current support for adaptive behavior in 
learning standards that implies higher costs and lower reusability of personalized 
solutions. In [7], B. Towle and M. Halm claim that IMS LD provides a way to 
implement simple adaptive learning strategies, but not complex forms of adaptive 
learning, like multiple rules interactions or enforced ordering. The aLFanet project 
has delivered a system [17] that was built according to a standard-based model for 
adaptive e-learning. It provides valuable and interesting results, including those 
saying that learning standards are not harmonized to work with each other and 
available tools are too complex for non-specialized authors. The ongoing research 
brings additional findings. The experience with the ALD editor [18] shows that IMS 
LD can be used to model and annotate adaptive learning design, but designing more 
complex adaptivity behavior might not be too easy. For instance, it is not possible to 
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annotate learning content or define student roles considering their characteristics. 
Another approach [19] has focused on reusability on the level of learning design. In 
this case, an architecture is being developed that will automatically adapt units of 
learning to their actual context of execution via runtime interpretation of small 
adaptive actions that are specified separately from the IMS LD definition. 

3.5  Ontologies 

IMS LD can help designers to represent pedagogical models and scenarios as specific 
results, but their knowledge itself cannot be captured by this means [4]. A challenge is 
the creation and use of ontologies to represent various types of knowledge relevant for 
personalized adaptive learning [20]. Such ontologies could be used by software agents 
to assist authors in the design of individualized learning or even to directly generate 
such experiences themselves. 

The pioneering work on exploring potentials of ontologies for e-learning 
applications was done by Stojanović et al. [21]. They recognized the lack of standard 
vocabularies and the lack of formal semantics as major obstacles to interoperability of 
e-learning systems. They proposed the use of ontologies in order to overcome these 
issues. More specifically, they identified three different types of ontologies in e-
learning systems: content (domain) ontologies enabling one to formally state what the 
learning material is about; context ontologies providing means to formally express in 
which form the learning content is presented; structure ontologies formalizing the 
structure of the learning material. In the recent years, researchers proposed various 
ways of employing ontologies for building e-learning systems. Here we just mention a 
few examples related to Adaptive Hypermedia Educational Systems. Cristea [22] 
examined the potentials of the Semantic Web technologies by developing appropriate 
ontologies for each layer of the LAOS model, namely: domain, goal and constraint, 
user, adaptation, and presentation ontologies. Although the author proposes the use of 
ontologies, all the ontologies are represented by using XML Schema, and thus still 
suffer from the lack of the explicit semantic representation. However, the author 
proposes MOT as an authoring system for adaptive (educational) hypermedia 
authoring, which is based on RDF Schema, and hence explicitly defines semantics of 
the LAOS model. Henze et al. [23] go step further and propose a reasoning and 
ontology framework for personalized learning on the Semantic Web. The framework 
is based on the Web Ontology Language (OWL), a W3C recommendation for the 
ontology language, comprising the following ontologies: domain ontology, user 
ontology, observation (interaction) ontology, and presentation ontology. Finally, 
Henze et al. show how rules (expressed in the TRIPLE Semantic Web rule language) 
can be enabled to reason over distributed information resources in order to 
dynamically derive hypertext relations. Jovanоvić et al. [24] developed a system 
called TANGRAM for dynamic assembly of personalized learning content on the 
Semantic Web. The system relies on the following ontologies: content structure 
ontology, content type (pedagogical role) ontology, learning path ontology, domain 
ontology, and user model ontology.  
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3.6  Suggestions for Improvements 

Although the abovementioned solutions are semantically enhanced, there is still some 
room for future improvements towards providing higher level of interoperability. 
First, relying on one common information model, or even better an official 
specification such as IMS Learning Design, for describing learning activities and 
scenarios can substantially improve interoperability and reusability among different 
adaptive educational hypermedia systems. 

Second, providing a formal definition of semantics for such an information model 
can provide a stronger integration basis for different adaptive learning systems. For 
example, Amorim et al. [25] developed an OWL ontology based on the IMS LD 
information model in order to address limited expressivity of the official specification 
in the form of an XML Schema. Furthermore, Knight et al. [20] defined an ontology 
for capturing learning object context that bridges a learning design ontology (another 
ontology based on IMS LD) and the learning object content structure ontology 
proposed in [24]. In fact, this research is inspired by and extends the ecological 
approach proposing a more flexible method to creating learning object metadata, for 
example, by relating all learners’ interactions to learning objects.  

Third, sharing adaptation rules in an embedded application stored in application-
specific formats or even in well-known rule-based languages (e.g., Jess, Lisp) is very 
hard. A natural solution to this problem is to use either RuleML or the Semantic Web 
Rule Language (SWRL) as the current proposals of specifications for sharing rules on 
the Semantic Web. MUSE is an example of a multidimensional framework for the 
representation of ontologies and rules in adaptive educational hypermedia systems 
that uses OWL ontologies and SWRL rules [26].  

Finally, using ontologies (e.g., domain, learning design, and user) does not 
necessarily mean achieving a full interoperability among e-learning systems, 
especially in the case when systems rely on different ontologies. One potential 
solution to this issue is to employ results of very extensive research on ontology 
mapping [27, 28]. 

In addition to the issues related to ontologies and adaptive learning designs 
discussed above, one should also consider integration of learning activities and 
resources in other business processes existing on the Web. In fact, an open learning 
space such as the Web offers a huge wealth of different services that can be employed 
in different learning scenarios. However, we should also take into account that there 
are no guaranties that all of those services will always be accessible and that different 
learners would prefer to use different learning services personalized to their learning 
styles, preferences, and foreknowledge. In fact, we need to provide a method for 
composition of different learning resources using well-known business process 
techniques and standards. An OWL-based Web Service OWL-S ontology seems as a 
promising solution. OWL-S is supposed to facilitate the automation of Web service 
tasks including automated Web service discovery, execution, composition and 
interoperation. Aroyo et al. [29] proposed an approach to transforming SCORM 
Simple Sequencing into the DAML-S (a predecessor of OWL-S) ontology, while 
Dolog et al. [30] suggested the use of DAML-S for a personalized composition of 
learning services in distributed e-learning environments. To the best of our know, 
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there is not any attempt to define relations between the IMS Learning Design 
specification and Semantic Web process ontology such as OWL-S. 

4  Summary and Conclusion 

In this paper, we have attempted to investigate the current state of the art regarding 
knowledge representation in the field of learning design and adaptive learning. We 
have emphasized the importance of procedural knowledge for these purposes and 
outlined how it is managed from the perspective of reusability and interoperability, 
discussing various existing approaches. Specification of learning design and 
adaptation strategies by separating the content, declarative and procedural knowledge 
in adaptive courses seems to be quite natural. As a possible solution of the current 
reusability and adaptivity issues, we suggest the representation of various types of 
knowledge driving the process of personalized adaptive learning and their interaction 
when generating the concrete instances of adaptive learning design dynamically. 

In a wider context, interoperability demands can be recognized in two dimensions 
– between various systems and between formal models. The existing solutions can 
address the requirements to some extent, but they are not harmonized for a holistic 
approach. There exist standard based solutions supporting interoperability of learning 
objects and learner models. Standardized learning design enables interoperability 
between systems, but its reusability is limited. Interoperability of domain ontologies is 
an open issue, for the context and adaptation models standards are still missing. As 
the current standards themselves cannot fully realize interoperability in personalized 
adaptive learning, the Semantic Web is usually used as the mediator.  
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Abstract. The paper very briefly introduces SAP LSO and exposes 
disadvantages of this adaptive e-Learning environment learned from former 
projects. Based on those experiences we are introducing a new approach to 
increase the adaptivity of the system for authors and for learners as well. 
Central idea of the new concept is introducing of strategy templates, in order to 
provide a good pedagogical background for online courses and at the same time 
to ensure epistemological pluralism for the learners. One of our main goals is to 
keep the learning and authoring environment as easy-to-use as possible, and 
therefore is also the new module (Strategy Editor) visually oriented and does 
not require any programming experiences. 

1 Introduction 

One of the main challenges in the development of E-Learning Systems are the 
heterogeneous needs of the learning individuals and groups [1]. Ignoring these needs 
leads to a static, for every user same, E-Learning course. Adaptive hypermedia are 
offering an answer to this problem, the learning technology is finally turning into an 
active element of the learning process and not only a passive provider of information 
like e.g., a TV. 

A high level of adaptivity in addressing the different learning strategies and 
learning styles is necessary in order to enable E-Learning to assist such a highly 
complex and dynamic process as learning. Adaptive web-based educational systems 
(AWBES) are one of the most researched areas within Adaptive Hypermedia. Yet, 
just a handful of these systems are actually being used for teaching real courses, 
typically in a class lead by one of the authors of the adaptive system [2]. 

What would make the AWBES more attractive for teachers to use? A study [3] 
among the best practice teachers in UK pointed out several aspects, which are 
expected by teachers to be addressed by AWBES. Besides of support for different 
pedagogical models, teachers are asking also for a possibility for personalization 
according to different groups of students. Teachers are calling not only for support of 
predefined learning styles, but also to be able to influence the differentiation by a 
course-author. 

Flexibility of pedagogical model is a big challenge in current AWBES research. 
One group of e-Learning systems has incorporated pedagogical/didactical model and 
supports different learning styles, but it is all fixed in the system and does not allow 



 

interference from the course-author (e.g., L3 [4]). Recently are arising more upcoming 
projects or already developed systems, which are providing also more flexibility of 
the pedagogical model on different levels (e.g., EASE [5], InCA [6], Learning Design 
Palette [7]). One of the most sophisticated approaches and complex support for the 
author is provided in Adaptive Course Construction Toolkit [8]. Course-author can 
choose from predefined pedagogical templates (so called Narrative Concepts, e.g., 
Observation and Discussion, Case Based Learning, etc.), this can be adjusted and 
linked with concrete learning materials. At the end author can choose Adaptive Axes 
for selected parts of the course and those will be then personalized for particular 
learner (according to e.g., prior knowledge, learning styles, device capabilities and 
context).  

The biggest problem of all the AWBES providing sound pedagogical background 
along with flexibility for the course-authors is the increasing complexity of authoring 
process. Therefore we decided to completely separate a strategy model from a content 
model. Course-author can easily adopt and customize predefined strategy templates 
and concentrate on content model. However, she is invited to access a Strategy Editor 
(an extension of Authoring Environment) at any time and take the role of a strategy-
designer. This way she can freely build an original, content independent, pedagogical 
model (a strategy template), including modelling of parallel learning strategies.  

The whole Authoring Environment (including the Strategy Editor) is very visually 
oriented and does not require any programming skills from the course-author 
(respectively the strategy-designer).  

In order to release the user, the system will support an automatic application of 
strategy templates. Course-author does not need to take care of each particular 
learning strategy, which is defined within the strategy template, but this will be 
automatically applied on the content structure as designed by the course-author. This 
way we prevent the course-author to be overloaded. She just links the course elements 
with the relevant content, applies matter of fact relations among them (if necessary) 
and enables (or disables) particular learning strategies (predefined by the strategy 
template) according to small preview navigation.  

Architecture of our system provides big freedom for the user (for strategy-designer, 
as well as for course-author), but does not overload him. On the other hand, 
separation of strategy model and its automatic application on content model requires 
sophisticated computational model behind. 

2 Basic Learning Environment 

SAP LSO is a commercial adaptive e-learning environment with very strong 
pedagogical background [9, 10]. Basic components of the system are knowledge 
items (KI), which might be of two types – instructional elements and tests. Those are 
carrying the content itself. Sets of KI can be organized into the learning object. 
Learning objects, together with KI can be organized into learning network.  

For each instruction element must be defined a knowledge type – Orientation, 
Explanation, Action or Reference/Source. Tests can be classified as Pre test, Exercise, 
Self test or Post test. The authors can additionally establish relations among the 
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components. Those can be characterized as Hierarchical, Refers to, Belongs to, 
Precedes or Prerequisite of. Based on this information and micro-strategy chosen by 
student, the content player of SAP LSO automatically generates the order of KI 
within the learning object. There are currently available five micro-strategies: Only 
orientation, Orientation first, Action oriented, Explanation oriented and Example 
oriented. Each of them influences the order of elements according to the knowledge 
type (e.g., in example oriented micro-strategy examples precede other types of KI), 
taking into account their relations with other elements (e.g., if exists an element, 
which is a prerequisite of some example, this comes in order first). Order of learning 
networks and learning objects within the course is determined by macro-strategy. 
Student can choose from Deductive (Top - Bottom) or Inductive (Bottom - Up) one.  

3 New Approach 

3.1 Motivation 

Based on the experiences from different educational projects involving SAP LSO, 
current set of learning strategies has been shown to be insufficient and not flexible 
enough for particular needs of diverse e-learning courses with different didactical 
approaches. It suffers on common problems of adaptive e-Learning systems: the 
course-authors tend “not to trust” the learning strategies built-in, or simply the 
learning strategies do not work the way, the authors would like them to [11].  

On the other side, since SAP LSO is a complex learning environment with a strong 
pedagogical background, there is continuous demand on pedagogical/didactical 
templates. The didactical template should help the course-author to create a good e-
Learning course with some solid pedagogical background, fitting specific 
requirements of the topic and concrete learning materials, and it should be also 
suitable to use with learner-centered adaptive approach of SAP LSO.  

3.2 Main Concept 

Since one of the main goals for the new generation of SAP LSO is the possibility for 
the course-author to influence the learning strategies, but on the other hand still keep 
the course editing as easy as possible, we decided for template-approach. Every 
course-author can choose from different strategy templates the one most fitting his 
vision for the concrete learning object6. Experienced author with an ambition to edit 
own pedagogical model will have chance to approach a Strategy Editor (SE), and 
create his own strategy template (respectively adjust an existing one) and thus take the 
role of a strategy-designer.  

At the same moment we would like to keep adaptive character of learning 
environment also from the learner’s point of view. In order to guarantee the 
                                                           
6  We have decided to operate first on the level of micro-strategy. 
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epistemological pluralism for learners, each strategy template should contain more 
learning strategies, from which the learner can choose the one best fitting his learning 
needs. More flexibility for authors will be provided by different strategy templates 
(each of them representing an original pedagogical model), respectively by a 
possibility to create an own one.  

Every template (including its learning strategies) should follow some didactical 
goal and therefore represents certain teaching approach. Teaching approach will be 
chosen by a course-author (according to the specific topic, available teaching 
materials and other aspects of the concrete e-Learning situation) and represented by a 
strategy-template (see section 4.1).  

Requirement of visual representation for learning strategy is on one hand opening 
the possibilities of authoring to wider spectrum of users; on the other hand it strongly 
restricts their architecture. Therefore are the learning strategies in our concept reduced 
to sequences of KI, supported by additional adaptivity possibilities (see sections 
Associated objects and Tests). Hence the learning strategies are in our understanding 
ordered subsets of all KI included in the strategy-template. In the most typical 
scenario are different learning strategies reusing the same KI (although not 
necessarily all of them), to reduce authoring costs. 

In the learning environment will be the course dynamically adapted to particular 
learner according to his choice (or preferences) of learning strategy and other relevant 
criteria (e.g., previous knowledge, preferred media type or knowledge type). 
However, this adaptation must be predefined in the strategy-template by the strategy-
designer and enabled in the particular course by the course-author (see section 4.2). 

3.3 Most Interesting Features 

Relations. In order to reduce the amount of relations, we will use only two 
(analogical) types of relations for SE (didactical relations) and two for authoring 
environment (matter of fact relations). One type of relation will connect analogical 
materials and the other one will express that one KI should follow the other one 
(sequencing). 

Associated Objects. The main goal of associated objects (AO) is to support an 
explorative learning by providing alternative knowledge sources on one topic. 
Therefore we define an AO as a group of KI with the same pedagogical/didactical 
role. For example, it might be a group of examples for the same topic, but applied on 
different context or adapted on different learning styles (audio, text, video, etc.) or 
fitting different technical requirements (e.g., bandwidth or screen size). Course-
author can define how many objects must be satisfied before to proceed in the course.  

The AO are offering an interesting possibility for dynamic adaptation to the 
learner’s needs by choosing the best order of elements to be offered. Ordering of 
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included KI might be based e.g., on the preferred media type or knowledge type. 
Course-author will choose which adaptive approach should be applied on the concrete 
AO.  

Tests. We are also planning to refine a feedback after test. Strategy-designer (or 
course-author) will be free to connect the test with desired KI, based on the test result 
(see Fig. 1).  

 

Fig. 1: Example on the design of decision fork according to the result of the test 

Visualization. Based on the former experiences with the authoring process, very 
important aspect is making the authoring process more transparent. Clear overview of 
existing elements and the whole course structure, fast preview of generated learning 
path and easy manipulation with all the objects would support and possibly also speed 
up the authoring process. 

Despite of smart design for new features (decision forks after tests, AO), we will 
also enhance a look of all KI. Since the knowledge type is the most important 
attribute, which influences order of learning elements in the course, each KI will be 
shaped according its knowledge type (see Fig. 2). Thus the author will have 
permanent overview of included KI and can recognize redundant or missing items 
faster.  

 
Fig. 2: New design of instruction elements and tests in authoring environment 

3.4 Strategy Editor 

We would like to clearly separate course-authoring process from strategy-designing 
process. Thus, the SE will be an application independent of authoring environment. 
SE will provide tools for editing of strategy-templates representing different teaching 
approaches. Strategy-designer will create a set of KI and AO with basic attributes 
(e.g., name, knowledge type, description). On the top of them he can build different 
learning strategies. Each learning strategy will consist of ordered (sub)set of included 
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KI and AO, with possibility of fork division for each test. This order later determines 
the order, in which are the KI and AO performed to learner (mutually with relations 
defined by a course-author). 

3.5 Metadata Model 

Development of metadata model for adaptive e-Learning systems is always a 
challenge. Analysis of our concept showed, that besides of standard sequencing we 
will need to model these features: 

• Content will be organized in few independent structures (according to 
learning strategies). 

• Order of KI in associated objects will vary according to learner’s preferences 
and will be dynamically generated by the system. 

• Number of obligatory KI from within associated object is predefined (by a 
course-author). 

• Each test can be freely linked with (at least) two spots in the learning path 
according to test result.  

We had to take these requirements into account while searching for the right 
metadata standard. Parallel learning strategies and tests can be easily modeled by 
SCORM 2004 [12]. The problem is with modeling of associated objects. On the other 
hand, this kind of structure is very well foreseen by IMS Learning Design [13]. 
According to our preliminary analysis IMS LD should provide also sufficient support 
for the learning strategies and tests, thus we are planning to build our metadata model 
on this specification.  

4 Strategy Templates in Use 

4.1 Authoring Process 

In a typical scenario (template based) a course-author will choose the most suitable 
strategy template for a new learning unit according to the pedagogical comments 
provided by a strategy-designer. All the KI of chosen strategy template will appear at 
the desktop. Those will be filled with content. Course-author can delete the KI, which 
are not used in the course or she can add some new once. She can establish some 
matter of fact relations among the KI. Afterwards she will check every learning 
strategy (in the short course-preview) and decide whether it is suitable for the 
particular course or not. Not suitable LS will be disabled. And the end the course will 
be saved, respectively exported into a course package. 

Additionally we have developed a different scenario (content based), where the 
course-author first creates desired KI without any restrictions. Afterwards he can ask 
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the engine to search for a template, which would fit existing course. The engine will 
compare set of created KI with sets of KI included in all the existing templates. Then 
the course-author will get an ordered list of templates, which are using (1) very same 
types of KI7 or (2) a superset of KI used by course-author. 

4.2 Learning Experience 

The new concept will also influence the learning environment of SAP LSO. Despite 
of the more complicated and sophisticated implementation of the content, a typical 
scenario for a learner will be changed as well. Before all the learning objects had the 
same set of learning strategies built in the system. The learner chose one micro-
strategy at the beginning of the course (or system used a preferred one from learner’s 
profile) and this was applied by the content player to all learning objects.  

In the new version each learning object may have different types and also different 
numbers of learning strategies. There are different possibilities, how to handle this 
problem. We decided for learner-oriented approach: Student will have in his profile 
stored preferred LS for each strategy-template. Prior to enter a new learning object, 
the system will search for the learner’s preference. In case the preferred learning 
strategy is not available (disabled by a course-author) or the student did not deal with 
the strategy template before, he can make his choice based on the description of 
learning strategies8. 

The content player calculates recommended learning path based on the chosen 
learning strategy. The learner is offered to follow this, but at the same time he is free 
to navigate himself by clicking on knowledge items displayed in the navigation panel. 

In the navigation panel will be displayed all the knowledge items from within 
associated objects. System will automatically order them according to learner’s 
preferences. Since associated objects have predefined possibilities for adaptation, the 
learner’s preferences will be inquired at the beginning of his first session and stored in 
his profile. During the automatic navigation (learner following the learning path 
recommended by the system) will be displayed only first few items (the actual 
number depends on the requirement of the course-author). However, learner is free to 
visit all of them. 

5 Current State 

The new concept strongly influences the original e-Learning environment on few 
levels. First, a new extension to authoring environment – the Strategy Editor, needs to 
be developed. Then, the authoring environment itself must be adopted to be able to 

                                                           
7 We consider two KI to be the same, if they are both tests, or they have a same knowledge 

type, or one of them is AO and has at least one same KI (in the described sense) with 
analogical KI. 

8 This will be a part of the strategy template, but a course-author will be allowed to edit this 
description. 
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handle the new way of manipulation with the templates and learning strategies. Last 
step will be to adjust the content player and learning interface. 

The first prototype of the Strategy Editor is already implemented (see Fig. 3). The 
design is based on current version of SAP LSO, in order to ensure the same look and 
feel for the users. We have improved user friendliness by implementing drag-and-
drop feature, which can be applied on knowledge items (to reuse them in different 
learning strategies or adjust their order within learning strategy) and arrows after test 
(to link them with appropriate KI). 

 

 

Fig. 3: Prototype of Strategy Editor - left side displays the list of opened templates and used KI 
and meta information about currently active elements; right side shows different learning 
strategies included in currently opened template 

At this moment the Strategy Editor uses its own metadata format (XML based) to 
store the strategy templates. In the future will be used IMS LD to enable reuse of 
templates for different learning environments. 

6 Summary and Outlook 

This paper presents a new approach for supporting pedagogical guidance in e-
Learning courses by introducing a graphical, easy-to-use tool for editing pedagogical 
templates. The approach differs from existing ones as it supports a completely 
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graphical definition of pedagogical templates. Besides of predefined adaptivity 
possibilities built in the system (associated objects), each pedagogical template 
contains also multiple parallel learning strategies, which can be fully designed by a 
strategy-designer. Pedagogical templates are built completely independent of the 
content; hence they can be reused and freely applied to different content.  

The new concept will be implemented and afterwards evaluated in real learning 
situations. Together with pedagogical experts we will create a basic set of pedagogical 
templates and research the efficiency of suggested authoring process. We consider the 
compatibility with other e-Learning environments to be an important issue and this 
will be tested on both levels: pedagogical templates and courses. 
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Abstract. Adaptive Learning Management Systems (aLMS) have not yet 
reached the eLearning marketplace to provide life long professional 
development. Existing difficulties related to coping with generic learning 
processes cover methodological, technological, and management issues. Based 
on our experience in aLFanet (IST-2001-33288), in this paper we review 
relevant issues arisen when developing an aLMS based on a pervasive use of 
educational standards (IMS-LD, IMS-CP, IEEE-LOM/IMS-MD, IMS-LIP, 
IMS-QTI). In particular, we present the aLFanet approach and comment on the 
consequences of applying such type of systems in real large-scale situations that 
take place at mega-universities like UNED.   

1 Introduction 

Personalized learning is no longer a research issue faced in the so called adaptive 
learning environments but a concrete challenge fostered by most reports focus on 
promoting the use of the information and communication technology (ICT) at higher 
education (HE) institutions focused on “the learning and the learner” [9]. The purpose 
here is not only to help “the learner to match his or her own needs for personal 
development” but also to provide “facilities for lifelong learning (LLL) to upgrade the 
skills of people with disabilities”. This “student-centered approach” poses too many 
challenges to traditional HE institutions and distance teaching universities as well.  

One key question to be answered is how to construct LMS that support the HE 
user-centered scenario. Most courses on current LMS hardly offer any information 
about which didactical methods and models they use. As far as adaptation is 
concerned, they just offer predefined settings for a particular course that turn out to be 
the outcome of extensive customizations. Nevertheless, if the user is central, courses 
are no longer the key issue but a concrete scenario where each user satisfies a 
particular set of learning goals. The problem exceeds the limited scenario of the 
course at hand and learners, their needs, backgrounds, learning styles and observed 
behavior when facing alternative learning situations become relevant. This also 
implies that those learning situations have to be explicitly managed throughout 
different courses.  



 

As far as HE institutions are concerned, eLearning services are included in a wide 
variety of ICT services that cover many other relevant issues that could eventually 
affect user’s behavior in a particular learning situation within a concrete course. These 
other applications could cover management of users (faculty staff, students, tutors, 
and administrative people), contents of varied nature (exams, study guides, calendars, 
bibliographic resources, videos, audios, etc.) and communication channels and means 
(e-mail, forums, news, radio, educational TV, IP telephone, etc.).  

Taking all that into account in this paper we will discuss relevant issues to be 
supported by aLMSs, the aLFanet approach and some learned lessons from its 
evaluation, along with related problems at HE institutions. 

2 Adaptive LMS and the aLFanet Approach 

Adaptation is a general term that conveys too many features. From our experience 
working at aLFanet project [7], we have come up with two intertwine definitions of 
adaptation in a LMS [8]. From an initial survey done at aLFanet project based on 
“focus group” methodology (with experienced users) it was highlighted that learners 
rely on questionnaires for adaptation based on pre-assessment. In particular, learners 
relate pre-assessment adaptation strongly to their level of knowledge and moderately 
to their learning styles and motivation. 

However, adaptation based on a predefined learning design cannot be fully 
achieved since it is not possible to foreseen beforehand the different types of situation 
each particular learner can came across during the course execution. Therefore, it is 
needed to consider two types of scenarios, i.e., 1) predefined rules to manage foreseen 
situations and 2) dynamic responses generated with the data collected from users’ 
interactions by modeling different elements involved in the learning process (learners, 
learning material, LMS services, etc.) and applying several machine learning [4] and 
collaborative filtering techniques [2]. The latter approach is applicable when there are 
hundreds of users and hundreds of courses supported by an open LMS [1]. The 
management of both types of adaptation approaches is highly complex and can only 
be afforded if both educational and technological standards are used [10]. 

The aLFanet approach relates to other projects, such as OPAL, OLO and KOD, 
which are intended to extend existing standards to support adaptive course delivery 
[3]. Nevertheless, our focus is to effectively combine runtime and design time 
adaptations in an open aLMS based on standards. Thus, apart from using IMS-LD to 
cover the dynamic behavior of the system, we provide an adaptive runtime 
environment which extends learning design (LD) adaptations, integrates other 
educational standards (IMS-CP, IMS-LIP, IMS-QTI, IEEE-LOM/IMS-MD) and gives 
access to control the corresponding feedbacks between design decisions and runtime 
interactions.  

From the technological perspective, we have developed a flexible, open-source and 
extendable architecture based on Java technologies, multiplatform communication 
(SOAP, WebDav) and multi-agent systems (FIPA) standards [7]. The system 
architecture is described elsewhere [11] and consists of a decouple set of independent 
open source components available under GNU GPL license: aLFanet LD and QTI 
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Authoring Tools, LD engine Coppercore, aLFanet adaptive and interaction packages 
under the OpenACS/dotLRN projects. 

2.1 Adaptive Full Life Cycle to Support User-Centered E-learning  

Adaptation is not an idea that can be plugged in a learning environment, but a process 
that influences the full life cycle of learning [6]. If we analyze current LMS, working 
on learning environments is a complex process of four interrelated steps: design of the 
learning experience (based on objectives and learning activities), administration (i.e., 
management of all data including users’ roles, access rights and services 
configuration), usage (i.e., actual use of designed activities on the learning 
environment within the class context) and auditing (i.e., authors get reports on the 
actual use of course design, namely descriptions on how users have performed on 
learning activities, in order to adjust course design).  

 

LMS Auditing 

Learner

Administrator 

LMS
Usage 

LMS
Administration 

Tutor 

Authoring / 
Design 

Author  

Fig. 1. aLFanet subsystems along the e-learning life-cycle 

In aLFanet the four steps can be formulated as learner’s driven tasks thanks to the 
combination of learning design and run time adaptations, which provide a learning 
scenario adapted to the particularities of each learner along the learning process. 
Central in the aLFanet adaptation process is the Design created in IMS-LD, which 
contains the logic for the pre-designed adaptation and provides the hooks and the 
information upon which the runtime adaptation bases its reasoning. The Design phase 
deals with the construction of contents, the organization of services and the 
preparation of learning activities within the LMS to achieve certain learning 
objectives. During Publication time (Administration) the runtime environment is 
prepared to provide an adapted experience to learners (i.e. interface personalization, 
services customization, publication of questionnaires to fill the user-profile, etc). In 
turn, the Use phase focuses on the actual interactions of users (tutors and learners) 
with the contents and services available within the particular learning route built for 
each learner along the course. Dynamic adaptations based on the users’ interactions 
(both individual and collaborative) are offered. The final step (Auditing) is to assess 
the actual use of learning materials and activities to feed back the author so that by 
means of design adjustments future learner’s experiences can be improved.  
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2.2 Adaptive Scenarios Based on Standards 

Adaptive scenarios are meant to support different types of adaptations. Adaptive 
features can be managed at design time, when authors predefine learning activities, 
and at run time, when the system provides adaptive responses which takes into 
account users’ interactions to solve situations that cannot be predicted at design time. 
It is important to note that system feedback to a particular user can be based not just 
on that user record (learning styles and preferences, knowledge level, etc.) but on 
clusters of users with similar individual characteristics. To facilitate the production, 
management and re-usability of adaptive scenarios the pervasive use of standards is 
essential.  

 aLFanet provides new information (in terms of dynamically generated web pages) 
according to individual and collaborative user’s needs. Methodological adaptations 
are twofold. First, alternative learning paths (pedagogical models described with IMS-
LD) for different types of users (user models described with IMS-LIP) can be pre-
coded at design time. Second, in order to lessen the work load at design time, the 
system manages two pedagogical scenarios to provide run time adaptations: lack of 
knowledge and high interest level. To this, a recommender subsystem launches a 
recommendation when any of these scenarios are detected. In turn, dynamic adaptive 
assessment (questionnaires described with IMS-QTI) is provided by a rule-based 
selection and ordering of questions for the relevant items bank, considering the 
particular user profile (metadata integrated in the LD). Finally, adaptive presentation 
uses the user model. Moreover, IMS-CP defines a standardized set of structures to 
collect reusable content objects and packages the materials produced at the authoring 
tools. In short, personalized learning in aLFanet comes from the combination of 
advanced learning methods specified at design-time in terms of IMS-LD and adaptive 
interaction supported at runtime by user modeling based on machine learning [5]. 

To support this approach we have addressed several related issues. Firstly, to 
develop the instructional strategy that promotes active and adaptive learning [5]. 
Secondly, to overcome the practical problems that arise in dealing with design 
solutions, namely, their mapping and building. To this, we have developed IMS-LD 
templates to facilitate the management of different aspects These templates use the 
typical instructional arrangements for concept learning, assumed to be generic and 
applicable for any situation across problem domains. Thirdly, our experiments at pilot 
sites have shown another conceptual and practical problem, which is to understand 
and manage the conceptual meaning of design and run time adaptive features. In this 
respect, we have defined a methodology to cope with this type of scenarios to focus 
design on adaptive features and to illustrate how adaptive features can be used at 
runtime.  

3 A Course Experience in aLFanet 

aLFanet covers the full life cycle of eLearning for adaptive course delivery through an 
educational model platform independent and a flexible and modular architecture 
based on educational standards and open source developments. Three different roles 
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are identified in the system along the eLearning life cycle. First the Author, who is the 
content expert and the responsible of designing reusable, platform independent, 
objective-based and adaptive courses following a methodological approach based on 
the integration of educational standards in a four step process (i.e. course material, 
metadata, pedagogic template and adaptive scenarios). Specifically, to create adaptive 
courses the following steps are followed in aLFanet: (1) creation of content materials, 
(2) creation of IMS-QTI assessments to (a) collect users’ data and (b) measure the 
degree of understanding by the learner via dynamic questionnaires that can be adapted 
to each learner depending on the user’s characteristics and course behaviour, (3) 
definition of the IMS-LD course structure and organization according to some 
pedagogical template, (4) addition of rules for adaptation using the information 
derived from IMS-QTI questionnaires and IMS-LIP users’ profile, (5) adding 
metadata to trace and identify usage patterns based on the actual interactions of the 
learners, and (6) generation of the complete course package (IMS-CP) that contains 
both the course definition and the course resources. 

Once the XML specification of the course is done by the author, it has to be 
published in the aLMS. The Tutor of the course (if no tutor exists, someone with 
administration rights) enters aLFanet and uploads the course design. Next, the 
learners and tutors have to be assigned to the course just uploaded. Moreover, based 
on the characteristics of the context of each particular run of the course (i.e. learners, 
tutors, institution, previous experiences, …) the tutor may decide to configure new 
services (e.g. forums, folders, …) and/or predesigned recommendations or 
motivational messages to complement the design defined by the author (who think on 
ideal rather than on particular situations). Moreover, at runtime the tutor plays the role 
of a course assistant, giving support to learners.  

In turn, Learners receive an adapted educational experience depending on the user 
model and the course objectives. Only the activities relevant for the learner at each 
particular situation, context and background are shown. Each one implies the usage of 
different learning objects and different services. Nevertheless, the system also 
provides run time support to learners via free-to-follow recommendations. 

3.1 Standards Interoperability 

Adaptive features can be technically implemented in aLFanet with the use of the 
educational standards (see above). The starting point is the course flow defined by the 
author, which specifies the different parts of the course, the conditions to go on to the 
next part, the individual and group work activities, and the evaluation criteria.  

IMS-QTI questionnaires are key elements in the course flow because i) they allow 
gathering information about the user profile (IMS-LIP), as well as the interests and 
background in relation to the learning objectives, and ii) they follow the learning 
progress through intermediate assessments and assess the learners’ performance at the 
course milestones. From adaptation point of view, it is very useful to know in which 
materials the learner has weakness to produce recommendations in order to overcome 
such weakness. However, IMS-QTI questionnaires generate score values according to 
item definition, but the information about the required score for passing an exam lies 
in IMS-LD design. Therefore, to manage the scoring variables within the learning 
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design, they have to be created first at item definition time. The scoring variables are 
synchronized with the LD engine during course execution by defining a set of 
properties (e.g. scoring variables, list of tests passed, results from users’ profiles 
questionnaire, flags to know if a submodule is passed) and a set of conditions (if-then) 
to differentiate the different learners’ profiles, to hide or show certain activities, and 
to be aware of the modules passed. For instance, the following XML specification 
taken from the UNED pilot site course (“How to teach through the Internet”) shows 
how the result from the profiles questionnaires determines which learning activities 
are to be shown to the learners belonging to this profile: 
 
<imsld:if> 
 <imsld:is> 
 <imsld:property-ref ref="MyLearningStyle"/> 
 <imsld:property-value>Deductive</imsld:property-value> 

 </imsld:is> 
</imsld:if> 
<imsld:then> 
 <imsld:hide> 
<imsld:activity-structure-ref ref="LOb1_Inductive_AS"/> 
<imsld:activity-structure-ref ref="LOb2_Inductive_AS"/> 

 </imsld:hide> 
 <imsld:show> 
 <imsld:activity-structure-ref ref="LOb1_Deductive_AS"/> 
 <imsld:activity-structure-ref ref="LOb2_Deductive_AS"/> 

 </imsld:show> 
</imsld:then> 
 

Moreover, metadata (e.g. objective, learning style) are also needed in learning 
objects to select the most appropriate ones for each learner at each situation. As an 
example, learning objectives can be specified for learning objects in IMS-MD: 
 
<imsmd:catalogentry> 
 <imsmd:catalog>objective</imsmd:catalog> 
   <imsmd:entry> 

 <imsmd:langstring>Text describing objective    
   </imsmd:langstring> 

 </imsmd:entry> 
</imsmd:catalogentry> 
 

Properties and if-then-else rules could be too rigid if they are used by itself, but 
provide solid methodological hooks when complemented with dynamic analysis of 
interactions and on the fly recommendations. 

3.2 Evaluation Results 

The system has been evaluated at four different pilot sites: “Spanish course for 
German Learners” (KLETT), “Environment and Electrical Distribution” (EDP), 
“How to teach through the Internet“ (UNED) and “Communication technology” 
(OUNL). During the evaluation process (done by 111 users: 22 at KLETT, 28 at EDP, 
40 at UNED and 21 at OUNL), both strengths and weak points were detected in 
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aLFanet system. As strengths (compared to existing LMS known by the users) , 
students mention: 1) dynamic adaptation and recommendations supplied; 2) flexibility 
of task order; 3) residing on the internet (i.e. all information is available and can be 
updated and accessed); 4) variety of different exercises and assessments; 5) good 
guidance and feedback by the use of tests (i.e. interactivity and direct self-assessment 
of the level of understanding of the course material); 6) course material is adapted at 
each personal learning profile. On the contrary, authors asked for 1) improvement and 
integration of the authoring tools, and 2) more documentation explaining how to 
implement different adaptive scenarios.  

The outcomes from evaluation activities at use phase were: 1) the effectiveness 
(which measure how aLFanet features facilitate the learning process to students) of 
the LMS is rated positive (i.e. it is possible to reach the learning objectives, obviously 
depending on the quality of the course contents); 2) the efficiency is rated less 
positive (most participants suffered performance problems); 3) the usability and 
navigation using the current interfaces was low rated (the possibility of defining 
different presentation templates may help to fix these problems in the future). 

Some of the learned lessons from the evaluation activities are as follows: 1) the 
design phase is experienced as a complex task and the effectiveness of the design 
process is improved with a design methodology (authors were only able to design the 
course when the methodology was provided in terms of the LD template), 2) defining 
the adaptations within a course still needs technical knowledge and skills in order to 
successfully orchestrate the course flow, 3) experiencing adaptation requires an open 
design that provides diversity in learning materials and open learning paths, 4) the 
user characteristics considered to provide adaptation (cognitive modality, learning 
style, interest, knowledge level, level of activity and similarity between learners) were 
found useful to provide an adapted response to each learner. 

4 Conclusions 

Most HE institutions are improving their ICT support, including e-learning services, 
with the aim of developing user-centered scenarios which support a more integrated 
and personalized provision of ICT services, especially in mega-university like UNED 
[8], which has over 160000 students enrolled last year.  

Because of the increasing number and variety of services that could cause 
problems of usability and accessibility, and the interoperability required to provide 
diverse functionalities adaptive services are becoming a required support. The key 
questions are what, how and when those services have to be delivered to each 
individual with personal and framework changing conditions. In particular, learners 
evolve while they are learning and their personal situations can be of varied nature. 
To answer those questions it is required to manage features of individual and group 
profiles, contents, devices, interaction modes, and their relationships with each 
particular ICT service. This is precisely what the aLFanet system provides but 
circumscribed to e-learning courses and in a R&D European project environment, 
where users are expected to accept difficulties in using authoring tools, performance 
problems due to a decouple system architecture (which, in turn, has provided a set of 
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available open-source independent components), lack of knowledge in dealing with 
alternative learning templates and usability and navigation problems. 

 In particular, the aLFanet approach consists of an adaptive LMS based on a 
pervasive use of educational standards (IMS-LD, IMS-CP, IEEE-LOM/IMS-MD, 
IMS-LIP, IMS-QTI), which combines predefined rules for adaptations with dynamic 
responses on runtime based on the current learners interactions. 

Based on the evaluation results of this project, more than a direct application of 
aLFanet at HE institutions the lessons learned are as follows: (1) inter-service user 
models based on standards are needed to facilitate any type of adaptation, specially if 
the user has special needs [12] they could not afford a repetitive process of providing 
basic information about their own needs for each new service (or course) (2) users’ 
needs and preferences evolve over time and this relates very much to users’ 
experience on available services (3) developing extensive specifications present 
serious difficulties when dealing with limited learning scenarios and therefore 
templates and interactive assistance tools should be provided, (4) monitoring and 
tracking facilities should focus on providing qualitative features related to the service 
at hand, and (5) personalized feedback to users should take into account a detailed 
description of users’ needs and preferences, service and environment features. 

References 

1. Gaudioso, E. and Boticario, J.G. Towards web-based adaptive learning communities. In Arti-
ficial Intelligence in Education, Ed. by H.U. Hoppe et. al. IOS Press, (2003) 237-244  

2. Mobasher, B. Web Usage Mining and Personalization. Chapter in Practical Handbook of 
Internet Computing Munindar P. Singh (ed.), CRC Press (2004) 

3. Paramythis A., Loidl-Reisinger S., and Kepler J. Adaptive Learning Environments and e-
Learning Standards. Electronic Journal of eLearning, EJEL: Vol 2. Issue 1, March, (2004) 

4. Smith, A.S.G. and Blandford, A. ML Tutor: An Application of Machine Learning 
Algorithms for an Adaptive Web-based Information System. IJAIED Vol. 13, (2002) 

5. Van Rosmalen, P., Boticario, J.G. Using IMS LD to support design and runtime adaptation. 
In Koper, Rob; Tattersall, Colin (Eds.). A Handbook on Modelling and Delivering 
Networked Education and Training. Springer Verlag, (2005) 

6. Van Rosmalen, P., Boticario, J.G., Santos, O.C. “The Full Life Cycle of Adaptation in 
aLFanet eLearning Environment”.Learning Technology newsletter. Vol:4.Oct (2004) 59-61 

7. Fuentes, C., Carrión, M.J., Arana, C.,  Boticario, J.G., Barrera, C., Santos O.C., Van 
Rosmalen, P., Schmidt, J.A., Hoke, I., Barros, F., Canada, R. aLFanet D82 – Public Final 
Report, (2005) aLFanet public deliverables are available at: http://rtd.softwareag.es/alfanet/ 

8. Boticario J.G., Santos, O.C., Rosmalen P.Technological and Management Issues in 
Providing Adaptive Education in Distance Learning Universities. EADTU Annual Conf, 
2005.  

9. eLearningPR. Adopting a multi-annual programme (2004-2006) for the effective integration 
of Information and Communication Technologies (ICT) in education and training systems in 
Europe (eLearning Programme)  

10. Santos, O.C., Barrera, C., Boticario, J.G., Gaudioso, E.. An overview of aLFanet: an 
adaptive iLMS based on standards. Adaptive Hypermedia and Adaptive Web-Based 
Systems. Springer-Verlag in Lecture Notes in Computer Science (LNCS 3137). pp 429-432, 
2004. 

 

302 Jesus G. Boticario and Olga C. Santos



 

11. Santos, O.C., Boticario, J.G., Barrera, C., aLFanet: An adaptive and standard-based 
learning environment built upon dotLRN and other open source developments. Foro hispano 
de .LRN y software libre educativo. Congreso de usuarios y desarrolladores de .LRN: Una 
iniciativa abierta de eLearning, Madrid, Spain, 2005. 

12. Velasco C A, Mohamad Y, Gilman A S, Viorres N, Vlachogiannis E, Arnellos A, 
Darzentas J.S. Universal Access to Information Services - the Need for User Information 
and its Relationship to Device Profiles. In: Gulliksen J, Harker S, Vanderheiden G (eds), 
Special issue on guidelines, methods and processes for software accessibility. Universal 
Access in the Information Society, 3 (1), pp. 88—95, 2004. 

 

 

Issues in Developing Adaptive Learning Management Systems 303



 

Learning Designs Supporting Localisation for 
Personalised and Adaptive E-Learning  

Ergin Murat Altuner, Mustafa Ali Türker 

IES – SEBIT, ODTU Teknokent Gumus Bloklar C Blok 06531 
 Ankara, Türkiye 

{ergin.murat.altuner, ali.turker}@ sebit.com.tr 

Abstract. Localisation is a process through which an e-learning product is 
transformed to serve the primary needs and characteristic of a specific market. 
The aim of the localisation is far beyond translating the product to a new 
language. It is not only to translate the content but also to adapt it to the culture 
in concern as well. This article introduces the property of learning designs in 
iClass supporting localisation. 

1 Introduction 

iClass (Intelligent Distributed Cognitive-based Open Learning System for Schools), 
an education project of European 6th Framework Programme, has objectives of 
formulating a pedagogical approach supporting a personalised, flexible and learner-
centred learning experience using ICT. 

In order to have the content personalised to a specific user, the first step is to 
localise the content. Localisation is a process through which an e-learning product is 
transformed to serve the primary needs, such as language (accent), cultural factors 
and etc., and characteristic of a specific market [1].The aim of the localisation is far 
beyond than translating the product to a new language. It is not only to translate the 
content but also to adapt it to the culture in concern as well. 

Developing learning designs that include conditions and rules to play content 
localised according to the needs and characteristics of a user is not economical 
because each learning design should contain all possible content instances localised to 
a language or a culture. For this reason iClass is mainly focused on the developing 
process of the content used in learning designs supporting localisation. In order to 
achieve this, iClass try to develop an object oriented based content development and 
tag each content with suitable data to enable the system to choose the right content at 
the right time. Since the pilot will take place in four countries, this content 
development process is outlined to enable economical production of localised content 
for a number of markets.  

This article introduces the property of learning designs in iClass supporting 
localisation. 

 



 

2 Content Data Hierarchy  

The iClass content can be categorised into four levels. These are:  
• the common practice activity structures,  
• the activities that constitute these activity structures,  
• the iClass Learning Objects and  
• the Sharable Content Objects.  

Common practice activity structures are stored as learning designs conforming to 
the IMS Learning Design (LD) Level - B specification. These activity structures can 
vary in their execution, with respect to the learner profiles. 

Activities are elements of activity structures. Each activity suits one Learning 
Event type using 8 Learning Event Model introduced by LabSET [7]. Currently, each 
activity is matched with one iLO (iClass Learning Object). These iLOs represent the 
aggregation of the most granular units of content that are the SCO’s (Sharable 
Content Objects). SCO’s represent the most granular units of content to be developed 
within the scope of iClass. Each SCO comprises a set of assets. 

The levels of the content data hierarchy of iClass are given in the Figure 1 [4].  
 

 
 

Fig. 1. iClass content data hierarchy 
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3 Object Oriented Based Content Development 

As it is stated in the section 1, in order to develop content supporting localisation, 
iClass try to apply an object oriented based content development. A graphical 
explanation of this object oriented based content development used in iClass is given 
in Figure 2. 

 
Curricular 
Analysis 

Storyboards Art Multimedia 
Realisation 

Metadata 
& 

Packaging 

 
 

Fig. 2. iClass object oriented based content development model 
 

The output of the curricular analysis step is a map of objectives and expected 
outcomes extracted from the curriculum [6]. The realisation of these objectives is 
achieved at the storyboarding step, which means each storyboard is developed and 
matched with an objective. After developing storyboards, assets related with each 
storyboard is created and by using these assets multimedia content is developed. At 
the end, the content is packed by adding metadata and the content organisation.  

Showing the relations between the steps through this object oriented developing 
process will provide traceability of components. Content pieces that need to be 
localised can be traced back to their origins, which means localisation may occur at 
any of the levels above either at the asset level or at the objective level.  

4 Content Tagging   

As it was stated in the section 1, content is tagged with suitable data to enable the 
system to choose the right content at the right time, which means that the elements of 
four-levels described in Section 2 are tagged with an appropriate metadata set.  

CELEBRATE project extended the Learning Object Metadata (LOM) schema 
developed by the IEEE Learning Technology Standards Committee [5] by defining 
new elements and new vocabularies for CELEBRATE project.  

New elements are ‘Learning Principles’ in ‘Educational’ category and 
‘CELEBRATE Digital Rights’ in ‘Rights’ category. New vocabularies have been 
defined for ‘Learning Resource Type’, ‘Intended End User Role’ and ‘Context’ in 
‘Educational’ category and some refinements has been made to ‘Language’ value 
space and ‘Typical Age Range’ value space [2]. iClass further extends this schema as 
described in the following paragraphs. 

In order to tag the content, two types of parameters, namely contextual and 
pedagogical parameters are used. These parameters are used to match the content with 
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the user’s preferences [3]. Contextual parameters include “Intention”, “Depth of 
Coverage”, “Duration” and learner’s prior knowledge. Sample vocabularies for these 
parameters are given in Table 1. 
 

Table 1. Sample vocabularies for contextual parameters 
 

Contextual Parameters Vocabulary 

Intention 
“Introduction”, “Revision”, “Exam 
Preparation”, “Enrichment”, 
“Remedial” 

Depth of Coverage 

“To teach core skills of the 
domain”, “To teach all skills of the 
domain”, “To teach a specific skill 
in the domain” 

Duration “Short”, “About an hour”, 
“Leisurely” 

Learner’s prior knowledge Skills determined for the domain. 
Place “In School”, “Out of School” 

Degree of collaboration 

“Alone”, “As a pair of students”, 
“With a group of students”, “With 
the assistance of teacher”, “With 
the assistance of parents” 

Environment 
Own PC”, “Lab PC”, “Network 
PC”, “Handheld”, “Laptop”, 
“Projector” 

Culture “UK”, “TR”, “FR”, etc. 
 

Pedagogical parameters include “Curriculum”, “Highlighting cross-curricular 
connections”, “Learning sensory bias”, “Narrative Preference”, “Learning Bias”, 
“Learning Event Bias”, “Navigational Preference”, and “Contextual Preference”. 
Sample vocabularies for these parameters are given in Table 2. 

5 Selecting Suitable Content  

In order to capture the learner’s and the teacher’s preferences, iClass employs two 
preferences tools, namely teacher’s preferences tools and student’s preferences tools. 
According to the preferences captured, iClass system first selects an appropriate Unit 
of Learning in a given domain. An LD covering this Unit of Learning is selected by 
the user from among the domain whose ontological maps have been prepared. By 
comparing the metadata of the activities and the iLOs, system matches suitable iLOs 
which consists of one or more SCO(s) for each activity. Each SCO is responsible in 
supporting localisation. 
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Table 2. Vocabularies for pedagogical parameters 
 

Pedagogical Parameters Vocabulary 
Curriculum “UK”, “TR”, “FR”, etc. 
Highlighting cross-curricular 
connections “Yes”, “No”  

Learning sensory bias “Visual”, “Auditory”, “Kinaesthetic”, 
“None” 

Narrative Preference 
“Start with concrete examples”, 
“Start with the theories”, “No 
preference” 

Learning Bias “Yes”, “No” 
Serialist vs. Holist   “0”, “1”, “2” 
Practical vs. Theoretical “0”, “1”, “2” 
Participatory vs. Observational “0”, “1”, “2” 

Learning Event Bias [7] 

• Receive: Number of times a 
Reception event is covered  

• Imitate: Number of times an 
Imitation event is covered  

• Practice: Number of times a 
Practicing event is covered  

• Explore: Number of times an 
Exploring event is covered  

• Creates: Number of times a 
Creation event is covered 

• Experiment: Number of times an 
Experimenting event is covered  

• Debate: Number of times a 
Debating event is covered 

Curriculum “UK”, “TR”, “FR”, etc. 

6 SCOs Supporting Localisation 

Although at the first release iClass supports some simple localisation features, it 
supports localisation both in terms of language and culture. Figure 3 represents some 
properties of an iClass SCO. The “lang” node represents the language of the content 
which will be used to select the language of the animation slider given in the Figure 4.  

 

 
 

Fig.3. Some nodes from “sco_info.xml” used in iClass 
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According to the information in the “lang” node of the “sco_info.xml”, content 
renders the over mode of the animation slider Play/Pause button at the run-time using 
information set in the “localisation.xml” file. 

 

 
 

Fig.4. Some nodes from “localisation.xml” used in iClass 
 
Some other information such as the title of the SCO and screen text is translated 

during the development stage. Also information related to the culture, such as the 
name of a café, is localised and implemented during the development stage as given 
in the Figure 5. 

 

  
 

Fig.5. A sample SCO localised into two different cultures 
 

In iClass localisation is not just translating the name of the café but also changing 
the main objects of the content, such as the character used in the animation, as shown 
in Figure 6. 

7 Conclusion 

This paper introduces the property of learning designs in iClass supporting 
localisation. Although the first version of iClass supports simple localisation features, 
the further studies will improve the features supported. Assigning localisation features 
for other levels in the iClass content data hierarchy, will improve the flexibility and 
adaptivity of the iClass systems in terms of localisation. 

Other challenge in iClass in terms of localisation for further releases is to improve 
the system so that content is totally run-time localised. 

 

Learning Designs Supporting Localisation 309



 

 

 
 
Fig.6. A sample SCO localised into two different cultures 
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A3EH@AIED’05; A3EH@AH’04; and A3EH@WBE’04. The current workshop 
focuses on the issues of design, implementation and evaluation of general Adaptive 
and Adaptable Hypermedia, with applications in e-learning, e-government, corporate 
systems and e-commerce. Authoring of Adaptive Hypermedia has been long 
considered as secondary to adaptive hypermedia delivery. This task is not trivial at all. 
There exist some approaches to help authors to build adaptive-hypermedia-based 
systems, yet there is a strong need of high-level approaches, formalisms and tools that 
support and facilitate the description of reusable adaptive websites. Only recently 
have we noticed a shift in interest, as it became clearer that the implementation-
oriented approach would forever keep adaptive hypermedia away from the ‘layman’ 
author. The creator of adaptive hypermedia cannot be expected to know all facets of 
this process, but can be reasonably trusted to be an expert in one of them. It is 
therefore necessary to research and establish the components of an adaptive 
hypermedia system from an authoring perspective, catering for the different author 
personas that are required. This type of research has proven to lead to a modular view 
on the adaptive hypermedia. This workshop looks at how adaptive hypermedia can be 
created in an easier, more systematic way, based on reuse, automatization, flexible 
models and on emerging standards.  

Major Themes 

* Design patterns for adaptive hypermedia 
* Authoring rich user models for adaptive/adaptable hypermedia 
* Authoring pedagogic models for adaptive/adaptable educational hypermedia 
* Authoring for mobile adaptive hypermedia 
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* Reusable user models and adaptation models 
* Authoring personas (roles: e.g., domain author, adaptation author, etc.) for adaptive 
hypermedia 
* Authoring adaptation languages for adaptive hypermedia 
* Evaluation of authoring tools for adaptive hypermedia 
* Evaluation of adaptive hypermedia design patterns 
* Evaluation of adaptive hypermedia authoring patterns 
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Abstract. As information overload is an increasing problem, the benefit of 
providing appropriate information to satisfy users’ special information needs is 
widely recognised.  However, developing adaptive systems is not a trivial task. 
One of the challenges is in specifying the types of text that are expected, under 
which circumstances. In this paper, we present Constructor, a graphical 
authoring tool to be used in conjunction with an adaptive system based on 
linguistic principles. Constructor allows for the authoring of document content 
and structure from which the resources required by the adaptive engine can be 
generated automatically.  

1 Introduction 

 
As information overload is an increasing problem (e.g., [8]), the benefit of providing 
appropriate information to satisfy users’ special information needs, whether they be 
learning, entertaining, or working information needs, is widely recognised. These are 
largely driven by the context in which they occur. How to exploit contextual 
information to deliver what users need is the central theme of adaptive systems 
research. Studies have shown that documents containing information adapted to the 
needs of individual users outperform general purpose documents (e.g., [3]). 

Given the effectiveness of adaptive information, the question of how to develop 
adaptive information systems is an important one. To address this question, different 
approaches have been explored. One approach is underpinned by pedagogical 
principles, e.g., [7]. Here, adaptation is chiefly based on matching users (learners) 
existing knowledge with prerequisite knowledge as specified in a closed set of 
learning material. In this approach, documents are manually authored, together with 
specifications of the circumstances under which the text should be presented, and a 
user model is implemented as an overlay of an underlying concept model. Each 
concept is associated with a value indicating a user’s current state of knowledge with 
respect to that concept. An adaptive engine can compare the value of a concept in the 
user model with the conditions of a concept in its conceptual model in order to filter 
out a sub-hypermedia space together with the corresponding navigation support to suit 
a user’s goal and knowledge level.  

In another approach, the linguistic notions of relevance and coherence are 
exploited to produce the appropriate tailored information space [14]. This approach is 



centred on a generation engine, libraries of operators, a set of contextual models and a 
set of retrieval operators that serve as the interface with the data sources. The set of 
contextual models includes the users’ characteristics, their task at hand, and the 
device they are currently using or the environment in which they are and the dialogue 
history so far.  These contextual models can be used to constrain how to select, 
organise and realise the information. Here, adaptation is chiefly based on the 
constraints that are provided by the contextual models on what information is to be 
presented to the user and how to present it. In this approach, unlike in the former one, 
systems typically work with an open set of (potentially heterogeneous) resources, and 
the final text/presentation is generated automatically.  

Both approaches have evolved along a similar pattern in terms of research, namely, 
(1) special purpose system stage, (2) general purpose system stage, and (3) authoring 
tool stage. In the special purpose system stage, a system is built for a specific 
application. In the general purpose system stage, focus is shifted towards developing 
software environments or platforms to facilitate the creation of different types of 
adaptive applications (e.g., [6] and [14]).  Finally, in the authoring tool stage, 
researchers turn their focus on developing authoring tools such that, instead of relying 
on technological experts, application domain experts can be empowered to develop 
new applications. For systems working with a closed set of resources, there are 
already some authoring tools (e.g., [2] [5]).  In this paper, we present an authoring tool 
for a system working with an open set of resources. The tool is not only to augment 
an existing set of resources (as in [1]), but it also allows one to define new texts that 
an adaptive system is to generate, and it can be used in a variety of applications.   

The paper is organised as follows. We first present a brief overview of our 
platform for developing adaptive systems, Myriad and the VDP, which is based on 
linguistic principles, and we discuss the need for an authoring tool. We then present 
Constructor, a graphical tool for authoring new documents. The usage of the 
Constructor is illustrated with a simple application. The paper concludes in section 4. 

2 An Adaptive System  with an Open Set of Data Sources 

2.1 Myriad and the Virtual Document Planner (VDP) 

 
Myriad is our platform for Contextualised Information Retrieval and Delivery [14]. 

Its main module is the Virtual Document Planner (VDP), a multimedia generation 
system that dynamically produces tailored hypermedia documents, integrating several 
heterogeneous data sources and customising the content for a user. The VDP is based 
on a typical Natural Language Generation (NLG) architecture, where the linguistic 
resources are separate from the engine. As in [13], the specific engine that the VDP 
employs is a planning engine, and the resources are represented as plan operators. The 
VDP (and Myriad) belongs to the class of AH systems working with an open set of 
(potentially heterogeneous) resources. Instead of providing navigation support and 
guidance through the (manually authored) hypermedia space, the VDP creates a 
tailored hypermedia space. The VDP generates hypermedia documents using 
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discourse operators to select and organise the content, presentation operators to 
determine an appropriate way to realise the content and the structure of the 
presentation, and a set of templates to control the layout of the final document.  It is 
through the discourse operators that one specifies the types of text to be generated 
(content and structure). A discourse operator is essentially a plan that specifies how to 
achieve a communicative goal. It decomposes a goal into sub-goals, ensuring that the 
sub-goals are related by rhetorical relations, as this is what will ensure the coherence 
of the final text/presentation.  Discourse operators typically have constraints on their 
applicability. The constraints usually refer to the contextual models (e.g., the user 
model), or the underlying data.   
    The development of an adaptive information system using this approach thus 
requires the authoring of the discourse operators. These are typically manually 
written. They are not easy to write, however, as they require expertise in the domain, 
writing skills, computational linguistic skills, and, of course, knowledge about the 
required specific syntax.   Our aim in this work is to provide a high level authoring 
tool that a domain expert with writing skills can use to specify the types of documents 
to be generated and their applicability (e.g., for which users, which context, etc.). 

2.2 Specifying document structure and content 

We would like people knowledgeable about the texts required in their domain and 
with writing skills to be able to specify contents for the documents that an adaptive 
system is to produce. To this end, (1) we provided an abstraction on the discourse 
operators, allowing authors to specify the structure and content of a text without 
having to know much about computational linguistics nor about the specific syntax 
required for discourse operators, and (2) we decoupled the specification of the 
structure of a text from the knowledge of how to retrieve data and from the 
specification of the applicability of the structure (i.e., the specification of the 
constraints for an operator).   

We introduced the concepts of content structure and retrieval registry [11]. The 
former is illustrated with respect to this document with the figure below (Figure 1). 

 

 
Figure 1. The high level content structure for this article 
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At the highest level of abstraction, the purpose (communicative goal) of this 
document is to describe an approach to authoring the resources required for an open 
source adaptive hypertext system. There are 2 main parts, or text spans (as defined in 
[12]), to the article: one where the idea for the paper is introduced and expanded 
(corresponding to sections 1, 2 and 3), and another one which summarises the content 
already presented (corresponding to section 4). At the next level of abstraction, the 
first text span can itself be decomposed into 3 smaller text spans which, again, are not 
independent of each other and play different roles within the paper as a whole: one 
span describe the Constructor tool (Section 3), which is the main information for the 
article, while the remaining text spans provide supplementary information (some 
background, the issue at hand, and some context, a description of our adaptive 
system). 

A content structure is thus an abstract document definition model, defined in terms 
of the purpose of the various parts of a document and their relationship. It is domain 
dependent and can be authored by someone who knows how to write in the 
application domain. The retrieval registry is a library of retrieval functions or 
specifications, called “retrieval services”, which specify how to get the data.  Given 
the content structure and the underlying retrieval registry, the authoring tool 
constructs the discourse operators required by the delivery engine. 

A content structure is composed of content nodes and relationships among them. 
Content nodes essentially correspond to the communicative goals defined in the 
discourse operators, or, looking at a resulting document, they correspond to text 
spans, or discourse segments, each presenting some “chunk” of information, with a 
purpose. Nodes at different levels of abstraction are governed by hierarchical 
relationship while sibling nodes are related with rhetorical relations (as defined in the 
Rhetorical Structure Theory [12]). A content node may have zero, one or many 
children nodes. It may have one to many parent nodes, since a sub-structure can be 
used in a number of documents. Content nodes thus define the structure of the 
documents to be produced, in terms of the respective communicative goals of the 
various text spans, also specifying how different discourse segments relate to each 
other (through the rhetorical relations), and the relevant scope for any particular node 
in relation to any contextual model. Finally, content nodes may link to retrieval 
services such that appropriate data can be retrieved from the underlying knowledge 
sources. 

3 Constructor: A Content Structure Authoring Tool 

To facilitate the authoring of the content structure, we have developed a graphical 
authoring tool called Constructor. Our goal was to enable domain experts to develop 
content structures by either creating them from scratch or by reusing existing ones.  

Figure 2 shows Constructor’s main window. There are three regions. The left 
region is the content hierarchy pane, where all content nodes are displayed. This can 
be likened to a table-of-content (TOC), although it is not a TOC of the possible 
documents, but rather a conceptual view of the hierarchy being defined. (It is not a 
TOC because order amongst sibling nodes is not determined here. It is determined 
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during the generation phase based on the rhetorical relations and the context.) The 
middle region is the tool bar for creating or manipulating content structures. The right 
region is the node decomposition pane which is the main working area. 

 

 
Figure 2. The Constructor’s main window 

To author content structures, authors need to think about document structure and 
relationships between different chunks of information, not about the phrasing proper 
of the document. Going back to our previous example about this article, as authors we 
had to think of what information we wanted to present and how the different parts 
fitted together, establishing a content structure like the one in Figure 1. 

Authoring a document via Constructor and writing a document directly share some 
concerns but also have differences: while an author needs to think about document 
structure and relationships amongst different sections in both cases, this thinking must 
be explicit when using Constructor.  Each content node must have a purpose (a 
communicative goal, or discourse purpose), and sibling nodes must be related with 
rhetorical relations. There are other differences between these two processes: 
1. The result of writing a document produces a specific document (an instance of a 

document), while the result of authoring a content structure is a document 
definition model from which a variety of instances can be generated. 

2. Although the granularity of information chunks may differ from one application to 
another, someone writing a document must know the actual content to include. In 
contrast, when authoring a content structure, an author only needs to point to an 
appropriate retrieval service to acquire the actual content. The exact content will 
then depend on when the retrieval service itself is called (allowing for dynamic 
data to be always accurate in the generated document). 

CN1Node tool Scope

CN2

 
Indicates 
iteration 

Link tool Link tool 

CN3

 ca
relation 
Rhetori l 

 

  Local 
variable 
(used for 
iteration) 

Link to 
retrieval 
services  
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3. Apart from creating the actual content, an author writing a document needs to 
explicitly order the content in some specific sequence and choose the specific 
vocabulary and syntax. In contrast, an author creating a content structure does not 
need to worry about realisation nor presentation order. This will be taken care of 
by the presentation strategies. 

4. Because, when using Constructor, an author specifies a definition model from 
which a number of documents can be generated, the author needs to explicitly 
think about the applicability scope for a content node, namely under what 
condition the content node will be included in the document to be produced. This 
mechanism is one of the mechanisms that enable the resulting system to be 
adaptive: depending on the exact context, different documents will be generated. 

3.1 Main Functionality of the Authoring Tool 

The Constructor offers an extensive set of functionality to author content structures. 
The following is a summary of its main capabilities. 
1. Basic functionality: This allows one to create, copy, cut, paste and delete content 

nodes and relations amongst them. The tool supports both top-down and bottom-up 
approaches to content structure authoring as well as content structure reuse. 

2. Advanced functionality: This includes: 
a. Service parameter nesting for the specification of parameters for the 

retrieval services. The parameters can call other retrieval services to 
allow more flexibility and power. 

b. Variable definition for setting local variables, useful when one 
wants to refer to an object several times. 

c. Iteration definition to specify that a content structure is to be 
instantiated several times, over a collection of items. 

3. Discourse operator generation: The Constructor can generate discourse operators 
directly from content structures. This way, technical experts can later fine tune the 
generated operators if required. We envisage that it will be possible in the future to 
load the modified operators back into Constructor. 

Given the space constraints, we cannot elaborate on all the capabilities listed above. 
Instead, we will provide one simple example of how to create a content structure from 
which different documents can be generated. 

3.2 An Example 

We illustrate how to use Constructor to create content structures using a specific 
application, Scifly [10], which delivers brochures about CSIRO’s ICT research 
tailored to the user’s interests. Scifly has been demonstrated in CEBIT Australia 
2005/2006 [9]. SciFly can generate different types of brochures, all containing a 
variety of information, including an ICT centre overview, a domain description for 
the projects under consideration, details of the projects and contacts (scientific and 
business). For our example, we focus our attention on defining a content structure for 
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a (simplified) project brochure, such as the ones shown in Figure 3.  The brochure in 
3(a) corresponds to brochure about 1 single project (Personal Monitoring), while the 
brochure in 3(b) is about several projects (Personal Monitoring, Paediatric Radiation 
Dosimetry and the e-health Research Centre). (You may note that the brochure about 
the 3 projects does not contain pictures – this is because the presentation strategies 
and space constraints mechanisms in Myriad later reason about the instantiated 
discourse structure and the available space given the “device model” of the user to 
decide on what to realise in the end. In this case, the paper brochures are restricted to 
2 pages, and the illustrations were not realised.) 

  

(a) Simple project brochure with one project (b) Simple project brochure with three projects 

Figure 3. Generated simplified project brochures.  

Creating a Content Structure. We now need to create a content structure to specify 
a project brochure. As authors, we thus need to think about what information we want 
to include in the brochure, and how we want it organised. In this case, we want the 
brochure to provide some information about each project selected, including its name, 
its description (from the underlying XML text database), and an image illustrating the 
project if there is one and there is space.  This will result in the structure shown in 
Figure 2.  

We now go through the process of creating this structure in more detail. Assuming 
we took a top-down approach, we first defined CN1, the content node corresponding 
to the overall brochure, giving it the communicative purpose: provide project 
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brochure to ?user (the top sub-window in Figure 2).  Here ?user is a variable 
referring to the user model. It will be instantiated at runtime.  

We now need to decompose that node. In particular, we want to specify that we 
need to find all the projects that the user was interested in and loop over them to 
provide a description of each project. This is done by (1) retrieving from the user 
model the list of projects the user specified in his or her query (not shown in the 
Figure), (2) binding this list to a local variable (?projectIds) so that we can refer to it, 
and (3) defining a new content node that will be iterated over once for each element 
of this local variable (so for each selected project).  This corresponds to CN2 in 
Figure 2. We can see the iteration symbol, and the local variable that serves as the 
iteration variable. (What is not shown in the figure to avoid obstructing the figure is 
how this variable is set: it is set through a retrieval service available from the user 
service registry: (user:getInterestedProjects ?user).  This service obtains the 
appropriate information from the user model.) This process illustrates the use of 
retrieval services to obtain data, providing service parameters to retrieval services 
(?user is a parameter to the service which will retrieve the projects the user is 
interested in – while it is a simple variable in this case, it could have been a (nested) 
call to another retrieval service), the use of a local variable and the iteration feature, 
which allows one to create only one content structure but specify that this structure is 
to be repeated for each object in the list. 

We can now specify the structure for the node that will actually provide a project 
description for one project, CN3.  It includes the main information (the project 
description, obtained through a retrieval service), a title (its name), and an image if 
there is one. Rhetorically, project name and image serves as supplementary 
information to the main information (the project description), related to this main 
information with the relation “preparation” and “illustration” respectively, as 
illustrated in the figure. 

Figure 2 shows another feature of Constructor: the specification of the scope of a 
content node. This allows one to specify under which context the content structure is 
applicable. In the figure, CN2 has a scope, which is only partially shown: it indicates 
that this structure is appropriate when all the projects the user is interested in belong 
to the same domain of application (e.g., health, mining, etc.).  (In the real system, a 
description of the domain would also be included as background information, and, if 
projects belong to different domains, they would be grouped and domains introduced 
appropriately. This is not done in our simplified example here.) 
 
Producing Discourse operators. Once the content structure is defined, discourse 
operators can be automatically produced. During that process, scopes defined for 
content nodes will be encoded as constraints for discourse operators while retrieval 
service specifications will be embedded. 
 
Generating Brochures. Now we call our Myriad platform with the generated 
discourse operators. These retrieval services are executed at runtime with the 
appropriate project ID from the current user model. As a result, the right content for 
the right project is retrieved.  Figure 3 shows 2 examples of generated (simplified) 
brochures.  We cannot describe here a detailed description of the adaptation 
mechanisms, the presentation strategies nor the space constraints.  Nevertheless, for 
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the sake of completeness, a brief account is given below. Adaptation in the Myriad 
platform is achieved mainly through the scoping (constraint) mechanism available for 
both discourse and presentation planning. This flexible mechanism enables the 
specification of constraints for all the operators (discourse and presentation). 
Constraints are typically defined on both the data itself (e.g., availability, content and 
structure) and the available contextual models (including the domain, the user, the 
task, the environment and the discourse history). This means that, at run time, 
depending on the exact context, different operators will become applicable, and the 
system will adapt the generated document to the context (see [4] [14]). Other 
mechanisms also contribute to the adaptation of content: the variable binding and 
retrieval services, which ensure that the content of the generated document always 
reflect the current underlying data, and the space constraint algorithm, which reasons 
about the generated discourse and the device or environment model to ensure that the 
realisation of the discourse is appropriate for the device/environment under 
consideration.  

4 Conclusions 

Adapting information to users’ special circumstance is desirable. However, 
developing adaptive systems is not an easy task. One of the challenges in building 
natural language generation based adaptive systems is to author the required discourse 
operators. One difficulty is that the expertise required to write them is complex. To 
address this issue, we have introduced a new approach to specify the discourse 
operators through the use of content structure, decoupling the specification of the 
structure of text from how to retrieve the data, and shielding authors from technical 
details of discourse operator encoding.  We also presented a graphical tool, 
Constructor, to support authors in defining content structures. Content structures 
defined in Constructor are then transformed into discourse operators to be used by 
Myriad, our platform for the development of adaptive systems. There are two notable 
advantages over conventional discourse operator authoring: (1) In effect, people 
knowledgeable about the application domain are able to author discourse operators; 
and (2) the laborious encoding of discourse operators is replaced by a more intuitive 
visual composition of content structures. As a result, we expect that modifying 
discourse operators is an easier task when using Constructor.    

Of course, there is still work to be done on Constructor, both in terms of its 
usability and its evaluation. We respect to the latter issue, our current plan is to carry 
out experiments where test subjects will use Constructor to design content structures 
for Scifly or a new application. Our aim will be to find out how usable and effective 
Constructor is in supporting non-technical experts to design new documents, 
identifying problems in the current implementation and in the proposed approach. 
Results will be used to improve the system. Finally, we would like to (1) examine 
how authors can also be supported in writing the required presentation operators and 
(2) look into an appropriate workflow model, involving domain experts, end users, 
and software engineers in the development of natural language generation based 
adaptive systems. 

Authoring Content Structure for Adaptive Documents 323



Acknowledgments 

We would like to thank the anonymous reviewers and Nathalie Colineau for their 
comments on the original version of this paper, and all the members of our team for 
their comments, suggestions, feedback and help on the tool itself. 

 

References 

[1] Androutsopoulos, I, Oberlander, J., and Karkaletsis, V.: Source Authoring for 
Multilingual Generation of Personalised Object Descriptions. Natural Language 
Engineering, Cambridge University Press (accepted for publication). 

[2]  Brusilovsky, P.: Developing adaptive educational hypermedia systems: From design 
models to authoring tools. In: T. Murray, S. Blessing and S. Ainsworth (eds.): 
Authoring Tools for Advanced Technology Learning Environment. Dordrecht: Kluwer 
Academic Publishers, 377-409 (2003). 

[3]  Campbell, M.K., DeVellis, B.M., Strecher, V.J. Ammerman, A.S., DeVellis, R.F. and 
Sandler, R.S.: Improving dietary behavior: The effectiveness of tailored messages in 
primary care settings. American Journal of Public Health, 84:783–787 (1994). 

[4] Colineau, N., Paris, C. and Wu, M. Actionable Information Delivery. Revue 
d’Intelligence Artificielle (RSTI – RIA), Special Issue on Tailored Information 
Delivery, 18(4): 549-576. (2004). 

[5]  Cristea A: “Authoring of Adaptive Hypermedia; Adaptive Hypermedia and Learning 
Environments”, book chapter to appear in "Advances in Web-based Education: 
Personalized Learning Environments", Sherry Y. Chen and Dr. George D. Magoulas. 
IDEA publishing group. 

[6]  De Bra, P. and Calvi, L.: AHA! An open Adaptive Hypermedia Architecture. In P. 
Brusilovsky and M. Milosavljevic (eds.), The New Review of Hypermedia and 
Multimedia 4, Special Issue on Adaptivity and user modeling in hypermedia systems, 
115-139 (1998). 

[7]  De Bra, P., Houben, G. J., and Wu, H. AHAM: A Dexter-based Reference Model for 
Adaptive Hypermedia. In the Proceedings of ACM Hypertext, 115-139 (1999). 

[8]  Edmunds, A. and Morris, A.: The problem of information overload in business 
organizations: A review of the literature. International Journal of Information 
Management, 20(1):17–28, (2000). 

[9]  http://www.cebit.com.au/ 
[10]  http://www.csiro.au/scifly 
[11]  Lu, S., Paris, C. and Wu, M.: Document modelling for customised information 

delivery. In the Proceeding of The Tenth Australasian Document Computing 
Symposium (ADCS 2005), Sydney, (2005). 

[12]  Mann, W.C. and Thompson, S.A.: “Rhetorical Structure Theory: Toward a functional 
theory of text organisation”, In Text 8 (3), pp. 243-281 (1988). 

[13]  Moore, J. and Paris, C. Planning Text for Advisory Dialogues: Capturing Intentional 
and Rhetorical Information. In Journal of Computational Linguistics; 19 (4), 
December 1993. pp 651 – 694 (1993). 

[14]  Paris, C., Wu, M., Vander Linden, K., Post M. and Lu, S.: Myriad: An Architecture 
for Contextualized Information Retrieval and Delivery (2004).  In the Proceedings of 
AH2004: International Conference on Adaptive Hypermedia and Adaptive Web-
based Systems.  August 23-26 2004, The Netherlands. Pp 205-214 (2004). 

324 Shijian Lu and Cécile Paris



Authoring Model for Quality of Experience-aware 
Adaptive Hypermedia Systems1 

Cristina Hava Muntean1, Gabriel-Miro Muntean1, Jennifer McManis1 
Alexandra I. Cristea2 

1 Performance Engineering Laboratory, RINCE, School of Electronic Engineering, 
 Dublin City University, Glasnevin, Dublin 9, Ireland 

{havac, munteang, mcmanisj}@eeng.dcu.ie 
2 Faculty of Computer Science & Mathematics, Eindhoven University of Technology,  

Postbus 513, 5600 MB Eindhoven, The Netherlands 
a.i.cristea@tue.nl 

Abstract. This paper presents a novel authoring framework for Quality of 
Experience (QoE) aware Adaptive Hypermedia Systems. It extends the LAOS 
authoring model in order to consider delivery performance issues. The paper 
formalises and exemplifies the newly proposed QoE extensions for the LAOS 
Adaptation and Presentation Models that include QoE Characteristics and QoE 
Rules layers.  

1   Introduction 

The Internet offers the opportunity for a vast number of people to access Web 
material. These people have diverse preferences, objectives, goals, aptitudes or 
special needs. Adaptive Hypermedia Systems (AHS) allow Web material to be 
tailored to the individual needs of the users. Many AHS have been proposed, 
including: AHA! [1, 2], Guide [3], ApeLS [4, 5], INSPIRE [6], AES-CS [7]. These 
systems address various issues related to personalisation such as: content and 
navigation support adaptation, user profile modeling, system usability evaluation, etc. 
Recently, due to the increase in types of devices and variety of networks used to 
access Web content, the delivery performance has been recognized as important and 
the material must now also be tailored to the user’s access capabilities. In this context, 
the QoE-layer for AHS [8, 9, 10] focuses on performance issues arising from the 
user’s network environment. 

A major problem faced by current AHS is content development and its reusability. 
The development of the adaptive content used by an AHS is a complex and time-
consuming task and it has been shown that authoring for adaptive environments 
differs substantially from authoring for static ones [11]. However, as AHS transition 
from academic proof-of-concept research to industry-based research and development 
of personalised information delivery systems, much more attention is given to the 
authoring process itself. First, a few authoring toolkits and systems [12, 13] were 

                                                           
The support of Enterprise Ireland Commercialisation Fund is gratefully acknowledged. 



developed and used with a given AHS. Later on, more general models for adaptive 
authoring that facilitate re-use of the material were proposed [14, 15]. Currently, 
research is performed towards the development of converters [16, 17, 18] that allow a 
material developed with an authoring tool to be delivered with various AHS. The 
primary goal of these authoring solutions is to enable the creation of user personalised 
content only.  

The diversity of network-enabled devices and network technologies which are now 
available require that the authoring process should consider the performance impact 
of this technology on content delivery. The adaptive material should be such created 
to enable fast network transfer and good display on various devices. This opens the 
way in AH authoring to the “create once, use many, use anywhere” authoring 
paradigm.  

This paper proposes a QoE-aware extension to the five-layer adaptive authoring 
model LAOS [12] that allows for performance-aware adaptation. The remainder of 
the paper is structured as follows. Section 2 briefly describes LAOS, and indicates 
that its Adaptation (AM) and Presentation models (PM) will deal with performance 
adaptation issues. Section 3 presents those factors having the greatest impact on QoE, 
and Section 4 is dedicated to the description, formalisation and exemplification of the 
proposed QoE-aware extensions to LAOS. Section 5 proposes a representation for 
Web content performance-related characteristics, whereas the last section presents the 
conclusions. 

2   LAOS 

LAOS is a layered model for adaptive hypermedia authoring [15]. The model extends 
the three layers of the AHAM [19]: User Model, Domain Model, and Adaptation 
Model with two new layers: 
 Goal & Constraints Model (GM), between Domain (DM) and User (UM) models 
 Presentation Model (PM) on top of the Adaptation Model (AM).  

The five layers of the LAOS function as follows.  
Domain Model (DM) represents the author’s view of the application domain. It is 

described as a collection of concepts (atomic and composite) with their respective 
attributes, plus a set of links that may exist between concepts. A concept may have as 
a counterpart a physical representation that consists of text, figures, multimedia 
presentations or a combination of those. A set of algebraic operators divided in four 
categories [15]: constructors (e.g. create, edit), destructors (e.g. delete), visualization 
(e.g. list, view, check) and compositors (e.g. repeat) was defined in order to create and 
manipulate the DM objects (e.g. concepts or links). 

Goal and Constraints Model (GM) allows the author to define goals - in order to 
give a focused presentation, and constraints- to limit the space of the search for the 
suitable concepts for a given user profile [15]. The main goal is to filter, regroup and 
restructure the domain model by considering a delivery purpose. It allows the author 
to order the attributes of a concept and to define AND/OR relations attributes, as well 
as weights for the OR relations. A set of algebraic operators similar with the one for 
DM was also defined for the GM [15]. 
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User Model (UM), described in more details in [19], follows the principle defined 
in AHAM. UM expresses individual user data (e.g. preferences, age) as well as 
knowledge level, interests or learning styles; it can be an overlay to either the GM or 
DM. 

Presentation Model (PM) takes into consideration the physical properties and 
environment of the presentation. Adaptive features regarding presentation means (e.g. 
page length, figure display properties, figure format, etc.) are specified at this layer. 
However, details about PM were not specified in LAOS. 

Adaptation Model (AM) provides the adaptive functionality of the AHS. It 
consists of a set of adaptation rules used to determine which information will be 
presented to the user, making use of the DM, GM, PM and UM. A three-layer 
granularity model (LAG) was proposed [20] as a model for authoring the adaptive 
behavior of the AHS. 
 low level adaptation for defining the traditional techniques for content 

adaptation (e.g. insert/remove fragments of information, stretchtext, sorting) and 
link adaptation (e.g. link sorting, hiding, removal, annotation). These adaptation 
rules have an IF-THEN format and were introduced in the AHAM. 

 medium level adaptation provides an adaptation language that increases the 
level of semantics of rules (e.g. WHILE-DO, FOR-DO, GENERALIZE, etc.). It 
groups elements of the previous layer into typical adaptation mechanisms and 
constructs. 

 high level adaptation that  provides support to define various adaptation 
strategies (e.g. teaching or pedagogic strategies) 

The whole LAOS structure is designed to work together with an Adaptation 
Engine (AE) - the core of the adaptive hypermedia application that interprets all the 
designed adaptation rules and strategies, and updates the information from the UM. 

3   Factors Affecting Quality of Experience  

The latest advancements in computer and communications-related technologies have 
brought to the wide consumer market many network solutions and a variety of 
network-enabled devices. Various types of networks enabled by different wired 
solutions such as DSL, ADSL, Ethernet or wireless such as WiFi (IEEE 802.11) and 
WiMax (IEEE 802.16) offer network connectivity with different characteristics. 
Available bandwidth, one of the most important characteristics, differs not only 
among different types of networks, but also for the same network type depending on 
users’ type and number, traffic type, pattern and size, environmental conditions 
(mainly for wireless), etc. This variability significantly affects transport capacity and 
quality of delivery regardless of content type. All these strongly influence users 
experience during their interaction with the systems, which is known as end-user 
Quality of Experience (QoE). 

QoE focuses on the user and is considered in [21] as the collection of all the 
perception elements of the network and performance relative to expectations of the 
users. The QoE concept applies to any kind of network interaction such as Web 
navigation, multimedia streaming, voice over IP, etc. Different QoE metrics that 
assess users’ experience with the systems in term of responsiveness and availability 
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have been proposed. QoE metrics may have a subjective element to them and may be 
influenced by any sub-system between the service provider and the end-user. 

Lately diverse mobile and fixed network-enabled devices have been launched. 
These devices differ in overall size, processing power, screen size, memory capacity, 
battery power, etc. All these device characteristics significantly influence the quality 
of both reception and display of user accessed Web content, especially if it is rich 
media-based. Therefore, apart from personalising Web content to user needs and 
goals, AHS should also consider content delivery performance and quality of 
displayed material. 

4   Quality of Experience-aware Extension for LAOS 

In this paper we extend LAOS in order to address the delivery and display-related 
performance issues. The proposed QoE-aware approach assumes the availability of 
real-time monitoring of both user device and access network in order to adjust the 
content to match current delivery conditions, in relation to both user device 
characteristics and network status. This is especially important when Web content 
includes material of continuous nature such as multimedia which is delivered over a 
long period of time. The QoE extension to LAOS involves the addition of two new 
QoE layers to AM and PM respectively. The first extension - the QoE 
Characteristics Layer - located at the level of PM - defines in abstract manner 
classes representing those factors that have an impact on performance, including the 
Device and Network Characteristics Models. The second extension - the QoE Rules 
Layer - located at the level of AM - defines QoE-related adaptive rules that make use 
of the PM’s QoE Characteristics Layer information in order to propose QoE 
presentation adaptations. 

4. 1 QoE Characteristics Layer for the LAOS PM 

4.1.1 Formalisation 
The new PM QoE Characteristics Layer is formally introduced in this section by 

means of a number of definitions. 
Definition 1. We define QoEPM as a performance characteristics class set SC: 

SC={Ci} 
Definition 2. We define a class of performance characteristics Ci an abstract 

term identified by the tuple: 
Ci=<C_Namei, C_LCDi>, 

where C_Namei is the class name and C_LCDi denotes the list of class descriptors:  
C_LCDi ={CDij}. 

The class descriptors, in number of Ni (1≤j≤Ni), describe a performance 
characteristics class. Among them could be device properties, network characteristics, 
etc. 

Definition 3. A class descriptor CDij is defined by the tuple: 
CDij =<CD_Aij, CD_LVTij>, 
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where CD_Aij is an attribute associated with the class descriptor and CD_LVTij a 
set of Mij value terms. For 1≤k≤Mij, we have: 

CD_LVTij={VTijk}. 
Definition 4. A value term VTijk is defined by the tuple  

VTijk =<VT_Vijk, VT_Pijk>, 
 where VT_Vijk is the value and VT_Pijk the probability the value VT_Vijk is 

associated with the attribute CD_Aij describing the class Ci. 

4.1.2 Exemplification 
Next a potential exemplification of the QoE Characteristics sub-layer is shown. It 

includes device property-related (CD
i) and network characteristics-based (CN

i) classes. 
Device characteristics classes 
The following class defines handheld device characteristics: 
CD

1 =<”Handheld Devices”,    {CDD
1i}>,  with 1≤i≤5 

CDD
11 =<resolution, {<160x120, 0.3>, <320x240, 0.4>, <640x480, 0.3>}> 

CDD
12 =<battery power, {<1100, 0.5>, <1500, 0.3>, <1800, 0.2>}> 

CDD
13 =<color depth, {<32, 0.3>, <64, 0.6>, <128, 0.1>}> 

CDD
14 =<multimedia enabled, {<0, 0.3>, <1, 0.7>}> 

CDD
15 =<CPU power, {<0.1, 0.3>, <0.3, 0.4>, <0.5, 0.3>}> 

Possible values associated with an attribute can be obtained from the device 
specification. For example the majority of handheld devices have battery with a 
power of 1100mAh, but more powerful batteries (e.g. 1500mAh) can be purchased at 
extra cost. 

 

Next a portable device class is defined: 
CD

2 =<”Portable Devices”,    {CDD
2i}>,  with 1≤i≤5 

CDD
21 =<resolution, {<640x480, 0.3>, <800x600, 0.4>, <1024x768, 0.3>}> 

CDD
22 =<battery power, {<2400, 0.2>, <3200, 0.5>, <3800, 0.3>}> 

CDD
23 =<color depth, {<128, 0.3>, <256, 0.6>}> 

CDD
24 =<multimedia enabled, {<0, 0.1>, <1, 0.9>}> 

CDD
25 =<CPU power, {<1.0, 0.3>, <1.5, 0.4>, <2.0, 0.3>}> 

A large screen device class can be defined as follows: 
CD

3 =<”Large Screen Devices”,   {CDD
3i}>,  with 1≤i≤5 

CDD
31 =<resolution, {<1152x864,0.3>,<1280x1024,0.5>,<1600x1200,0.2>}> 

CDD
32 =<battery power, {<5000, 1.0>}> 

CDD
33 =<color depth, {<256, 0.1>, <512, 0.6>, <1024, 0.3>}> 

CDD
34 =<multimedia enabled, {<0, 0.0>, <1, 1.0>}> 

CDD
35 =<CPU power, {<2.0, 0.3>, <2.5, 0.4>, <3.0, 0.3>}> 

 

Screen resolution is measured in pixels, battery power in mAh, depth of the color 
space in kilobytes and CPU processing power in GHz. 

Network characteristics classes: 
The same principle can be applied for defining classes of networks with various 

characteristics. An exemplification for three possible network classes is presented. 
CN

1 =<”Cellular Networks”,    {CDN
1i}>,  with 1≤i≤4 

CDN
11 =<bandwidth, {<0.03, 0.2>, <0.128, 0.6>, <0.384, 0.2>}> 

CDN
12 =<loss rate, {<5, 0.4>, <15, 0.5>, <25, 0.1>}> 

CDN
13 =<round trip delay, {<300, 0.3>, <500, 0.6>, <800, 0.1>}> 
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CDN
14 =<download time, {<12, 0.2>, <16, 0.4>, <20, 0.4>}> 

 

CN
2 =<”Wireless Broadband Networks”,  {CDN

2i}>, with 1≤i≤4 
CDN

21 =<bandwidth, {<1, 0.1>,  <5, 0.3>, <11, 0.2>, <24, 0.3>, <54, 0.1>}> 
CDN

22 =<loss rate, {<1, 0.4>, <10, 0.5>, <20, 0.1>}> 
CDN

23 =<round trip delay, {<100, 0.4>, <150, 0.6>, <200, 0.1>}> 
CDN

24 =<download time, {<8, 0.3>, <10, 0.6>, <12, 0.1>}> 
 

CN
3 =<”Wired Broadband Networks”,  {CDN

3i}>,  with 1≤i≤4 
CDN

31 =<bandwidth, {<10, 0.1>,  <100, 0.8>, <1000, 0.1>}> 
CDN

32 =<loss rate, {<0.1, 0.3>, <0.5, 0.6>, <1, 0.1>}> 
CDN

33 =<round trip delay, {<20, 0.4>, <50, 0.4>, <80, 0.2>}> 
CDN

34 =<download time, {<6, 0.2>, <8, 0.6>, <10, 0.2>}> 
 

Bandwidth considered is measured in megabits per second, the loss rate is 
expressed as a percentage of the total data sent, round trip delay is indicated in 
milliseconds and the expected download time for a regular Web page in seconds. 

4.2 QoE Rules Layer for the LAOS AM 

4.2.1 Formalisation 
The new AM QoE Rules Layer consists of Condition-Action (CA) type rules – 
applied at every user access – and of Event Condition Action (ECA) rules that are 
triggered by events. They are applied after the rules that belong to the classic User 
Personalisation Layer of the LAOS AM were applied. ECA events indicate changes in 
either device properties or network-related performance characteristics and can 
happen anytime during Web session, including during the transmission of a 
multimedia stream. In CA rules, when a condition becomes true, the associated action 
is executed. In ECA rules an event triggers a rule and an associated action is executed 
only if the condition is true. These rules can be associated with a certain device or 
network characteristics class or can be general across all the classes. More details 
about the syntax of the CA-based adaptation rules are presented in [19]. 

Next both CA and ECA rules are formally presented: 
Definition 5. The CA rules have the following format: 

IF (COMPLEX_COND) THEN COMPLEX_ACTION
where COMPLEX_COND is a complex condition that can comprise either one 

simple condition SIMPLE_COND or more simple conditions connected by logic 
operators such as AND and OR. Next COMPLEX_COND recursive definition is 
shown: 

COMPLEX_COND = SIMPLE_COND [logic_operator COMPLEX_COND] 
SIMPLE_COND represents a condition between a value COND_VALUE associated 

with an attribute CD_Aij, from performance characteristics class Ci, 1≤j≤Ni and one of 
the values VT_Vijk, 1≤k≤Mij predefined in one of the attribute’s value terms from the 
performance characteristics class definition. The condition involves a relational 
operator such as ‘=’ (EQUAL) or ‘≅’ (APROXIMATELY EQUAL). The latter is 
defined in comparison with the other values listed in the value terms associated to this 
attribute. The formal definition for SIMPLE_COND is presented below: 

SIMPLE_COND ={COND_VALUE relational_operator VT_Vijk} 
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COMPLEX_ACTION indicates a complex presentation-related adaptation action to 
be performed on content in order to answer to existing performance-related 
constraints. It consists of a set of simple actions SIMPLE_ACTIONi, where 1≤i≤L, as 
indicated in the definition below: 

COMPLEX_ACTION = {SIMPLE_ACTIONi} 
Any SIMPLE_ACTIONi affects one important feature of the content to be delivered 

to the Web user. The SIMPLE_ACTIONi formal definition is presented next: 
SIMPLE_ACTIONi= Cont_Feature=Cont_NewValue  

where Cont_Feature represents one of the Web content features such as size or 
bitrate and Cont_NewValue indicates the new value for the indicated content features. 

Definition 6. The ECA rules have the following format: 
WHEN COMPLEX_EVENT IF (COMPLEX_COND) THEN COMPLEX_ACTION
where COMPLEX_EVENT is a complex event that can comprise either one simple 

event SIMPLE_EVENT or more simple events between which logic operators such as 
AND and OR are applied. Next is the  COMPLEX_EVENT recursive definition: 

COMPLEX_EVENT = SIMPLE_EVENT [logic_operator COMPLEX_EVENT] 
A SIMPLE_EVENT is an external event that modifies operational environment of 

the user causing changes in the device characteristics (e.g. battery power level, 
resolution, etc.) or network characteristics (e.g. network loss rate, round trip delay, 
etc.). The formal description of the SIMPLE_EVENT is indicated next: 

SIMPLE_EVENT = CD_Aij
 relational_operator EVENT_VALUE

where EVENT_VALUE is a value of certain significance related to an attribute 
CD_Aij, 1≤i≤Ni

 associated with the performance characteristics class. The relational 
operator could be: ‘<’ (LESS), ‘≤’ (LESS OR EQUAL), ‘=’ (EQUAL), ‘≅’ 
(APROXIMATELY EQUAL), ‘≥’ (GREATER OR EQUAL) and  ‘>’ (GREATER). 

COMPLEX_COND and COMPLEX_ACTION have the same formal description as 
in the definition of the CA rules. 

4.2.2 Exemplification 
This subsection presents some possible QoE rules that consider the device 

properties and network characteristics classes previously given as example. 
”Handheld Devices” and ” Wireless Broadband Networks” classes are selected and 
the actions involve modification of features for both multimedia and Web page 
content. The examples are written in the LAG language [20] (variables overlays are 
made in LAG clear; therefore, variables starting with ‘PM.’ refer to the parameters of 
a given presentation, which can be fixed or changeable during the interaction with the 
user).  

 

”Handheld Devices” device characteristics class: 
IF (PM.battery power < 1100) THEN {PM.bitrate= 0.512} 
IF (PM.resolution == 320x240) THEN {PM.picture resolution = 320x240} 
IF (PM.CPU power < 0.5 AND PM.color depth < 64)  
THEN {PM. bitrate = 0.384; PM.framerate=12; PM.no colors=8} 
 

”Wireless Broadband Networks” network characteristics class: 
IF (PM.bandwidth =5) THEN {PM.bitrate= 2} 
IF (PM.download time > 12) THEN {PM.no objects = 3; PM.objects size= 50; 

PM.page size = 10} 
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WHEN (PM.loss rate > 10) IF (PM.bandwidth < 1) THEN {PM.bitrate, 0.384); 
PM.framerate = 8; PM.no colors = 8} 

These numeric figures can be heuristically determined or by using the Perceived 
Performance Model part of the QoE-layer for AHS described in [9]. 

5 Web Content Features 

Based on the rules defined in the AM QoE Rules Layer, if the conditions are true, 
actions are performed. These actions involve the modification of one or more features 
that characterize the Web content to be delivered to the user in order to suit user 
device characteristics and/or network properties.  This section presents a classification 
of Web content and discusses some of their features. 

There are two main classes of Web content that differ in terms of their 
characteristics: Web pages and multimedia streams.  

Web pages consist of a main page and a number of embedded objects, many of 
them images. The main page and all the embedded objects are transferred to the Web 
user as a result of a single request. For each new Web page transfer a new user 
request is required, so that the delivery process can be considered discrete. Once the 
transfer of Web page components starts, their features cannot be modified anymore. 
Therefore the adjustment of the Web page presentation has to happen following the 
user request. 

Multimedia content is either streamed or downloaded and then played at the 
destination at user request. It is continuous in nature and its delivery involves server 
and client applications. Following the user request for multimedia content the client 
application receives the data stream while being in direct contact with the server. 
Feedback can be used to inform the server about device and network characteristics 
and consequently the server application can modify in real time some features of the 
multimedia stream that is being delivered. 

Regardless of when and how the QoE-related presentation adaptation is performed, 
it affects Web content features. Next these features are formalized in relation to both 
Web page and multimedia content. 

5.1 Formalisation  

Definition 7. Web page features are formalized as a set of tuples: 
FW={<F_NameW

i, F_ValueW
i>}, 

with 1≤i≤NW where F_NameW
i is the name of Web page feature i and F_ValueW

i is 
the value associated with this feature. 

Definition 8. Multimedia content features are formalized as a set of tuples: 
FM={<F_NameM

i, F_ValueM
i>} 

with 1≤i≤NM where F_NameM
i is the name of multimedia feature i and F_ValueM

i 
is the value associated with this feature. 
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5.2 Exemplification  

This subsection presents examples of possible feature sets that describe particular 
Web content from two main categories: Web pages and multimedia content.  
Web-page 

F1
W={<page size, 10>; <page length, 500>; <no objects, 10>; <pictures 

resolution, 160x100>; <objects size, 50>} 
F2

W={<page size, 12>; <page length, 200>; <no objects, 4>; <pictures 
resolution, 160x100>; <objects size, 30>}  

Web page features include the main page size expressed in kilobytes, Web page 
length measured in equivalent words, number of embedded objects, resolution of 
embedded pictures measured in pixels and total size of objects, including the main 
page expressed in kilobytes. 
Multimedia content 

F1
M={<bitrate, 1>; <framerate, 25>; <resolution, 320x240>; <no colors, 24>; 

<encoding, MPEG4>} 
F2

M={<bitrate, 0.384>; <framerate, 16>; <resolution, 160x120>; <no colors, 
16>; <encoding, MPEG4>}  

Multimedia features include average bitrate expressed in megabits per second, 
frame rate measured in frames per second, resolution measured in pixels, number of 
colors represented in bits required for encoding and encoding scheme. 

6   Conclusions And Future Work 

This paper proposes a theoretical framework for Quality of Experience (QoE)-aware 
authoring. Its goal is to extend the authoring paradigm of “create once, use many” to 
one of “create once, use many, use anywhere”.  

A QoE extension to the LAOS authoring model was proposed that allows for the 
description of performance-related characteristics and adaptation rules. The paper also 
introduces Web content representation updates with performance attributes in order to 
be used by the proposed QoE extension.   

Specifically, the new QoE Characteristics Layer of the LAOS Presentation Model 
was defined to provide classes that describe performance entities such as network and 
device. The novel QoE Rules Layer of the LAOS Adaptation Model was also 
introduced to provide rules for adjusting content to suit current content delivery and 
display conditions.  

An example of QoE extension layers is presented that can be used as a basis for 
default representation of performance. Alternatively, it can be either modified or, 
more likely, be overridden by a new model created by the author. 

The next step in this work is to incorporate the proposed QoE-aware presentation 
Model into MOT [22], an adaptive hypermedia authoring system developed according 
to LAOS specifications. Tests will evaluate the benefits of the proposed QoE 
extension for LAOS in the educational area.   
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Abstract. Manual annotation has proven to be the bottleneck of authoring of 
adaptive hypermedia. Therefore, all means for supporting this authoring process 
by reusing automatically generated metadata are helpful. In this paper we 
discuss the integration of the generic AH authoring environment MOT into a 
semantic desktop environment. In this setup, the semantic desktop environment 
provides a rich source of automatically generated meta-data, while MOT 
provides a convenient way to enhance this meta-data manually, as needed for an 
adaptive course environment.  

1   Introduction 

Current desktop file structures are surprisingly poor from a semantic point of view. 
They merely provide fixed folder hierarchies and use simple names to denote entities. 
The semantic desktop [6, 21] promises much richer structures: resources can be 
categorized by rich ontologies, and semantic links express various kinds of semantic 
relationships between these resources. For a document, for example, the semantic 
desktop stores not only a filename, but also information about where this paper was 
published, when and by whom, which of my colleagues sent it to me, and how often 
and in what context I accessed it. All these metadata are generated automatically, by 
the appropriate applications, and stored in an application independent way as RDF 
metadata, in the user’s personal data store. This rich set of metadata clearly makes it 
easier for the user to retrieve appropriate material for different contexts: for example, 
when he wants to select fitting materials for a course lecture. Of course, in this 
context, a course author still has to create basic lesson material, as well as add 
additional metadata information about course structures and other relevant attributes, 
like pedagogically relevant attributes. In this paper we will describe course authoring 
on the semantic desktop. Specifically, we describe the interaction and exchange of 
data between the Beagle++ environment [2, 5], which is an advanced search and 
indexing engine for the desktop, generating and utilizing metadata information, and 
the adaptive hypermedia authoring environment MOT [8,15], a sophisticated system 
for authoring personalized e-courses.  



The remainder of this paper is organized as follows.  Section 2 introduces a 
motivating scenario for our work. Section 3 presents the concept of enriching 
metadata, as well as the input and output schemas applied. Section 4 describes the 
transformation workflow from both a conceptual and an implementation point of 
view. Finally, in section 5 we discuss the results and draw conclusions. 

2   Scenario 

The following motivating scenario for adaptive authoring builds upon both 
automatically and manually generated metadata:  

Dr. Van Bos prepares a new on-line course on Adaptive Hypermedia for 
undergraduate 4th year TU/e students. The university work distribution allocates a 
limited amount of time for this, equivalent to the creation of a static, linear course. 
However,  

o due to the fact that Dr. Van Bos considers it useful to be able to extend the 
course in the future with more alternative paths guided by adaptivity, but also,  

o because he wants to benefit from automatic help during the authoring process,  
he uses a concept-based adaptive educational hypermedia authoring environment 
with adaptive authoring support, MOT [8,15]. This decision costs him slightly more 
time than the static course creation, as he has to manually divide his course into 
conceptual entities with explicit, independent semantics and semantic labeling.  

The advantage is that the adaptive authoring system can afterwards automatically 
enrich the course based on pedagogical strategies. For instance, the system can 
consider the version of the Adaptive Hypermedia course created by Dr. Van Bos as 
the version for beginner students, which are only moderately interested in the subject, 
and don’t aspire at higher grades or deep knowledge on the subject. For advanced 
students, wishing to pass the course with high honors, or simply wanting to acquire 
more information for their future professional lives, the adaptive authoring system can 
use semantic personal desktop search to automatically find on Dr. Van Bos’s desktop 
any existing scientific papers that are relevant to the current course. These scientific 
papers can be used as alternative or additional material to the main storyline of the 
static course. This mechanism builds upon the following assumptions: 
o as Dr. Van Bos is a specialist in the subject taught, his interest is wider than that 

given by the limitations of the course; he therefore both publishes and reads 
papers of interest on the subject, which are likely to be stored on his computer; 

o these papers can be considered as useful extra resources for the current course, 
and can therefore be reused in this context; 

o as this storing process has taken place over several years, Dr. Van Bos may not 
know exactly where on his computer each individual article relevant to the 
current course is; 

o however, Dr. Van Bos has been using Beagle++ Semantic Desktop System [2, 5] 
to store both papers and all relevant metadata automatically, in RDF format. 

This situation can be exploited by the authoring tool; a quick search will find some 
of Dr. Van Bos’s own papers on Adaptive Hypermedia, as well as some copies that he 
has of his colleagues on the topic, such as for instance the paper of Brusilovsky, 
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called “Adaptive Educational Hypermedia: From generation to generation” [3], or the 
paper “Adaptive Authoring of Adaptive Hypermedia” [9]. He may have saved these 
papers by himself, or might have received them by e-mail, from a colleague working 
in the same field, or may have used his browser’s bookmarks to mark their position 
on the Web. 

In order for these retrieved resources to be relevant to the overall Adaptive 
Hypermedia course, two conditions have to be fulfilled: 

o the domain concept in the course where each resource is most relevant has to 
be found (the right information) 

o the resource has to be afterwards bound to that particular domain concept (in 
the right place).  

This means that the first paper can be added in the course at a higher level, 
somewhere next to the explanation of generic principles of adaptive hypermedia, 
whereas the second paper should only be placed somewhere in connection with the 
authoring process in adaptive hypermedia, otherwise its content might be too specific 
to follow.  

How can Van Bos find the right resource and add it in the right place? The search 
can take place via the keywords labeling both the course pieces created by Van Bos, 
on the one hand, and the matching keywords labeling the papers and resources on his 
desktop (as described in section 4). The following sections will describe in more 
detail how Dr. Van Bos can enrich his course semi-automatically, without much extra 
work, as well as keep at all times the overall control and overview. 

3   Enriching Metadata 

As we have seen in our scenario, both automatically generated metadata as well as 
manually added metadata are important. The automatically generated metadata allow 
description and retrieval of the appropriate articles. The manual annotation step 
allows addition of additional content, as well as of attributes like pedagogical weights 
and labels, which are necessary to build the final adaptive course product.  The 
following two sub-sections describe these two kinds of metadata in more detail. 

3.1   Input Metadata Schema  

 
Beagle [1] is a desktop search system implemented for Linux that indexes all 
documents on the user’s desktop. Beagle++ [2, 5] is an extension of Beagle that 
generates and stores additional metadata describing these documents, other resources, 
as well as their relationships. Such additional metadata automatically annotate 
material the user has read, used, written or commented upon. Three such obvious 
sources of desktop behavior information are: files on the desktop, Internet browsing 
and files stored from the Internet, and mail exchanges and files stored from mail 
attachments [5, 13]. Figure 1 shows an instance of this ontology depicting files 
annotated with their publication metadata, file system attributes, web history, as well 
as the mail context (e.g., the fact that files are attached to specific e-mails). 
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Fig. 1. RDF schema of metadata from Beagle++ [2] 

In Figure 1, the ellipse in the upper left part describes emails (with subject, body, 
sender and status attributes) and their attachments. The ellipse in the upper right part 
describes publications written by several authors at different conferences (with title, 
publication year, etc.). The ellipse in the lower left part shows web cache history 
representation (web pages visited and dates of visits). Finally, the ellipse in the lower 
right part of Figure 1 describes files that are saved on a person’s desktop, with their 
name and specific directory. Files on the desktop may have been saved via any of the 
other three processes (from emails, from websites, or from conferences), so an 
attachment entity and a file entity may refer to the same object. There is currently 
however no version control in Beagle++, so no clear relationship found between 
versions of the same file. 

3.2   Output Metadata Schema  

 
These files and metadata are however not enough to generate a complete course. 
Specifically, we have to add information about the hierarchical structure and order of 
the material in the context of a lesson, as well as additional pedagogical annotations 
describing which students the material is best suited for (e.g., beginner versus 
advanced).  Figure 2 shows this target schema, as defined in MOT (My Online 
Teacher [8]), an adaptive hypermedia authoring system. The schema describes two 
models used in the adaptive hypermedia authoring paradigm: the domain map (left 
side of Figure 2) and the lesson (right side of the figure).  
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 Fig. 2. RDF Schema of MOT [9]. 

 
A domain map is composed of a hierarchy of concepts. Each domain concept has 
concept attributes, containing or linking to e-learning content alternatives describing 
the same concept. In addition to the hierarchical model, domain concepts can also 
connect to related concepts.   
A lesson is composed of a hierarchy of sub-lessons. The lesson represents a filtered, 
pedagogically labeled, weighted and ordered version of the concept attributes (see the 
relation between sub-lessons and concept attributes).   

4   Transformation workflow 

Beagle++ stores all metadata in the Sesame RDF database [18]. All Beagle++ 
components, which generate metadata (for example, the email, publication, web cache 
and file metadata generators) add the metadata to this database. All Beagle++ 
components which use metadata (for example, the search and indexing module, the 
ranking module or the browsing modules) retrieve their data from this repository, and, 
in some cases, write back new data (such as the PageRank value for documents or 
other resources). 

  It is easy to accommodate additional modules in this environment by writing 
appropriate interface components, which read and write from this repository. This is 
what we have done for MOT [8, 15], as described in this paper. For our scenario, we 
have focused on the semi-automatic addition of articles stored on the user’s desktop to 
a MOT lesson [8]. In MOT, this addition is done to an existing lesson. Based on his 
pedagogic goals, the author can process the data by changing labels and weights and 
adding other information on the article. After this enrichment the lesson can be 
imported back into the RDF store. We use CAF (Common Adaptation Format [7], a 
system-independent XML exchange format) in order to simplify the transformation 
process from RDF to the MOT MySQL storage format. 
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4.1   RDF2CAF  

In this step, we transform available articles into a CAF sub-lesson. This is a semi-
automatic step, where the author selects a lesson in MOT and then the system 
searches (based on keywords and title) for related articles in the Sesame data store. 
This is done by a Java utility which takes the metadata in the Sesame store and the 
lesson in CAF format as input and generates a new (updated) lesson as CAF file. As 
the articles are stored in files on the desktop, as an extra step, they have to be 
physically transported to the supporting server for MOT. This step, as well as the fact 
that the author can check first what is added before performing the addition, ensure 
that confidential files are not mistakenly publicized.  

Enrichment of the lesson and domain model 

As MOT is mainly a tool for authoring educational (adaptive) material, the internal 
information structures are based on strict hierarchies (see Figure 2). When enriching 
the domain-model and lesson, we of course want to get the right information in the 
right place in this hierarchy.  
To achieve this, the program first queries the Sesame database, using as search terms 
title and keywords of each domain concept found in the current lesson. This 
procedure may result in the same file being relevant in many places within the 
hierarchy. The query looks as follows: 

select x from x {p} y where y like “*keyword” ignore case 

where x is an entity or attribute; p is a relationship and y is an entity or instance. 
Next, to ensure that we add every resource only once, the place with highest 
'relevance' is sought. Relevance is computed as follows.  

))((
))()((),(

akcard
akckcardcarank ∩

=  

where:  
rank(a,c) is the rank of article a with respect to the current domain concept c; 
k(c) is the set of keywords belonging to the current domain concept c; 
k(a) is the set of keywords belonging to the current article a;  

If a resource is ranked equally for two domain concepts in the hierarchy, we add it to 
the topmost concept. The comparison takes place top-down. This means that the same 
resource may appear only in one of the siblings, if their rank is similar2. The number 
of articles to be added to any concept is limited to 3, as adding too many articles to 
one concept probably confuses the learner rather than help her.  

4.2   CAF2MOT  

The import of CAF files into MOT is implemented as a PHP script and done in two 
steps. First, the domain map is processed. During this process, an associative array is 
created as a lookup table. In this table, every domain concept attribute created is 
stored as follows: 

                                                           
2 Further ranking functions and ranking algorithms are considered, as a choice for the author. 
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[name_of_domain_map\name_of_concept_1\...\ 
name_of_concept_N\attribute_name] => attribute_id 

This allows a faster lookup in the next step then would be possible by doing a direct 
query on the database.  
In the second step, the lesson and its parts are generated. While importing, conflicts 
between lesson names or names of domain maps may occur. There are currently three 
ways of handling this: 
o The author can choose to not care about it and as a result get multiple domain 

maps and lessons with the same name in MOT.  
o The second option is to have domain maps and lessons with conflicting names 

renamed. In this case, after the import, the user will see a list with the conflicting 
names and be asked for new names.  

o The third option is to merge lessons and domain maps with the same name 
(taking into consideration that they might be extensions of each other). For 
domain maps, merging means that two domain maps with the same name are 
compared, concept by concept. Domain concepts and attributes that were not 
present before are added. This merge option is essential to our application. For 
our purposes a lesson is exported, then articles are added to the CAF file and then 
the CAF file is imported back into MOT with the merge option. Using this merge 
option means that possible additions made to the lesson between the export and 
the import will not be deleted, and IDs of already existing attributes will not 
change, so other lessons using one of the adapted domain maps will not be 
affected. 

As the CAF format, which is a portable format used in several adaptive hypermedia 
systems, does not include the lesson name, this can be exported as a separate XML 
file. Figure 3 shows a screenshot of the CAF import interface. 

 

 
Fig. 3. Importing from CAF to MOT (My On-line Teacher) 

4.3   Working in MOT  

In MOT, the data and metadata imported from Sesame can be reordered and edited.  
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Fig. 4. Adding manual metadata in a MOT lesson 

Figure 4 shows an extract of editing in the lesson environment (the import from 
Beagle++ generates extra information both for the domain map as well as for the 
lesson). The paper called ‘Adaptive Educational Hypermedia: From generation to 
generation’ and all its relevant metadata (title, authors, references, conference where 
presented) have been added automatically during extraction to the ‘Adaptive 
Hypermedia’ domain concept, at the highest level in the hierarchy., The paper 
‘Adaptive Authoring of Adaptive Educational Hypermedia’ has been added to the 
domain concept ‘Authoring of Adaptive Hypermedia’, in a lower position in the 
hierarchy, as it is a more specific paper. The author can now manually add 
pedagogical labels to this new material, labeling the material ‘adv’ for advanced 
learners.   

4.3   MOT2RDF  

MOT2CAF  
Importing MOT into CAF is also implemented as a PHP script. First, the lesson is 
constructed, based on the lesson hierarchy of the CAF XML file. During this process, 
a list of the mappings between lesson objects and domain objects is kept. After 
producing the lesson, the corresponding domain map is generated. Every domain map 
used in the lesson is added to the domain model, with all its sub lessons. 

CAF2RDF  

For the sake of flexibility, the MOT lessons should also be exported as RDF; we are 
currently implementing this step. These RDF data can then be used again by 
Beagle++ [2]. The schema of the RDF metadata is the one as described in [9]. Since 
we already export the CAF file and the extra information file, and they are both in an 
XML format, we can use a XSLT style sheet and do an XSLT transformation to 
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translate these two files into one RDF file describing the lesson. The RDF MOT 
output then looks as shown in Figure 2. If we export the changed information to RDF 
so that it can again be used by Beagle++, we might introduce duplicates. If the 
duplicates are exact duplicates, and overwrite existing information, this is obviously 
not a problem. If, however, the information contradicts existing information, the 
effects may be less desirable. A solution to this problem would be to keep track of 
which objects were already present, and not export those. However, in this case, any 
changes made to data with MOT [8] would not be reflected. Therefore, if an author 
manually corrects some error, this will not appear in the target RDF. On the other 
hand, an author may make changes which are only valid in a particular context (e.g., 
for the given domain domain maps), and do not apply to the resource in general. If 
changes would overwrite the original, this could have undesired effects. There are two 
possible solutions to this problem: 
o We search for the existence of the resources to be exported and ask the user 

whether to overwrite the current resources or not.  
o We save the information together with its context as a new information item. 

7   Conclusion 

The semantic desktop is a rich source of metadata about resources as well as 
relationships between these resources. While many of these metadata can be 
generated automatically, some additional metadata necessary for adaptive courses still 
have to be added manually. In this paper we have described how the semantic 
desktop, building on Semantic Web techniques, can be interfaced with a sophisticated 
adaptive hypermedia authoring environment. The semantic desktop system provides 
automatically generated metadata describing publications and other materials relevant 
for an advanced course. The MOT authoring system adds context and pedagogical 
information.  

Future issues we are currently investigating focus on flexible ways to describe 
metadata in this environment. Conventional schemas are not suited for that purpose, 
as they cannot cope with changing or evolving schemas, which are very important for 
the semantic desktop (new tasks make new metadata attributes necessary, additional 
data sources with additional schemas will be added over time, etc.) The solution we 
are currently working on relies on malleable schemas [11] to flexibly describe our 
metadata, and on fuzzy querying and matching, based on these schemas, to flexibly 
retrieve metadata. 
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Abstract. The complexity of the design process for adaptive hypermedia is 
hindering a wider application of this technology. However, the potential of 
adaptive hypermedia can also provide support to adaptive-course authors. In 
this way, teachers with no knowledge either on adaptive systems, on user 
models or on formal languages would be able to produce rather complex 
adaptive courses, starting from course templates automatically selected 
according to their specific needs. In this paper it is shown the way in which an 
adaptive course on adaptive hypermedia design was used to help to secondary-
school teachers to select and instantiate these templates.  

1   Introduction 

It is clear that not everybody learns in the same way. Among other features, students 
can differ one from others in their previous knowledge, cultural background, learning 
styles, interests or goals, for example. For this reason, it may be convenient to guide 
the students during the learning process so that the most suitable contents are 
presented to each of them in the best way to match his/her needs and preferences. In 
this sense, adaptive educational hypermedia (AEH) [1] has been successfully used in 
different contexts, and on-line educational delivery systems have been developed 
(e.g., Interbook [2], AHA! [3], TANGOW [4], WHURLE [5]). These systems adapt 
their educational contents to different dimensions of each learner profile, such as: 
current knowledge level, goal, educational context (e.g., if they are in school, 
university, or learning from home), and learning styles [6][7], among others. 

In several cognitive and educational researches [8][9], the effectiveness of 
hypermedia as a resource to be used during the learning process has been empirically 
tested. For example, in the context of adolescent students, most of the times 
improvements have been observed when using hypermedia learning environments 
[10][11]. Even more, some researchers and educators have turned to adaptive 
educational hypermedia as a potential mean of enhancing students' understanding of 
complex topics [12].  

However, adaptive hypermedia has not been used in real educational environments 
as much as its potential and effectiveness may suggest. One of the main reasons for 
this limited application concerns the difficulty of creating adaptive courses. As 



pointed out by some studies [13], adaptive educational hypermedia systems are 
difficult to design, set-up, and implement due to the high technical competencies 
required to master them.  

Even when a system to support the delivery of adaptive courses is available and 
ready to use, there still remains the task of designing and implementing the adaptive 
course [14]. It is important to consider that the course designer should be an expert in 
the subject to be taught (typically a teacher), and, normally, this designer is not an 
expert programmer. However, systems generally require the description of the system 
reaction to student actions and inputs in a system-specific language. With traditional 
authoring tools, in which the adaptability is specified by means of computer-oriented 
code, the non-programmer user can feel lost or may find really hard the learn to use 
the tool. The situation grows further worse if the authoring tool does not provide 
ready-to-use patterns that exploit frequent adaptive teaching strategies. Therefore, one 
of the main concerns in the AEH community is the usability of authoring tools.  

We have come across this type of problems in a real scenario in which AEH 
techniques have been applied for teaching Mathematics in secondary schools with 
heterogeneous population [10]. In this context, AEH techniques proved to be valuable 
and the results of the experiences were very positive. Nevertheless, when we tried to 
instruct teachers about the use of adaptive systems, they were not able to develop their 
own curses, preventing a real adoption of adaptive systems by these teachers. 

In an ideal scenario, the only information required from the designer (besides the 
educational material) would be the student profile and the adaptation the designer 
wants to provide. In particular, one of the tasks to be supported by the authoring tool 
is the specification of the rules related to the intended adaptability. Consequently, 
there is a need for authoring tools to provide more advanced support to the course 
design, relieving the designer from the responsibility for specifying every detail about 
the implementation of the adaptation. However, taking the responsibility for 
describing implementation rules out from the designer would also probably means 
taking out from him/her the control for making use of the full potential of the target 
hypermedia adaptive system. If a given designer has enough knowledge to specify 
adaptation rules, he/she may prefer to be able to directly use the system-specific 
language or formalism. 

In this way, it seems difficult to devise a unique solution capable of satisfying 
everybody’s needs. Considering that adaptive hypermedia intends to provide solutions 
for this type of situations, it seems natural to use adaptive hypermedia to guide each 
designer through the process of creating his/her own adaptive hypermedia course.  

With this goal, an adaptive course for teaching educators how to design adaptive 
courses was developed (for the sake of clarity it will be called “adaptive tutorial”, in 
contrast with the adaptive course developed by the teachers). This adaptive tutorial for 
teachers was developed within the TANGOW system. It provides each teacher 
support for defining the relevant features of the student model that should be used for 
adaptation and proposes a potential structure for the adaptive course according to the 
features specified by the teacher. 

The next section briefly describes the process of designing an adaptive TANGOW-
based course. Section 3 presents the adaptive tutorial itself, while section 4 explains 
the results of using the tutorial with secondary school teachers. Section 5 describes 
the related work and section 6 presents the conclusions. 
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2   Designing Adaptive Hypermedia Courses 

The TANGOW system provides a flexible support for the creation and delivery of 
courses with different adaptive features. Courses in TANGOW are composed by tasks 
and subtasks, and rules describing their composition and including conditions to 
trigger them. The rules will activate some tasks or others depending on given 
conditions related to the student model. This model based on task and rule provides 
great flexibility and expression power for defining different adaptation conditions 
[15]. However, such level of flexibility leads to a certain degree of complexity in the 
course descriptions.  

The issue of the complexity associated with the creation of TANGOW-based 
courses was addressed in previous works. Some advanced tools, based on novel 
techniques, were developed to cope with this problem [16], and tested successfully 
with course designers [17]. Nevertheless, it turned out that they did not provide 
enough support to assist teachers from secondary schools with the course creation. 

Those secondary school teachers were attending a staff training course named 
“Multimedia resource creation”. In this context, they had already developed teaching 
material to be accessible through Internet, albeit with no adaptation capabilities. They 
had no knowledge on formal specifications and, thereby, some difficulties to specify 
the rules to provide the intended adaptability were expected. The teachers were 
instructed about the concepts related with AEH, as well as its application in education 
and the concepts needed to create an adaptive course in TANGOW. They were even 
presented with some examples of courses implemented in TANGOW. Afterwards, 
they were asked to design an adaptive course, following these steps: 
- Firstly, they had to state what they wanted to be adapted in the course.  
- Secondly, they had to specify the features of the student model that would be taken 

into consideration for the adaptation process. 
- Thirdly, they were asked to manually design a structure of tasks and subtasks (just 

to represent the structure in a paper, without using any computer-based tool), 
according to the contents of the course and the student profiles previously defined. 
All the teachers managed to fulfil steps one and two; however, few of the teachers 

were able to design a usable structure in step three. Most of them did not known how 
to do it or did it wrongly. A second problem showed up when those teachers that had 
been able to properly design an adaptive structure, were not able to implement this 
structure with the authoring tools. As these authoring tools were as intuitive as 
possible with the underlying model of tasks and rules, it was clear that, at least in that 
specific context, there was a need of tools able to hide the complexity of the 
adaptation model. 

3   Adaptive Tutorial for Adaptive Hypermedia Course Design 

The fundamental idea of this work is that not only students can benefit from an 
adaptive course, but teachers also can. That is, an adaptive hypermedia system can be 
used to teach the educators how to design and create their own adaptive courses. This 
adaptive tutorial can be adapted taking into account the teacher experience and 
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previous knowledge, as well as those features of the students that each teacher wants 
to consider for the adaptation (the student model). In this way, every teacher will 
access a guide to adaptive course creation, which is personalized according to the 
characteristics of the course he/she intends to create. 

This concept was further extended by designing the adaptive tutorial in such a way 
that it both shows the teachers how to create the courses and provides a skeleton for 
each course. That is, the adaptive tutorial is capable of proposing a structure of rules 
and tasks oriented to implement the adaptation regarding the student model defined 
by the teacher. In this sense, the tutorial is based on templates, which encapsulate the 
knowledge needed to create suitable structures. The tutorial suggests the teacher 
which template should be chosen according to the student model. 

In order to be able to adapt the tutorial to the needs of each teacher and course, the 
first step is to ask the teacher his/her previous experience with adaptive systems and 
the dimensions that will compose the student model. With this goal, it was needed to 
provide a fixed set of dimensions to be used as the adaptation criteria. Nevertheless, it 
should be noted that the skeleton proposed by the system can be modified through the 
author tools by the teacher without any restriction. In this way, if a teacher needs to 
change his/her course in order to adapt it to unanticipated dimensions, he/she has total 
freedom to modify the original structure. 

Based on previous experiences with secondary-school teachers and students [10] 
the following dimensions were chosen as the options provided by the tutorial to the 
teachers: Student Level, Learning Style, Language and Pedagogical Strategy. In that 
way, the tutorial and the corresponding adaptive course is adapted according to the 
dimensions and values described in table 1. 

Table 1. Dimensions considered for course adaptation in the adaptive tutorial 

Dimension Possible values 
Teacher previous knowledge Novice, Medium, Advanced 
Student knowledge levels One, Two, or Three levels 
Student languages One language, Two languages 
Student learning styles None, One, Two, Three, Four dimensions 
Pedagogical strategy Theory before examples, Examples before theory 
Course mode Course, Reference 
Exercises Yes, No 
 
Some of these dimensions are generic in the sense that, for example, the tutorial 

neither prescribes any concrete learning style model nor limits the resulting course to 
be adapted to any specific language.  
- Teacher previous knowledge: defines the level of assistance/freedom provided by 

the tutorial. 
- Student knowledge levels: through this dimension the teacher defines how many 

knowledge levels will be considered for adaptation, if any; the teacher can 
establish one (no adaptation), two or three different levels for the students. 

- Student languages: the course can provide adaptation to the student language, if it 
can be different for different students. 
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- Student learning styles: There are several models for learning styles [18], but 
neither TANGOW nor the tutorial enforce the use of a specific one. For example, 
the teacher can state that the course will be adapted to two learning style 
dimensions; then, during the course instantiation, he/she can specify that these two 
dimensions will be “visual-verbal” and “global-sequential” [19], or any other two 
dimensions prescribed by any learning style model. 

- Pedagogical strategy: the system let the teacher choose between two of the most 
common strategies selected for TANGOW courses.  

- Course mode: the teacher might not want to let the students to access to all the 
information contained in the course from the first moment, but to guide them 
directly according to a fixed path (mode=course). On the contrary, the teacher may 
prefer to give the students the option to consult all the information included in the 
course at any moment (mode=reference). 

 

 
Fig. 1. Initial page of the adaptive tutorial 

Fig.1 shows the initial tutorial page, where the teacher defines the features of the 
course being designed. According to the decisions made by the teacher, the tutorial 
suggests the best course template to instantiate and generates instructions regarding 
this instantiation. Depending on the student profile selected by the teacher, the tutorial 
suggests: a structure where only one dimension is considered for adaptation, a 
structure in which all possible options are adapted, or a structure in which some 
combination of dimensions is considered. For example, Fig. 2.b shows a course being 
adapted only taking into account two learning styles; this is the result when the 
teacher selects one knowledge level, one language, one dimension for learning styles, 
course mode, exercises and theory before examples. Fig. 2.c. shows a course where 
students are classified in three different knowledge levels (Novice, Middle and 
Advanced) and two different learning styles (Style1 and Style2). Finally, Fig. 3.a 
shows a structure where all the dimensions anticipated by the tutorial are used for 
adaptation.  
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(a) (b)

(c)

 
Fig. 2. a) Full structure; b) adaptation to learning styles; c) adaptation to knowledge levels and 
learning styles. 

Once the template is suggested, the teacher loads the corresponding file into the 
authoring tool, where more appropriated names for the adaptive dimensions can be 
selected. Afterwards, the teacher has to complete the material for each task guided by 
the tutorial. 
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4   Experience with teachers-authors 

The experience with teachers from secondary school was repeated and this time the 
adaptive tutorial was used. Even though it was not a controlled experiment, some 
conclusions can be drawn, as the experience was really positive. 

All the teachers were able to design and implement an adaptive course, and all of 
them considered that the suggested structure satisfied all the adaptation needs of the 
intended course. Whereas in the first experience several hours of work did not 
produce any usable course, when using the adaptive tutorial some teachers were able 
to make a first version of their adaptive course. Fig. 3 shows one of the designed 
courses in an early design stage.  

It was also observed that some teachers were able to go beyond the suggestions of 
the tutorial, by adding their own rules to the proposed structure. This fact leads to two 
conclusions: a) the tutorial enabled some teachers to reach a level of understanding 
higher than the level provided by general examples (experience 1). It suggests that the 
analysis of the structure generated according to their own needs provided them more 
insight about how an adaptive course should be designed; b) as it was already know, 
the set of dimensions proposed by the tutorial for adaptation would be insufficient for 
some teachers. However, that was not actually an obstacle as the teachers were able to 
use the authoring tool to extend the course in order to fulfil their requirements. 

5 Related Work 

The main goal of our work is to simplify the authoring process and, in this context, 
the idea of using adaptation capabilities to support authors is not a new one. Cristea 
and Stewart [20] propose an approach of semi-automatic generation of AEH, based on 
the LAOS framework for authoring Adaptive Hypermedia. This approach has 
important advantages, like the possibility of defining the adaptive course 
independently from the platform used for delivering it. However, even if it reduces by 
large proportions the load of work of the course designer, it still requires experienced 
users, knowledgeable in the creation of adaptive courses. Our focus was to provide 
support for teachers with very little knowledge on technology issues and, particularly, 
with no knowledge on complex behavior specifications. 

There also exist some works presenting approaches based on the use of templates. 
Trnková and Theilmann [21] describe an authoring process based on the concept of 
advanced learning strategies. The environment implementing this concept allows the 
authors to create very sophisticated courses based on modern didactical approaches. 
The downside is that it requires the users to be experienced and to have strong 
pedagogical background. Less experienced users are advised to use the templates. 
They only consider user experience regarding pedagogy. Differently, we are more 
concerned about users with little or no experience in the use of technology. 

 

An Adaptive Course on Template-based Adaptive Hypermedia Design 351



 
Fig. 3.  Example of course designed through the adaptive tutorial. 

Regarding evaluation of authoring tools, Dagger and Wade [22] describe the 
evaluation of a personalized e-learning development environment. This research 
states that, with this type of environment, it is possible for both technical and non-
technical designers to use and reuse different models of personalized e-learning, 
composing them to create new personalized experiences. The evaluation proved that 
non-technical designers can understand the way in which different models are used in 
concert to produce personalized experiences without the need of understanding the 
underlying technologies and representation languages.  

6 Conclusions 

This paper shows how adaptive hypermedia technology can be used to assist teachers 
on the design of adaptive hypermedia courses. It presents the use of predefined 
templates to help users without experience on adaptive technology or knowledge on 
computer-oriented specifications to design and implement adaptive courses with 
advanced adaptation capabilities. An adaptive tutorial was developed to teach 
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educators how to design these courses and, particularly, how to choose the most 
suitable template according to their needs. 

Both the templates and the tutorial rely on a fixed set of dimensions. These 
dimensions were chosen based on previous experiences and turned out to be a good 
starting point. However, some of them were hardly used (for example, none of the 
teachers used more than one language and only one of them selected a profile without 
exercises). There were also teachers that required some unanticipated dimensions, like 
cultural background, for example. Nevertheless, in the experience developed no 
dimension was required often enough to consider its inclusion among the dimensions 
presented by the tutorial. Taking into account the goals of the adaptive tutorial, we 
preferred to keep the initial options as simple as possible. Anyway, teachers can also 
extend the structure proposed by the tutorial through the authoring tools.  

An empirical evaluation will be carried out to get more precise data on the 
usefulness of the adaptive tutorial. Besides, future developments will be oriented to 
overcome the restriction of the dimensions considered within the templates. Another 
improvement will be to represent templates conforming e-learning standards. The 
current output is intended only for using with the TANGOW system. 
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Abstract. This paper discusses the changes self-regulated adaptivity will 
potentially bring about in the culture of designing and authoring adaptive 
systems. Two dimensions are explored in parallel: the opportunities arising 
from the employment of self-regulation itself as a tool that can facilitate the 
design of adaptation; and, the additional requirements self-regulation places 
upon the traditional authoring process and on the adaptive system itself. The 
discussion is structured around a specific example tackling an often-discussed 
problem in the domain of adaptive course delivery systems: adaptive annotation 
of concept-based hypermedia links. The paper builds upon this example to 
argue that self-regulation is a viable solution to the "ground up" design of 
adaptive systems, and may be used even in (or, for that matter, best suit) cases 
where there is little empirically validated evidence to support design decisions. 

1   Introduction 

The design and implementation of adaptive systems is a challenging process. Among 
the major historical factors behind this fact are: (a) the unavailability of open 
platforms / frameworks that can be used as the basis for implementing adaptivity; (b) 
a lack of implementation support tools; and, (c) the lack of hard, empirical evidence 
that can be used as input to the design of adaptivity. In recent years, each of the above 
areas has been addressed by research to a greater or lesser degree. For instance, on the 
framework side, one can now employ and build upon open-source frameworks such 
as AHA! 3. On the implementation support side, a number of tools have emerged to 
support the declarative definition / composition of adaptive behavior; there are 
currently both tools that are delivery framework-specific (e.g., the AHA! authoring 
support tools 4) and ones that are largely framework-independent (e.g., MOT 2). Last 
but not least, great attention is being paid recently to the principled evaluation of 
adaptive systems, which progressively gives rise to a body of knowledge that can be 
directly applied in adaptation design. 

Despite these recent achievements, however, there are still at least two aspects of 
the development process of adaptive systems, that are directly related to the 
aforementioned three dimensions, and are in need of additional research attention. 
Firstly, as adaptivity is becoming widespread, we are more often called upon to 



design adaptive system behavior in novel interactive contexts and application 
domains. There are simply cases where the design has to evolve from a basis 
comprising educated guesses, design decisions that draw upon intuition, and, 
sometimes, only remotely related empirically derived evidence. Secondly, the current 
generation of adaptive systems, although a considerable improvement over their static 
predecessors, still share a deficiency with them as far as interaction with humans is 
concerned: they have no means of reasoning about, or modifying in any way, their 
own adaptive behavior. A direct side effect of this is that any evolutions to the 
adaptation design must be brought about by the designers themselves. A typical 
lifecycle for such evolutionary steps involves the setting up of experiments with real 
end users, the analysis of results, the identification of required modifications in the 
system’s adaptive behavior (e.g., changes in the adaptation logic, or in the adaptation 
patterns), and the reformulation of those modifications for inclusion into the adaptive 
system. 

This paper argues and provides an example of how self-regulated adaptivity (or, 
self regulation for short) can address, at least to some extent, both of the problems 
briefly outlined above. Self-regulation, in this context, refers to an adaptive system’s 
capacity to observe its own adaptive behavior, assess its efficacy in attaining design 
goals expressed in computable form, and modify its adaptive behavior in an attempt 
to reach said goals 5. In other words, self-regulated adaptivity is a form of meta-
adaptivity, and lends itself as a pragmatic step towards the second adaptation cycle 
first put forward by Totterdell and Rautenbauch in the late 1980s 8. The 
differentiating traits that self-regulated adaptive systems have, as compared to their 
ordinary counterparts, are self-evaluation, and the ability to evolve themselves 
through that. What this paper aspires to demonstrate and discuss is that these traits 
offer a design tool, or vehicle, that potentially facilitates the design of adaptive 
systems.  

The rest of the paper is structured as follows: The next section presents a worked 
out example of a system capable of adaptive presentation of hypermedia e-learning 
materials, and follows through the potential design process, as this would be 
manifested in the presence of self-regulated adaptivity. The subsequent section then 
goes on to analyze the presented example, point out the benefits potentially derived 
from applying the approach, and extract the requirements that such an approach 
would impose on the system. It further discusses the potential of using self-regulation 
as a specific form of meta-adaptivity to achieve the desired objectives.  

2   Meta-adaptive system design 

This section presents a worked out example of a case study of the design of a meta-
adaptive system. An important point to note is that, for the sake of simplicity, this 
section does not discuss one very important aspect of the prerequisite infrastructure, 
namely the approach and steps required to effect self-evaluation, which is an integral 
part of self-regulated adaptive system behavior. Instead, a “deus ex machina” view of 
the respective process is adopted, and further discussion is deferred till section 3. 
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2.1   The case study  

The basis of our exemplary system design is a simple, yet popular, adaptive function 
in adaptive hypermedia systems: the annotation of links within learning content.  

For our needs we will assume a system that exhibits characteristics common to a 
large range of adaptive systems in the field (e.g., AHA! 3, or NetCoach 9). The 
system’s most important features can be summarized as follows: 
− The system’s domain model is a small, course-specific ontology comprising 

learning concepts and semantic relations between these concepts (e.g., 
“prerequisite-of”). The domain model also has explicit representations of the 
modules / pages that make up the actual learning content, annotated with the 
semantic relation between each module and the respective concept (e.g., 
“explains”, “provides-examples-for”, “tests-knowledge-of”, etc.) 

− The system’s user model is a simple overlay model (over the domain model), with 
a small number of discrete (and possibly mutually exclusive), user-specific “states” 
with respect to each of the concepts in the domain model (e.g., “has-not-seen”, 
“has-seen”, “has-learned”, etc.) 

− Individual user models are updated on the basis of directly observable user 
activities (e.g., visiting the module that “explains” a concept, responding to test 
items) 

− Based on the current state of an individual user model, the system can decide on 
recommendations regarding the future visits of different modules / pages. Once 
again, these recommendations can be assumed to belong to a small set of discrete, 
mutually exclusive, module-centric ones (e.g., “ready-to-learn”). It is exactly on 
the basis of these recommendations that link annotation is being considered in the 
context of our example. 

− Although this is not pertinent to the ongoing discussion, one can assume for 
completeness that in the adaptive system at hand adaptation logic is expressed 
through simple adaptation rules, such as in the case of 7. 

Further to the above, we will assume that the user model contains other user 
attributes, some of them explicitly provided by the user (e.g., demographic data), and 
others inferred from user activity. As an example for the second category, consider 
“expertise”, which refers to the user’s familiarity with the system and is updated 
through a function that takes into account factors such as how often the user enters the 
system, how long the user’s sessions are, “coverage” of system facilities in typical 
usage patterns, etc. (might be over more than one courses). 

The design question at hand is whether to present users with the system’s 
recommendations with respect to links present in a page, and, if yes, what is the best 
way to annotate links to convey the semantics of the system’s recommendations. 
Although there is a considerable body of research on this question, for the purposes of 
this example, we will assume that the system’s designer has no empirical evidence to 
support the considered design alternatives. The alternatives themselves are 
encapsulated in five different strategies as far as link annotation is concerned:  

Strategy A: No annotation. This can be considered the base-line strategy, and 
would simply involve not exposing the user to the system’s recommendations. In our 
very simple example, this might be identical to the non-adaptive version of the 
system. 
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Strategy B: Annotation using different link colors. In this strategy different colors 
are used directly on the links to signify system recommendation. From a human-
computer interaction perspective, this strategy can be seen as one that might require 
some learning on the part of the users, but would add as little clutter to the page as 
possible. One potential problem is that links colors already have well-defined 
meanings (e.g., whether a link has been visited) that may clash with the strategy at 
hand. 

Strategy C: Annotation using bullets of different colors. This is very similar to 
strategy B above, with the exception that the colors are applied externally to the links. 
Annotations (i.e., the bullets) are dynamically added to the document. 

Strategy D: Annotation using custom icons. A variation of strategy C above, with 
the bullets replaced by icons that are intended to carry more semantic information, in 
effect embodying the system’s recommendation in a pictographic manner. The 
rationale for their use is that they would presumably be more readily recognizable by 
novice users. On the other hand, they might add a lot more visual noise to a page. 

Strategy E: Link hiding. This strategy involves hiding (although not disabling) 
links (see 1), for which the system’s recommendation is that the user is not yet ready 
to visit them. This strategy is intended as a more direct attempt to guide the user as 
compared to the previous ones. 

Given the strategies above, the design question at hand is which one(s) to use, and 
for which users or usage scenarios. Note that the strategies, as formulated herein, are 
not necessarily mutually exclusive (e.g., C cannot be combined with D, but both C 
and D can be combined with E). Also note that it would be desirable to identify 
situations (e.g., increases in the user’s “expertise”, as recorded in the respective 
attribute of the user model) that might justify a transition from one strategy to another. 

It should finally be explicitly pointed out that the objective of the design process is 
not to arrive at a single alternative that can be used for all users (which, in itself, 
would defeat the purpose for employing adaptivity in the first place). The primary 
assumption behind the design is, actually, that no alternative will fit all users under all 
circumstances, and the desideratum is to identify the cases where a specific alternative 
would be the best option for a given user and context of use. 

2.2   Evolution of adaptive behavior 

The designer starts out with no evidence about when and under what conditions to use 
each strategy, or whether, indeed any one strategy is “better” than all the rest. Each 
strategy has obvious trade-offs as far as flexibility and user control over the 
navigation process is concerned. The designer’s goal however, is clear: students 
should encounter concepts that they are not “ready” for as little as possible, and this 
should be achieved with the least possible restrictions on interaction / navigation. 

As already mentioned, this section does not go into a discussion of how self-
evaluation might be effected in the example system, but it assumes that self-
evaluation does takes place, and that its results drive the subsequent design iterations. 
Continuing with the example introduced above, we will look at three potential 
iterations that the design process could have gone through. Please note that these 
iterations are not “normative”, and are meant mainly to facilitate the discussion of 
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how different types and levels of self-evaluation results can influence the design 
process.  Although the proposed approach is by nature iterative, there is neither any 
ground, nor any motivation to constraint the number of iterations required; this is a 
design decision that needs to be made on a per case basis.  

Iteration 1: “Tabula rasa” 
The first step of the design would involve the encoding of the strategies as sets of 
adaptation actions – something that could be done in “hard-coded” programmatic 
logic, or, preferably in a declarative fashion (e.g., as in 6).  

Since the designer has no evidence regarding the applicability of the different 
strategies, however, these cannot be directly assigned to adaptation logic (e.g., one 
cannot, yet, create adaptation rules that would link strategies to attributes in the user 
model). The system would then need to be able to recognize these strategies and apply 
them (separately or combined) in more or less a trial-and-error fashion. 

The design information that already exists, and can be conveyed to the system, is 
which strategies are mutually exclusive, and which ones can be applied in 
combination. Using the information in Table 2, the following twelve combinations 
can be identified: (i) A, (ii) B, (iii) B+C, (iv) B+D, (v) B+E, (vi) B+C+E, (vii) 
B+D+E, (viii) C, (ix) C+E, (x) D, (xi) D+E, (xii) E. 

Given these constraints, and a suitably encoded, computable representation of the 
design goal stated earlier (i.e., to help guide users to modules / pages that are best 
suited to their current level of knowledge), the system is then ready to undergo the 
first round of user testing. 

Table 2. Considered adaptation strategies and their compatibility;  signifies that the strategies 
are compatible, and X signifies that the strategies are mutually exclusive. 
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A. No annotation  X X X X 
B. Colored links      
C. Colored bullets    X  
D. Custom icons      
E. Link hiding      

 

Iteration 2: Selecting, categorizing and prioritizing (combinations of) strategies 
We will assume that the results of the first round of testing do not yet suffice for 
building a comprehensive body of adaptation logic to guide the system’s adaptive 
behavior. They do, however, provide enough evidence for the following: 
− Eliminating strategies (and combinations thereof) that do not seem to meet the 

desired design goal under any circumstances. In the context of the ongoing 
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example this might include, for instance, strategy B and all its combinations 
(presumably because changing links’ colors is confusing for users). 

− Categorizing and providing a tentative “ranking” of the remaining combinations, 
based, respectively, on their design / interaction semantics, and on the rate of 
success they have exhibited during the first round of testing; of course, other 
factors (for instance, how restrictive or obtrusive alternatives are) can be used as 
well.  

The aforementioned categorization and ranking process, might result in something 
like the following in the case of our example: 

Category I: Includes only strategy A and corresponds to absolute freedom in 
navigation, with no system assistance / guidance whatsoever. 

Category II: Includes the uncombined strategies C and D and corresponds to 
absolute freedom in navigation, but this time with explicit system assistance / 
guidance. 

Category III: Includes all combinations of strategy E and corresponds to the 
application of restrictions on navigation, to enforce a path through the learning 
material. 

The above categorization and ranking is, obviously, only one of several 
possibilities. It does, nevertheless, serve to demonstrate the following points: 
− Although it is a ranking, it is not obvious in which “direction” it should be applied. 

For example, should the system start with the most “liberal” (in terms of navigation 
freedom) category and move to the more “restrictive” one when attempting to 
satisfy the overall adaptation design goal? Or should it apply the categories in 
reverse to accommodate, for instance, increased user familiarity with the system, or 
to compensate for inferred user frustration with the navigation constraints? 

− Applying such a ranking incorporates two concepts that may need to be extricated 
and made explicit: the concept of the “default” category of strategies that might be 
applicable for a new user; and the concept of a “fallback” category that gets 
applied when none of the available categories / strategies has the desired effect. 

For our example, we will assume that the designer has opted to use the ranking in the 
order presented above (i.e., “liberal” to “restrictive”), and to let the default and 
fallback categories be the first and last ones respectively. With these additional 
constraints, the system would be ready for a second round of user testing. 

Iteration 3: Binding strategies to concrete adaptation logic 
The introduction of additional structure in the adaptation design space effected in the 
previous iteration, along with more results from user testing based on that structure, 
can be expected to finally provide detailed enough results to start building more 
concrete and comprehensive adaptation logic around the alternative strategies. 

According to results from related research in the literature, this iteration might 
result in user model-based adaptation logic along the following lines: 
− For novice system users, as well as for users unfamiliar with the knowledge 

domain of the material, the more restrictive category (III) of strategies would be 
applicable.  

− Within Category III, a ranking between strategies would be possible, such as: (i) 
strategy E – link hiding, no explicit recommendations by the system, (ii) 
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combination D+E – link hiding and icons to “explain” the rationale between the 
provided guidance, and (iii) combination C+E – same as previous case, but with 
less visual clutter on the page (intended for more experienced users). 

− Category II (uncombined strategies C or D) would be reserved for users who seem 
to be sufficiently familiar with the system and the recommendation mechanism. If 
there is evidence of user confusion or ill effects of the user’s increased navigation 
freedom (e.g., often-occurring negative test results for concepts encountered before 
their prerequisite concepts have been learned), the system should fall back to using 
Category III. 

− Category I should be reserved for users who already have some familiarity with the 
knowledge domain, or exhibit behavior indicating intention to circumvent 
constraints applied on their navigation freedom (e.g., using the course outline to 
move between modules not interlinked).  

− Etc. 
The above adaptation logic is only exemplary in nature and might differ significantly 
from the actual results one might get with a specific system and learning material. It 
can, however, serve as a basis for the discussion in the forthcoming sections. Also 
note that, although the example case study is ending here, there is no reason why in 
real-world settings this would be the last design iteration. In fact, it is quite 
imaginable that the updated adaptation design might be put to the test again, to 
achieve even more refined adaptation logic, or more fine-grained adaptation 
strategies. 

3   Adaptive system design revisited  

The preceding section has put forward a scenario of how the adaptive behavior of a 
system could be designed, or “evolved” in a step-wise manner, taking advantage of 
meta-adaptive facilities. This section will fill in some of the intentional “gaps” in the 
presented scenario, formulating them as requirements posed by the introduction of 
meta-adaptivity. Before doing so though, let us first examine these facilities being 
utilized behind the scenes, and their effects on the design process. 

3.1 New possibilities 

To start with, the basis of the design iterations has been the derivation of new 
knowledge regarding the suitability of specific adaptive behaviors for different users 
(or contexts of use) given the overall design goal / self-regulation metrics. This 
knowledge, in its simplest form, is derived by applying alternative (combinations of) 
adaptation strategies, and assessing the extent to which the self-regulation metrics are 
satisfied, always in connection to the current user’s model. Knowledge derivation, 
then, is achieved by analyzing all recorded cases where a particular strategy has had 
similar results, and identifying common user model attributes among the respective 
users. This is the core of the “learning” facilities in the context of self-regulated 
adaptivity, and their output could be expressed in various forms, including for 
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instance as preliminary adaptation logic, intended to be reviewed, verified and 
incorporated into the systems by the designers. Although rather straightforward, the 
above step may already suffice to provide valuable input to the design process. For 
example, it should be capable to identify strategies that are not suitable for any 
(category of) users, in any context of use. This was assumed to be the case in the 
elimination of strategy B and all its combinations in the previous section. 

A second set of capabilities alluded to in the previous section is the categorization, 
or “clustering” of adaptation strategies, as well as their “ranking”. Categorization can 
take place mainly along two dimensions: (a) The system can try to identify strategies 
that have similar effects with respect to the self-regulation metrics, given sufficiently 
similar user models; the output of this process would be a provisional clustering of 
strategies, based on their “cause and effect” patterns. (b) The system can try to 
identify the differentiating subsets of user models that render some strategies more 
effective than others. These dimensions give, respectively, two semantically rich 
measures of similarity and differentiation of adaptation strategies. When sufficient 
meta-data about the user model itself is available, the system can combine that with 
the measures to provide provisional rankings of alternatives within categories. 

Before continuing it is important to note that the example in the previous section, 
as well as the analysis in this section, only assume three types of analytical 
assessment capabilities on the part of a self-regulating adaptive system. Although 
these are by far not the only ones possible, they are already adequate for the type of 
design support put forward in this paper. 

3.2   New requirements  

The fact that self-regulated adaptivity introduces new requirements becomes already 
evident in the first iteration of the design described above. Specifically, the first 
iteration made the following two fundamental assumptions: 
− That adaptation strategies may be represented independently from the adaptation 

logic that drives them. 
− That adaptation strategies, potentially expressed as sets of adaptation actions, be 

applicable in combination. 
− That there may exist a representation of one or more adaptation “goals” that drive 

both the process of self-evaluation and the selection / application of strategies. 
Of the above requirements, it might seem that the first two would be relatively easy to 
achieve in existing adaptive systems. This could be done, for example, respectively 
through the introduction of adaptation rules that randomly select one of a set of 
alternatives, and through the exhaustive representation of all possible combinations. 
Such an approach, however, would be incomplete in the sense that the adaptive 
system has no “understanding” of the alternative adaptation strategies, a fact which 
precludes the satisfaction of the third requirement, namely the employment of self-
evaluation. 

The second design iteration has also introduced additional requirements with 
respect to the adaptation engine. Specifically, it was implied that the system is capable 
of maintaining and employing a type of ranking amongst (combinations of) adaptation 
strategies, in a way that still does not associate the later with concrete, user model-
based adaptation logic. Although perhaps inherent in the capacity to support such a 
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ranking, the concepts of a “default” and a “fallback” strategy also merit individual 
mention. This is especially true in the case of the fallback strategy, which may often 
be a mid-ranked alternative, rather than one at either extreme (this depends primarily 
on the factors taken into account to produce the ranking in the first place). 

Finally, implied practically in all iterations, but made more explicit in the third one, 
is the fundamental requirement of the system being able to perform self-evaluation. 
As already mentioned, the concept of self-evaluation requires: (a) that the system be 
“aware” of the existence of alternative adaptive behaviors, and (b) has some way of 
assessing the extent to which these alternatives, when used, satisfy the design 
requirements. The first item points to the need for having an explicit representation of 
meta-data about the alternatives in the system, along with any semantic relations and 
constraints between them. The second item highlights the requirement that the 
“intention” behind an adaptive behavior (or set of behaviors) be expressed in a 
computable / measurable manner, so that the system can undertake the related 
assessment tasks. 

“Armed” with these capabilities, the system can then proceed to analyze the 
commonalities / differences between the models of users for whom a particular 
strategy (or category of strategies) has proven successful / unsuccessful. This analysis 
would most likely be statistical in nature, and could draw upon well-established 
techniques in data mining. There is, however, a non-conventional requirement in this 
case: that when analyzing, the system must have access to prior states of a user’s 
model. This is necessary because observations of the system as to the employment of 
specific (categories of) strategies for a given user, are inextricably linked to that 
user’s individual model at the time that the strategy was employed. This is further 
obviated by the fact that appropriate strategies for users may change as their user 
model evolves over time. The re-stated requirement, then, is that the system must 
maintain a “history” of changes in the user models (what the history comprises and 
how its maintenance can be automated are discussed in the next section). 

Finally, the example presented contains a simplification that we need to address. 
Specifically, in the example, the design iterations are linear and incremental, i.e., each 
iteration is based on the findings of the previous one, and adds more detail to the 
system’s adaptation meta-data. In the real world, however, this may not always be the 
case. For instance, it might be necessary to consider entirely new strategies (e.g., 
adding link annotation through tooltips as an additional possibility) at later stages of 
the design. What this necessitates is that the system be able to function at two or more 
levels of granularity simultaneously, where each level represents a different degree of 
detail in the binding between adaptation logic and alternative adaptive behaviors. 

3.3   Deus ex machina – can self-regulation be it? 

There are two overarching questions that have still not been addressed: (a) Why 
introduce self-regulated adaptivity at all? Can’t the above design activities be 
supported through an entirely human-facilitated approach? and, (b) How does one 
achieve the level of self-regulated adaptivity proposed in the preceding sections?  

To start with, let us consider what meta-adaptivity, as implemented through self-
regulation, brings to the “design table”. Firstly, it allows us to specify and test with 
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end users a potentially large number of alternative adaptive behaviors (or 
combinations). A human-facilitated approach would require the generation of several 
instances of the adaptive system (in the worst case, one such instance would be 
required for each alternative / combination), as well as the overhead of administering 
tests involving real users for each case. Additionally, it is questionable whether such 
an approach would allow for the seamless transition between different adaptation 
strategies within one interaction session. The second benefit we derive from the 
employment of meta-adaptivity is that the generation of new adaptation knowledge 
(which, in turn, is subsequently expressed as adaptation logic to drive the system 
behavior) takes place within the system, making use of, and adding to, the adaptation 
meta-data. Since this process can be automated, it makes little sense to repeat the 
necessary analysis and encoding steps on a per-case basis. And last but not least, the 
employment of meta-adaptivity brings forth an entirely novel opportunity: a meta-
adaptive system can continue improving itself (e.g., by accumulating adaptation 
knowledge / evidence, and using it to revisit its own adaptation logic) even without 
human intervention. 

Let us now move over to the second of the questions posed at the beginning of this 
section, namely, how does one achieve the level of meta-adaptivity described herein. 
It is argued that self-regulation is sufficient for satisfying the requirements posed thus 
far. Since a detailed description of self-regulation is beyond the scope of this paper 
(interested readers may refer to 5), we will simply focus on the basic premises of this 
particular type of meta-adaptivity. 

The most important facets of self-regulated adaptivity are: (a) it explicitly accounts 
for alternative adaptive behaviors; (b) self-evaluation in the context of self-regulation 
is based on metrics that relate adaptive system behavior with changes in the user 
models (or, potentially, other dynamic models maintained by the system); (c) it entails 
apparent learning on the part of the system; and (d) it does not require that the system 
modify existing, or devise new behaviors on the fly 5. Let us address each of the 
requirements identified in the previous section in more detail to examine the degree to 
which they are satisfied within the proposed approach. 

Explicit representation of alternatives: This is one of the basic premises of self-
regulated adaptivity. Specifically, a self-regulating system is capable of maintaining 
sets of behaviors that are applicable to different users / context of use, and 
dynamically switch between them on the basis of their “success”. 

Explicit representation of adaptation goals / objectives: Again, this is one of the 
fundamental building blocks of self-regulation. Representation in this case is achieved 
through the formulation of metrics, i.e., computable quantities derived from the 
current or historical values of attributes in the system’s dynamic or static models (the 
user model being the primary source). 

Supporting categorization and ranking of alternatives: Although not an intrinsic 
requirement for self-regulation, this capability should be relatively easy to implement 
in a compliant system. Categorization, for instance, can be supported through the 
application of the primary self-regulating capabilities at different levels of granularity. 
Ranking on the other hand can be implemented as an algorithm for selecting among 
alternatives within one level of granularity. Support for “default” and “fallback” 
strategies can be attained in a similar manner. 
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Self-evaluation and creation of adaptation knowledge: Again, self-regulation is “at 
home” with these requirements, since, even in its more basic incarnations, it involves 
the capability to on-the-fly assess the degree to which the currently employed 
alternatives satisfy the metrics encapsulating the design objectives, and take 
corrective actions as necessary. Furthermore, a self-regulating system can infer, over 
time, the applicability of behaviors to different (states of) user models and contexts of 
use. What’s more, self-regulating systems can even validate the body of adaptation 
logic present and apply basic improvements over it without any human intervention 
(e.g., by not using adaptation rules that do not have the desired effects under any 
circumstances), or provide the evidence required for improvements to be made by 
humans. 

Maintenance of “history” of model changes: As described in detail in 5, access to 
historical values of dynamic models is essential in enabling the learning part of a self-
regulating system. What is interesting to note is that this requirement can be satisfied: 
(a) automatically, and (b) without maintaining a full record of all changes made to 
models. This of course implies that the system can “decide” what to place in the 
history. This information can be extracted, in the case of self-regulation, from the 
metrics used for self-evaluation. Specifically, provided that the system can 
“understand” the metrics used, it can identify all model attributes that are involved in 
any of the known metrics it handles, and record changes to them. This way, the 
history can be created in both an entirely automated way, and only cover those parts 
of a model that will be relevant to later learning processes. 

4   Conclusions 

This paper has presented a case for the use of meta-adaptivity as a facilitator in the 
design of adaptive systems. It has furthermore argued that the requirements 
introduced by the employment of meta-adaptivity can be met with only moderate 
complexity through self-regulation.  

The applicability of the proposed approach is of course not universal: it requires, 
for example, that an adaptive system (or infrastructure) is already operational. It is 
also mainly intended for cases where there exist several alternative adaptive 
behaviors, with little or no empirical evidence as to their suitability for different 
categories of users, or different “states” of a single user.  

Another interesting question that has not been addressed in this paper concerns the 
additional overhead that the proposed approach imposes on the designers / authors of 
adaptivity. Although the space available does not allow for a full treatment of the 
topic, it may be of value to cursorily outline the trade-offs: On the one hand, this 
approach requires that authors spend additional time in authoring adaptation strategies 
and providing the system with metadata for using and managing them; furthermore, it 
requires that designers review and, where necessary, validate the findings derived by 
the system through self-evaluation. On the other hand, some of the preceding 
activities are arguably ones that would need to be undertaken anyway in the context 
of iterative design cycles aimed at establishing and improving adaptive system 
behavior; an exception to this would be the metadata describing the adaptation 
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strategies themselves, however the effort associated with them may be well justified 
by the more active role the system can play in facilitating aspects of the evolutionary 
process. 

In closing, it is important to briefly go over a few additional characteristics and 
constraints of the proposed approach. To start with, self-regulation is by no means a 
way to forego user studies, but rather an exploratory yet structured tool to employ in 
conducting them. Secondly, the approach, as put forward in this paper, is targeted to 
the design of adaptivity: abrupt transitions between potentially substantially different 
strategies might be unacceptable for a deployed system; as a result, in such settings, 
self-regulation may need to be further constrained (or limited to the accumulation of 
knowledge, but not permitted to effect changes in the system’s adaptive behavior on 
the basis of the new knowledge). Thirdly, whether used solely in the design stage, or 
retained in the final system, self-regulation must be applied with care, as, by nature, it 
poses an even greater “threat” to traditional usability qualities of interactive systems 
(e.g., predictability) than traditional forms of adaptivity. 

Within the confines discussed above, it is argued that self-regulated adaptivity 
represents not only the next logical step in the evolution of adaptive systems, but also 
a potentially irreplaceable tool in their design. 
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Abstract. The penetration of Adaptive Educational Hypermedia (AEH) within 
the educational community has been very poor so far. In part this is due to the 
complexity of the authoring process. But it also influenced by the often short 
‘lifetime’ of the AEH software itself. We see AEH system interoperability as a 
route to address these problems. This paper builds on previous limited 
interoperability work, between the AEH systems MOT and WHURLE, by using 
open web standards. We describe a Web Service using Web Services 
Description Language and SOAP that is capable of converting MOT materials 
to WHURLE. Moreover this Web Service is flexible and easily extensible, and 
we hope that this will mark the first step in developing an interoperable 
middleware for AEH conversions. 

1  Introduction 

Adaptive Educational Hypermedia (AEH) [3] aims to deliver personalised and 
appropriate learning materials to each learner. These materials can be adapted to a 
multitude of variables, such as a learner’s background knowledge, personal 
preferences, learning styles or grade scores (to name but a few). There are many 
distinct AEH systems, many of which have been developed and used in a research 
environment, such as AHA! [8], MOT [7], TANGOW [4], and WHURLE [10]. Each 
of these systems adapts to a slightly different ‘view’ of the learner, e.g. WHURLE 
stores each learner’s knowledge level (if they are considered a beginner, intermediate 
or advanced learner) at the granularity of each domain. Compare this to MOT’s more 
flexible approach that includes recording the knowledge level for each domain 
concept. This is a fundamental difference just between two of the current AEH 
systems in use. Multiply this by the number of AEH systems and add in that there will 
be far more than one such difference between each system and you will see that the 
levels of complexity involved in working with AEH systems can be very great. Any 
teacher (assume a non-technical expert who wishes to use an AEH system) who is 
considering authoring an adaptive lesson faces many decisions, such as: 

 



• Which AEH system should they use? 
• What knowledge domain(s) does the lesson require? 
• Does any previous material exist (and is it in a usable condition)? 
• What are the objectives of the lesson and how are they to be achieved for a 

heterogeneous group of learners? 
• Which traits of a learner are to be modelled? 
• Will the learner’s data be gathered implicitly (without the learner’s 

knowledge) or explicitly (information is requested from the learner)? 
• How many versions of the same material need to be created, e.g. if an AEH 

system produces an adapted lesson for two different groups of learners, does 
the teacher have to create two lessons for every one they intend to deliver? 

• What are the rules for adaptation? Can the author of the lesson modify these in 
any way? 

• How are the various versions to be presented to the learner, and does the 
learner have any control over this? 

 
Hence authoring for an AEH is a complex and time-consuming process. An author 

may well select a specific AEH system to learn how to use and then spend a large 
amount of time creating materials for this system. But what then happens if the 
chosen AEH system stops being developed or maintained? The author can either 
continue to develop for a system that will slowly go out of date and will one day cease 
to function, or they can move to a new system that is likely to be incompatible (in 
authoring methodologies and learning material structure) with the previous one. 

Recently there has been work in generating a new authoring paradigm, one that 
moves away from the ‘create once, use once’ approach described above [12]. Only 
interoperability between AEH systems will address these authoring issues; only when 
an author can develop learning materials in one system and then have them delivered 
in another will AEH begin to enter the mainstream of education. 

This paper suggests using a Web Service based approach to achieving this 
interoperability. An initial implementation between two AEH systems, MOT and 
WHURLE, is described that builds upon previous research into conversion between 
these systems [13]. The aim is to use this first step to learn more about the issues 
involved in creating a web service that can convert the from one system to another. 
This service can then offer to convert AEH data that matches certain criteria (as 
specified by the web service) into another system. This would be the first step in 
creating a middleware system that can transfer adaptive learning materials 
transparently between systems. 
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2  MOT & WHURLE 

2.1 MOT 

MOT [7] is a generic web-based AEH system based on the LAOS framework [6] for 
authoring of adaptive hypermedia, and implements a simplified version of the LAOS 
layers. Using MOT, authors can create domain concept maps (DM), containing the 
actual learning resources clustered as content alternatives, and also create the lessons 
themselves (Goal & Constraint Maps, GM), based on these domain maps, that allow a 
restructuring and filtering of the learning materials. These contents are stored in a 
MySQL database. 

2.2 WHURLE 

WHURLE [10] is a discipline independent, XML based AEH system. WHURLE uses 
atomic constructs, known as chunks, to store the learning content. These chunks are 
organized by a lesson plan, each lesson plan create a default pathway through the 
content. This default pathway is filtered according to the adaptation rules and the 
learner’s user profile. The result of this is a personalized virtual document that 
delivers the lesson most appropriate to the learner. 

2.3 MOT to WHURLE conversion 

Enabling interoperability between two such very different systems is not 
straightforward. The first steps towards this were taken in [13], but this approach was 
limited. Our research enabled a direct conversion of learning materials using MOT as 
the authoring system and WHURLE as the delivery system. However the conversion 
program itself was an off-line, command-line based system. To transparently 
implement a ‘create once, use often’ paradigm for authoring, it would be much better 
to create a web-based system. The results of this research are presented in this paper. 
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3  Web Services: WSDL and SOAP 

3.1 Web Services 

In the last few years, web services have become more popular for application 
developers, especially in the business sector.  

A web service is a software application, which is identified by a URL like ordinary 
websites, but can be accessed remotely by another application. The difference 
between web services and websites that makes web services unique is, in fact, the 
type of interaction that they can provide [9]. Thus, some argue that web services are 
the "next evolution of the web" [2]. Web services provide a solution to a major 
problem in the computer world: interoperability. Interoperability is provided by 
allowing different applications from different sources to communicate with each other 
without time-consuming customized coding. Since all communications are in XML, 
the services are not tied to any specific operating system or programming language. 
Therefore, C++ communicates with Perl, Java with PHP and Mac with Unix or 
Windows. 

The power of web services resides in the fact that each web service implements a 
capability that is available to each other, or to other applications, via standards, 
networks and protocols. 

The W3C3[14] defines web services as "a software system designed to support 
interoperable machine-to-machine interaction over a network. It has an interface 
described in a machine-processable format (specifically WSDL). Other systems 
interact with the Web service in a manner prescribed by its description using SOAP-
messages, typically conveyed using HTTP with an XML serialization in conjunction 
with other Web-related standards." [15] 

Another definition [2], states that a web service "describes a standardized way of 
integrating web-based applications using the XML, SOAP, WSDL4 and UDDI5 open 
standards over the Internet protocol backbone".  XML is used to tag the data, SOAP 
to transfer the data and exchanging information between computers, WSDL used for 
describing the services available and finally UDDI for listing what web services are 
available for a customer to use or buy. Web services transportation can be done over 
simple protocols (HTTP, SMTP, FTP, etc.); HTTP is currently the most commonly 
used web service protocol. 

Using this approach the authors chose to implement a MOT to WHURLE conversion, in 
such a manner that the Web Service would be easily extensible. The open nature of the Web 
Service description would enable any system conversion engineer to add additional AEH 
system data input and output streams.  This would mean, for a teacher creating adaptive 
material, he or she would not have to worry about keeping up with the growing complexity and 

                                                           
T3 T  World Wide Web Consortium  
4  WSDL: Web Service Description Language 
5  UDDI: Universal Description, Discovery and Integration 
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different releases of authoring and delivering of learning software, as these issues can then be 
delegated to a different level, or even solved automatically in some cases. 

3.2 WSDL: 

The adaptive e-learning material interchange solution we propose is based on WSDL 
architecture. WSDL is an XML document that conforms to a specification. All the 
services metadata is contained somewhere in this file, structured in such a way that 
will make it easy to understand what the data means. 

In addition to a WSDL file being human readable, all that a programmer has to do 
to generate the code necessary to connect physically to services is to use an XML 
parser to extract data into local variables. This automatic code generation is one of the 
outstanding features of web services [9]. 

A WSDL document [14] "defines services as collections of network endpoints, or 
ports. In WSDL, the abstract definition of endpoints and messages is separated from 
their concrete network deployment or data format bindings. This allows the reuse of 
abstract definitions". A WSDL document uses the following elements in the 
definition of network services: Types, a container for data type definitions using some 
type system (such as XSD); Message, an abstract, typed definition of the data being 
communicated; Operation, an abstract description of an action supported by the 
service; Port Type, an abstract set of operations supported by one or more endpoints; 
Binding, a concrete protocol and data format specification for a particular port type; 
Port, a single endpoint defined as a combination of a binding and a network address; 
and finally a Service is a collection of related endpoints. 

WSDL is a cornerstone in the web services architecture because it provides a 
common language to describe such services plus it provides a platform for integrating 
those services. 

 

3.3 SOAP: 

SOAP, which historically used to refer to, Simple Object Access Protocol, (although 
this was ceased in SOAP1.2 [1]), is the second important item in the web service 
architecture. SOAP is an XML-based protocol for exchanging information between 
computers. Its job is to encode messages in a common XML format so that message 
can be understood at each end (client and service). It is a high level of abstraction, so 
that any operating system and programming language combination can be used to 
create a SOAP-compliant program.  

Web services use SOAP as a logical transport mechanism for moving messages 
between services described by WSDL interface [5]. 

SOAP can be defined as a "specification for a ubiquitous XML-based distributed 
computing infrastructure" [9]. It is a stream of characters that are carefully created so 
that the programs on both sides of the transmission can understand exactly what the 
other side is saying. Those characters are XML documents that are embedded in the 
transport's request and response messages.  
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A SOAP message is composed of three parts, two of which are mandatory and a 
third which is optional. The mandatory parts are: SOAP envelope <SOAP-ENV: 
envelope> and SOAP body <SOAP-ENV: body>; The optional part includes SOAP's 
header <SOAP-ENV: Header>. The syntax of the SOAP grammar allows for 
instructions to be added to the header with the actual method call or XML document 
to be added to the body. 

4  MOT2WHURLE Web Service 

4.1 Introduction: 

In order to create a web service from scratch the following stages are required in this 
process, (from the perspective of a service developer ): create core functionality of the 
service (system); create WSDL service description of that system; create a SOAP 
service wrapper; deploy service onto a server and register new service via UDDI.  

Since we already had the conversion program, the first step in developing the 
service (creating the core functionality) was skipped, and our work started by creating 
the WSDL file. Only the work on the two core elements of Web Services has been 
completed: WSDL and few SOAP examples.   

4.2 Defining the WSDL abstract layer: 

In order to create the WSDL semantic abstraction layer that allows for AEH content 
conversion between the two separate systems (MOT and WHURLE), the 
commonalities between the two systems had to be identified and described. Here we 
only sketch the ones directly relevant to the WSDL layer.  

To describe these commonalities in WSDL we first have to create the abstract 
section by defining the WSDL types <wsdl:types> for both MOT and WHURLE  data 
types. 

4.2.1 MOT Lesson conversion 

The adaptive MOT lesson conversion into an adaptive WHURLE lesson plan was 
done by extracting the basic elements from the two systems and re-composing them, 
Figure 1 shows an extract of a MOT lesson. 
<xsd: element name="MOTlesson"> 
 <xsd:complexType> 
  <xsd:sequence> 
   <xsd: element name="lessonID"  type="xsd:int" /> 
   <xsd: element name="ToplessonID"  type="xsd:int" /> 
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   <xsd: element name="Sublesson">… 
Figure 1: A snapshot MOT lesson in WSDL 
 
The composition of WHURLE lesson plans, containing chunks, is sketched in 

Figure 2. 
<xsd: element name="WHURLElessonplan"> 
<xsd:complexType> 
 <xsd:sequence> 
  <xsd: element minOccurs="1" name="level"> 
   <xsd:complexType> 
    <xsd:sequence> 
     <xsd: element minOccurs="1" name="page"> 
      <xsd:complexType> 
       <xsd:sequence> 
        <xsd:element minOccurs="1" name="WHURLEchunk"> 

Figure 2: A snapshot WHURLE lesson plan in WSDL 

4.2.2 Message, operations and PortTypes: 

Next, the main messages that are exchanged/ transmitted during the conversion 
process are described. Figure 3 shows the messages that allow the user to select the 
lesson Id for a MOT lesson to be converted.  
<wsdl:message name="printLM"> 
 <part name="MOTlessonId"  type="xsd:int"/> 
</wsdl:message> 
<wsdl:message name="printLMRespons"> 
 <part name="returnIdWhichLM"  type="xsd:int"/> 
</wsdl:message> 

Figure 3: WSDL Adaptive lesson Conversion messages  
 
Following the message description was the portType description which included 

the operations (functions) that are supported within the conversion service. An 
example is given in Figure 4, which describes the above messages as part of a single 
operation. This operation identifies the messages that need to be sent, and the message 
that can be expected in return. 
<wsdl:portType name="MOT2WHURLE_Conversion_PortType"> 
 <operation name="Mlesson_Wlessonplan_conversion"> 
  <input message="tns:printLM"/> 
  <output message="tns:printLMRespons"/> 
 </operation> 

Figure 4:  A snapshot for the "Mlesson_Wlessonplan_conversion" operation 
 
By describing the systems' data types, the messages, as well as the available 

operations within the portType, the abstract description of the WSDL file was 
completed. Next, the description of the concrete part which includes the WSDL 

Adaptive Educational Hypermedia Content Creation 373



binding, port and service is conducted. This part is responsible for connecting to the 
abstract part physical binding between a client and a service.  

4.2.3 Binding, Port and Service:  

Binding, as mentioned earlier in section 3, is about how will the message be 
transferred on the wire, and it has two main purposes: linking the abstract and 
concrete elements in WSDL, and as serving as a container for information such as 
protocol and address of web service. The WSDL file is completed by declaring the 
"port" and "service" elements, which identifies the service's location. 

4.3 Creating SOAP wrapper examples:  

In order to test the service and exchange messages/information with its server, the 
SOAP messages and response files were created. These are XML files that as 
described earlier in this paper (section 3.3) consist of three elements: Envelope, 
header and header (optional).Below is an example of a SOAP request in figure 7 for 
the "PrintLMresponse" operation: 

 
<?xml version='1.0' encoding='UTF-8'?> 
<SOAP-ENV:Envelope  
 xmlns:SOAP-ENV="http://schemas.xmlsoap.org/soap/envelope/" 
 xmlns:xsi="http://www.w3.org/1999/XMLSchema-instance" 
 xmlns:xsd="http://www.w3.org/1999/XMLSchema"> 
 <SOAP-ENV:Body> 
  <ns1:printLM  
   xmlns:ns1="http://cs.nott.ac.uk/~mzm/MOT2WHURLE/"  
   SOAP-ENV:encodingStyle="http://schemas.xmlsoap.org/soap/encoding/"> 
   <MOTlessonId xsi:type="xsd:int">12</MOTlessonId> 
  </ns1:printLM> 
 </SOAP-ENV:Body> 
</SOAP-ENV:Envelope> 

Figure (7): A snapshot of a soap request (printLM) 
 
As can be seen from the previous examples the user enters an Id number for a 

lesson in MOT (here it is ‘12’) to be converted into a WHURLE LP and the response 
message will carry this number to the corresponding function in the conversion 
program (service), which will result into displaying the equivalent LP in WHURLE 
after the conversion process occurs. 
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5  Discussion 

In this paper we have presented an extension of our work in creating a new authoring 
paradigm, ‘create once, use often’. The move towards this from a ‘create once, use 
once’ approach to AEH system authoring is in an attempt to address the issue of 
authoring complexity. AEH systems have yet to break into the mainstream 
educational culture, and this may in part be due to the cost involved in authoring for 
these systems. In allowing AEH systems to exchange their learning materials we do 
not remove the initial cost of authoring, but we can ensure that authors only ever have 
to go through this process once. Interoperable AEH systems will not only future-proof 
access to these materials, but will allow for a more flexible delivery of them – a 
student would no longer be forced to use the AEH system that their teacher chose, but 
could use one that they were already familiar with. This increases the choice for the 
learner and increases the potential for personalisation. 

The work discussed here builds upon a previous off-line conversion system [13]. 
Whilst this previous work allowed the teacher to author in the more flexible and user-
friendly MOT authoring system, and then have it presented in the WHURLE delivery 
system, this was not an open system. To extend the conversion to other AEH systems 
would require the creation of an entirely separate conversion program. 

In applying a Web Service based architecture we address two problems of the 
initial conversion system. The first is that the conversion system will be available 
across the web – hence any author using MOT (which is also a web based system) can 
then access the service to convert their materials for use in WHURLE. Thus the 
conversion program no longer needs to be installed on every author’s computer. Also, 
in using open web based standards, we open up the conversion system. Other AEH 
systems can input to the conversion web service using the definitions given in the 
service definition. Also other systems can be added to the ‘output’. Indeed an area of 
future work that we will be following up is extending the service so that learning 
materials from MOT may be converted for use in SCORM compliant systems (such 
as Blackboard). 

Another area that has yet to be addressed is that of multiple authoring systems. The 
goal of a ‘create once, use often’ paradigm, is that any AEH system can create 
materials and have them converted into any other system. Our current one-way MOT 
to WHURLE conversion is therefore limited. In our future work we will be examining 
the ease of extending the web service by implementing a WHURLE to MOT 
conversion, as well as a SCORM to WHURLE, and to MOT conversion. 

By moving towards a web service we aim to lay the groundwork for a middleware 
service that will offer an open API which AEH system designers may create a 
conversion extension for, which will then give them access to many other AEH 
systems. This work, along with additional research on the usability of authoring 
systems, will aim to simplify creation and re-use of AEH learning materials, thereby 
encouraging their use in Education and bringing the benefits of a personal educational 
experience to more learners 

Adaptive Educational Hypermedia Content Creation 375



6  Acknowledgements 

The research leading to this paper was supported by the European Commission under 
contract FP6-027026, Knowledge Space of semantic inference for automatic 
annotation and retrieval of multimedia content - K-Space, and contract 507310, the 
ProLearn Network of Excellence. Many thanks to Ilknur Celik for many useful 
discussions. 

References 

1. Alonso, G., Casati, F., Kuno, H. and Machiraju, V. (2004). Web Services: Concepts, 
Architecture and Application. Berlin: Heidelberg ,Springer-Verlag. 

2. Beal, V. A. (2005). Understanding Web Services. 
http://www.webopedia.com/DidYouKnow/Computer_Science/2005/web_services.asp, 
last accessed 30th March 2006. 

3. Brusilovsky, P (2001) Adaptive Educational Hypermedia. Proc. of 10th Tenth Intl PEG Conference. 
Tampere, Finland. pp 8-12. 

4. Carro, R.M., Pulido, E., & Rodríguez, P. (2001). TANGOW: A model for Internet based learning. 
International Journal of Continuing Engineering Education and Life-Long Learning, IJCEELL, 
11(1-2). Retrieved from 
http://www.inderscience.com/ejournal/c/ijceell/ijceell2001/ijceell2001v11n12.html 

5. Chatterjee, S., and Webber, J. (2004). Developing Enterprise Web Services An Architect's 
Guide. New Jersey, Prentice Hall 

6. Cristea, A. and De Mooij, A. (2003) LAOS: Layered WWW AHS Authoring Model and its 
corresponding Algebraic Operators. In Proceedings of the  14th Intl. World Wide Web Conference, 
Budapest, ACM, Hungary 20-24 May. 

7. Cristea, A.I. & De Mooij., A. (2003) Adaptive Course Authoring: My Online Teacher. 
Proceedings of ICT'03, Papeete, French Polynesia. 

8. De Bra, P. & Calvi, L. (1998). AHA! An open adaptive hypermedia architecture. The 
New Review of Hypermedia and Multimedia, 4, 115-139. London: Taylor Graham 
Publishers. 

9. MapForce (2006) Altova MapForce. http://www.altova.com/download _mapforce.html, 
last accessed 30th March 2006. 

10. Moore, A., Brailsford, T.J. and Stewart, C.D. (2001) Personally tailored teaching in WHURLE 
using conditional transclusion. Proceedings of the twelfth ACM conference on Hypertext and 
Hypermedia, Denmark. 

11. Potts, S. and Kopack, M. (2003). SAMS Teach Yourself Web Services. Indiana: SAMS 
12. Stewart, C., Cristea, A., Brailsford, T. & Ashman, H. (2005). 'Authoring once, Delivering many': 

Creating reusable Adaptive Courseware, 3rd IASTED International Conference on Web-Based 
Education - WBE'05, Grindelwald, Switzerland, February, 2005. 

13. Stewart, C., Cristea, A., Moore, A., Brailsford, T. & Ashman, H. (2004). Authoring and Delivering 
Adaptive Courseware, International Workshop on Authoring of Adaptive and Adaptable 
Educational Hypermedia, AH2004, Workshop proceedings (part II), Eindhoven, Netherlands, 
August 2004. 

14. WSDL, (2001). Web Services Description Language (WSDL) 1.1. W3C, 
http://www.w3.org/TR/wsdl , last accessed 30th March 2006 

15. WSG, (2004). Web Services Glossary. W3C, http://www.w3.org/TR/ws-gloss/ , last 
accessed 30th March 2006 

 

376 Maram Meccawy, Craig Stewart, and Helen Ashman



DISAS: a DISelect-based Middleware for Building 
Adaptive Systems 

Lorenzo Gallucci1, Mario Cannataro1,3, Luigi Palopoli1,2, and Pierangelo Veltri3 

1EXEURA S.r.L., Italy, 2DEIS–University of Calabria, Italy, 
3University of Catanzaro, Italy. 

Abstract. The paper presents DISAS, a middleware software that can be used 
to enable adaptation in existing web-based applications and legacy information 
systems. The proposed system provides an intermediate layer between the user 
and the data source that monitors system conditions, intercepts content streams, 
and adapts them on the fly, leveraging emergent World Wide Web Consortium 
standards, such as DISelect and CC/PP. DISAS has been fully implemented 
using two approaches: as a filter that transparently adapts hypermedia coded in 
well-formed XML with embedded DISelect adaptation rules, and as a tag 
library that allows DISelect constructs calls to be merged into active pages like 
Java Server Pages. 

1   Introduction 

The Adaptive Hypermedia (AH) research field is on the stream from many years: an 
Adaptive Hypermedia System (AHS) models features of the users, client devices and 
network conditions, and applies such models to adapt various visible aspects of the 
system to the user [2, 3].  

The basic components of an AHS are the Application Domain Model (DM), the 
User Model (UM) and the Adaptation Model (AM). The DM describes the 
hypermedia basic contents and concepts. It considers the different sources that affect 
the adaptation process and allows modeling them into application’s data. The UM 
describes the user’s characteristics and expectations in the browsing of hypermedia. 
User models or profiles are generally distinguished into overlay models, which 
describe a set of user’s characteristics (typically represented by a set of attribute-value 
pairs), and stereotype models which indicate the user’s belonging to a group. The AM 
contains the adaptation rules that are used to adapt content coming from the DM with 
respect to the expectations and constraints expressed by the UM. Adaptation rules are 
related to: (i) content selection, i.e. selection of parts of hypermedia to be presented to 
the user, (ii) content adaptation, i.e. manipulation of information fragments, and (iii) 
link adaptation, i.e. manipulation of the links presented to the user. 

An AHS continuously monitors user’s activity, network conditions, and client 
characteristics, to build the UM. When a page is selected, using the adaptation rules 
contained in the AM and leveraging the features of the DM (e.g. an information 



fragment which is available with different sizes and informative goals) it is able to 
adapt the selected content with respect to the UM. 

Although AHSs are useful in many domains, when using them to make adaptable 
existing applications or legacy information systems, a hard problem arises: 
applications often need to be rewritten or adaptation rules are difficult to apply to 
current data. This is particularly true for e-government and e-democracy services that 
more and more are developed in public administrations by leveraging existing legacy 
applications, and need to provide adaptation, since they have to face internal and 
external users having different profiles, various terminal type and different network 
conditions. 

The paper presents DISAS (DISelect Adaptive System), a piece of middleware 
software that can be used to enable adaptation in existing applications and 
information systems. The main idea of the proposed system is to provide an 
intermediate layer between the user and the data source that monitors system 
conditions, intercepts content streams, and adapts them on the fly. Main 
characteristics of DISAS are the continuous detection of network and user’s terminal 
features and the dynamic adaptation of the contents based on DISelect constructs [7]. 
The impact on content description is maintained low by leveraging emerging 
standards for expressing user device capabilities, such as CC/PP [10], and for 
describing device independent content selection, such as DISelect.  

The characteristics of DISAS make it suitable for different application scenarios: 
other than classic adaptive systems where the final users are humans, the system can 
be used to automatically generate different kind of contents. As an example, 
developing applications for mobile devices such as smart phones requires sending 
contents and code in different formats. For instance, considering the Java Micro 
Edition platform (Java ME) [14], the JavaCard [15] and JavaPhone [16] technologies 
offer specialized Java APIs for executing Java programs on, respectively, smart card 
and phones. The same happens for terrestrial DVB (Digital Video Broadcast) content 
delivery [17]. For instance, the Multimedia Home Platform (MHP) [18] can provide 
two kind of delivery, DVB-HTML and DVB-J, that are interpreted on the user Set 
Top Box. Adapting contents for such scenarios requires a dynamic generation of 
contents that can be a mix of code (e.g. Java Xlet [19]) and multimedia data. 

The rest of the paper is organized as follows. Section 2 describes emerging 
standards to build adaptive systems. Section 3 presents requirements, architecture, and 
a running prototype of DISAS. Finally, Section 4 briefly describes related works and 
Section 5 concludes the paper. 

2   DISelect: Content Selection for Device Independence 

Recently, there has been an effort in the World Wide Web (W3C) community to 
define a standard for the modelling of the contents of an AHS. The W3C Device 
Independence Working Group defined the Content Selection for Device Independence 
(DISelect) W3C Working Draft that specifies a syntax and a processing model for 
general purpose content transformation (filtering as well as manipulation) on an XML 
document [7, 11, 12].  
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A DISelect document is an XML document in which content pieces are merged 
with special transformation constructs (i.e. XML tags and/or special attributes), which 
a DISelect processor must take into account when presenting content to a user. 
Transformations are driven by expressions; general expressions are used in content 
manipulation (e.g. generation of values computed w.r.t. actual user profile), while 
content filtering needs boolean expressions. A term in a DISelect expression can be a 
constant, a function, or a variable (local to the XML fragment in which it appears).  

Functions in a DISelect expression are evaluated with respect to a reference 
environment (e.g. the User Model variables), which includes at least device 
parameters and may include variables related to network conditions.  The Composite 
Capabilities/Preferences Profile (CC/PP) is a W3C Recommendation that allows 
expressing user device capabilities and user preferences, according to a shared 
structure and vocabulary of terms stored in RDF format [10]; it can be used to guide 
the adaptation of content presented to that device. Moreover, author-defined variables 
can describe other user’s profile parameters such as user’s class. Figure 1 shows a 
fragment of content selection DISelect code that produces a non empty result when 
screen width, i.e. a CC/PP value, is greater than 800 pixels. 

 
<sel:if expr=”di-cssmq-width(‘px’) &gt; 800”> 
<p> 
 Shown only when screen width is greater than 

800 pixels. 
</p>  
</sel:if> 
 
Fig. 3. An Example of DISelect Code Containing a Content Selection Construct 
 
DISelect and CC/PP are the basic building blocks to develop novel and standard-

aware adaptive web portals: DISelect can be used to realize the adaptation rules, 
whereas CC/PP can be used as reference framework to manage data and metadata 
needed to realize adaptation. 

 

3   DISAS: DISelect Adaptive System 

The main requirement for building an adaptive web system is to support adequately 
the evolution of an existing web application towards an adaptive one, via addition of a 
limited number of modules and progressive insertion of adaptation constructs into 
previously non-adaptive pages. As a consequence, the following objectives have been 
followed in the design of the proposed system: 
 to develop an automatic user profile detection software which could be easily 

integrated in a web system; 
 to design and develop a component, able to work “behind the scenes”, whose role 

is to mix content adaptation subparts into an adapted hypermedia; 
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 to allow a developer to write content adaptation rules in dynamic web pages (e.g. 
Java Server Pages - JSP), without worrying about details on information source 
for user profile data used in rules, as well as on adaptation core. 

Following these requirements, a working prototype of an adaptive web system 
library called DISAS (“DISelect Adaptive System”) has been fully implemented. The 
system, built upon a set of standard Sun™ Java2 Enterprise Edition components, is 
based on the XAHM model [5] and follows the W3C Device Independence Working 
Group recommendations [11].  

DISAS sits between a Web-based Information System and a standard web browser 
(i.e. the user), and is able to: 
1. automatically and dynamically detect characteristics of the user’s terminal (e.g. 

browser and computer capabilities) and user’s context (e.g. geographic location, 
available network bandwidth, etc.), in a CC/PP compliant way ; additional user 
preferences can be  statically defined; 

2. deliver the contents of an Information System, expressed as XML documents 
containing DISelect  code,  to the user device, by applying a filtering engine that 
processes DISelect code and adapts contents with respect to user devices 
capabilities and user profile.  
The Profile Manager (see Figure 2 and Figure 3) supports user profile testing, 

reading and storing, and collects such user data in a user’s session store named Profile 
Store. Such profile management core can be seamlessly integrated in most J2EE 
applications. In particular, it: 
 detects, collects and stores a sketch of measured user profile parameters, such as 

user agent capabilities, network bandwidth, etc., employing a corresponding 
profile manager agent running on the client side; 

 makes available to the DISelect adaptation engine values taken from the user 
profile, reading them from the Profile Store; 

Content adaptation and delivery is implemented by using two complementary 
approaches (see Figure 2): 
1. in the former, the DISelect Engine transparently adapts hypermedia coded in well-

formed XML with embedded DISelect adaptation rules. In particular, a DISelect 
adaptation J2EE filter (DISelect Filter) processes only well-formed XML data 
containing DISelect tags, but is capable to apply the full DISelect model. It is used 
when Information System content is available as well-formed XML and every 
piece of information has to be computed; 

2. in the latter, the DISelect Engine exploits a significant subset of DISelect rule 
language for non-XML coded hypermedia (such as HTML 4.0 code, JS or CSS), 
by means of a JSP DISelect tag library. The library allows DISelect constructs calls 
to be merged into active pages (e.g. JSP) other than in XML content. Thus also JSP 
code flow can be adapted, possibly skipping some JSP computation based on user 
profile values. 
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Fig. 4. Main Components of DISAS 

3.1   User Profile Detection and Content Delivery Strategies in DISAS 

To accomplish adaptation of content, a dedicated agent has to combine adaptable 
hypermedia (i.e. XML documents with embedded DISelect rules coming from an 
Information System or a web application), with user and terminal information. 
Adaptation of content is performed on some circumstances such as first page load, 
user profile change or forced redisplay.  

Two operations modes are possible: responsibility of adaptation is either entirely 
left to “user agent”, or performed by the server. In the first scenario, the user profile 
itself is detected and monitored on the client side only and is not shared with the web 
server. This operating mode implies that the code to perform adaptation is either 
provided by the user agent itself, or mixed into the HTML page by the web 
application. In the former case, for each browser an appropriate code must be made 
available, as a plug-in or “built-in”, possibly providing better performances and 
shorter response times than in the latter case, where a platform-independent code, 
executable from HTML pages, is needed and, thus, a client-side scripting language as 
the not-so-fast Javascript has to be used.  

So, the former solution for client-side processing is not viable in the mid term (due 
the heavy load imposed on the browser authors), while the latter requires both 
libraries for performing efficiently XML transformations inherent to DISelect 
constructs, and a fast Javascript runtime, which is not always the case, especially for 
handheld devices. 

In DISAS we adopted a rather different approach, following the second scenario 
(server-side adaptation): 
 the page gets adapted before the server sends it to the client, thus content 

transformations can be carried out one time only on the server side (e.g on page 
load); 
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 as usual, client side (web browser) detects user profile parameters, but related 
information is stored only on the server; 

 due to network delay, only most recent parameters are available, instead of 
current parameters, which would be the case in a “pure client-side DISelect” 
approach. At any time, a snapshot of latest measured parameters is available; this 
is updated at discrete times, i.e. when, in response to a page load request, DISAS 
considers profile information as unreliable (e.g. too old or incomplete). 

Hence, the user profile detection logic has to be automatic and as much 
unobtrusive as possible, to avoid breaking user’s experience. In DISAS the profile 
detection logic is both automatic and unobtrusive, since it is based on a small piece of 
Javascript code (carefully designed to run on a broad range of browsers), which the 
client runs in response to server’s solicitation. 

3.2   DISAS Architecture 

Web browser

Web Server J2EE-compliant (Tomcat, WebSphere, …)

Adaptivity
layer

GET /a Profile tester

Filters

Servlets

Adaptable
web application

Servlet or JSP page for /a 
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Data

Profile
storeTag libraries

Profile
validation

Profile tester 
generator Profile saverNetwork test 
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HTML(+JS) page
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Task-specific
taglibs

calls

supports
generates

DISelect
Filtering (XSLT)

 
 

Fig. 5. Detailed Architecture and Information Flow in DISAS 

Figure 3 shows the DISAS architecture and information flows between software 
modules. DISAS uses a classical three tiers architecture: the client layer contains the 
user agent (browser) and part of the Profile Manager; the adaptivity layer implements 
adaptation rules and profile management; and the adaptable web application provides 
content to be adapted, employing DISelect constructs.  
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The information flow between layers is described in the following based on the 
path followed by an example HTTP Request (“/a”): 
1. a dedicated component (“Profile validation”) in the Filters sub-layer must check 

if a fresh profile is available for the user (getting it from “Profile store”); 
2. if good profile information is not found, “Profile validation” invokes “Profile 

tester generator” in the Servlets sub-layer, which returns to the client a “Profile 
tester”, able to communicate with “Network test counterparts”, in order to 
determine user profile parameters, finally sent to the “Profile saver”; 

3. if good profile information is available (or just after “Profile saver” executed), 
the requested servlet or JSP is invoked (“Servlet or JSP page for /a”). If the 
requested URL is mapped through DISAS filter, the corresponding servlet is 
expected to generate well-formed XML with DISelect instructions, suitable for 
XML transformation; 

 JSP pages can take advantage of “DISelect taglib” to anticipate some 
transformations or to have the execution of some code subjected to the 
truth value of boolean expression involving information from user profile; 

 additionally, complex, recurring DISelect patterns can be coded into “Task-
specific tag libraries”, which can be employed to simplify writing of JSPs; 

 

3.3   DISAS Prototype 

The DISAS prototype is built on a set of components whose design and packaging 
allows merging them easily in a Java2 Enterprise Edition (J2EE) web application.  
Compliant J2EE web container is needed for correct operation; prototype’s 
functionality has been tested on Tomcat 5.5.12, WebSphere 5.1, JBoss 3.2.7 and 
JBoss 4.0.1.  

To enable DISAS on an existing application, three steps have to be carried out: (i) 
copy DISAS’s components (core JARs and their dependencies, plus some resources) 
in appropriate locations (mostly WEB-INF/lib) (ii) define start-up configuration 
information in web application metadata (file WEB-INF/web.xml) (iii) map pages that 
have to be processed by DISAS to filter components.  

The adaptation subsystem ensures that properly mapped pages always get, 
automatically, a fresh user profile information set. On those pages, DISAS is able to 
recognize DISelect constructs which can access user profile information in order to 
carry out a significant subset of the content transformations offered by DISelect, i.e. 
content selection and content manipulation/generation. In particular, two kinds of 
constructs can be used to express content selection: 
 simple (on/off) selection, expressible via sel:expr attribute, when content 

fragment is a simple XML node, via sel:if element otherwise; 
 selection of zero, one (in matchfirst mode) or more (in matchevery mode) 

members among a set of content fragments, using  sel:select combined with 
sel:when and sel:otherwise subelements. 

Obtaining content manipulation/content generation (e.g. insertion of values 
computed from user profile parameters using arbitrary expressions) is possible with 
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either sel:value tag, or using attribute value templates (AVT), i.e. attributes whose 
value is a DISelect expression enclosed in braces. 

Given such a restricted set of features, one may consider expressive power of 
DISAS very limited, but some additional aspects, coming as well from DISelect, have 
to be considered on this subject: 
 a DISelect code is able to define arbitrary “variables” in which partial results can 

be stored (via sel:variable tag, with attribute name); moreover, the value of a 
“variable” can change over time (via sel:variable with attribute ref), as in 
traditional imperative languages and in contrast to rules holding for variables in 
similar manipulation languages for XML, such as XSLT; 

 the “content” embedded in content selection rules can be also a “meta” content, 
i.e. an XML fragment which comprises other content selection/manipulation 
constructs as well as tags to manipulate variables. 

While this set of services (automatic profile detection and seamless connection to 
basic content selection and manipulation)  is obviously low-level, their availability 
enables building of more advanced services. This is exactly the role covered by task-
specific “taglibs”: capturing higher level adaptation constructs (“idioms”) in JSP tag 
definitions, translating them into lower level DISelect constructs. 

4   Related Works and Future Trends 

Many Adaptive Hypermedia Systems have been developed in these last years, as 
those described in [2, 3, 4], and usually they are based on proprietary models and 
constructs for expressing device characteristics, application domain and adaptation 
rules. To our knowledge DISAS is one of the first attempts to develop an AHS 
middleware fully compliant to the emerging W3C standards.  

As discussed previously, both content transformation and profile detection take 
place in response to specific requests. Content transformation is triggered by a user 
requesting a page, user parameter detection is started on the client side when the 
Profile Manager decides to refresh profile information. In other words, no persistent 
client agent exists in DISAS that can re-trigger DISelect transformation or 
autonomously start measurements on user parameters.  

The availability of a persistent client agent that works asynchronously with respect 
to the server and to user requests could give many benefits, among them: 
 automatic re-adaptation of the page in response to a change in some of the user 

parameters; 
 continuous update (“tracking”) of quickly varying parameters, such as network 

speed or lag. 
The approach to transfer some processing activities, such as detection and 

adaptation, to the client, produces the so called Rich Internet Applications (RIA), that 
are a cross between web applications and traditional desktop applications, transferring 
some of the processing to the client. The term "Rich Internet Application" was 
introduced in [1] although the concept was also know under different names  such as 
X Internet and Rich Clients [6]. Usually, RIA applications:  
 run in a web browser or client agent;  
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 run locally in a secure environment called a sandbox; 
 can be occasionally connected to the network/server. 

Such an approach is an emerging trend in developing web-based applications and 
could become a trend for future adaptive web systems; nevertheless, writing such rich 
client agent would be a challenge, which involves: 
 communicating with the server via asynchronous HTTP calls hidden to the user; 

such problem can be faced by using a technology commonly called AJAX 
(Asynchronous Javascript And XML), see [8];  

 passing over compatibility issues between browsers, severe on Javascript, 
dramatic when it comes to manipulate directly HTML Document Object Model. 

Another trend we envision is the evolution of DISelect toward more abstract 
standards and libraries, able to offer adaptation models and language constructs more 
close to the hypermedia designer and author. Although DISelect formalism has good 
expressive power, it is low-level, so, in order to build complex adaptive web 
applications with DISAS or similar systems, a significant deal of work has to be 
carried out in finding recurring patterns (“idioms”) in real world applications, 
capturing them at an abstract level, then developing specialized tag libraries. Using 
DISAS or similar adaptation engines, additional tag libraries could be developed, to 
make easier and less error prone the process of writing DISelect code tailored to 
specific scenarios or tasks. 

5   Conclusions 

Introducing content personalization in web-based applications requires a clear 
modelling of the contents to be adapted (application domain), of the technological and 
environmental constraints (network and devices), as well as of the goals of 
personalization (user model), and of the adaptation rules (adaptation model). Such 
steps are especially difficult when adaptation has to be taken to existing applications, 
such as public administration legacy systems. 

The paper presented DISAS, a middleware software that allows to enable 
adaptation in existing web-based applications and information systems. Its main 
characteristics are the automatic detection of network and user’s terminal features, the 
dynamic adaptation of the contents with respect to such quantities, and the 
implementation and adoption of emerging guidelines and standards. The DISAS 
system has been successfully used to enable adaptation in different services provided 
by the project “Intelligent and adaptive tools supporting e-Government and e-
Democracy initiatives” developed to supports e-government and e-democracy 
initiatives in local (decentralized) Public Administrations in Italy. 
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Abstract. Typically, the behavior of adaptive systems is specified by a set of 
rules that are hidden somewhere in the system’s implementation. These rules 
deal with instances of the domain model. The purpose of our approach was to 
specify the adaptive response of the system at a higher level (able to be applied 
and reused for different domains or adaptive applications) in an explicit form, 
that we call an adaptation language. Therefore our intention was to specify this 
response corresponding to some higher-level user traits (e.g., dealing with 
generic names instead of instances). To show the support for these higher-level 
traits we have chosen learning styles (LS) as an implementation field. We 
defined an XML-based adaptation language LAG-XLS for the AHA! (Adaptive 
Hypermedia Architecture) system. In this paper we will briefly present LAG-
XLS and then focus on empirical evaluation of this novel methodology –
thereby alleviating one of the problematic issues in adaptive hypermedia (AH) 
and AH authoring: the lack of empirical analysis.  

1   Introduction 

Initially, adaptive hypermedia systems (AHS) were mostly focused on the delivery of 
adaptive applications to end-users and less on the authoring aspects [2]. However, to 
allow a widespread use of AHS, the difficulty of the authoring process should be 
considered [2] and ways to make this process as “simple” and intuitive as possible 
should be found [5]. AH authoring is often considered to be a difficult, time-
consuming and therefore expensive process [2]. In [9], to alleviate the so-called 
“authoring problem” we discussed limiting repetitive work by reuse of previously 
created materials and other components. These include the static parts of the authored 
courseware (e.g., domain model content) and the actual system dynamics (adaptive 
behavior). Most of existing standards (LOM, SCORM, etc.) address only static and 
not dynamic reuse [9]. Our research addresses the latter issue as well. In [9] we 
compared LAG-XLS (‘LAG-excels’), a language (initially) developed for the AHA! 
system [7], with a more generic language for AH, LAG [3,5], as its theoretical basis. 
LAG-XLS focuses on adaptation to various LS, meaning here an individual’s 
preferred way of learning. In [10] we discussed how our approach differs from other 
systems providing support for LS. In this paper we outline what type of strategies can 



be created in LAG-XLS, how they are applied and visualized in AHA! applications, 
and finally we present the evaluation results of our approach. 

2   Adaptation to Learning Styles in AHA! 

LAG-XLS: allows three types of adaptive behavior [9]: selection of items to present 
(e.g., media types); ordering information types (e.g., examples, theory, explanation); 
and creating different navigation paths (e.g., breadth-first vs. depth-first). Strategies 
are defined as XML files using a predefined DTD. XML was chosen as it is an 
extensible language and a W3C standard. LAG-XLS also allows for the creation of 
meta-strategies, tracing users’ preferences for certain types of information or reading 
order.  
Creating an AHA! adaptive application: consists of defining the domain/adaptation 
model (usually with the Graph Author tool, Figure 1), followed by writing application 
content, consisting of creating XHTML pages [7]. We extended the system by 
allowing for the possibility of applying adaptive strategies, as specified in LAG-XLS, 
to the domain model (see Figure 1). The authors can create their own strategies or 
reuse existing ones. The authors choose themselves which LS and from which LS 
model to apply and create corresponding strategies. We pre-defined adaptation 
strategies for the following LS [8,3]: Active versus Reflective (appear in Felder and 
Silverman, Honey and Mumford models), Verbalizer versus Imager (Visualizer) 
(Felder and Silverman, Riding model), Holist (Global) versus Analytic (Dunn and 
Dunn, Riding model), Field-Dependent versus Field-Independent (FDvsFI) (Witkin’s 
dimension); strategies for inferring user preferences (adaptation meta-strategies) for 
textual or pictorial information (TextVersusImagePreference), and navigation in 
breadth-first or depth-first order (BFversusDFPreferences). In [10] we explained our 
choice for these LS. An author can also create variations of these predefined 
strategies. The requirements for doing this are to use elements as defined in the LAG-
XLS DTD, and to ensure that the domain model concepts have the attributes required 
by the strategies [9]. Authors choose which strategies to apply to a particular 
application, and in which order (in case of application of several strategies, order can 
be important). 

 
Fig. 1. Graph Author, strategies application: authors select strategies and application 

order 
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Visualization of strategies application in AHA!. Student experiments were 
performed with two applications: “AHAtutorialLS” a tutorial about AHA! using 
learning styles, and a smaller example called “WritingApplets”. The learner can set 
his preferences (e.g., what his learning style is) via a registration form (if the learner 
knows what his LS is after filling a corresponding psychological questionnaire). 
Figure 2 shows the presentation of the “AHAtutorialLS” material to a user with a 
visual preference (imager style) and preference for getting an overview of all of the 
material at a high level before introducing the details (global style). Based on the 
visual preference, the topic about the “adaptation process in AHA!” is presented with 
an image. In the left frame, the user can see the table of contents. There, links to 
topics are annotated (recommended topics: blue with green bullets; not recommended: 
black with red bullets; recommended & visited topics: purple with white bullets) so 
that a user is first guided to concept pages at the same level in the hierarchy as the 
current concept, and afterwards to lower level concepts. In the example, after reading 
the “adaptation process in AHA!”, the link to the same level topic “adaptation engine” 
is presented as desirable. 

 
Fig. 2. Presentation of the application to the user with imager and global styles 

Figure 3 shows the presentation of the same application to a user with a preference for 
textual material (verbalizer style) and for studying each topic in detail before going to 
the next (analytic style). To him, the “adaptation process in AHA!” topic is presented 
with text. The adaptive links annotation in the table of contents is also different. After 
reading about the current topic the user is guided towards more details on the same 
topic; therefore, the link to the page on “conditionalObjects” is annotated as desirable. 
If a learner does not choose any preference via the registration form (e.g., the learner 
does not know what his LS is) the system will present all links in the left frame as 
desirable. For topics that can be presented differently for users with visual or textual 
preference, a “default” representation is shown. The user can also let the system trace 
preferences. In the “AHAtutorialLS”, the system can, after a number of browsing 
steps, identify preferences for text versus image and for navigation order. AHA! also 
allows users to change their user model settings via special forms. Therefore, if a user 
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does not agree with the system’s assumptions about his preferences he can inspect his 
user model and make changes in it. 
In the “WritingApplets” example, a learner with the active learning style is shown 
with an activity first, then an example, explanation and theory. While for the learner 
with the reflective style this order is different – he is shown with an example first, 
then explanation and theory, and finally, he is asked to perform an activity. 

Fig. 3. Presentation of the application to the user with verbalizer and analytic style 

3   Empirical Evaluation LAG-XLS 

3.1   Evaluation Settings 

To evaluate our approach, we tested the application of (meta-)instructional adaptation 
strategies created in LAG-XLS and applied to AHA! within an Adaptive Hypermedia 
course [1]. The course was given to a group of 34 students composed of 4th year 
undergraduate students studying Computer Science, combined with 1st year Masters 
students in Business Information Systems at the Eindhoven University of Technology. 

3.2   The Experimental Assignment 

The experimental steps of the LAG-XLS assignment were as follows.  
1. The students had to perform the assignment in groups of 2-3 people in 4 weeks. 
2. They had to install the AHA! system version that supports learning styles on their 

notebooks. The distribution contained two example applications (courses) – 
“AHAtutorialLS” and “WritingApplets” – and a number of strategies to apply:  

• Two instructional strategies were used: VerbalizerVersusImager and 
GlobalVersusAnalytic; as well as two monitoring strategies: 
TextVersusImagePreference and BfvsDFpreference (breadth-first versus depth-
first preference). They had to be applied to the “AHAtutorialLS” application. The 
instructional strategy ActivistVersusReflector had to be applied to the 
“WritingApplets” example. 
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• The students were able (and supposed) to work with the system as authors as 
well as end users. As authors they were required to use the Graph Author tool [7] 
– to see the concept structure of the courses and to select strategies to apply to a 
particular course. As end users they had to visualize the result of applying the 
strategies, while browsing through the course. They had to analyse how the same 
course is presented with different preference settings corresponding to different 
LS, as well as with the option of automatic preference tracing. 

3. After the above steps were done, the students had to fill in a questionnaire, to 
examine their experience of working with the system. 

4. The students were also asked to fill in the Felder-Solomon “Index of Learning 
Styles Questionnaire” (ILS) [8]. This psychological questionnaire maps a set of 
44 questions over 4 dimensions representing learning preferences and styles. For 
the LAG-XLS language, dimensions of interest are represented by the values 
extracted for such LS as active versus reflective, visual versus verbal, sequential 
versus global (similar to analytic versus global/holist). The aim was to examine if 
the students’ preferred settings for working with the applications (as selected by 
them when using the LAG-XLS system) corresponded to the learning styles 
revealed by the ILS questionnaire. Moreover, these tests were aimed to check if 
the LAG-XLS AHA! system’s inferred preferences matched those of the ILS 
questionnaire.  

5. Finally, after experimenting and analyzing the existing strategies, the students 
were asked to create their own strategies, or a variation of the existing strategies, 
in the LAG-XLS language, and to apply them in the provided applications.  

3.3   Experimental quantitative results 

The students stated their Learning Style preferences twice: whilst using LAG-XLS in 
AHA!, via pre-test questionnaires (Figure 5), and via the ILS questionnaire (Figure 6). 
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Fig. 5. Students’ average stated preferences (praxis - via LAG-XLS questionnaires) 

 
 
 
 
 
 
 
 
 
 

Empirical Evaluation of Learning Styles Adaptation Language 391



 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

verbal visual activist reflector global seq sensing intuitive

Fig. 6. ILS questionnaire results : average  (theory - via ILS questionnaires) 

Surprisingly, results show that 4th year students have still little understanding about 
their own knowledge processing abilities; they seem to posses little meta-knowledge 
on their preferences, as reflected in the differences between the two figures. 
Especially notable is the difference between stated ‘analytic’ (equivalent in this 
assignment with sequential) preference and the ILS questionnaire results, showing a 
‘global’ tendency. Preferences also differ in the ‘active versus reflector’ group. In the 
ILS, the activist tendency is stronger, whereas in actual use, the ‘reflector’ tendency 
dominates. The students comments (following section) partially explain this gap 
between theory and praxis. One point in which both questionnaire results coincide is 
the students’ strong image preference. However, its intensity is, again, different in 
praxis and theory. 
The students’ prior knowledge is shown in Figure 7. As most of them are computer 
science students, unsurprisingly, their XML knowledge was far greater than their 
prior knowledge on learning styles. The fact that most students had never heard of LS 
before may be another explanation for the fluctuating results on learning preferences. 
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Fig. 7. Students’ pre-knowledge (expressed in number of students claiming that knowledge) 

Figure 8 depicts the students’ general impression of their first encounter of learning 
LS in combination with adaptive hypermedia (AH). Students considered the 
implementation of adaptive instructional strategies and (monitoring) meta-strategies 
useful for adaptive educational systems (82%). Less strong, but still positive was their 
conviction about this experimental process being of a pleasant nature (67%). Most of 
the students having reservations also gave some justifications, as are shown and 
discussed in the next section. Figure 8 also shows a majority of students considering 
the work easy, although the percentage of students of that opinion is slightly lower 
(54%). This difference shows that, although students realized the necessity and 
importance of adaptive strategies in AH, and enjoyed the challenging programming 
work, they did not consider it trivial. Therefore reuse of ready-made, custom-designed 
strategies is necessary to be made available to AH authors, to reduce creation time 
and costs. 
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Fig. 8. Overall impression of instructional strategies and experiments (in percentage) 

 
Figure 9 shows the average declared percentage of understanding and problems that 
students encountered. An ideal distribution should create a filled pentagon. A good 
distribution should at least have all the corners of the pentagon at values above 0.5, as 
is almost the case here. The students understand the application strategies – 
important as the core of the LAG-XLS language understanding - and are greatly 
satisfied with the presentations. They understand the AHA! Graph author very well. 
However creation of their own strategies was the most difficult problem (only 47% 
had no problems editing). When they figured out editing, their strategy changes 
worked well (75%).  
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Fig. 9. Understanding the system and working with it (in percentage) 

Figure 10 contains the comparison of selected preferences in LAG-XLS and the 
strategies that were applied, as well as the meta-strategies that deduced these 
preferences. All strategies and meta-strategies were considered by the majority (over 
65%) of students appropriate. The ‘winning’ strategy is the “verbalizer vs. imager”, 
which the students considered most accurate. Following are the “global vs. analytic” 
(73%) and “activist vs. reflector” strategy (67%). From the meta-strategies, the one 
liked best by students was the “text vs. image” meta-strategy.  Actually, for the latter, 
most students noticed that it traced their behavior within 3 steps. The “BF vs. DF” 
strategy was a more complex strategy, as, especially for a user with a breadth-first 
preference, it had to analyze a larger number of steps till the conclusion was made.  
The number of steps the students experienced was between 7 and 14, with an average 
of 13 steps.  
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Fig. 10. Students comparison of questionnaire results versus praxis results whilst 
working with the system (praxis via questionnaires versus praxis deduced by system – 
in percentage) 
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3.4   Experimental Qualitative Results 

The students were asked to also detail their own judgements and explain their 
understanding of the process of using the AHA! system together with the 
implementation of learning styles via the LAG-XLS language. Below are some 
sample comments. 
1. When asked if they thought that application of different instructional/monitoring 

strategies for educational adaptive hypermedia is useful, students replied: 
• “yes”, because: “I believe that the correct application of learning styles can be a 

good aid in studying. Presenting information in a user preferred form makes the 
user work and study more efficiently.”; “Since each person is unique, and does 
his/her best when anything is tailored to his/her unique needs. Perception skills 
vary from person to person, so if it is possible to give each person, the best 
possible method of learning suited to him/her, it is the best possible educational 
method.”; “Adapting a big amount of information to the best way the user 
perceives could lead to saved time and a better understanding of the studied 
problem.”; “When you know what kind of person you are (or the computer 
knows) it saves time, because you don’t have to look for what you want, you 
automatically get it. And if you want more or other information on some subject 
then you normally would, you can just click on a link or something and still get 
it.”; “It is very easy to fool the system. The system doesn’t check if the content is 
understood by the reader. Applying adaptive learning styles is a good thing, but I 
think that it isn’t sufficient, because if I read an article I already know I don’t 
read the article in depth, but an interesting article which I don’t know, I will read 
it in depth.” 

• “no”, because “In theory the adaptive hypermedia could adjust to the preferred 
learning style of the student and ensure the most benefit from the learning 
experience. However, in practice, I believe the system has too many weak chains 
to be successful; it depends highly on competent authors, a wide availability of 
learning material in many different forms, and the ability of a computer program 
to (correctly) reason about a human behind the terminal.” Here, the student 
correctly identifies the authoring problem: adaptive hypermedia is more time-
consuming and costly than regular hypermedia - the price paid for adaptation [2]. 

 

2. In explaining why their own selection and meta-strategy for learning style 
detection in LAG-XLS were different from the results of the ILS questionnaire, 
students answered:  “I generally like to see the global picture first and then go 
into the details. However in the tutorial, this raises a problem for me. If I read 
the high level concepts first and then go into the details, I have forgotten what the 
high level contents were when reaching its details and then I have to read back 
into it. That is annoying, so I prefer to read depth-first. So actually I’m quite 
unsure what I prefer. Maybe I do prefer depth first. It’s a bit hard to tell 
really.”The described problem may be caused by the fact that the example 
application “AHAtutorialLS” was created by the authors of the system who might 
not have enough psychological knowledge about how to correctly structure the 
application in order to support the global and analytic LS. However the system 
provides the necessary functionality to present the application either in breadth-
first or in depth-first order as recommended by the psychological research to 
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support global and analytic LS correspondingly. “My pictorial preference in the 
Tutorial was not representative of my general preferences (which were shown by 
the questionnaire). In this specific Tutorial application the pictures however were 
so good that these were preferred by me.” Other students also mention that LS 
preferences can vary in different domains. 

 

3. When asked about another strategy that they would like to apply but doesn’t 
work in LAG-XLS or that they would have liked to see implemented, but didn’t 
know how to, students replied: 

• “developing entire new strategy is impossible without completely altering the 
entire Tutorial application … We looked at the XML-files and of course we could 
make small alterations which change the number of steps after which a 
preference is derived, but we did not think that this was what you were looking 
for, since the general appearance of the system would be exactly the same, and 
the results are easily predicted.” 

• “GoodReadingVersusFastReading – a strategy that is able to track if a reader 
really does an effort to study/read the educational material presented. That way 
the system could ‘warn’ the user when he or she just seems to be clicking trough 
the material instead of actual ‘learning’ a matter”. 

• “DetailedVersusSummarised – a strategy that shows only the default content for 
the user who likes summaries, default content, images and links to those who 
likes details and a pair monitoring strategy for inferring a preference for 
summaries or detailed presentation”.  

Thus most students were only able to create variations of the existing strategies by 
using different names for presentation items and by increasing/decreasing the number 
of steps required by the monitoring strategies to achieve a threshold. The students did 
not come up with any completely new strategies. 
4. When asked to give some more suggestions for possible improvements of the 

current LAG-XLS implementation, students answered: to improve the AHA! 
installation; to have more help explaining the effect and application of strategies. 

4   Discussion and Conclusion 

From the evaluation results we can say that designing an application in such a way 
that different types of users get equivalent information appropriate to them is a useful 
endeavour. Students understood the process and liked being involved in it, in spite of 
the fact that it wasn’t a simple endeavour. It is very reassuring that our students 
understood the basics of LS application, as they were computer science students, with 
little or no knowledge in this field prior to the course. As expected, they enjoyed 
modifying the adaptation code more than understanding psychological implications.  
This was a small-scale exercise in authoring the dynamics of adaptive hypermedia, 
from the point of view of tasks involved (although the size of the group was average). 
However, this exercise has already given us insight into the further development of 
LAG-XLS, as it is the first time authors have been involved only in the application 
and creation of the dynamic elements of the adaptive multimedia delivery, the 
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adaptive strategy creation (via adaptation language use). It is obvious from the results 
and comments that LAG-XLS allows a quick grasp on the adaptation process (for 
computer science students), as well as relatively easy handling and small 
modifications of existing adaptation strategies. However, some students were unable 
to create completely new strategies from scratch. The cause of this is yet to be 
determined: a possible explanation is the short time they had; another one, the fact 
that installation bugs detracted from the quick application of the potential of the 
language; finally, it might just be that they were aiming too high (see comment on 
what the teacher might want).  
This exercise shows also the challenges of the end-user side, the learner: theory and 
praxis don’t always match in identification of LS. The end-user rarely has meta-
knowledge of this type. Some of the students correctly identified this gap. 
It is clear that the creation process of adaptive behaviour in itself requires a lot of 
psychological and/or pedagogical knowledge. As we are no psychologists, the main 
aim of our research is to allow the authors with experience in pedagogical psychology 
to design different types of strategies and apply these strategies to the applications. 
Moreover, the question about how to structure the application and organization of the 
materials to correctly suit different LS is left for the author of the application or 
psychologist. Therefore, from a future evaluation point of view, it would be 
interesting to test LAG-XLS with LS specialists, instead of computer scientists, 
focusing more on the qualitative aspects instead of the technical aspects of the 
language. 
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Abstract. As is well known in the Adaptive Hypermedia (AH) community, AH 
systems (AHS) have a tendency to be academic systems only, mainly used as 
personalized learning tools. There is, however, a strong desire in AH to extend 
beyond the world of education and research, and move towards the “real” 
world, i.e., the commercial world. We are here presenting such an expansion, in 
the form of an extension of an existing commercial authoring tool for 
WYSIWYG (Web-)content, Content-e, with AH capability. The extended 
product is called Content-e/LAOS, as it is based on the LAOS framework for 
authoring of adaptive hypermedia. The paper presents Content-e/LAOS, one of 
the first commercial AHS, as well as some evaluation results.  

1   Introduction 

In the current dot com world, personalization is highly valued. Indeed, almost all 
commercial sites display some simulacra of adaptivity to the user, be it only that it 
requires a login, and thereafter addresses the user by her name. As commerce is 
highly driven by the market, this is a clear sign that clients expect to be treated as 
individuals. However, if we look at the depth and variety of adaptivity offered, 
companies on-line don’t score very high. Amazon, the famous online store, provides 
some group-based adaptive recommendations, in the sense of “customers who bought 
this also bought”. Moreover, users who create accounts and set preferences can 
experience some adaptable recommendations. A study on privacy issues and 
disclosure in online commercial sites [8] shows (as a side-effect) that users react 
positively to adaptation, even if it is faked. This points to a serious need of adaptation 
in commercial online environments, even if the actual range of the potential 
adaptation is maybe poorly understood.  
Adaptive hypermedia (AH) [1], on the other hand, is already providing a systematic, 
model-based approach to different levels of personalization.  The main application 
field of AH has been, however, education. Furthermore, AH systems are mainly 
found in academia, many as beta-systems or proof-of-concept only, very few being in 
actual use (and if in use, mainly for delivering academic courses). 
Clearly, a marriage of adaptive hypermedia and commerce has a lot of potential. In 
this paper, we present the preliminaries of such a union, in the form of an extension to 



a commercial authoring system, Content-e, with a module permitting authoring of 
adaptive presentation material, based on a previous adaptive hypermedia authoring 
tool, MOT [6] and a framework for adaptive hypermedia authoring, LAOS [7]. 
The remainder of the paper is organized as follows. The LAOS framework is 
presented next. Following, MOT and Content-e/LAOS systems are described. Then, 
comparative evaluation results of the two systems are shown. Finally, conclusions are 
drawn. 

2   LAOS 

LAOS [7],[11] is a generic framework for authoring of adaptive hypermedia, which 
has been used for building the MOT [4] system, for conversion formats and systems 
between adaptive hypermedia or learning systems (such as AHA! [8], WHURLE [11], 
and the commercial LMS Blackboard [1]), and lately, for the current Content-e/LAOS 
extension to Content-e.  

LAOS advises the separation of concerns, with the goal of reuse, flexibility, 
expressivity, non-redundancy, cooperation and role-distribution of authoring tasks, 
inter-operability and standardization. Therefore, LAOS prescribes the authoring of 
five layers, corresponding to basic high-level elements of AH: the domain model 
(DM), the goal and constraints model (GM), the user model (UM), the presentation 
model (PM) and the adaptation model (AM).  

The DM further details prescriptions about the content, structure and content meta-
data, grouping the information in the form of concept maps.  Concept maps consist of 
linked concepts (hierarchically, or otherwise: e.g., via relatedness relations) and their 
attributes. The DM can be seen as the book or reference manual on which a (learning/ 
shopping/ browsing, etc.) experience is based. Attribute names define types of 
content, whilst attribute content links directly to actual resources. 

The GM filters elements of this book and brings them closer to the actual 
presentation. Ordering of elements becomes important, as this represents an initial 
version of the ordering of the not yet adapted material. Moreover, the GM adds labels 
and weights (e.g., pedagogical labels, specifying what material is appropriate for 
beginners or advanced learners; or commercial labels, specifying what material/ 
reductions/etc. is appropriate for first-time shoppers versus old customers, etc.). The 
representation form is also via concept maps. 

The UM contains information about the user, to be employed in the 
personalization: knowledge, background experience, preferences, etc. 

The PM contains information about the environment of the user, such as device 
information (handheld versus desktop), quality of service information (bandwidth, 
traffic), but also can contain variables such as color schemes available, etc. 

The AM puts all the static models above together dynamically, via adaptation 
strategies (corresponding, in a learning environment, to pedagogic strategies; and in a 
commercial environment to sale strategies).  If an adaptation strategy doesn’t specify 
a modified, dynamic re-ordering of the concepts (based, e.g., on interactions with the 
user, on direct user input and requests), the default order in the GM is applied. LAOS 
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AM is further detailed by the LAG model [8], which is not directly relevant to the 
current paper and thus skipped. 

3   Adaptive Hypermedia Authoring Systems: Academia and 
Commerce 

This section describes two adaptive hypermedia authoring systems: MOT (in short) 
and Content-e/LAOS. 

3.1   MOT 

MOT [6] is an Adaptive Hypermedia Authoring Tool that closely follows the 
principles of the LAOS framework. It has been used, together with the LAOS 
framework, as the model on which the Content-e system extension was done. Here, 
only the details of MOT directly relevant to the design, implementation and testing of 
the resulting Content-e/LAOS hybrid are presented; more information can be found 
in: [6],[12].  

MOT is still a beta-version; currently, only the Domain Model (DM) and Goal and 
Constraints Model (GM) layers are in use via editable web forms. The other layers 
have to be authored via other means, and then uploaded in the target delivery system. 

In MOT, authors can create and modify DM and GM maps, and reuse (parts of) 
other maps (created by themselves or other users) as well. Some authoring tasks are 
automated. E.g., Relatedness relations between concepts can be calculated by the 
system (via keyword matching within text attributes). Also, a DM map can be semi-
automatically converted into a GM map, by choosing which type of elements are 
allowed to be included, and then performing the conversion for whole maps only. If 
specific elements only of a DM map are needed in a GM map, these have to be 
selected manually one-by-one. (Re-)ordering concepts in MOT GM maps is done in 
an interface where the different sub-concepts and attributes of a concept can be 
allocated numbers, representing their respective order (representing the initial version 
of the not-yet-adapted material). 
Authored DM and GM maps can be saved from MOT as CAF [6] (Common 
Adaptivity Format) files. Using CAF as an intermediate step, and using the LAG 
language [8] to edit maps for the other models (UM, GM, AM), MOT has been 
successfully used to author for both AHA! [9] and WHURLE [13] AH delivery 
systems. 

3.2   Content-e/LAOS 

Content-e. is an online authoring tool for structured content, developed by a Dutch 
company called Turpin Vision [14]. Among its features are concurrent authoring, 
single source / multiple destination publishing, and a highly modular architecture. 
This enables it to be extended with new content-types as well as interface with other 
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systems through import and export modules. The central idea of Content-e is that a 

document is a tree of content objects. Each different kind of content object may have 

its own authoring interface, enabling highly specialized, structured content-objects 

with their own semantics. 

Content-e has been used for authoring e-learning and multimedia environments for 

many years for clients from academia and beyond (e.g., TU/e, Spectrum Electronic 

Publishing, Thieme Meulenhoff publishing, Open University Heerlen), for stand-

alone and on-line content, as well as CD-ROMs. However, these environments had 

one thing in common: they were not adaptive. 

Content-e/LAOS: Goals. In order to add adaptivity to the Content-e system, we 

extended it with functionality for AH authoring, according to the LAOS model. The 

primary goal was therefore to create a LAOS-based authoring tool for adaptation, 

similar to MOT, which would however be more suitable for a commercial 

environment, and, very importantly for a company, keep the Content-e ‘look and 

feel’.  

The initial, more ambitious goal, to completely implement all LAOS models (DM, 

GM, AM, PM, UM) within a uniform interface, was later dropped for the time-being, 

due to two main reasons: firstly, the limitations imposed by the company in the 

changes to their main system, Content-e (understandably, they wished to see a 

smaller-scale, running version first and to have it tested, before committing to large-

scale modifications), and secondly, the scale of the timeframe involved. Therefore, 

the decision was taken to simulate the (preferably improved, or at least equivalent) 

MOT system in Content-e, and to also export CAF files, which than can be converted 

and delivered in the AHA! (see Figure 1) system. The figure shows the input and 

output of Content-e/LAOS system being the same as the one of the MOT system: 

domain maps (DM) and goal and constraints maps (GM) for input; CAF files as 

outputs. The figure also shows that the adaptive strategy is added via LAG strategies 

(incorporating the rest of the LAOS framework specifications) edited in text editors. 

Finally, the static (CAF) and dynamic (LAG) material is converted into a format 

readable by the delivery engine, in this case, the AHA! system. 

 
Fig. 1. MOT and Content-e/LAOS: from authoring to delivery and usage. 

Next, the primary goal was broken down into three sub-goals. 

The first sub-goal was to implement a DM (domain model) and GM (goal and 

constraints model) authoring extension for Content/e (see Figure 1), called Content-
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e/LAOS, with at least equivalent functionality to MOT, but functioning on 
commercial software and aiming at commercial use. 

The second sub-goal was to improve user friendliness for AH authoring in 
Content-e/LAOS. MOT used to be the only simple generic tool available, but is not 
always user-friendly (as previous experiments show [5]).  

The third sub-goal was to improve the Content-e/LAOS functionality, compared to 
MOT, and more fully support the LAOS model (as advised by previous evaluations 
and tests of MOT [5]). 

Content-e/LAOS: Design and Implementation. The extension of Content-e was 
implemented by creating two additional modules (one to import and one to generate 
CAF format files) and two additional content object types (to represent DM and GM 
models, respectively). 

Since DM maps are usually authored on a concept by concept basis, in Content-
e/LAOS each concept was decided to be represented by a separate “concept” content 
object. Its special purpose interface provides tools to add and remove attributes, enter 
content into them, as well as create relations to other concepts (Figure 2). DM’s are 
concept trees, and Content-e documents are trees of content objects, so some existing 
mechanisms in Content-e were re-used to design the builder of DM maps. 

 
 Fig. 2. Content-e/LAOS: DM map authoring. 

For GM maps on the other hand, it was considered more desirable and efficient to 
author the entire model at once (to support, like in MOT, enhanced semi-automatic 
transformations from DM maps to GM maps). Thus, each GM map is represented by 
a single “goalmodel” content object. Its specially created interface shows DM and 
GM maps side by side, as two tree representations (Figure 3). The author can click 
and drag parts from one or more DM trees (right) to the GM tree (left) to build a new 
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GM map, providing more flexibility than the predefined conversions possible in MOT 
(where only a whole map could be semi-automatically converted). (Re-)ordering the 
GM map is done in a similar manner, via clicking and dragging. Labels and weights 
are set in the same interface. Setting of multiple labels and/or weights at once is 
possible (unlike in MOT). 

The expectation was that with these interface improvements, authoring in Content-
e/LAOS would take less time, and become more intuitive than in MOT. Next we set 
to evaluate this assumption. 

 
 Fig. 3. Content-e/LAOS: GM map authoring. 

4   Content-e/LAOS evaluation 

Evaluation was performed with the help of an initial group of 63 students, doing an 
intensive, 2-weeks SOCRATES course on Adaptive Hypermedia at the ‘Politehnica’ 
University of Bucharest, Romania, in January 2005 [1] (part of a larger course on 
Intelligent Systems). The course was divided into 2 parts: 1 week theory, and 1 week 
project work.  

As the initial number of students was too large to be manageable for the project 
and evaluation, after the theory week, an exam was given, to decide if a student can 
continue with the second part. This also allowed us to make sure that students had a 
basic understanding of the underlying theory. 43 students continued with the project 
and were divided into 7 large groups, to make sure they had time to do the small 
tasks. Students who participated in the project were than asked to fill-in some 
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questionnaires to evaluate their experience (these were obligatory, but students were 
explained that their marks were based on the theory and praxis exams only). To 
ensure that the questionnaires reflect real experience, students were told in advance 
that at the end of the second week, a practical exam will follow, based only on their 
practical knowledge about the systems they used, and the tasks they performed.    

The tasks [1] they had to perform in the project were to go through some standard 
operations on DM and GM maps in both MOT and Content-e/LAOS (adding & 
editing of concept attributes, creating-modifying a GM map, adding labels – 
according to a given adaptation strategy -, modifying the predefined order of GM 
concepts, converting to CAF files, uploading and converting into AHA! format) and 
finally visualizing their adaptive e-product in the AHA! delivery system. By using 
both authoring systems, MOT and Content-e/LAOS, students were able to form an 
opinion about the differences in the features, usability and performance of the two 
systems, and compare them. To eliminate the effect the order of task performing 
could have, we divided the students equally into students starting with MOT (and 
continuing with Content-e/LAOS), and students starting with Content-e/LAOS (and 
then using MOT).  

At the end of their project and after the practical exam, students answered three 
questionnaires: a standard SUS usability questionnaire [14] on both MOT and 
Content-e/LAOS, and a final specific questionnaire designed by ourselves, asking 
questions not covered by SUS, as well as requesting for comments from the students.   

The SUS scores were both above 50%, showing that both systems were 
appreciated as usable. However, SUS scores are more reliable in comparing systems. 
The SUS score for MOT was a little higher (65,34%) than that of Content-e/LAOS 
(60,8%), showing thus from a pure systemic, functional point of view a small 
preference towards the old, academic system. 

In order to obtain more precise quantitative results, we also designed a specific 
questionnaire. From the quantitative results of the specific questionnaire (scale: 0 for 
answer ‘no’; 1 for ‘mostly’; 2 for ‘yes’), we learned that all students replied, in 
average, between ‘mostly’ and ‘yes’ to questions such as: ‘If the system implemented 
all of LAOS, would it make AH creation easier?’; or system-specific questions, one 
for each system, Content-e/LAOS and MOT: “Was the system easy to use?”; “Did 
you consider the UI sufficient?”; “Did you enjoy working with the system?”; “Was 
DM editing in general easy?”; “Was adding/modifying sub-concepts easy?”; “Was 
modifying attributes easy?”; “Was GM editing in general easy?”; “Was conversion 
from DM easy?”; “Was adding/modifying labels easy?”; “Was reordering easy?”; 
“Was conversion to CAF easy?”.  

As said, students claimed to understand how both systems worked; however, they 
claimed to understand MOT slightly better. The average response for Content-
e/LAOS was of 1,43 with standard deviation (STDV) of 0,49. Students said that 
authoring in Content-e/LAOS also makes AH creation easier, to some degree 
(average: 1,36; standard deviation: 0,5; versus 1,54; STDV:0,58 for MOT). Given the 
fact that Content-e/LAOS has actually more functionality, we have looked elsewhere 
for the reasons of this outcome. At the question ‘Was the system easy to use?’ 
students replied affirmatively for both systems, with an average of 1,20 for Content-
e/LAOS (STDV:0,65) and an average of 1,63 for MOT (STDV: 0,48). Therefore, 
their overall perceived difficulty in using the system extrapolated towards the 
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perceived flexibility in creation of adaptive hypermedia (t>0,5). We therefore next 
looked at what their major (numerically expressed) difficulty with the system was. 
The minimum value is scored by the ease of the CAF conversion (for Content-
e/LAOS, average: 1,12; STDV: 0,72). Although the average is still somewhere 
between ‘mostly’ and ‘yes’, it is the lowest among the scores of all questions. 
Moreover, the standard deviation is high (reflecting probably the successful 
conversions versus unsuccessful ones). In the meantime it is known that there were 
some problems with one of the servers in the Netherlands at some hours during 
Thursday and Friday. This was very close to the practical exam of the Romanian 
students. Therefore, students who attempted conversions during server-downtime or 
during partial re-installation of the supporting software (Apache and Tomcat servers, 
MySQL program, Perl, etc.) experienced problems. Some of them did in fact report 
problems orally, during the Q&A sessions. These problems might have influenced the 
rest of the evaluations. Another explanation is a bug that Content-e/LAOS inherited 
from the original Content-e: when exporting a finished book, the name of this book in 
the selection box does not contain the path. This is due to the fact that Content-e 
authors are expected to work in small, controlled environments such as defined by 
LAN company software. As our students were performing similar tasks on documents 
with similar names, this became a problem, as more documents with the same name 
appeared. When selecting which document to export (to CAF), students found it 
difficult to find their own files. This problem was bypassed and solved during the 
testing, but students may have remembered an reported on the initial difficulties.   

It is interesting to note that students perceived Content-e/LAOS as closer to LAOS 
than MOT (average 1,22; STDV:0,59; t>0,5). Also, they considered Content-e/LAOS 
system interface sufficient to a higher degree than that of the MOT system (average: 
1,27; STDV: 0,61; t>0,5). Moreover, students perceived adding/modifying labels, as 
well as adding/modifying weights as easier in Content-e/LAOS (average: 1,84; 
STDV: 0,51; t>0,5). Indeed, multiple concepts can be selected in Content-e/LAOS at 
the same time, and labeled and weighted with the same values. This saves time, if one 
has a number of concepts that the ‘first-time-user’, e.g., needs to see (see Figure 3). 

We compared the responses of the students with their results in the practical exam. 
Correlation analysis shows that there is little connection between the students’ 
claimed understanding of the Content-e/LAOS system and their generic score on the 
exam (correlation: 0,15). There is however a small correlation between DM ease of 
authoring question and the score on the operational part of the exam for Content-
e/LAOS (0,246), but less for the GM authoring (0,11). This shows that students’ 
perceived usability and preference has little to do with their own performance on the 
system. 

In the specific questionnaire, we finally asked for a direct comparison of the two 
systems: “If I had to choose between Content-e and MOT, I would choose:?”. The 
results to this question are displayed in Figure 4. Students expressed a clear 
preference of LAOS/Content-e (20 students) versus MOT (9 students) for the domain 
model (DM) authoring, as well as a preference for LAOS/Content-e (18 students) 
versus MOT (13 students) for the goal and constraints model (GM) authoring. GM 
authoring has indeed superior features in LAOS/Content-e as compared to MOT, as 
complete or partial trees can be simply dragged and dropped to form new GMs; 
moreover, multiple labels and weights can be set at once. So far, the comparison 

A Step towards Commercial Adaptive Hypermedia 405



results confirm what we expected. There were also a lot of students with no 
preference, showing maybe how close to each other the two systems are. Subtle 
differences in functionality may have not been discovered by all students. However, 
the difference between the direct choice question and the SUS scores is surprising. A 
possible explanation is that an explicitly expressed preference like that in the direct 
choice question describes the overall experience with the system, whereas in the SUS 
questionnaires, system usability from a generic functionality-oriented point of view 
only is evaluated. However, it remained for the qualitative results to confirm or refute 
this explanation.  

0

5

10

15

20

25

MOT No preference C-e/LAOS

DM authoring
GM authoring

 
 Fig. 4. Students’ directly expressed preference. 
Comparing this result with the comments, we can say that MOT was viewed as 

more stable, while Content-e/LAOS was "prettier" (the graphical user interface (UI) 
was more advanced). The wealth of options in Content-e is mentioned by many, but 
only rarely as a positive thing. In other words: a more specific (and thus less 
confusing) tool is appreciated more than a very flexible (yet more complex) one. This 
shows why MOT was more appreciated from a functional point of view (SUS 
questionnaires), whereas Content-e/LAOS won the overall impression (specific 
questionnaire). 

5   Discussions and Conclusion 

From the point of view of the three sub-goals that we set out to fulfill, the students’ 
answers show that the first sub-goal, of re-implementing the DM and GM with the 
respective MOT functionality, was achieved.  

The second sub-goal, of user-friendliness, seems to be achieved to some degree, 
based on the specific questionnaire results. However, more research needs to be done 
to clearly isolate students’ opinions. Some of the answers on UI/friendliness-oriented 
questions have been given with performance/stability in mind (e.g., for “was GM 
editing easy?” some answered "no, there were many bugs".) Nevertheless, the 
elimination of such answers would actually increase the user-friendliness evaluation 
of Content-e/LAOS, confirming the hypothesis. 

The third sub-goal, to extend functionality based on LAOS, is partially fulfilled. 
For example, MOT doesn’t fully implement authoring of arbitrary relations. Content-
e/LAOS does, and is also capable of importing CAF files, a feature still lacking in 
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MOT. However, this extended functionality was perceived as increasing the 
complexity of the system. Combined with students’ complaints about how their 
allocated project time was too brief, this leads to believe that Content-e/LAOS has a 
higher learning threshold, but might in the long run be more appreciated for its extra 
options. It would be very interesting to see how students who had several weeks to 
work on heavier tasks would see this. 

In conclusion, this work represents one of the first attempts to systematically create 
an authoring environment for personalized learning in a commercial setting, therefore 
adapting commercial learning environments for adaptivity. 
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Abstract. Adaptive Educational Hypermedia (AEH) is very time consuming and 
complex to produce. Moreover, with the rapid rate of AEH development, content 
generated within a given system can become outdated very rapidly. Both of these 
contribute to the slow uptake of AEH outside of the research community. We consider 
interoperability between AEH systems to be an important part of the solution to this 
problem. This paper describes our research into a one-to-one conversion between the 
AEH systems MOT and WHURLE. Here we focus on the conversion of User Model 
data, drawing conclusions as to the effectiveness of the conversion and identifying 
common aspects of the two systems’ user models. 

1 Introduction 

Adaptive Hypermedia (AH) [1,3] personalises content and presentation for each user 
in order to deliver the appropriate material to each individual, to better help the user 
achieve their objectives. Adaptive Hypermedia can be considered the solution to the 
problems of traditional Hypermedia systems such as: static content, “lost in hyper-
space” syndrome and the “one-size-fits-all” approach. Adaptive Educational Hyper-
media (AEH) [1] seeks to apply the personalised possibilities of AH to the domain of 
Education, thereby granting each learner a lesson individually tailored to them. 

Authoring for AEH systems can be an extremely complex and time consuming 
task. An author must consider many options, such as: how are the lesson’s objectives 
to be achieved for a heterogeneous group of learners; which traits are to be modelled; 
given that there exists a heterogeneous group of learners, how many versions of the 
same material need to be created? And these are just some of the problems that an 
author faces when they start to develop learning materials for AEH. 

Considering these difficulties in not only authoring but also maintaining AEH 
systems, the idea of providing interoperability between different adaptive systems 
becomes not only desirable but also necessary, as this will enable re-use of previously 
created materials without the cost of recreating them from scratch. The aim of our 
research is to enable this interoperability between AEH systems. This requires 
interoperability of materials, content, adaptation rules, user models and presentation. 



This paper focuses on our work to provide interoperability of materials and user 
models between two AEH systems (MOT [6] and WHURLE [10]). 

2 Scenario and Approach 

The idea of interoperability between AEH systems is based on the “many-to-many” 
[12] paradigm which enables an AH author to create and author content in one 
system, and transfer the authored material along with the user information into 
another adaptive system. This will give a user the opportunity to use more than one 
AH system where their interactions will be recorded and their user models will be 
updated accordingly in all the AH systems they are involved with, stimulating better 
personalisation and adaptivity.  

It is known from the literature [5,6,7] that interoperability of materials is necessary 
due to the high cost of authoring adaptive content. Additionally, providing 
interoperability of user models, so as to enable exchange of user information between 
different systems, would add more value towards the goal of interoperability.  

AEH interoperability could be done either via a conversion approach or a lingua 
franca approach [5]. Since the lingua franca approach requires cooperation of AH 
system providers, who have to subscribe to a common exchange format or XML-type 
specific format where some element of interoperability is inbuilt, here we focused on 
the conversion approach, as it requires little or no third-party cooperation. 

In our work, we implemented the interoperability of materials and user models 
between two AEH systems, WHURLE and MOT, via the conversion approach [13]. 
This conversion process transfers the users and users’ information along with the 
learning material and attached lessons from MOT to a WHURLE-compatible format, 
and enables, for instance, a teacher to transfer and use the content authored in MOT to 
create lessons in WHURLE.  

Our aim is to use this conversion program to help us extract the common variables 
to support interoperability between AH systems. The next step in achieving this 
‘many-to-many’ paradigm will be accomplished by implementing interoperability of 
user models with the aid of a standard user model framework based on Formal 
Concept Analysis theory, which is hoped will become a standard user model (UM) 
interface in any application area where information about the users is essential. 

3 MOT UM vs. WHURLE UM 

Although the MOT and WHURLE user models are from two distinctive systems, they 
have some properties in common despite being so conceptually different. Both the 
WHURLE UM and the MOT UM implement a combination of the two techniques 
that are widely used in AH systems: the overlay model [1] and the stereotype model, 
but in different ways. The MOT UM, which is an implementation of the UM layer of 
the LAOS framework [6], supports overlay variables over the existing Domain Model 
and/or Goals and Constraints Model maps of MOT as well as allowing the authors to 
define “free” variables. In the WHURLE UM, the overlay model is modified in order 
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to measure user’s knowledge level with respect to semantic domains. Therefore, 
instead of the classical measurement of the knowledge through “concept-value” pairs 
that the MOT UM recommends, the WHURLE UM uses “domain-value” pairs in 
order to manage multiple knowledge domains concurrently. 

The WHURLE UM implements two different sets of stereotypes: level stereotypes 
and category stereotypes. Users are assigned to a single class of level stereotypes 
within any given domain that they study, i.e. “beg”, “int” or “adv”, according to their 
own knowledge levels. The MOT UM can assign stereotypes to both domain maps 
and lessons whereas the WHURLE UM assigns the stereotypes to semantic domains.  
WHURLE uses category stereotypes to assign users according to their type of study 
or occupation into different categories as well. Additionally, the MOT UM is flexible 
in terms of allowing the authors to add extra free or overlay variables to express their 
needs that are not supported by the system’s default ones. WHURLE is rather strict in 
this manner, not allowing the authors to create or add any variables in the UM. 

A summary of all the conceptual similarities and differences in the MOT and 
WHURLE user models is given in Table 1. 

Table 1. High-level comparison of MOT and WHURLE UMs 
Features MOT WHURLE 

Add/Change 
variables Yes No 

Overlay Model Yes Yes 
Stereotypes Yes Yes  

Overlay Model 
uses  

Multiple levels: 
Concept-Value, 
Domain-Value, 
Attribute-Value 

Domain-Value 

Stereotype 
influence  

Normally: Lessons  
(can also be Domain)  Domains  

4 The Transfer of User Models from MOT to WHURLE 

Since the MOT user model and WHURLE user model are from two distinct AEH 
systems, there are many differences in the type and format of the data they store. For 
instance, the MOT UM can store more details about the users such as user’s gender, 
date of birth, address information, whilst WHURLE does not. Nevertheless, there are 
many variables common to both user models such as username, user id, first name, 
last name, domain id and stereotype information, even though there are some 
conceptual differences in the way some of these are used in the two systems. The 
username, user id, first name, last name and password are the required variables in  
WHURLE. Since no learner password information is present in the MOT UM, each 
user is given their username as their password in the beginning as this is the only 
variable value that is set and only known by the user in the MOT system. The users 
are allowed to change their passwords later when they log into the WHURLE system. 

The second important piece of information that has to be provided in the 
WHURLE user model is the stereotype information about the concepts in order to 
allow the system to provide adaptivity. As mentioned before, the MOT UM classifies 

410 Ilknur Celik, Craig Stewart and Helen Ashman



the users’ knowledge level with respect to involved concepts into classes as 
“beginner” or “beg”, “intermediate” or “int”, “advanced” or “adv” and “expert” or 
“exp”. However, while the WHURLE UM uses the stereotypes to classify the user’s 
knowledge with respect to semantic domains into classes as “beg”, “int” and “adv”, 
these stereotypes are not dedicated to any particular topic. In other words, stereotypes 
are assigned to lessons in the MOT UM and to domains in the WHURLE UM. 

These differences were resolved in the transfer process by gathering all the 
domains that a particular lesson is composed of, and assigning the stereotype 
corresponding to that lesson to all these domains in the WHURLE user model. 

5  MOT2WHURLE Conceptual Conversion  

The main idea behind the conversion described above is to help in extracting 
commonalities to assist in building a general conversion. For this reason, we focused 
our attention in finding both the common and divergent factors in these two systems’ 
user models, in order to identify the ‘types’ of information that can and cannot be 
transferred. 

The MOT UM utilizes 34 default variables to store information about the users in 
its database. WHURLE user model employs 26 in total to store data about its users. 
The two systems have only 8 variables in common, these are detailed in Figure 1. 

The divergent MOT specific variables are lost during transfer, and the values for 
the WHURLE specific variables have to have default values assigned during the 
conversion process. 

 
Figure 1. Conceptual Overlap of MOT and WHURLE UMs. 

As can be seen from the conceptual overlap diagram (Figure 1), User ID, Lesson, 
Domain, Stereotype, Knowledge, UserName, Fore Name and Family Name are 
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common user details in both systems. The following section shows how even with 
only 8 common variables it is possible to have a meaningful conversion of UM data. 

By identifying the commonalities in these two systems, we further seek to find if 
the same commonalities apply to other systems, thus help us to describe an 
interoperable user model that will address more AEH systems. 

6  MOT2WHURLE Conversion Program 

The MOT2WHURLE conversion program is the software developed in order to 
transfer the UM data from MOT to WHURLE. The MOT2WHURLE conversion 
program is a CGI script, user.cgi, coded in the Perl programming language.  

The conversion starts by connecting to the MOT UM database to get the list of all 
the users recorded in the MOT system with their user_id and username. The personal 
details of each user such as first_name, last_name, gender, city, etc are also extracted 
from the MOT UM database. The common variables of each user are then transferred 
to the WHURLE UM database, with default values being assigned for the WHURLE 
specific variables.  

As WHURLE assigns each user a list of lessons they can access, once the user 
model data has been transferred, the MOT lessons must also be transferred using the 
MOT to WHURLE lesson conversion system [13]. 

7  Discussion 

The research performed so far, i.e. the conversion of materials and user models 
between two AEH systems, is aimed at extracting common factors for finding a way 
to accomplish the goal of providing interoperability between AEH systems. 

The conversion of AEH core learning materials has been discussed elsewhere [12]. 
This paper describes the work done to transfer user modelling information from one 
AEH system to another. It can be seen that for the two sample systems we investigate, 
many of the UM variables have no equivalent from one system to another. However 
only a small core set of variables is required for a ‘user’ from MOT to be fully 
functional in WHURLE. There have been several assumptions made during this 
conversion process (e.g. that a MOT lesson name can be used to identify associated 
lesson domains in WHURLE), that need to be more fully considered, especially in 
light of a more general many-to-many conversion system. 

Another conclusion that can be drawn is that not all of the AEH system specific 
variables can be converted, therefore an approach is needed to retain this data so that 
it is not lost between conversions. A common data storage framework would be of 
value here and will be one of the areas of our future research. 

The interoperability of user models can be achieved either by a middleware 
program, like in the case of interoperability of materials, where the middleware will 
sit between the AEH systems and seamlessly integrate the different user models; or by 
building a standard user model that can handle all the functionalities of the existing 
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user models, but in a standard architecture bounded by rules and specifications, so 
that all the AEH systems can share and exchange user information. 

The work done here explained the first steps taken in the direction of extracting the 
factors required to build this middleware that will allow interoperability of user 
models in AEH systems. The transfer of user models from one AEH system to 
another has been implemented. 

Our future work will be concentrating on improving the conversions to satisfy the 
one-to-many and many-to-many paradigms and working on the development of a 
standard user model framework based on Formal Concept Analyses, which will 
combine the two ways of solving the interoperability of AEH systems problem into 
one. 
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Abstract: The study of English stress patterns is the royal road to 
improved communication for learners of English. Other 
pronunciation problems cannot be minimized but many such 
problems disappear once the lexical stress framework is in place. 
Learners of English encounter difficulties in perceiving the stressed 
syllables. As the source of the problem seems related to attention, 
the dual coding of information on the word using sound and visual 
annotations is a potential solution. SWANS is an authoring system 
which enables the semi-automatic generation of multimedia 
documents in which accents are marked visually and sound is 
synchronized. This article presents SWANS, the hypotheses that 
underlie its development and considers the implications for explicit 
and implicit learning in an adaptive context for multilingual 
classes. 
 
Keywords : Language learning, perception, typography, annotation, 
synchronization, authoring systems 

 
 
1.0 Introduction 
The failure of adaptive hypermedia in the field of language learning is partly due to 

ambitious hopes that expert systems and automatic annotation techniques could 
handle some of the myriad varieties of individual learning needs. It is also linked to 
the absence of appropriate authoring systems (Bickerton et al. 1997). This paper 
presents new reading techniques and new authoring software (SWANS) which 
address both questions.  Neurolinguistic and  cognitive psychology research has 
shown that adult learning  paths are not linear but  convoluted, eccentric and marked 
by all kinds of perceptual biases, regressions, errors and unexpected twists. (Houdé 
2002).  Effective user-profiling and indeed a new pedagogy in this context are 
desirable but there is still strikingly little evidence that the computer has an important 
role to play in the process. Recent research into document design for improving 
listening perception and speech stress, however, suggests that nationality-based user 
profiling may constitute a legitimate compromise for genuinely useful adaptation 
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allowing learners to profit from broad categorizations about L2 (second or foreign 
language) stress patterns which are still relatively unexplored by practising teachers 
and even less by language learners.  

 
French speakers of English, even at advanced levels, make many highly 

predictable errors of stress. “Developed” is still stressed on the third syllable, and 
only sometimes on the second, after 12 years of study. The effect on communication 
if the number of errors exceeds tolerance thresholds can be destructive. The 
Anglophone listener ‘switches off’ and communication breaks down. A new proposed 
solution is based on experiments with texts specifically annotated for problems of 
French students. Students of other nationalities are invited to read differently 
annotated texts according to the L1 (mother tongue). For example, in Czech, Latvian, 
Hungarian, Swiss German (Bernese dialect), Finnish, and Swahili, stress is always 
placed on the first syllable.  It is regular and predictable. In contrast, for students from 
France, Turkey, Poland, Spain, or Portugal, it is often crucial to indicate words with 
first syllable stress as such words are relatively rare in the L1. Weak forms are also 
annotated as vowel reductions often present difficulties of production and play a key 
role in perception. 

 
The suggestion that reading could have a negative effect on some aspects of 

learning may appear paradoxical. In the field of language learning, however, and 
more particularly in the field of English language learning by the French, it is clear 
that students are faced with a relatively unusual problem. Most foreign languages are 
just that:  ‘foreign’. For the French, the English language is far from foreign. The two 
languages share between 60 and 70% of the same lexis. The central problem for 
French learners is that the stress patterns of these words are radically different. 
English stress is relatively irregular and more often on the left. French stress is regular 
and more often on the right. For French students of English, reading and 
subvocalizing an English text is fraught with pitfalls. The eye reads an English word 
but, more often than not, the inner voice uses a French lexical stress pattern or places 
stress randomly. Reading may thus become an activity which reinforces errors and 
inhibits perception.  

 
The hypothesis of L1 interference with perception and production of L2 has been 

widely studied. In 1931 Polivanov claimed that the phonemic representations of a 
second language are perceived according to the system of the first language.  
Although at times correct production can precede correct perception, most analysts 
still follow Polivanov’s lead. Kuhl (2000) suggests that perceptual mapping of L1 
speech sounds creates a “complex network or filter, through which language is 
perceived”.  

 
1.1 SWANS 
The programme SWANS (Synchronised Web Authoring Notation System) 

developed by a group of 12 researchers working in four research laboratories in 
Toulouse, attempts to use synchronisation and enhanced typography to transform the 
experience of reading and listening. New exercises developed with SWANS tap into 
the brain’s adaptive capacities.  The use of visual stimuli as a potential remedy for 
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negligent auditory perception is possible because all the brain’s intelligences are 
connected.  Consequently, the use of dynamic synchronised audiovisual events, more 
simply, but at times misleadingly, described as “karaoke for language learning”, may 
have implications for memorisation, comprehension and oral production. The 
implementation of synchronisation and annotation technologies within an authoring 
system is the basis of the SWANS. SWANS generates web page documents for the 
student and integrates audio and video materials synchronized with XML-based 
SMIL tags.  

 
1.2 Synchronizing Solutions 
The use of synchronized sound and text has been particularly timid in the field of 

language learning. This timidity must be linked principally to the absence of suitable 
tools for synchronization.  It is unlikely that synchronization will seriously interest 
teachers if authoring tools are not simple to learn and rapid to use as the ‘Rapido’ 
analysis of authoring systems suggests (Bickerton et al 1997). The captioning of video 
film is open to the fundamental objection of insufficient reading time. When the 
dialogue accelerates in the film the script is readable on screen for a few fleeting 
milliseconds and must be simplified, not to say distorted, to allow readers to keep up. 
For language learning, the physical separation of script and video film is 
indispensable to allow the reader to read all the script verbatim and to adjust reading 
techniques to individual preferences.  

 
1.3 SMIL and SWANS 
An important breakthrough for permitting accurate fine-tuned synchronisation 

(measured in milliseconds) arrived in 1999 with the Synchronised Multimedia 
Integration Language (SMIL) as a recommendation from the W3C consortium. If the 
eye can recognise a word in L1 in an eighth of a second (Pinker) and the ear can 
recognise a word in a fifth of a second then our tools for exploiting such breathtaking 
accuracy must offer similar performances. Speed reading techniques rely on reducing 
eye fatigue by flashing text in the middle of the screen thus avoiding the complex and 
time-consuming calculations needed to focus the eyes on the middle of the next words 
about to be read. By showing a block of blue colour behind synchronised text, 
SWANS permits a similar reduction in fatigue (prototype presentation Europe-SMIL, 
2003). The eyes are free to scan a highlighted line of text (not usually a sentence but 
tone units separated by pauses for breath) but are guided to the next line automatically 
in time with the playback of the sound. Contrary to traditional karaoke methods, this 
approach avoids the distracting hop from word to word which is intrusive as it 
troubles the field of vision as the eye scans the line backwards and forwards. During 
field tests, the central hypothesis tested was one of dual coding. The focal point of 
explicit learning, the place of the primary and secondary accents, was encoded twice: 
visually and aurally. According to the theories of Paivio (1986), Meyer (2001) and 
Sweller (1999) such dual coding should lead to better learning for novice learners and 
have no effect or even a negative effect on learners who already know the place of 
these accents. 
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Figure 2. Showing text and annotations synchronized in an IE web page 

using the language SMIL. The blue annotations can be shown or hidden as the user 
wishes. 

 
1.4 Authoring synchronised and annotated texts with SWANS 
In SWANS, annotation is a set of typographical features added to syllables to show 

modifications of pitch, amplitude and length while listening to the text. The act of 
annotation can be divided to three subtasks: 

a) The more difficult sub-task in annotating a text in SWANS is to decide where to 
put on the annotation. For example, dictionaries often indicate where stressed 
syllables start but leave the user to deduce where they end. Syllables are like 
mountains - we can all ‘see’ the summit but identifying the frontiers of the foothills is 
not always easy. Development underway of an expert system (based on Deschamps 
and Guierre) and a dictionary data base should accelerate the process by offering 
semi-automatic annotations which the user can validate or modify. 

b) The second subtask consists of choosing the best typographical feature (size, 
kerning and colour), which is adapted to the contextual substring, according to the 
pedagogical goal. 

c) The last subtask consists of applying the annotation to the substring. 
Synchronising text with audio allows simultaneous listening and reading. 

Synchronising  is accomplished via ‘Magpie’, a freeware from NCAM that generates 
time codes and produces output in SMIL format.  

 
2.0 The evaluation of SWANS 
Informal testing of SWANS began in 2004 with the generation of over 40 
synchronized documents mainly from a bank of three-minute video news items.  A 
considerable increase in speed of web page production was observed. The time taken 
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to generate a web page of some 30 lines of annotated and synchronized text was cut 
from 2 hours (computer programmers using ‘Dreamweaver’ under guidance from 
language teachers) to 10 minutes (language teachers alone using Magpie and 
SWANS). 
2.1 The evaluation of Dual Coding 
Testing took place after presentations on screen using word lists which were 
annotated to show stress and linked to sound. Control groups were exposed to the 
same words with no annotation and the same sound. Students were requested to 
indicate the place of the tonic accent in two different written exercises and to record 
their own pronunciation of chosen words on the computer. Our initial hypothesis, 
based on teaching practice, was that dual coding of primary stress would have a 
positive effect on novice students whether the feedback demanded was written or oral. 
This point of view was at the origin of the SWANS authoring system. The corollary 
of the first hypothesis was that ‘expert’ students would show no improvement or 
deterioration in performance called ‘expert reversal effect’.  
2.1.2 Participants 
Testing included 64 second year undergraduates who had experienced relatively 
intensive training in pronunciation (hence the label ‘experts’).  A second group of 52 
undergraduate students tested at the start of the 1st year were called the “intermediate” 
group as they had received no specific tuition on stress. Finally we were able to 
compare these results with those of “novices” - 50 pupils from a local high school (14 
to 15 years of age) who had never, or hardly ever, studied tonic accents. 
2.1.3 Results. 

Academic Level 

                
Student 
production mode 
Coding mode  

A. written B. written C. oral 

1.  audio coding 9,26 8,69 7,55* Experts 
(end of 2nd year  
students) 

2. dual coding 7,45 6,50 5,19 

1. audio coding 8,23 6,23 7,36 Intermediate 
(start 1st year students) 2.. dual coding 8,37 7,11 7,17* 

1. audio coding 5,89 4,41 7,42 Novices 
(High school) 2. dual coding 7,62 4,87 7,14 

Table 1 : The effect of different coding methods on average performance out of 10 
according to academic level and to student production modes .6

 
Globally the dual coding of the stressed syllable improves the performance of the 
novices and deteriorates that of the experts for the written exercise. By contrast, for 
the spoken exercise (where students recorded their own pronunciation on the 

                                                           
6 The asterisk * indicates groups with less than10 individuals and thus statistically less 

significant.  
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computer), the dual coding has a negative or little effect on performance. Average 
performance in the written exercises is between 5 and 9 out of 10. The second year 
university students have scores which are 0.5 points higher than those of 1st year 
students, who are themselves 2 points higher than the high school pupils. The dual 
coding improves the performance of the novices (by 1.1 points) and that of the 
intermediate students (by 0.5 points) while it has a negative effect (down 2 points) on 
that of the experts. 

  

3.0 Discussion 
The results of our study are encouraging because they show a positive effect for dual 
coding. The fact that this effect is not present in the oral exercise is perhaps due to 
insufficient data or an insufficient time lapse between presentation and testing.  
Our results need to be completed. An experiment underway is now attempting to 
replicate these results with more complex and more convincing material from a 
didactic point of view (from word lists, we pass to discourse at the sentence level). 
In time, we should be able to offer teachers an innovative tool for the generation of 
video web pages with annotated, synchronized scripts where tonic accents will be 
highlighted visually and whose effectiveness for language learning in terms of 
recognizing and producing appropriate stress will be attested through studies on 
novices at university and high school level.  

 
4.0 Conclusion 

Testing recognition of stress at the word level constitutes a prudent first step towards 
a much larger exploration of new intensive, and perhaps also extensive, reading 
techniques. Computer-based document design has slavishly copied the Gutenberg 
tradition since its inception. The arrival of SMIL in 1999 has brought the real 
potential plasticity of our electronic environments to the attention of developers. 
Automatically generated textual annotations using colour, animation, flashing letters, 
changes in size and spacing offer a new way forward for multimodal research.  
Whether visual memory can really be enlisted to improve oral production or not, we 
are convinced that such experimentation will facilitate mental representations and 
raise awareness of perception problems for both teachers and learners. By adapting 
annotations to predicted errors of production in French, Spanish, Italian, or Arabic 
speaking students, teachers in Toulouse are currently sharing their intuitions and 
expertise with novice teachers.  Raising awareness through annotation extends 
explicit knowledge of English stress patterns. The essential question becomes one of 
implicit learning and the inhibition of the L1 tendency which is also related to the 
psychological constraints of speaking a foreign language.   
The problem of coping with stress in oral production of learners has an authoring 
parallel in the problem of persuading and training teachers to experiment with a 
typographical revolution which, in time, will no doubt link sound and appropriate 
animations automatically to every word of every electronic text.  The challenge to that 
5,400-year-old cultural artifact - the alphabet - (can it really be true that the letter ‘A’ 
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is an icon representing the inverted head of an ox?) has not arrived with a flash and a 
blare of trumpets but is part of a permanent quest to redefine the segmentation of, or 
the labels we give to, the experience of our senses. Like most evolutions, it will 
undoubtedly be slow and erratic and may well require several decades to defeat the 
resistance of ingrained habits.  As Ong says, “freeing ourselves from typographical 
conditioning may be more difficult than we imagine” (Ong 82). SWANS should be 
seen not as method for manipulating the minds of students but simply as an authoring 
tool for offering more choice in the variety of new adaptive reading techniques we 
can now place at their disposal.  
 
This project was financed in the context of the CNRS TCAN programme 2003-2005, 
with Anne Péchou, Nicole Décuré, Gail Taillefer, Antoine Toma, Christine Vaillant-
Sirdey and  Pascal Gaillard. Our special thanks to Nabil Kabbaj and Aryel Beck the 
principal  programmers of SWANS.  
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Abstract. The Concept Space is an important part of an adaptive
eLearning course. Understanding its structure from a traditional con-
cept map is not, however, always straightforward. Hyperbolic trees are
one alternative representation which can aid comprehension.

1 Concept Space Visualisation and Large Concept Spaces

A fundamental part of an Adaptive eLearning course is the Concept Space[2].
This provides an ontology of the subject matter including the concepts and their
relationships to one another.

Concept Spaces are traditionally visualised using a concept map diagram, a
downward-branching, hierarchical tree structure. In mathematical terms, a con-
cept space map is a directed acyclic graph[13], a generalization of a tree structure
where certain subtrees can be shared by different parts of the tree. In practice,
however, cycles are possible in a concept map when multiple relationship types
are represented. Generally concept space visualisation tools are mathematically
forgiving, tolerating loops or cycles rather than enforcing mathematical rules on
the graph-representation.

Very large collections of interrelated information, for example, large software
systems, can only be described by large concept spaces, and traditional concept
maps can be unweildy tools for their visualisation. It is often not possible to
view the entire concept space on-screen without zooming out so far that the
concept and relationship labels are no longer readable. Similarly, the large num-
ber of relationships makes it difficult to understand the structure of the concept
space[7].

The difficulty in interpreting a concept space from a concept map diagram are
compounded where the course creators are not the same people as the domain
experts who created the concept space mapping.

1.1 Case Study: The R-GMA course

An adaptive course on R-GMA is currently being developed at Trinity College.
This is part of an ongoing project to provide Adapitve eLearning on Grid tech-
nologies to scientists and other Grid users.



      

 R-GMA[6] is a relational implementation of the Grid Monitoring Architec-
ture (GMA)[15] of the Global Grid Forum (GGF), which is an information and
monitoring architecture for Grid Computing Systems. R-GMA was originally
developed as part of the European DataGrid (EDG) and is currently being fur-
ther developed as part of the EU EGEE[5] project. R-GMA comprises a number
of services which work together to produce the effect of a distributed virtual
database. Producers publish information about grid services to the grid (via
SQL INSERT) and Consumers query (via SQL SELECT) and use this informa-
tion.

The R-GMA concept space shown in Figure 1 contains 99 concepts and 267
relationships. A concept space of this scale is not easily handled by traditional
concept space visualisation methods.

Fig. 1. The R-GMA Concept Space in ACCT

1.2 Requirements

Many of the more innovative tree visualisation techniques are not well suited to
concept maps, for example Shneiderman’s Treemaps[14] and Kleiberg’s Botanical
trees[10] cannot easily differentiate between relationship types.

Node clustering[7] reduces the complexity of large concept space maps by
artificially reducing the number of nodes. However this also removes information.
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 To better represent the R-GMA concept space it was necessary to find alter-
nate ways to display concept spaces that:

(a) make detail visible without repeated zoom-in and zoom-out,
(b) fit the whole concept space on-screen while still being able to discern the

finer details,
(c) are intuitive and simple to use.

2 Hyperbolic geometry: an alternative representation

Hyperbolic geometry differs from normal Euclidian geometry in that hyperbolic
planes are curved and parallel lines in hyperbolic space are not equidistant[1]. It
is possible to represent a hyperbolic plane with constant negative curvature as a
Poincaré Disc where area increases exponentially the further one gets from the
centre. Points further away from the centre are compressed to fit the expanding
area into this disc.

The classic example is one of Escher’s Circle Limit prints illustrated in Figure
2. The figures in these prints are reduced in size when they are further from the
center, with an apparently infinite number represented towards the disc’s edge.

In any tree structure the number of nodes tends to increase exponentially with
depth, and thus trees might usefully be visualised in the form of a Poincaré Disc.
This has previously been attempted for various graphing applications across
several domains[11], but not to visualise eLearning Concept Spaces.

The remainder of this paper is concerned with the tools used to create a
concept space and to visualise it as a hyperbolic tree structure.

Fig. 2. Escher’s Circle Limit III Fig. 3. A concept space represented in HyperGraph
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 3 Implementation

3.1 ACCT

For the case study involving R-GMA, concept spaces were created using the
ACCT Adaptive Course Construction Toolkit[3]. This tool provides a GUI in-
terface for creating concept spaces in the form of concept maps. These concept
spaces are encoded in a XML format which stores information on concept nodes
and relationships. Whilst this tool is in general very easy to use, it is not ideal
for large concept spaces.

3.2 HyperGraph

The HyperGraph applet[9] is an open source Java applet and API for visualisa-
tion of hyperbolic geometry, in particular hyperbolic trees.

The hypergraph interface allows you to rotate the “pseudosphere” repre-
sented on the disc, bringing different areas to the centre of the hyperbolic disc.
This allows one to effectively zoom in on a particular area while the rest of the
graph is visible radiating out towards infinity from that point on the disc.

As the area increases exponentially with the radius, conversely, points on
the graph shrink exponentially as they move further away from the centre. This
means that many more points can be displayed on a hyperbolic graph. Nodes
are effectively compressed as they recede from the viewer, rather than simply
scrolling off-screen. The real advantage of this is that the overall view (the “big-
picture”) of the graph is still visible while a smaller part of the graph can be
brought into focus, thus enlarging it. Of course the extremities are in a com-
pressed form, and may not always be entirely readable. With a standard concept
map, however, when one focusses on one area, areas outside the field of view are
simply not represented on-screen.

HyperGraph files are stored in an XML format.

3.3 acct2hypergraph.pl

The conversion script was written in Perl using the XML Document Object
Model (DOM) to parse and create the XML documents[8]. The Perl module
XML::DOM was used for this. The script converts between the ACCT XML
subject matter concept space (SMCS) file format and the HyperGraph XML
graph format. Each concept in the ACCT SMCS file is mapped to a single
node in the HyperGraph file, while different relationship types are mapped to
different colour edges. See Figure 3 for the R-GMA concept space represented
as a hyperbolic tree.

4 Results

We set out to find a simple user-friendly way to visualise concept spaces for
adaptive courses. Using hyperbolic trees via the HyperGraph applet meets our
requirements as indicated in Table 1.
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Table 1. Requirements and Benefits of Solution

Requirement Solution

Visibility of detail with-
out repeated zooming.

Clicking on any node will bring it to the centre of the window,
zooming in. This rearranges the other nodes curving away from
the center on the Poincaré disc. This makes viewing the detail of
any section of the graph very simple.

Visibility of whole con-
cept without obscuring
detail.

With a hyperbolic tree the concept space is compressed as it re-
cedes from the centre of the window, rather than scrolling off-
screen. This means that it is always possible to get an overall
view of the concept space. The compression can make it harder to
see some of the outer details, but the overall impression of the full
concept space is retained.

Easy to use interface. The user interface for the HyperGraph applet appears to be very
intuitive. Nodes can be repositioned by single-clicking (to bring the
node to the centre) or by dragging and dropping to any position.

However, there are some weaknesses. For example, tools for visualisation
of hyperbolic geometry tend to be mathematically strict. As mentioned above,
traditional concept space creation tools tend to be mathematically forgiving,
rather than enforcing a strict acyclic directed graph. A concept map is often more
loosely defined, with some loops tolerated and often more than one distinct graph
or tree actually being used to represent the concept space for a single course (i.e.
where there are two or more ‘root’ nodes).

This mathematical looseness means that some concept spaces might not
translate well into hyperbolic trees, or that changes might be required in the
concept space before it can be represented as a hyperbolic tree.

5 Future Work

The conversion script works and is stable and additionally supports different
colour edges to indicate different relationship types. Node colouring will also
soon be implemented to indicate concept position in the tree hierarchy.

The HyperGraph applet allows links to be incorporated that will load an
URL when a node is clicked. This will allow links to learning resources or concept
descriptions to be added to a hyperbolic concept-space browser.

The HyperGraph API provides a mechanism to modify hyperbolic graphs.
Using this, hyperbolic trees could be used to build concept spaces rather than
simply to visualise a concept space that has been created using another tool.
These concept spaces could then be exported in formats suitable for Adaptive
Course Creation Tools such as ACCT.

Another possiblility is 3D hyperbolic visualisation. This could give an even
better view of a concept space with the ability to exit the hyperbolic plane and
view it from outside as well as viewing it from within[12].
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  Further user evaluation of this technique is required to determine its effec-
tiveness over a range of information domains. Also, the current implementation
is not very generic and changes would be required to add support for other tools.

6 Conclusions

This work was motivated by the difficulty of understanding and manipulating
large concept spaces using existing concept mapping tools. A hyperbolic repre-
sentation was chosen as one possible solution to this problem.

Hyperbolic trees make available both the detail and the “big picture”, or
overall structure, of the concept space. Our work suggests that they may be an
effective method for reducing complexity in representing large concept spaces, in
particular where the jobs of creating the concept space and the course materials
or pedagogy are shared among a group of people. Hyperbolic tree visualisation
may also prove useful for creating new concept spaces in future.
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The Fifth Workshop on User-Centred Design and Evaluation of Adaptive Systems 
(UDEAS) follows in the tracks of four very successful workshops held in conjunction 
with UM2001, UM2003, AH2004 and UM2005. The workshop's guiding perspective 
is that novel design approaches, adequate evaluation methods, and reliable assessment 
criteria and metrics are prerequisites for improving the quality and usability of the 
next generations of adaptive systems. This workshop expands upon the scope of its 
predecessors to explicitly focus on issues related to the user-centred design of 
adaptive systems in general, and the identification of usability engineering methods 
that can be reused / modified to support design activities, and evaluate concepts and 
prototypes in early phases of adaptation design.  

The eight accepted papers give a good overview of the state-of-the-art: Despite 
considerable effort to facilitate more evaluations and to integrate users in the design 
of adaptive systems, the field is still going through a formative stage characterized by 
exploratory work, which, however, is already rendering interesting results. 
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Abstract. Just about all of the usual methods for the user-centered design and 
evaluation of interactive systems are in principle applicable to systems that 
adapt to their users. This talk will first look at some special considerations that 
arise with user-adaptive systems (in addition to the goal of evaluating the 
accuracy of the system’s user modeling) such as: the possibility of using 
relevant human experts either as judges of the appropriateness of the system’s 
adaptation or as wizards within the Wizard-of-Oz paradigm; the difficulties 
involved in empirically comparing adaptive and nonadaptive variants of a given 
system; and the need to deal with the frequently large differences in users’ 
reactions to system adaptivity. The second part of the talk will illustrate why 
many research and design methods that are often used for other types of system 
deserve to be applied to a comparable extent to user-adaptive systems. In 
particular, it is argued that the designers of a user-adaptive system should be 
open-minded with regard to the possibility that the goals that they intend to 
achieve with user-adaptivity can better be achieved by other means. 
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Abstract. This position paper proposes a user-centered approach for the design
and the evaluation of adaptive systems. A list of less common, but useful HCI
techniques will be presented. After having introduced the peculiarities that char-
acterize the evaluation of adaptive systems, the paper describes the evaluation
methodologies following the temporal phases of evaluation, according to a user-
centered approach.

1 Introduction

Evaluation of adaptive systems is a crucial stage in their development. Different authors
[16], [17], [8], [20], [36] have underlined the importance and the difficulties of this
task, as well as the lack of empirical studies and strong models to follow. More than
others, adaptive systems strongly require some kind of evaluation, due to their inherent
usability problems [17], [18]. Therefore, adaptive systems evaluation has to be seriously
taken into account, both for usability problems at the interface and for the correctness
of adaptive solutions.

Concerning the empirical evaluation of adaptive system, different surveys showed
that during the past years only few studies reported statically significant results [8], [35],
[13]. The main studies investigating the proper evaluation methodologies of evaluation
in user modeling and adaptive systems are concerned with the empirical evaluation
[8], layered evaluations of adaptive systems [5], [26], [34], [35], [27], and usability of
adaptive interfaces [16], [17], [18].
While these relevant surveys faced with crucial issues of adaptive systems evaluation
(controlled experiments, layered evaluation, usability), the main focus of this position
paper will be on those HCI methods which are used in the iterative design-evaluation
process, and which are often disregarded in the adaptive system evaluation, even if they
can offer fruitful results. Indeed, to really bring usability in user-adaptive systems we
need to apply all the techniques necessary to realize a user-centered approach. As [18]
pointed out, the anticipation and the prevention of usability side effects should form an
essential part of the iterative design of user-adaptive systems.
The paper is organized as follows: Section 2 introduces the user-centered design ap-
proach, then the paper presents evaluation methodologies following the temporal phases
of evaluation, according to a user-centered approach: the requirement phase (Section
3.1), the preliminary evaluation phase (Section 3.2), the final evaluation phase (Section



3.3). For every phase, relevant techniques are described by giving some practical exam-
ples of their application in adaptive systems. Finally, Section 4 concludes the paper.

2 The user-centered design approach

Evaluation in adaptive systems seems to be particularly tricky, as well as the interpre-
tation of the collected results, and it is probably more fruitful than for regular systems,
especially if carried out since the first design stages. As underlined by [10], iterative
design and continual evaluation are a way to overcome the inherent problems of incom-
plete requirements specification, since not all requirements for an interactive system can
be determined from the start, but they can come out during the development phase. This
is also the call of the usability engineering approach [37], [23] that states that usability
has to be incorporated since the early stages of the design by observing the users and
evaluating the system to compensate the inherent requirements lack. Moreover, early
focus on users and tasks, continual testing of different solution-prototypes, empirical
measurement, and integrated and iterative design can help to avoid expensive design
mistakes. All the mentioned principles are also the key-factors of the user-centered de-
sign approach [25]: to involve users since the first design decisions of an interactive
system and to understand the user’s needs and address them in very specific ways. [14]
originally phrased this principle as follows: early focus on users and tasks; empirical
measurements of product usage; iterative design in the production process.

The user-centered approach can be particularly useful in adaptive systems, where
all the evaluation phases can provide feedbacks to modify the knowledge base of the
system itself. Thus, evaluation can be considered as agenerative method[10], since it
can offer contributions during the design phase by providing the mean of combining
design specification and evaluation into the same framework. Evaluation results can
offer insights about the real behavior and the preferences of users, and therefore be
adopted in the construction of the user models and system adaptations. Thus, in adaptive
systems evaluation it is important not only to test the system, but also because it can
become a knowledge source for the adaptive components of the system (e.g., user data
acquisition, interface adaptations, inference mechanisms, etc), and can strongly impact
them.

Since we believe that the usability engineering methodologies and the user-centered
approach can become key factors for a successful design and evaluation of adaptive
systems, in this paper the evaluation techniques will be listed according to the life-cycle
stage in which they can occur: requirement phase, preliminary evaluation phase, and
final evaluation phase.

Notice that the paper focuses on techniques that are seldom exploited in the eval-
uation and it does not address issues such as usability testing, controlled experiment,
since these topics have been already discussed in other relevant studies [17], [8], [18].
Moreover a complete analysis about HCI methodologies and their application and user-
adapted systems can be found in [13], which also discusses data collection methods and
evaluation metrics for the evaluation of user-adapted system.
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3 Phases of evaluation

3.1 The requirement phase

The requirement phase occurs before any system implementation and it can be defined
as a “process of finding out what a client (or a costumer) requires from a software sys-
tem” [29]. During this phase it can be useful to gather data about typical users (features,
behavior, actions, needs, etc), the application domain, the system features, etc.

In the case of adaptive systems, the choice of the features relevant to model the user
(such as personal features, goals, plans, the real context of interaction, cognitive factors,
etc) and consequently to adapt the system, can gain advantages by prior knowledge of
the real users of the system, the context of use, and domain experts’ opinion. A deeper
knowledge of the real users can offer a broader view of the application goals and pre-
vent serious mistakes, especially in the case of innovative systems. As [4] underlined,
adaptive systems should benefit more than other systems from the requirement analysis
before starting any kind of evaluation, because a higher number of features have to be
taken into account in the development of these systems. The recognition that an adap-
tive capability may be desirable leads to the improved system analysis and design. In
the followings, techniques for requirements gathering will be presented.

Task analysis.Task analysis methods are based on breaking down the tasks of potential
users into users’ actions and users’ cognitive processes (for details see [10]). In most
cases, the tasks to be analyzed are decomposed in sub-tasks.Hierarchical Task Analysis
[9], for instance, uses this approach and decomposes tasks in a hierarchy of tasks and
sub-tasks, and exploits plans to describe order and conditions of sub-tasks. So far, there
has been little experience in the application of this method to adaptive systems, even
if task analysis could be used to deeply investigate users’ actions and plans in order to
decide in advance which phase of the interaction could propose adaptations and how.
For instance, if the task analysis shows that the user often performs a set of tasks in
the same order (usage patterns) the system could propose shortcuts to speed up the
performance. This method can be useful to avoid the well-known cold start problem of
knowledge-based systems. If it is possible to individuate different kinds of target users
of the system, several task analysis concentrated on representative user groups could
be performed in order to investigate the possible adaptations to be proposed to these
typical users.

Cognitive and socio-technical models.The understanding of the internal cognitive pro-
cess as a person performs a task, and the representation of knowledge that she needs to
do that, is the purpose of the goal-oriented cognitive models (for details see [10], [29]).
Examples of the goal-oriented cognitive model are the GOMS model (Goals, Operators,
Methods and Selection) and the derived KLM (Keystroke Level Model). Additional
methods for requirements analysis also include socio-technical models, which consider
social and technical issues and recognize that technology is a part of a wider organi-
zational environment [10]. The emphasis of these approaches is on social and tech-
nical alternatives to problems. For instance, the USTM/ CUSTOM model focuses on
establishing stakeholder requirements. Even if seldom applied in the adaptive systems
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evaluation, both goal-oriented cognitive models and socio-technical models could offer
fruitful contributions during the design phase since they are strong generative models
[10]. They can help to make predictions respectively about the internal cognitive pro-
cesses and the social behaviors of users and therefore adopted in the construction of the
user model knowledge base and the corresponding system adaptations. For an instance
of cognitive models applied in the development of a mixed-initiative framework, see [6]
who investigated the performance implications of customization decisions by means of
a simplified form of GOMS analysis.

Contextual evaluation.Contextual evaluation is usually organized as a semi-structured
interview covering the interesting aspects of a system while users are working in their
natural work environment on their own work. Often the interview is recorded in order
to be elaborated by both the interviewer and by the interviewee. For more details see
[29]. Contextual evaluation is a qualitative methodology that can be applied in adaptive
systems evaluation in order to gather social and environmental information (such as
structure and language used at work; individual and group actions and intentions; the
culture affecting the work; explicit and implicit aspects of the work, etc) useful to design
the systems adaptations, especially in the context of collaborative work.

Focus group.Focus group [15], [23] is an informal technique that can be use d to col-
lect user opinions and feedbacks both during the requirement gathering and after the
system has been used for a while. It is structured as a discussion about specific top-
ics moderated by a trained group leader. Depending on the users involved (e.g., final
users or domain experts/technicians) they can be exploited to gather functional require-
ments, data requirements, usability requirements, and environmental requirements to
be considered in the design of system adaptations. For instance, [12] during the devel-
opment of an adaptive web-based system for the local public adminstration, developed
mock-ups which had been discussed and redesigned after several focus group sessions
with experts and final users involved in the project. Focus group can be also used in
participative evaluation (see Sec. 3.2).

The systematic observation.The systematic observation [2] can be defined as a “par-
ticular approach to quantifying behavior. The aim is to define in advance various forms
of behavior (behavioral codes) and then asks observers to record whenever a behav-
ior corresponding to the predefined codes occurs. The observation can be analyzed by
adding non-sequential or sequential techniques. Innon-sequential analysisthe subjects
are observed for the given time slots during time intervals. Non-sequential systematic
observation can be used, for instance, to answer questions about how individuals dis-
tribute their time among various activities. Insequential analysis, each subject is ob-
served for a given period of time and then behavioral codes are assigned. Sequential
techniques are best suited to answer questions about how behavior is sequenced in time
and how behavior functions moment to moment. In the adaptive systems evaluation,
the systematic observation can be used during the requirement phase to systematically
analyze significative interactions in order to discover interaction patterns, recurrent and
typical behaviors, user’s plans (e.g., sequences of user actions-interactions, distribu-
tion of user’s activities along the time, etc) that can be modelled by the adaptation. For
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instance, to model teaching strategies for realizing Intelligent Tutoring Systems, [30]
recorded the interactions taking place between the tutor and the student in a natural set-
ting or computer-mediated interface. Then the records were systematically observed to
find teaching patterns.

3.2 Preliminary evaluation phase

The preliminary evaluation phase occurs during the system development. It is very im-
portant to carry out one or more evaluations during this phase to avoid expensive and
complex re-design of the system once it is finished. It can be based on analytical meth-
ods (predictive evaluation1) or empirical methods (formative evaluation2).

Heuristic evaluation.A heuristic is a guideline or a general principle or a rule of thumb
that can guide a design decision or be used to criticize existing decisions. Heuristic
evaluation [22] describes a method in which a small set of evaluators examine a user
interface and look for problems that violate some of the general principles of good in-
terface design. Unfortunately, in the field of adaptive systems a set of recognized and
accepted guidelines to follow is still missing. On the one side, this lack can be filled
only by publishing statistically significant results that can demonstrate, for instance,
that one adaptation strategy is better than another one in a given situation, or that some
adaptation technique should be carefully applied. To this purpose, [35] promoted the
development of an online database for studies of empirical evaluations to assist re-
searchers in the evaluation of adaptive systems and to promote the construction of a
corpus of guidelines. On the other side, also general HCI principles have to be consid-
ered. For instance, [19] proposed an integration of heuristic evaluation in the evaluation
of adaptive learning environments. They modified the Nielsen’s heuristics [23] to re-
flect pedagogical consideration and then they collocated their heuristics into the level
of adaptation proposed by [35]. [18] also faced this problem and proposed five usability
challenges for adaptive interfaces to deal with usability problems that these systems can
suffer.

Expert review.In the initial implementation phases of an adaptive systems, the presence
of domain experts can be beneficial. For instance, a domain expert can help define the
dimension of the user model and domain-relevant features. They can also contribute
towards the evaluation of correctness of the inference mechanism (see, for instance, [1])
and interface adaptations (see [11]). For instance, an adaptive web site that suggests
TV programs can benefit from audience TV experts working in TV advertising that
may illustrate habits, behaviors and preferences of homogeneous groups of TV viewers.
Experts can also be asked to pick out a set of relevant documents for a certain query and
their judgments are used to check the correctness of system recommendations. Expert

1 Predictive methods are aimed at making predictions, based on experts’ evaluation, about the
performance of the interactive systems and preventing errors without performing experimental
evaluations.

2 Formative methods are aimed at checking the first design choices and getting the clues for
revising the design in an iterative design-re-design process.
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review, as well as cognitive walkthrough, scenario-based design and prototypes, can
be used to developparallel designs[23], which consist of exploring different design
alternatives before setting on a single proposal to be developed further. Parallel design
is very suitable for systems that have a user model since in this way designers can
propose different solutions (what to model) and different interaction strategies (what
the user can control) depending on the identified users.

Cognitive walkthrough.Cognitive walkthrough [28] is an evaluation method wherein
experts play the role of users in order to identify usability problems. The focus of the
cognitive walkthrough is learning through exploration [10]. Therefore, assuming that a
user learns about an interface by exploration, one or more HCI experts select step-by-
step tasks and perform the tasks. Then, they have to answer a set of questions about each
of the decisions the users must make as they use the interface (for instance, the ease in
identifying the system adaptations, the evaluation of the right suggestions towards a
goal, etc). As well as reported in the discussion about heuristic evaluation, this predic-
tive technique should benefit from a set of guidelines for adaptive systems that should
help evaluators to assess not only general HCI mistakes but also recognized errors in the
design of adaptations. Walkthrough can also be performed after an experimental evalu-
ation (post-task walkthrough). The subjects are asked to reflect back after the event and
comment on their actions.

Wizard of Oz prototyping.Wizard of Oz prototyping [23], [29] is a form of prototyping
in which the user appears to be interacting with the software when, in fact, the input is
transmitted to the wizard (the experimenter) who is responding to user’s actions. The
user interacts with the emulated system without being aware of the trick. Wizard of Oz
prototyping can be applied in the evaluation of adaptive systems, for instance, when
a real time user-system interaction has to be simulated in the early implementation
phases(e.g., speech recognition, interaction with animated agents, etc). For example,
[30] in order to model tutorial strategies, used a Wizard of Oz interface that enables the
tutor to communicate with the student in a computer-mediated environment.

Prototyping. Prototypes are artifacts that simulate or animate some but not all features
of the intended system [10]. Prototypes can be divided into two main categories:static,
paper-based prototypesthat are generally the screen images (screenplay) on paper of
what an interface looks like;interactive, software-based prototypesthat can be an initial
implementation of a real system. The software prototypes can be:horizontal, when they
contain a shallow layer of the whole surface of the user interface;vertical, when they
include a small number of deep paths through the interface, but do not include any
part of the remaining paths;scenario-basedwhen they fully implement some important
tasks that cut through the functionality of the prototype.

Testing prototypes is very common because this allow designers to make changes
before is too late. However, prototyping tools are best used to explore alternative con-
cepts and they cannot be considered as finished products. Thus, testing prototypes with
real users is a fundamental stage in discovering the main problems of system adapta-
tions and to consequently refine the adaptations strategies (both at content and interface
layer). For instance [12] evaluated an adaptive web prototype, which was vertically
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developed, in a usability test by involving external users not cooperating at the project.
Then, after having solved the usability problems, the final prototype was tested in a con-
trolled experiment with real users representative of the users the Web site was devoted
to. The main aims of the test were to discover if the interface adaptations were visible
and effective and if the content adaptations were consistent and helpful to the task com-
pletion. The results showed the success of both interface and content adaptations and
thus the rest of the site was developed accordingly.

Cooperative evaluation.An additional methodology that can be carried out during the
preliminary evaluation phase is the cooperative evaluation [21], which includes meth-
ods wherein the user is encouraged to act as a collaborator in the evaluation to identify
usability problems and their solutions. Even if seldom applied, cooperative evaluation
is a qualitative technique that could be applied in the evaluation of adaptive systems to
detect general problems (e.g., usability, reliability of adaptations, etc) in early develop-
ment phases.

Participative evaluation.Another qualitative technique useful in the former evaluation
phases is the participative evaluation [23], [29] wherein final users are involved with the
design team and participate in design decisions. Participative evaluation is strictly tied
to participatory design techniques (user involved in all the design phases, for details see
[15]). So far, this methodology is rather disregarded in the adaptive systems evaluation,
however it could be applied as an alternative to focus group and prototype evaluation.

3.3 Final evaluation phase

The final evaluation phase occurs at the end of the system development and it is aimed
at evaluating the overall quality of a system with final users performing real tasks. As
stated in Section 2, relevant discussions about quantitative evaluation methodologies
(usability, testing, controlled experiments) for the final evaluation has already been pro-
posed [17], [17], [8]. In the followings will be only described qualitative methodologies
that can be used in in the final phase.

Ethnography. Sustainers of qualitative approaches affirm that lab conditions are not
real world conditions and only observing users in natural settings can detect the real
behavior of the users. For qualitative researchers a subject cannot be reduced to a sum
of variables and therefore a deeper knowledge of a small group of subjects is more
useful than an empirical experiment with a representative sample. Qualitative methods
of research often make use of ethnographic investigations, also known as participant-
observation3.
Ethnography is a qualitative observational technique that is well established in the field
of sociology and anthropology. It involves immersing the researcher in the everyday
activities of an organization or in the society for a prolonged period of time.

3 In social sciences, and in particular in field-study research, participant-observation is a quali-
tative method of research that requires direct involvement of the researcher with the object of
the study. For more details see [31].

436 Cristina Gena



[29] classify the ethnographic investigations under the umbrella term interpretative
evaluation. The interpretative evaluation can be best summed up as ”spending time with
users” and it comes in these flavors:contextual inquiry(see 3.1);cooperative evaluation
andparticipative evaluation(see 3.2);ethnography, which is concerned with collecting
data about the real work situation. The ethnographic approach in HCI acknowledges the
importance of learning more about the way technology is used in situ. This implies [21]:
the need to use a range of methods including intensive observation, in-depth interview-
ing, participation in cultural activities,etc; the holistic perspective, in which everything
- belief systems, rituals, institution, artifacts, texts, etc. - is grist for the analytical mill;
and immersion in the field situation. Different kinds of data sources may be collected
as part of this practice, including video, annotations in notebooks, snapshots, etc.

Qualitative methods are seldom applied in the evaluation of adaptive systems. How-
ever, as [24] pointed out, statistical analyses are often false, misleading, and too narrow,
while insights and qualitative studies do not suffer from these problems as they strictly
rely on the users’ observed behavior and reactions. Qualitative methods could bring
fruitful results, especially in order to discover new phenomena (e.g., by observing the
users interacting with a web site in their context new solutions on how to adapt the site
can emerge). In fact, qualitative researchers want to comprehend the subjects under the
study by interpreting their points of view and by analyzing the facts in depth (intensive
approach) in order to propose new general understanding of the reality.

The Grounded Theory.The Grounded Theory is “a theory derived from data, system-
atically gathered and analyzed through the research process. In this method, data col-
lection, analysis and eventual theory stand in close relationship to one another. The
researcher does not begin a project with a preconceived theory in mind (...). Rather, the
researcher begins with an area of study and allows the theory to emerge from the data”
[32]. The collected data may be qualitative or quantitative or a combination of both
types, since an interplay between qualitative and quantitative methods is advocated.
See [7] for an application of the Grounded Theory methodology with heterogeneous
sources of data (both qualitative and quantitative) in an empirical evaluation aimed at
choosing a better way to communicate recommendations to the users in the interface
for mobile devices. While for an example in the field of cooperative student model for
a multimedia application see [3], who applied the theory to understand the many and
complex interactions between learners, tutors and learning environment by integrating
the range of qualitative and quantitative results collected during the several experimen-
tal sessions.

4 Conclusion

This paper has presented a quick review of methods and techniques for the evaluation
of adaptive systems under a user-centered design approach. Considering the state of the
art, even though improvement has been registered in a number of evaluation studies in
the recent years (see [13]), the evaluation of adaptive systems needs to reach more rig-
orous level in terms of subject sampling, statistical analysis, correctness in procedures,
experiment settings, etc., and also other possible HCI techniques should be considered,
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such as those ones presented in this paper. Indeed, adaptive systems evaluation studies
should benefit from the application of qualitative methods of research and from a rig-
orous and complete application of user-centered design approach in every development
phase of these systems.
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Abstract. This paper presents a method for performing expert-based scenario-
driven usability evaluation of personalisable and configurable web-based sys-
tems, based on an innovative method called DEPTH (DEsign PaTterns & Heu-
ristics criteria).  DEPTH focuses on the specificities of web-based system func-
tionality, emphasises usability issues within the specific context of their use 
(e.g. e-learning, e-commerce, etc) and adopts the main principles of the sce-
nario-based evaluation techniques. The main idea behind DEPTH is to mini-
mize the preparatory phase of a usability evaluation process, and allow a novice 
usability expert (i.e. one who is not necessarily familiar with the specific 
genre/type of the web-based system under evaluation) to perform the usability 
evaluation study effectively. Towards this goal, we (re)use expert’s design 
knowledge captured in design patterns for the specific genre of the system un-
der evaluation. Such use of design patterns, which are also associated with sce-
narios for expert’s inspection, is one of the innovative aspects of our method. In 
this paper we will describe an example of DEPTH’s application for evaluating 
adaptive web-based systems, thus clarifying the main points of the method.  

Keywords: scenario-driven usability evaluation, configurable web-based sys-
tems. 

1   Introduction  

Nowadays, usability is one of the quality factors defined in the ISO 9126 standard 
[10], and plays a key role in software development. Especially at the rapidly growing 
arena of Web applications there is an increased need for systematic approaches to 



 

their development and delivered quality [3]. The range of Web applications, as for 
example the e-commerce market, e-learning market, virtual museums, etc., has ex-
ploded over the last years. It is also projected to continue its rapid expansion. Web 
sites have also been transformed into dynamic systems the functionality of which has 
become more complex.  

Although in the early years of Web sites, developers mainly aimed in designing 
them the quickest possible in order to achieve an early presence in the cyberspace, 
nowadays usability matters. Website’s user interfaces are now redesigned, taking into 
account users’ needs as well as the results from systematic usability evaluation stud-
ies. 

Formal usability evaluation of adaptive web sites has attracted the attention of 
many research and development groups the last few years. In the literature one can 
find various approaches for evaluating learner centered Adaptive Learning Environ-
ments. Most of these approaches mainly focus on particular aspects like search scope 
[9] or search time [2]. Furthermore there have been a number of approaches proposed 
to assess the adaptation process like layered evaluation [4], the evaluation framework 
of [16], and the modular evaluation [13].  

Also there are three main dimensions particularly applicable to Web sites usability 
evaluation: 

• Usability comparison tests among similar Web sites. 
• Expert / heuristic evaluation. 
• Scenario-based user inspection/inquiry sessions.  

Scenarios provide a versatile and reproducible means of evaluating a system. A 
scenario is an instantiation of one or more representative work tasks and transitions 
linking those tasks [14]. The granularity of the scenario is not fixed; a scenario can be 
highly scripted or loosely defined. One of the main difficulties is how to create such 
scenarios.  

In this paper we are interested in usability evaluations of personalisable dynamic 
web systems,. We present the DEPTH approach, an innovative approach for usability 
evaluation of Web sites based on design patterns and heuristics criteria.  This ap-
proach tackles all three aforementioned dimensions of usability evaluation. Moreover, 
DEPTH prescribes how to perform the steps of the evaluation giving emphasis on 
how to compare the Web sites as well as how to easily create scenarios for user in-
spection. The main aid in this prescription is the usage of design patterns. Design 
patterns describe a problem and a solution for this problem in a particular context, 
together with the rationale for using that solution and the consequences (pros and 
cons) of using it [8]. “The pattern is, in short, at the same time a thing, which happens 
in the world, and the rule which tells us how to create that thing, and when we must 
create it. It is both a process and a thing; both a description of a thing which is alive, 
and a description of the process which will generate that thing” [1]. The structure of 
the paper is the following: Section 2 gives an overview of the DEPTH approach while 
section 3 illustrates an example of its application presenting a prototype tool support-
ing the methodology. The paper concludes with an evaluation report of applying 
DEPTH at the evaluation of adaptive web based systems as well as our future plans. 
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2   The DEPTH Approach 

DEPTH like many evaluation methods (e.g. SUE method and its ancestor called 
MILE [9]) requires two operational phases of evaluation: the preparatory phase and 
the execution phase.  

DEPTH’s preparatory phase aims to define the conceptual framework that allows 
the evaluation to be carried out in a systematic and effective way. However, an addi-
tional goal of this phase is the minimization of the effort needed for the evaluation 
framework to be constructed systematically and effectively. This is possible by 
(re)using expert knowledge captured in design patterns and structured as design pat-
tern languages for the various genres of web based systems. Therefore, the means for 
achieving this goal is the creation and maintenance of a repository containing existing 
design patterns for web based systems associated with scenarios from their context. 

The execution phase utilizes the toolkit derived from the preparatory phase in or-
der to perform the actual evaluation. The design patterns that compose the pattern 
language of the genre chosen are associated with one or more usage scenarios, which 
represent/validate the solutions embedded in the patterns [5].  

According to DEPTH the ultimate aim of both phases is to support the measure-
ment of the usability of a web based system by focusing in three dimensions:  

i) the supported functionality according to the specific genre of the system,  
ii) the usability performance of the supported functionality according to the spe-

cific context of use, and  
iii) the general usability performance according to heuristics criteria. 
The process is being presented in an activity diagram which re-enact the general 

activities and responsibilities of elements that make up our method (Figure1). 
The evaluator’s actions or general steps are presented on the first column relatively 

to DEPTH. DEPTHs’ Repository, an element that is constructed on the preparatory 
phase, guides these steps. DEPTH Repository acts not only as a “bank” of design 
pattern languages for specific genres of web based systems but also affiliates the 
design patterns with related usage scenarios in order to minimize the effort and time 
spent by the usability expert. The last column shows what kinds of deliverables are 
being produced during the execution phase. 

Since there is a great number of web based systems there is also a need for a pru-
dent categorization in various genres according to the system implementation or even 
the supporting set of features. In this way genres like Adaptive Hypermedia Systems, 
Concept Map Systems, Synchronous or Asynchronous Learning Management Sys-
tems etc., can be created correlated to the specific actions or services offered to pro-
spective users. 

The functionalities supported from various genres are presented. Those can be se-
lected with the use of checklists, which in turn can easily be used and re-used. In case 
one cannot find such a checklist, an analysis of the most well-known systems of the 
specific genre should be made in order to find out their functionality and provide a 
super set of all the features categorized in groups as well as an analytical table. Such 
genres of systems along with their analytical tables of the supported functionality 
become part of the “DEPTH- Repository”.  
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Usability Report
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Draft Results

 
 

Fig. 1. DEPTH process 

Since the mere enumeration of the functionalities supported is not adequate for se-
lecting a system using this methodology an evaluator is able to detect whether sys-
tems, which contain the same set of features, may vary in a usability aspect. “It is not 
only the features of the applied technology but especially the way of implementation 
of the technology”, as Lehtinen, et al. [11] says for a specific genre of systems (Com-
puter Supported Collaborative Learning Systems). 

When the interaction with the system under evaluation concludes, DEPTH impels 
the usability expert to see the ideal solution that has been pictured in the related pat-
tern(s) to each of the selected functions. Note that the evaluator has not seen the solu-
tion – but only the related usage scenario - till this moment. This action – seeing the 
actual solution – enables evaluator to validate and complete his/her findings in order 
to edit the evaluation report.  

The final evaluation report has two parts. The first part is context-specific and tries 
to reveal and measure, according to the specific context of use, the usability perform-
ance of the system being evaluated. The second part presents the general usability 
performance according to the expert/heuristic criteria.  
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3   An Example 

In this section we describe the application of the DEPTH method in the framework of 
Web Based Adaptive Systems. We shall give a small example to demonstrate the 
steps of our approach. Suppose we want to evaluate a financial site with main empha-
sis on checking the usability in personalization of content.  

The financial site that we will evaluate is the portal of an on-line financial newspa-
per in Greece “Naftemporiki” (http://www.naftemporiki.gr/).  This site provides, 
beyond a mere presentation of all the economic and political news, the option of an 
additional personal space called “MyPage” (http://www.naftemporiki.gr/my-
page/showlist.asp), where, with a simple registration and without fees, someone can 
personalize the access to information of individual interest. Further more, an option 
for creating one or more personal portfolios with stocks of the Greek Stock Market is 
available (Figure2).  

 

 
 

Fig. 2. Naftemporiki “MyPage”. 

 

Fig. 3. MyPage personal Financial Data. 

 
These virtual portfolios can be modified not only relatively with the stocks they are 

comprised of, but also with more personal financial data like number of stocks 
bought, cost of each share, date of purchase, etc. The user can also take notes for any 
individual stock and has the option of getting informed when a specific stock reaches 
a certain price (Figure 3).  

Each user can also be informed about the assessment of the investment in one or 
more virtual portfolios (Figure4).  When a virtual portfolio is created, a space with all 
current news related to the stocks of that portfolio, is automatically created as well 
(Figure5). This news forum can be easily modified if the user wishes to do so. 

The main purpose of our usability evaluation would be to test the function “having 
a fully personalized content”. Websites that offer categorized content must provide 
the option of personalization, where users may be only interested in a handful of 
categories or items. 
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Fig. 4. MyPage Assessment of Investment.  

  

Fig. 5. MyPage News for My stocks. 

During the preparatory phase the usability expert/engineer, after choosing the 
genre of the web based system to be evaluated, can make a selection from a generated 
list of functionalities that such systems provide and need to be evaluated. The evalua-
tor may follow this interactive process through the steps of this phase in order to 
refine and best fit the underlying usability criteria both in the scenarios/tasks and the 
toolkit. The goal is to test the availability and quality of any option offered to users to 
define their own page elements as well as categorize the contents in their individual 
areas of interest. So the function “Personalize ‘My’ Site” and its subclasses “Drag 
and Drop” and “Customizable Window” are selected from the DEPTH TOOLKIT 
related to the domain under evaluation and considered for use in the evaluation (Fig-
ure6). This step provides the first deliverable of our methodology which is a func-
tionality report and describes the functions supported by the selected system. 

During the second execution phase a number of specific context oriented scenarios 
are being created, which grouped together act like an expert wizard, in accordance 
with the set of functionalities chosen for evaluation.  The wizard leads the usability 
engineer through a number of underlying tasks.  The major objective of using those 
scenarios is to put the system into its intended use by its envisaged type of user, per-
forming standardized tasks in the specific context. Evaluators do not need to follow 
all tasks of the scenarios at all times.   
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Fig. 6. Functionalities of the system under evaluation 

Finally, a detailed report is produced, describing the usability performance of the 
examined system on the “personalized content” function at its specific context of use 
along with the general usability performance of the examined system according to the 
well-known heuristics criteria. Nevertheless, before the evaluator edits the report, 
DEPTH prompts of viewing an ideal solution and compare it with evaluators’ find-
ings. This ideal solution is embedded in the design patterns that are related to the 
functionalities the evaluator have chosen. This is necessary since the underlying solu-
tions are ideal descriptions of how the system should perform the supported function-
ality in its specific context of use. 

During the evaluation of this specific financial site (www.naftemporiki.gr) and af-
ter running the proposed scenarios we reached several conclusions. Generally, in 
order for someone to personalize the content in this site, a sufficient capability of 
interacting with web based systems is needed. The metaphors used in addition with 
the maze-like way to retrieve useful information (not obvious stock names etc.) make 
the content management hard to achieve.  Many times while we tried to modify our 
personal portfolios, when we chose to delete a specific stock, the system wasn’t able 
to refresh itself, thus making things confusing and complicated for us. Further more 
the number of on-screen elements where numerous, and the options to style, position, 
or delete them were not provided.  These features could easily disorient the user.   

For this specific evaluation design patterns from on-line repositories have been 
used such as:  

• “Personalize 'My' Site” from Welie Web Design Pattern Repository  
(http://www.welie.com/patterns/showPattern.php?patternID=my-site),  

• “Drag and Drop” from the Yahoo Design Patterns Library 
(http://developer.yahoo.com/ypatterns/parent_dragdrop.php), 

• “Drag and Drop modules”  from the Yahoo Design Patterns Library 
(http://developer.yahoo.com/ypatterns/pattern_dragdropmodules.php) 

• “Customizable Window” from Welie Web Design Pattern Repository 
(http://www.welie.com/patterns/showPattern.php?patternID=customization-
window) 
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Recently several teams have been working on the use of adaptation patterns in the 
task of formulating standards for adaptive educational hypermedia (AEH) systems. 
Such a project was the EU ADAPT project which was project funded by the Euro-
pean Community (ADAPT, 2004), with the purpose to investigate current adaptive 
practices in various AEH environments (mature or still under development) and iden-
tify the design patterns within them. Within this project, design dimensions for high 
granularity patterns have been established.  

Also there are works that focus on detailing lower granularity adaptive patterns 
based upon learning styles. These patterns are of importance both for authoring, as 
well as for interfacing between adaptive hypermedia systems [3].  

The gathering of all these adaptation pattern repositories will enable us to create a 
superset of functionalities and lead us to the formation of a design pattern language 
for adaptive hypermedia systems. This pattern language will be the foundation in the 
DEPTH TOOLKIT Repository for creating usage scenarios and associating them 
with specific design patterns.  

4   Conclusions   

In this work we described DEPTH which is an innovative method for performing 
scenario-based heuristic usability evaluation of Web-Based systems. It is innovative 
since it uses the added value of design patterns in a very systematic way in the usabil-
ity evaluation process.  

The usability evaluation of Web-Based systems using design patterns is easy and 
almost trivial. The design patterns are useful for describing and analysing e-learning 
systems in detail. Design patterns not only provide the super set of functionalities of 
the ideal system but also blend design experiences and best practices. Design patterns 
are all about reusability, which seems to be the keyword in achieving the economies 
of scale for building affordable environments. 

Moreover, we have implemented a prototype Web-based tool for designing and 
implementing usability evaluations based on DEPTH method  (http://softlab.teipir.gr/ 
depth.htm).  The tool supports both preparatory and execution phases. More specifi-
cally, the tool supports the following tasks: 

• recording, browsing editing design patterns  
• assigning scenarios and appropriate tasks to design patterns 
• managing evaluation sessions and recording the evaluation reports 

In conclusion, third parties have not extensively applied this approach as yet. Until 
now we have organized systematic user trials of this approach and have started to 
experiment with applying DEPTH for evaluating the usability of different kinds of 
systems such as e-commerce sites, Learning Management Systems, Learning Object 
Repositories, Collaborative Net-meeting Environments, Wiki Tools for Collaborative 
Learning Environments and Asynchronous Computer Supported Collaborative Learn-
ing Systems. Our research lately is focused on Adaptable/Configurable web-based 
Systems and whether DEPTH can be applied for evaluating their usability. Our inten-
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tion is to make another step forward and try to deal with Adaptive Web-based Sys-
tems.  

Moreover, the production of the report can become more formal if we construct 
and associate a toolkit [15], such as a questionnaire, in each usage scenario and ask 
the evaluator to complete it after the execution of the scenario. Such a toolkit can 
provide data both for quantitative and qualitative evaluation using some mathematical 
approach (as in [12] and [6]) to calculate and analyse the data gathered. The whole 
process, that DEPTH proposes, is iterative and evolutionary as design patterns and 
design pattern languages are evolved over the time. The actual evaluations of the 
execution phase will give extra feedback and will help validate the underlying 
schema of DEPTH’s repository.  
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Abstract. We have developed an associative mechanism for adaptive genera-
tion of problems in tutors. We evaluated the adaptation using both within-
subjects and between-subjects design. In within-subjects evaluation, instead of 
comparing control and test groups of students, we compared control and test 
groups of student-concepts: i.e., concepts on which students received practice 
against those on which they did not receive practice due to limited duration of 
the practice. We found that adaptation targets the concepts less well understood 
by students. In between-subjects evaluation, we compared an adaptive tutor 
against a non-adaptive version, based on the premise that exclusionary adapta-
tion should be compared against the worst-case (all-inclusive case) and inclu-
sionary adaptation should be compared against the best-case (all-exclusive 
case). We found that students who use the adaptive version learn with fewer 
problems. We have proposed “gain” of adaptation as the percentage de-
crease/increase that results from exclusionary/inclusionary adaptation respec-
tively. 

1   Introduction 

Sequencing is an integral part of tutors. A typical tutor might sequence the topics, or 
the tasks within a topic. Given problem-solving task, classic tutors sequence the prob-
lems based on the domain model [11]. Adaptation has been attempted for various 
tasks in a tutor, including navigation, feedback and content presentation. The two 
mechanisms that have been attempted for adaptive problem-sequencing are vector 
spaces [13] and learning spaces [6].  

We have proposed an associative mechanism for adaptive generation of problems 
in tutors [7]. In this approach, we index problems by concepts. We specify profi-
ciency criteria for each concept in the domain model and maintain the student model 
as an overlay of the domain model. We use the round-robin algorithm to select the 
next concept the student has not yet understood and the next problem to be presented 
on that concept.  

Associative adaptation is domain-independent, easier to build and scalable. Unlike 
vector spaces [13] and learning spaces [6], there is no need to exhaustively enumerate 
and organize all the problem templates in associative adaptation. New concepts and 
problem templates can be added to the tutor without affecting any existing template 



and/or modifying the previously constructed vector/learning space. This feature per-
mits incremental development of tutors, which is invaluable when developing tutors 
for large domains.  

We have evaluated associative adaptation using both within-subjects and between-
subjects designs. In within-subjects evaluation, we compared the concepts on which 
students received practice against those on which they did not receive practice. In be-
tween-subjects evaluation, we compared an adaptive tutor against a non-adaptive ver-
sion. We will describe both these approaches in this paper, and list the results of 
evaluation. 

2   The Context - Programming Tutors 

We have been developing web-based tutors to help students learn C/C++/Java/C# 
programming language concepts by solving problems. To date, we have developed 
tutors on expression evaluation, selection statements, loops, pointers in C++, parame-
ter passing mechanisms, scope concepts and their implementation, and C++ classes. 
Our tutors target program analysis (solving expressions, predicting the output of pro-
grams and debugging programs) in Bloom's taxonomy [3] in contrast to program syn-
thesis (writing a program), which has been the traditional focus of intelligent tutors 
(e.g., LISP Tutor [12], ELM-ART [14]).   

Limited problem set has been recognized as a potential drawback of encoding a finite 
number of problems into a tutor [9]. Therefore, our tutors generate problems as instances 
of parameterized templates. Each problem template is indexed by one or more concepts, 
and the template is used to generate problems for only these concepts.  

During a typical tutoring session, a student steps through the following stages: 
• Pre-test – The pre-test consists of a predetermined sequence of problems covering 

selected concepts. The pre-test is of fixed duration. The tutor administers the pre-
test, but does not provide any feedback during the test.  

• Practice – The tutor adapts the practice session to the needs of the learner, i.e., it 
generates problems on only those concepts that the student does not already know, 
as demonstrated by his/her performance on the pretest. The tutor provides detailed 
feedback for each problem, which includes explanation of the step-by-step execu-
tion of the program [8]. The practice session lasts a fixed duration of time or until 
the student demonstrates proficiency on all the concepts, whichever comes first. 
Since the tutor is capable of generating problems as instances of parameterized 
templates ad-infinitum, it never runs out of problems during practice.  

• Post-test – The post-test consists of a pre-determined sequence of problems, cov-
ering concepts in the same order as the pre-test. The post-test is of fixed duration. 
The tutor administers the post-test, but does not provide any feedback during the 
test.     
The three stages: pre-test, practice and post-test are administered by the tutor back-to-

back, with no break in between.   
Numerous evaluations have shown that our tutors help students learn, e.g., in one con-

trolled test comparing a tutor with a printed workbook, improvement in learning with the 
tutor was larger and statistically significant compared to improvement with the printed 
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workbook [5]. Evaluations have also shown that the explanation of step-by-step execu-
tion provided as feedback by our tutors is the key to the improvement in learning [8]. We 
wanted to evaluate whether associative adaptation of problem generation helped improve 
the effectiveness of the tutors. The hypotheses for our evaluations were: 
1.  Associative adaptation targets the concepts less well understood by students. 
2.  Associative adaptation helps students learn with fewer problems. 

Next, we will describe two mechanisms that we used to evaluate these hypotheses in 
our adaptive tutor. 

3   A Within-Subjects Evaluation of the Adaptive Tutor 

We propose that if the time allowed for practice with a tutor is limited, instead of 
categorizing students as control and test groups, we can categorize student-concepts 
as control and test groups, and compare the two groups to determine whether the ad-
aptation addresses the needs of the student. 

In spring and fall 2005, we evaluated our tutor on selection statements. We used the 
standard pre-test-practice-post-test protocol as described earlier: 
• Pre-test – The pre-test consisted of a predetermined sequence of 21 problems cover-

ing 12 concepts. Students were allowed 8 minutes for the pre-test. The tutor used the 
pre-test to initialize the student model, as proposed by earlier researchers (e.g., [1,4]). 
However, the test was not adaptive as proposed by others (e.g., [2, 10]), because we 
wanted to compare the pre-test score with the score on a similarly constructed post-test 
to evaluate the effectiveness of the adaptive tutor.   

• Practice – The practice session lasted 15 minutes or until the student learned all the 
concepts, whichever came first.   

• Post-test –The post-test consisted of 21 problems, covering concepts in the same order 
as the pre-test. Students were allowed 8 minutes for the post-test.     
Since the practice provided by the adaptive tutor was limited to 15 minutes, students 

did not always get practice on all the concepts on which they had not demonstrated profi-
ciency during the pre-test. Therefore, we analyzed the data by student-concepts instead of 
students or problems. For each student, and each concept, we calculated the problems 
solved and average score on the pre-test, practice and post-test. Next, we grouped the 
concepts into four categories: 
• Discarded Concepts: Concepts on which the student did not attempt any problem 

during the pre-test or during the post-test because of the time limit on the tests;  
• Known Concepts: Concepts on which the student demonstrated mastery during the 

pre-test. The student could demonstrate mastery by solving at least 2 problems on the 
pre-test and scoring at least 60% on the problems; 

• Control Concepts: Concepts on which the student solved problems during the pre-test 
and the post-test, but did not demonstrate mastery during the pre-test and did not solve 
any problems during practice due to the time limit imposed on the practice session – 
this provided the datum for comparison of test data. 

• Test Concepts: Concepts on which the student solved problems during the pre-test 
and the post-test, but did not demonstrate mastery during the pre-test and did solve 
problems during practice – since the tutor provides feedback during practice to help 
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the student learn, data on test concepts could prove or refute the effectiveness of using 
the tutor for learning. 

Table 1: Classifying student concepts as discarded, known, control or test. 

Problems Solved Pre-Test Practice Post-Test 
Discarded 0 * * 
Discarded * * 0 
Known A  ≥ M1 & R / A ≥ M2 * * 
Control + 0 + 
Test + + + 

 
The four types of student concepts are summarized in Table 1, where * represents 0 or 

more problems solved, and + represents 1 or more problems solved. For our analysis, we 
ignored the discarded student-concepts since they represented incomplete data. We ig-
nored the known student-concepts – the tutor cannot be credited for the learning of the 
concepts that the students already knew during the pre-test. On the remaining student-
concepts, since each student served as part of both control group (on concepts for which 
the student did not get practice) and test group (on concepts for which the student did get 
practice), we consider this a within-subjects design, based not on the students but rather 
on the student-concepts. Since the control group of student-concepts represents no prac-
tice with the tutor, we cannot use this design to evaluate the effectiveness of adaptation in 
promoting learning. But, as we will discuss next, we can use this design to evaluate the 
effectiveness of adaptation in targeting the concepts less well understood by the students.  

In Table 2, we have listed the average and standard deviation of the number of prob-
lems solved (listed as “Prob.”) and the average score per problem (listed as “Ave.”) on 
the pre-test, practice and post-test for the 56 control student-concepts and the 135 test stu-
dent-concepts as defined above. The tutor presented at least two problems on each con-
cept during the pre-test and post-test, and was capable of generating problems on a con-
cept ad-infinitum during practice. The maximum possible value of average was 1.0. 
Therefore, no ceiling effect was observed.   

Note that the average score of the control group remained steady whereas the average 
score of the test group increased by 48% (from 0.46 to 0.68) and this increase was statis-
tically significant (2-tailed t-test p < 0.05).  This attests to the effectiveness of the feed-
back provided by the tutor. A repeated measures one-way ANOVA on the average score, 
with the treatment (adaptive practice versus no practice) as between-subjects factor and 
pretest-post-test as the repeated measure showed that there was a significant interaction 
between the treatment (adaptive practice versus no practice) and time repeated measure 
[F(1,189) = 10.211, p = 0.002]: while the average score with no practice remained the 
same, with adaptive practice, it showed a significant increase. 

What about the effectiveness of adaptation? Note that there is a statistically sig-
nificant difference between the control and test groups on the number of problems 
solved and the average score on the pre-test. The average score of the test group of 
student concepts is significantly lower than that of the control group of student 
concepts. This can be interpreted to mean that our adaptation targeted the concepts 
less well understood by the students.  
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Table 2: Control versus Test Student-Concepts from spring 2005 evaluation of Selection Tutor 

Pre-Test Practice Post-Test p-value Spring 05 
Selection Prob. Ave. Problems Prob. Ave. Prob. Ave. 
Control (N =  56 student-concepts) 
Average 1.02 0.88 0 1.11 0.87 
Std-Dev 0.13 0.30 0 0.31 0.31 

0.02 0.68 

Test (N =  135 student-concepts) 
Average 1.07 0.46 1.83 1.35 0.68 
Std-Dev 0.26 0.47 1.14 0.48 0.43 

0.00 0.00 

p-value 0.05 0.00  0.000 0.00  
 
We repeated our evaluation of the tutor in fall 2005. When we analyzed the data by 

student-concepts instead of problems, and divided the set of student-concepts into control 
and test groups as described earlier, we obtained the results in Table 3. Once again, no 
ceiling effect was observed. On control student-concepts, the average changed from 0.81 
to 0.76 from the pre-test to the post-test, and the change was not statistically significant (p 
= 0.55). On test student-concepts, the average changed from 0.61 to 0.86, and the change 
was statistically significant (p < 0.05). This again attests to the effectiveness of the feed-
back provided by the tutor, and the result was further borne out by ANOVA analysis. 

Table 3: Control versus Test Student Concepts from fall 2005 evaluation of Selection Tutor 

Pre-Test Practice Post-Test p-value Fall 05 
Selection Prob. Ave. Problems Prob. Ave. Prob. Ave. 
Control (N = 26 student-concepts) 
Average 1.15 0.81 0 1.46 0.76 
Std-Dev 0.37 0.35 0 0.51 0.40 

0.002 0.55 

Test (N = 87 student-concepts) 
Average 1.00 0.61 1.55 1.15 0.86 
Std-Dev 0 0.47 1.20 0.36 0.31 

0.000 0.00 

p-value 0.04 0.02  0.006 0.23  
 

Once again, note that there is a statistically significant difference between the control 
and test groups on the number of problems solved and the average score on the pre-test. 
The average score of the test group of student concepts is significantly lower than that of 
the control group of student concepts. This once again supports our hypothesis that our 
associative adaptation targets the concepts less well understood by students. 

4   A Between-Subjects Evaluation of the Adaptive Tutor 

Problem adaptation in our tutors is exclusionary, i.e., adaptation results in excluding 
unnecessary problems. In other instances, adaptation may be inclusionary, e.g., adap-
tation may result in including additional feedback to be provided to a student. We 
propose that exclusionary adaptation should be evaluated by comparing it against 
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the worst-case (all-inclusive case) and inclusionary adaptation should be evaluated 
against the best-case (all-exclusive case). 

An adaptive problem-generation tutor differs from a non-adaptive tutor in the follow-
ing respects: 
1.  The concepts for which it generates problems – whereas an adaptive tutor gener-

ates problems on only the concepts the student has not yet mastered, the non-
adaptive tutor generates problems on all the concepts, whether they have been 
mastered or not; 

2.  The number of problems it generates back-to-back on each concept – whereas an 
adaptive tutor can stop generating problems on a concept as soon as evidence is 
obtained of the mastery of a concept by the student, a non-adaptive tutor would 
generate a pre-determined number of problems on the concept before moving on to 
the next concept. We refer to this predetermined number of problems p as persis-
tence [7]. p = 1 may not reinforce learning due to rapid switching of concepts. p > 
3 may make the tutor predictable and boring.   

Clearly, adaptive problem-generation is exclusionary in nature. 
In the worst case, i.e., when the learner does not know any concept and cannot solve 

any problem correctly, a tutor will present the learner with problems on all the concepts, 
and present p problems on each concept. We evaluated the sequence of problems gener-
ated adaptively in our tutor against such a worst-case sequence of problems. When com-
pared against such a worst-case, any exclusion of problems by an adaptive tutor would be 
a reflection of how much better-prepared a student is compared to the student in the 
worst-case scenario. 

We conducted two between-subjects evaluations of the adaptation in our tutors in 
spring 2005, using our tutors on arithmetic expressions and relational expressions. We 
used the pre-test-practice-post-test protocol described earlier: 
•  Pretest: The pre-test consisted of a predetermined sequence of 21 problems covering 

17 concepts in arithmetic expressions tutor and 17 problems covering 17 concepts in 
relational expressions tutor. Students were allowed 7 minutes for the pre-test. 

• Practice: The practice session lasted 15 minutes. During practice, the test group used 
the adaptive version of the tutor, whereas the control group used a non-adaptive ver-
sion of the tutor: 
− The non-adaptive tutor generated problems for all the concepts in a predetermined 

sequence, and generated p problems for each concept before going on to the next 
concept (p = 2 for arithmetic expressions tutor and p = 1 for relational expressions 
tutor). It repeated concepts and problems for each concept in a round-robin fashion 
until the expiration of the time allotted for practice.  

− The adaptive tutor generated problems on only the concepts the student had not yet 
mastered, and generated up to p problems on a concept before going on to the next 
concept, value of p being the same as for the non-adaptive version of the tutor. If 
the student happened to demonstrate proficiency on a concept with fewer than p 
problems, the adaptive tutor skipped the remaining problems on the concept and 
proceeded to the next concept immediately.  

In the worst case, i.e., if the student scored zeroes on all the problems on all the con-
cepts in the pre-test, and continued to solve every problem incorrectly during the prac-
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tice, the sequence of problems generated by the adaptive tutor would be identical to the 
sequence of problems generated by the non-adaptive tutor.   

• Post-Test: The post-test once again consisted of a predetermined sequence of 21 prob-
lems covering 17 concepts in arithmetic expressions tutor and 17 problems covering 
17 concepts in relational expressions tutor. Students were allowed 7 minutes for the 
post-test. 
All the students whose last name started with A-K constituted the control group for the 

arithmetic expressions tutor evaluation and test group for the relational expressions tutor 
evaluation. All the students whose last name started with L-Z constituted the test group 
for the arithmetic expressions tutor evaluation and the control group for the relational ex-
pressions tutor evaluation. 

We have listed the results of evaluating the arithmetic expressions tutor in spring 2005 
in Table 4. The tutor presented 21 problems during pre-test and post-test, and was capable 
of generating problems ad-infinitum during practice. The maximum possible value of av-
erage was 1.0. Therefore, no ceiling effect was observed. Note that the pre-post im-
provement was statistically significant for both the control and test groups. The pre-test 
and post-test averages for the two groups are very similar, and any difference between the 
two groups is not statistically significant. However, the test group solved 33% fewer 
problems (25.37 instead of 37.43) during practice than the control group, and this differ-
ence is statistically significant. Since the control group got the worst case sequence of 
problems, students with the adaptive tutor solved 33% fewer problems than the worst 
case of a student who does not know any concept and solves all the problems incorrectly. 
We propose that this decrease is the “gain” of the adaptation – the percentage of prob-
lems excluded by the tutor due to the better-preparedness of the students. In inclusionary 
adaptation, the gain is the percentage increase that results from adaptation. 

Table 4: Control vs Test Groups from spring 2005 evaluation of Arithmetic Expressions Tutor 

Pre-Test Practice Post-Test p-value Spring 05 
Arithmetic Prob. Ave. Problems Prob. Ave. Prob. Ave. 
Control (N = 21 students) 
Average 10.48 0.46 37.43 14.10 0.61 
Std-Dev 4.21 0.25 19.10 4.95 0.24 

0.0001 0.0066 

Test (N =  35 students) 
Average 10.11 0.47 25.37 14.23 0.59 
Std-Dev 4.63 0.27 19.39 5.93 0.28 

0.0000 0.0004 

p-value 0.771 0.927 0.027 0.931 0.851  
 
We have listed the results of evaluating the relational expressions tutor in spring 2005 

in Table 5. The tutor presented 17 problems during pre-test and post-test, and was capable 
of generating problems ad-infinitum during practice. The maximum possible value of av-
erage was 1.0. Therefore, no ceiling effect was observed. Note that the pre-post im-
provement in average score was statistically significant for both the control and test 
groups. The pre-test and post-test averages for the two groups are very similar, and any 
difference between the two groups is not statistically significant. However, the test group 
solved 69% fewer problems (14.13 instead of 45.05) during practice than the control 
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group, and this difference is statistically significant. In other words, the gain of the tutor is 
69%. The gain of relational expressions tutor is larger than that of the arithmetic expres-
sions tutor presumably because relational expressions are easier than arithmetic expres-
sions. So, students needed fewer practice problems to learn the concepts. 

Table 5: Control vs Test Groups from spring 2005 evaluation of Relational Expressions Tutor 

Pre-Test Practice Post-Test p-value Spring 05 
Relational Prob. Ave. Problems Prob. Ave. Prob. Ave. 
Control (N =  21 students) 
Average 13.90 0.68 45.05 15.00 0.77 
Std-Dev 3.13 0.21 19.19 3.39 0.16 

0.256 0.020 

Test (N =  16 students) 
Average 14.56 0.73 14.13 15.38 0.82 
Std-Dev 3.44 0.22 16.12 2.58 0.16 

0.302 0.023 

p-value 0.554 0.474 0.0000 0.705 0.355  
 

These two evaluations support our hypothesis that associative adaptation of problem 
sequence helps the student learn with fewer problems. 

5   Discussion and Conclusions 

We have developed an associative mechanism for adaptive generation of problems in 
tutors. We evaluated the adaptation using both between-subjects and within-subjects 
designs. Associative adaptation can be used in any domain by 1) identifying fine-
grained concepts in the domain; 2) maintaining the overlay student model in terms of 
these concepts; and 3) using these concepts to index tutor activities. 

In within-subjects evaluation, instead of comparing control and test groups of students, 
we compared control and test groups of student-concepts, i.e., we compared the concepts 
on which students received practice against those on which they did not receive practice 
due to limited duration of practice. We found that adaptation targets the concepts less 
well-understood by students.  

Evaluating a tutor using control and test groups of student-concepts rather than stu-
dents is a novelty of our work. During the design of the evaluation, student-concepts may 
be explicitly grouped into control and test groups, so that each student receives differen-
tial treatment on some concepts, but not others. The result is either a within-subjects or a 
partial cross-over design. In our evaluations, we divided student-concepts into control and 
test groups post-hoc, i.e., after the students had used the tutor, based on whether or not 
they received practice on each concept. This within-subjects design could be confounded 
by factors such as the following: 
1. Fewer students may get adequate practice on concepts that appear late during the 

practice session. Therefore, the order in which problems are presented on concepts 
during the practice session will affect whether a student-concept ends up in the 
control or test group. Some concepts may be harder than others. Let us consider 
three scenarios: 
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a. If the tutor covered concepts during practice session in increasing order of diffi-
culty, control student-concepts would mostly consist of harder concepts. However, 
this is belied by the fact that the pre-test average on control student-concepts is sig-
nificantly higher than that on test student-concepts. 

b. If the tutor covered concepts during practice session in decreasing order of diffi-
culty, control student-concepts would mostly consist of easier concepts. This would 
support our claim that adaptation targets the harder concepts. 

c. If the tutor covered concepts during practice session in a random order that stochas-
tically distributed the level of difficulty of the concepts, the average pre-test score of 
control and test groups would be comparable.  However, this is not the case – in 
both tables 2 and 3, the difference between control and test group pre-test scores is 
statistically significant. 

2. Fewer students may manage to solve problems on the concepts that appear late in 
the pre-test or post-test. Therefore, the order in which problems are presented on 
concepts during the pre-test and post-test will affect the scores of control and test 
groups on the tests. Each test contained two consecutive sequences of problems, 
each sequence consisting of one problem per concept. So, students may solve more 
problems on some concepts than on others.  We took several measures to address 
these confounds in our analysis: 
a. The pre-test and post-test presented problems in the same order of concepts as the 

practice session.  
b. We discarded all the student-concepts on which students did not solve any prob-

lems either during the pre-test or during the post-test. Therefore, if students consis-
tently failed to solve problems on a concept because of its order on the pre-test/post-
test, we simply discarded the concept during analysis. We compared the pre-post 
change in average score using only those concepts on which a student had solved 
problems during both pre-test and post-test.  

c. Finally, we compared average score per problem, not raw score. This factored out 
the effect of different number of problems solved by students on the various con-
cepts. 

3. There is more room for students to improve on the harder concepts, i.e., test stu-
dent-concepts than on the easier concepts, i.e., control student-concepts. This con-
founds a between-subjects comparison of the post-test scores of control and test 
concepts to demonstrate the effectiveness of the tutor. But, we can still use the sta-
tistically significant pre-post improvement on the test concepts to back up our 
claim that the tutor helps students learn even the hard concepts.   

In between-subjects evaluation, we compared an adaptive tutor against a non-adaptive 
version. The premise for the comparison was that exclusionary adaptation should be 
compared against the worst-case (all-inclusive case) and inclusionary adaptation 
should be compared against the best-case (all-exclusive case). We found that students 
who use the adaptive version learn with fewer problems. We proposed “gain” of ad-
aptation as the percentage decrease/increase that results from exclusion-
ary/inclusionary adaptation respectively.   

Currently, we are working on exclusionary adaptation of cognitive feedback and inclu-
sionary adaptation of affective feedback in our tutors. We also continue to evaluate the 
adaptive generation of problems and its effect on student learning in our tutors. 
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Abstract. User testing tends to put participants in the role of the user. To 
evaluate complex systems (such as adaptive systems), a Wizard-of-Oz study 
may be used, where the role of the system is made easier by allowing somebody 
on the design team to perform part of it. In this paper, we propose a method 
whereby participants take the role of the system, allowing early user 
involvement in the design process. Participants’ actions can inspire the design 
of adaptive algorithms, and their rationale can inspire evaluation criteria. We 
illustrate the method with a number of case studies.  

1 Introduction 

It is a well-known principle in user interface design, that one should involve users 
early in the design process, rather than only in a final evaluation phase [22]. The same 
applies to adaptive systems [27]. Whilst there has been a serious lack of empirical 
evaluation of adaptive systems [6, 13], user involvement in the design of adaptive 
systems has been even more scarcely reported in the literature. There are, however, 
many early user involvement methods available to the user interface designer (see 
[12] for a more detailed overview) that may be applicable to the design of adaptive 
systems, such as: 

• Interviews and Questionnaires, in which users are questioned about themselves 
(like how much experience they have), their tasks, what they need, what they like, 
and what problems they experience.  

• Focus groups, in which a group of participants explore a set of issues [10] 

• Contextual Design, an ethnographic method, in which users are observed in their 
work place, to find out how they go about their work, in what environment, using 
which artefacts [3]. The idea is that users are the experts in their tasks and that 
observing them will provide more detail than asking them.  

• Cultural Probes, in which users are given tools such as a camera, postcards  with 
broad questions (like “what object in your home do you like best”) to use in their 
own homes, to provide designers with an impressionistic account of their beliefs 



and desires, their aesthetic preferences and cultural concerns [7].  The idea is that 
users may not know how new technology could impact their lives, so instead of 
asking them questions about the technology, one tries to get an insight into what is 
important in their lives.  

• Creative brainstorming sessions, in which a group of participants come up with 
new ideas for products or interfaces. 

The main results of these methods tend to be a good understanding of user 
characteristics (including user needs and desires), user tasks, context of use, and 
information architecture. In addition, there is a method for early user involvement in 
the evaluation of interactive systems: 

• Wizard-of-Oz studies, in which a human “Wizard” (somebody from the design 
team) simulates the system’s intelligence and interacts with the user through a real 
or mock computer interface [8]. This method tends to be used for rapid prototyping 
when a system is too costly or difficult to build [28]. Note that the wizards, in these 
studies, tend to follow a precise script (e.g. stating how to react to different user 
commands in a system that is supposed to use speech recognition). 

There has been some use of these methods for adaptive systems: for instance, [2] uses 
focus groups and creative brainstorming sessions to inspire a recommender system’s 
user interface; [17] uses Wizard-Of-Oz to prototype an intelligent agent. Contextual 
Design has been used to inspire Intelligent Tutoring Systems, for instance [1] based 
their geometry tutor on observations of the strategies employed by teachers.  

We are particularly interested in a method for using users to inspire the adaptation 
algorithms. We agree with the Contextual Design approach that it is better to observe 
users than to ask them questions, as users’ behaviour is often instinctive and their 
knowledge tacit [3]. Therefore, asking users how the adaptation algorithms should 
work may not give the desired effects. However, observing experts in their normal 
setting (like [1] did for teachers), is not ideal either, as the experts may use 
background and contextual knowledge (like a student’s facial expressions and deep 
knowledge of a student’s abilities build up over time) that are not available to a 
system. Also, such studies would be limited to those situations that happened to occur 
in the real-world setting (so, outside the control of the system designer). Finally, they 
would be limited to design of the system as a whole, rather than individual adaptation 
layers.  

In this paper, we describe a method inspired by the Wizard-of-Oz and Contextual 
Design methods. This method has been partially applied before both by us (e.g., [14, 
15, 16] and others (e.g. [21]). The focus of this paper is to make this method more 
explicit, trying to provide clear guidelines for young researchers. We believe such 
guidelines are needed for the user-centred design of adaptive systems to mature. 

Section 2 will outline the method. Section 3 introduces four case studies of 
adaptive systems and shows how the method has been applied for each of them. 
Section 4 draws some conclusions.  

The user as wizard 461



2 Users-As-Wizards Method 

The main idea of the method is to use participants in the role of the wizard, and leave 
them completely free to perform the wizard’s task, so without giving them a script to 
follow. Humans tend to be good at adaptation, so, observing them in the role of the 
wizard may help to design the adaptation. Participants will be given the same 
information as the system would have. They will be dealing with fictional users rather 
than real ones. This will allow us to study multiple participants dealing with the same 
user, to study particular user types, and to control exactly what information the 
participants get.   

The method consists of two stages. In the first stage, participants take the role of 
the adaptive system (or a component of it). This will teach us how humans perform 
the task we would like our adaptive system to perform. In the second stage, we 
consolidate this understanding by having participants judge the performance of others. 
The case studies presented in Section 3 serve as examples for each of the steps below.  

Exploration stage 

1. Present participants with a scenario describing a fictional user (or group of users) 
and the user’s intentions (task). 

Using fictional users is a well-known technique in user-centred design, where so-
called personas are developed as examples of user classes [9]. For instance, a 
designer may take a fictional person like Bart Simpson (or one they developed 
themselves) into consideration to decide for instance what requirements a new 
system for booking cinema tickets should meet. Similarly, scenarios are used 
extensively [5], which are stories of a persona doing a task (e.g. “Bart Simpson 
wants to buy cinema tickets on the internet, to go to the movies with his friend. He 
wants cheap tickets and likes sitting at the back so that he can throw paper 
airplanes at the people in front. He would prefer to go to a violent, adult certificate 
movie, but if he cannot get away with that, he will settle for a comedy.”) Personas 
and scenarios are also used in expert evaluations, such as cognitive walkthroughs 
[25] in which a usability expert walks through an interface based on the correct 
action sequence for a task specified in a scenario, keeping the persona in mind to 
decide whether actions are likely to be successes or failures. So, creating these will 
be beneficial for other stages of the design process as well. 

2. Give participants the task the adaptive system is supposed to perform. 

For instance, suppose the scenario describes 7 year old Mary visiting a museum, 
and tells you that Mary likes horses, flowers, and the colour pink. A task given 
could be to recommend three paintings for Mary to view. There is no need to tell 
participants that they have to adapt. They will automatically base their 
recommendations on what they know about Mary.  

3. Find out participants’ reasons for their decisions and actions.  

Participants’ rationale is crucial as this reflects (a) what participants found 
important, providing criteria on which to judge adaptation, and (b) how they went 
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about the task, providing inspiration for the adaptation algorithm. Different 
observational methods can be used for this, such as:  
− Thinking-a-loud, whereby participants are asked to verbalize their thinking 

while doing the task [18]. Participants need to be trained in this.   
− Co-discovery, whereby participants work together with somebody they know 

well, and their naturally arising discussion shows their thinking [29]. This 
method has a clear advantage over thinking-aloud in that it is easier and more 
natural for participants, and does not require training.   

− Retrospective testing using a questionnaire or interview, whereby participants 
tell you their rationale after each task, possibly while watching a video of their 
actions. This method is less suitable with longer task durations, as participants 
may have forgotten why they acted in a certain way. 

4. Steps 1 to 3 can be repeated for a number of scenarios.  

A within-subject design can be used, in which each participant performs the task 
for a number of scenarios. In this case, it is may be appropriate to randomize the 
order in which the scenarios are done, to avoid any order effects. Alternatively, a 
between-subject design can be used, in which the participants are assigned to a 
condition, and depending on this condition work on a different scenario. A 
combination is also possible, in which participants are assigned to a condition and 
work on a different set of scenarios.  

 
A limitation of the exploration phase is that it may be less suitable for tasks that 
humans are bad at. Basing adaptation algorithms on human performance is only 
sensible if humans perform well. The consolidation phase will verify the acceptability 
of the human performance and determine in what respects it can be improved.  

Consolidation stage 

It is best to use new participants for this stage, rather than reusing those of the 
exploration stage.  

1. Present participants with (a) a scenario involving a fictional user (or group of 
users) and the user’s intentions, and (b) an associated task.  

The scenario and task used are typically the same as in the exploration stage. 

2. Show the participants a performance on this task for this scenario. 

The performance shown can be human performance (as from the exploration 
stage), or it can be system performance (e.g., using an algorithm based on the 
exploration stage). Participants are not told the difference: either they are told that 
all performance is that of a system (or human), or they are not told the origin at all. 

3. Ask participants to judge the quality of task performance.  

Judgements can be asked on multiple criteria. These criteria may be based on 
observations in the exploration phase of what participants seemed to find 
important. They could also be based on what system designers think is important, 
or what the literature indicates as important.  
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4. Find out participants’ reasons for their judgments.  

Similar observational methods can be used as in the exploration phase. 

5. Normally, steps 2 to 4 are repeated for a number of task performances. 

The order of task performances should be randomized, to prevent an order effect. It 
is possible to intersperse judgments of human performance with judgements of 
system performance. Note that this starts to resemble a Turing test [24], in that we 
could say that our system performs well, if participants judge it as well as they 
judge human performance. However, depending on the system task, we may want 
our systems to outperform humans (e.g. when automatically detecting terrorists in 
a crowd), or may still be satisfied with performance that is below human 
performance (e.g. when recommending books).  

6.  Steps 1 to 5 can be repeated for a number of scenarios.  

A within- or between-subjects design can be used, or a combination. 
 
A limitation of the consolidation stage is that participants’ judgments may not always 
correspond with what would be best for users. For instance, in a study of a medical 
reporting system, [11] found that while doctors said they preferred graphs, they 
actually performed better with texts. For this reason, a normal user test of system 
performance will still be needed. The User-as-Wizards method is only intended as an 
initial step in the design process.  

It should also be noted, that there are some tasks that are inherently more difficult 
for humans than for computers. E.g. humans tend to be bad at processing large 
amounts of data. For such tasks, humans may have difficulty not just deciding how to 
adapt, but also judging adaptation. The method is less suitable for such cases.  

3 Case studies 

To make the method more concrete, we will show how it has been applied to a 
number of adaptive systems. As the main purpose of this section is to illustrate the 
method, we will not describe the systems or the studies in detail.   

3.1 Group recommender system 

This system and study are described in detail in [14]. As with all case studies, we will 
summarize the purpose of the system, what we needed to find out, and how we did the 
various steps in the method: 
• System purpose. To select a sequence of items (e.g. music clips) adapted to a group 

of users. 
• Problem. How should ratings by individual users be aggregated into ratings for the 

group as a whole? Many different aggregation strategies existed, and we needed to 
know how suitable they might be, and how to judge them. There were far too many 
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for an ordinary user test, and the domain was too complicated for normal user 
testing anyway [14]. 

• Exploration stage. 
− Scenario. “John, Mary, and Adam are going to watch video clips together. We 

know how interested they are in the topics of the clips. Each clip is rated from 1 
- really hate this topic - to 10 - really like this topic. [A table shows each 
individual’s liking for each of the clips]. They only have time to watch five 
clips.” 

− Wizard Task. “Which clips should they watch?” 
− Observational method. Question, namely “Why?” 
− Repetition. We used a between-subjects design. Half the participants were given 

the scenario as above. The other half were given one in which ages had been 
given for John, Adam and Mary, with Adam having a grandfather like age. This 
was to investigate whether this would have an influence.  

− Results. We found that participants care about avoiding misery and fairness. We 
did not find that the ages mattered. We also compared their recommendations 
with those resulting from the aggregation strategies, and based on this, we could 
restrict the number of aggregation methods to consider. 

• Consolidation stage. 
− Scenario. We used a slight variation on the scenario from the exploration stage, 

instead of “John, Mary and Adam”, we used “You and two friends (Friend 1 and 
Friend2)”.  

− Performance. “The TV decides to show you the following sequence of clips [a 
sequence is given].” Performance was that of various group aggregation 
strategies.  

− Judgement task. “How satisfied would you be?, How satisfied do you believe 
Friend1 would be?, How satisfied do you believe Friend2 would be?” A seven 
point Likert-scale was used.  

− Observational Method. “Why” questions were asked for each judgement 
question.  

− Repetition. A combination of a within- and between-subjects design was used. 
Each subject was given three performances to judge, but these three varied over 
subjects.   

− Results. The same aggregation strategies that did not match participants’ 
performance in the exploration stage received negative judgements in this stage, 
so the findings from the exploration were confirmed. Subjects were better at 
expressing a rationale in the exploration than in the consolidation stage. 
Nevertheless, we also found some new criteria, such as a wish to end the 
sequence on a high. We also got interesting results from a comparison of 
participants’ judgements with those by predictive models (beyond the scope of 
this paper). 
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3.2 Persuasive system to promote wellbeing 

Some other researchers have also used the exploration phase. This system and study 
are described in detail in [21]. 
• System goal. To automatically construct a personalized persuasive message to 

convince a user to eat more healthily. 
• Problem.  What kind of arguments to use (a distinction is made between emotional 

and rational arguments), and how to structure the message. 
• Scenario. Participants were given a story describing a fictional friend, with details 

about her personality, goals, habits, as well as facts related to healthy eating.  
• Wizard Task. Construct a message to convince this friend to eat more healthily.  
• Observational method. None used. 
• Repetition. They used a between-subject design with four groups, varying the facts 

mentioned in the scenario (from positive effects on health or appearance due to 
healthy eating, to negative effects due to unhealthy  eating).   

• Results. They found that subjects mainly used emotional arguments (e.g. trying to 
get their friend to feel pride or shame) rather than rational ones, and that the 
recommended activity (of eating more healthily was introduced late in the 
message, and sometimes even left implicit. They used the results as a basis for 
constructing belief networks.  

3.3 Modelling the effect of emotional contagion on satisfaction 

According to layered approaches to the evaluation of adaptive systems [19, 4, 26, 20], 
different system layers need to be evaluated independently. For instance, one should 
evaluate the accuracy of the user modeling independently of the performance of the 
system as a whole. The importance of this has been clearly illustrated by a layered 
evaluation in [23], which showed that while people were satisfied with the system as a 
whole, its user modeling was seriously lacking in accuracy. The layered principle 
should also be applied to user involvement in design: we should involve the user in 
designing individual layers, not just the system as a whole. In this case study, we 
looked at part of the user modeling layer. 

This system and study are described in detail in [15]. In this case, we only applied 
the exploration stage of the method.  
• System purpose. To select a sequence of items (e.g. music clips) adapted to a group 

of users. 
• Layer purpose. Modeling the effect of the other users’ satisfaction on the 

satisfaction of an individual user.  
• Problem. Based on the literature, other people’s emotions may influence your own, 

and this may depend on the type of relationship you have with them (see literature 
in [15]). How does the relationship type influence emotional contagion? 

• Scenario. “Think of somebody [who meets some relationship criterion]. Assume 
you and this person are watching television together. You are enjoying the program 
a little.” 

• Wizard task. “How would it make you feel to know that the other person is [other’s 
emotion: enjoying it a little or really hating it]?” Five answer categories were 
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provided, from “decrease a lot” to “increase a lot”. So, the wizard’s task in this 
case is to perform a little part of the user modeling,  namely indicating how the 
emotions in the user model should change in a certain situation.  

• Observational Method. None used.  
• Repetition. We used a within-subject design. We varied the emotions of the 

imagined other person (happier, and unhappier), and varied the type of relationship 
of the participant with the imagined other person, using four types.  

• Results. We found that emotional contagion did indeed happen, and that some 
relationship types led to more contagion than others. This can be incorporated in 
the modelling.  

3.4 Hierarchy optimalisation system 

This system and study are described in detail in [16]. In this case, we learned a lot 
more from the consolidation stage than from the exploration stage. However, the 
exploration stage was vital to provide the material for the consolidation stage. 
• System goal. To automatically construct a good personalized hierarchy for items of 

interest to the user.  
• Problem. How to group items together in a hierarchy, and what titles to use for the 

groupings? Literature suggests that balance in important in hierarchies, and that is 
better for hierarchies to be wide rather than deep.  

• Exploration stage. 
− Scenario. Participants were given a set of items of interest to a user.  
− Wizard Task. Construct a suitable textbook hierarchy to contain the items, 

inventing titles for chapters, sections etc.  
− Observational method. Co-discovery. 
− Repetition. No repetition was used. Task took about fifty minutes. 
− Results. Participants found this a difficult task, and some of the hierarchies 

produced seemed to have poor groupings and titles. Participants’ hierarchies 
tended to be balanced in depth. Titles were of a type a system could generate.  

• Consolidation stage.  
− Scenario. No scenario was given. 
− Performance. Hierarchies were shown that had been made by the participants of 

the exploration stage. In addition, three hierarchies were shown that had been 
generated by an algorithm. 

− Judgement task. Participants were asked to what extent they agreed with three 
statements about the given hierarchy (e.g., “some categories should have been 
merged”), to judge the category naming, and the hierarchy as a whole. Seven 
point Likert scales were used.  

− Observational Method. Subjects were asked what they disliked most about the 
hierarchy, with the option to provide three answers. 

− Results. We got a very clear idea of the criteria participants’ applied. This led to 
the definition of a number of additional criteria for a good hierarchy and an 
improved hierarchy construction algorithm.  
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4 Conclusions 

Adaptive systems can clearly benefit from the many methods available in the Human-
Computer Interaction field to involve users in system design and evaluation. In this 
paper, we have presented and illustrated a method to involve users very early on, to 
inspire the adaptation algorithms. This method has been inspired by Contextual 
Design and Wizard-of-Oz. Parts of this method have been used before, but we hope 
that making the steps involved more explicit will help its adoption in the user-centred 
design of adaptive systems.  

The consolidation stage of this method may also be useful when it is difficult to 
perform a direct user test. For instance, typically one would like a user test to take no 
more than an hour. This can make it hard to do a direct evaluation of a system that 
needs time to adapt to a user. Letting participants judge system performance for a set 
of fictional users is one way to evaluate, even if it is an indirect way.  
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Abstract. Eliciting user requirements at an early stage of software development 
can safe development time and effort. However, identify requirements for 
adaptivity, such as inter-individual differences in needs or preferences is not 
trivial. In this paper we revisit results reported in a previous paper from a 
methodological point of view. Using an example, we argue that scenarios in 
combination with structured interviews are not able to adequately identify 
adaptivity requirements due to reasons inherent to the method, such as the 
users’ trust and their ability to anticipate system funtionality. We suggest that 
more implicit methods must be used at early development phases to obtain 
unbiased results. 

1 User-Centered Design and Adaptivity 

User-adaptive systems are by definition interactive systems. While there is only little 
literature on guiding the development of user-adaptive systems from a software 
engineering point of view (e.g., [8]), user-centered design techniques seem to be an 
obvious process to be adopted for the design of this kind of systems. The rational of 
user-centered design (UCD) is to place the person as opposed to the software artifact 
at the center [7]. Users are involved in the development process in very early phases 
of the software development and in fact throughout the complete development life-
cycle. Involving users from the very beginning can help to discover their mental 
models and expectations, to identify and analyze theory tasks, workflow and goals, 
and in general to validate the developers’ assumptions about the users. As UCD 
focuses on cognitive factors (such as perception, memory, learning, problem-solving, 
etc.) it seems particularly suitable for user-adaptive systems. 

In this paper we explore the suitability of one particular technique for eliciting user 
requirements: scenarios. We argue that scenarios used in combination with structured 
interviews are not able to adequately identify adaptivity requirements due to reasons 
inherent to the method. Using the example of the development of a decision support 
system, we show that scenarios did not inform the development process in the 
expected way. Reasons for this shortcoming are discussed. 



2 Informing the Development of a Decision-Support System 

In a previous paper [6] we outlined the development of a Decision-Support System in 
the domain of software engineering.  

2.1 Software engineering decision support 

Software engineering decision support (SE-DS) is an emerging field [9,10]. One of 
the major goals of SE-DS is to support software managers in selecting suitable SE 
technologies.  Suitability implies the existence of a defined level of evidence about 
the effectiveness of a specific SE technology in a given context.  

In summary, a SE-DS aims at providing managers in the software process with a 
comprehensive overview of the state-of-the-art and the state-of-the-practice in 
software engineering in order to facilitate decisions upon new methods and techniques 
to be introduced. Software engineering roles that might benefit from decision support 
include the project manager, the product manager, and the quality manager. 

2.2 Adaptivity Hypothesis 

We set up a pilot study in order to elicit requirements for such a system. We expected 
that the systems’ presentation of the results should be tailored to these different roles. 
For example, while project managers might be more interested in the impact of a 
particular method on project results in general, quality managers might have a focus 
on the potential to detect or reduce error rates. We anticipated a system that might 
learn from interaction what items to recommend to users in different roles using a 
case-based reasoning (CBR) approach [1]. Similar user modeling techniques have 
been shown to be effective in adaptive sales support [4,12] as well as adaptive 
decision support for IT security tasks [5]. 

2.3 Data Collection Method 

A number of data collection techniques have been suggested to inform the 
requirements phase when developing a user-adaptive system [2], including interviews, 
questionnaires, focus groups, systematic observations, task analysis, cognitive and 
socio-technical models, contextual inquiry, participative evaluation, ethnography. 

As we had no existing system or early prototype available that could be analyzed in 
focus groups or be the basis of a task analysis or contextual inquiry, we decided to 
assess the preferences and goals of software managers with structured interviews. In 
order to help interviewees imagine concrete decision support tasks and situations in 
which a comprehensive SE-DSS might (or might not) be helpful, we offered three 
scenarios. A scenario consisted of a common part to set the scene of management 
decision-making (i.e., what kind of information can be obtained, what is the basis for 
decision support, what is not avail-able), and specific parts linked to one of three 
particular roles: (1) quality manager, (2) project manager, and (3) product manager. 
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By introducing these scenarios we aimed at finding differences in the user 
requirements of the three roles. If that was the case, the development of a 
comprehensive SE-DSS had to take these differences into consideration by modeling 
these differences. 

The interview questions were developed in collaboration with an expert in 
cognitive psychology. Question 1 aimed at eliciting reasons for using a 
comprehensive SE-DSS (motivation). Question 2 aimed at identifying benefits of a 
comprehensive SE-DSS for improvement management on the organizational level. 
Question 3 aimed at getting an idea of the amount of user interaction that could be 
expected. Question 4 aimed at identifying the types of information that users need for 
comprehensive SE-DS. Question 5 aimed at prioritizing the different types of in-
formation needed by the users. Question 6 aimed at getting a better understanding 
about how query results should be presented to the user.  Question 7 aimed at 
identifying other application areas (not mentioned in the scenarios) of comprehensive 
SE-DSS. 

The questions were not only aimed at eliciting requirements from potential future 
users of a comprehensive SE-DSS, but also to answer the question if a user modeling 
approach should be used for implementation. Additionally, the questions were used to 
substantiate the validity of the scenarios offered to the interviewees. 

Obviously, from a user modeling point of view, questions 3, 4 and 5 are the most 
relevant for creating a user model while we did not expect differences across roles for 
the other questions. 

2.4 Sampling 

Participants were selected on the basis of two criteria: In order to be relevant, 
interviewees had to be sufficiently mature with regards to software management 
experience. In order to be reliable, a sufficient number of subjects had to be 
interviewed. Being a research institute that is largely involved in conducting research 
and transfer projects with software industry, Fraunhofer IESE offered enough experts 
to conduct a pilot study. In total, seven business area managers, one institute director, 
and one department head participated in the pilot study. Business area managers are 
senior consultants who establish and maintain contacts with industrial partners, 
acquire projects, and help transfer research results into industrial environments. 
Personal industrial project experience within the group of interviewees ranged from 5 
to 17 years.  

2.5 Procedure 

The interviews were conducted as follows. Interviewees received the common part of 
the scenario description and two role-specific scenario descriptions a couple of days 
prior to the interview. When the interview started, first the role-specific scenario was 
presented to the interviewee. Then, the interviewee was asked to answer the questions 
from the perspective of the first role. When all questions related to the first role had 
been answered, the second role-specific scenario was presented to the interviewee, 
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and the interviewee was asked to take up the second role and think about differences 
in the requirements for that role. Roughly ¾ of the time were assigned to the first role, 
¼ to the second role. Eight of the nine interviews were recorded with an MP3 stick. In 
one case, a scribe recorded the interview on paper. All interviews lasted between 25 
and 35 minutes. The set of questions was not sent to the interviewees in advance. 
Also, there was no communication between interviewees about the content of the 
interviews while the study was conducted. 

Each interviewee was randomly assigned to two of the three specific roles. Table 1 
shows the random assignment of role-specific scenarios to interviewees.  

Table 1. Assignments of role-specific scenarios to interviewees (1 = quality manager; 2 = 
project manager; 3 = product manager) 

Interviewee A B C D E F G H J 
1st role 1 1 2 1 1 2 1 1 2 
2nd role 2 3 3 2 3 3 2 3 3 

 
The procedure we used to aggregate and synthesize the answers given by the 

interviewees was inspired by the grounded theory approach [11]. We started the 
transcription with the first interview and the first question. Then we took the next 
interview and tried to find communalities and differences related to the first answer of 
the first question. If a similar answer was found, the counter of the first answer to the 
first question was set from 1 to 2. If no sufficient similarity was encountered, then the 
new answer from the second interview was added to the list of answers related to the 
first question. When all interviews were checked for question one, we repeated this 
procedure for question two, starting with the first interview. When an answer that was 
given to a question was found to be more related to another question, then this answer 
was re-assigned to that more relevant question, again following the procedure 
described above. After having processed all answers related to all questions, we 
double-checked that the aggregated and synthesized answers still represented 
sufficiently well the set of answers originally provided by the interviewees.  

In addition to counting the occurrence of similar answers, a binary ranking was 
made: the interviewee explicitly or intuitively expressed high importance (H) of the 
response to the question, either explicitly ranked it as medium important (M) or did 
not clearly rank it as highly important. The process of aggregation and ranking 
resulted in Tables 2 to 6. 

2.6 Results 

All of the interviewees accepted the pre-defined scenarios as being relevant and 
practical, none had difficulties with understanding. We interpret this finding to 
support the construct validity of our measurement instrument (scenario-based 
structured interviews). 

For creating a user model question 4 and 5 are of interest. We found that the 
participants would actually prefer some kind of intelligent support rather than 
interacting with a “dull” search engine. Especially in the case of huge result sets it 
gets attractive to have some support in reducing the number of hits interactively. 
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However, several people mentioned that a combination of the two strategies might be 
preferable to give the user the freedom to use the intelligent support or not. Four 
people mentioned the transparency of the system would be a major issue. Users want 
to know why they received a specific result set otherwise they would not have enough 
trust in it. Moreover, the user modeling mechanism should not require them to answer 
long list of questions, i.e., the interaction should rather be goal oriented. See Table 2 
for an overview of the answers and the importance ratings. 

Table 2. Interaction preferences (question 3). Frequency of answers with high importance (H) 
and medium importance (M). 

 Two alternative interaction strategies.  
1. Similar to a search engine but more specialized.  
2. Iterative refinement of the solution area by user model      
    based interaction.  
Which strategy would you prefer, and why? 

H M 

3.1 A combination of the alternatives is preferable 3 4 
3.2 Transparency is important: Why did I get this result set? Access to 

the full set should be possible 
4  

3.3 Not answering lots of questions, but fill in a template with check-
boxes 

2  

3.4 Especially in case of a huge result set, the second alternative becomes 
more attractive 

3 1 

3.5 Guidance for reducing the result set (e.g., use the context to reduce 
result set) 

3  

3.6 Interaction has to be goal/problem oriented 1  
 

Questions 4 and 5 are closely related. In order to get unbiased but comparable 
answers at the same time we split the assessment of presentation preferences into two 
parts. First, we asked openly for the type of information that should be provided by a 
SE-DSS, i.e., the interviewees brainstormed on information types without guidance in 
order to not neglect relevant types a priori. Second, each participant had to rate a 
given list of information types in regard to his or her preferences. We intended to base 
the design of the user model on this rating. 

Question 4 validates our assumptions about the relevant information. Participants 
mentioned most of the information types that were included in our list anyway but did 
not request new types. See Table 3 for a summary and relevance rating of the 
answers. 

In question 5 the interviewees were asked to rank the types of information that is 
available from empirical studies with regard to the value the information delivers 
them for their decision process. 

Tables 4 to 6 show the raw data and the mean of the ratings. There is no clear 
profile of any of the three roles. The variations of preferences within a role (e.g., 
comparison of Q1 and Q2) seem to be similar to the variations identified between 
roles (e.g., Q1 and Pj1). Statistical analysis yielded no significant differences, but is 
of course limited due to the low number of subjects.  
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Table 3. Types of information needed (questions 4). Frequency of answers with high 
importance (H) and medium importance (M) categorized by role. 

 Results from empirical studies can be described and aggregated differently. Which 
information should be provided by the DSS? H M 

Quality manager 
4.1 Which techniques are available (information on a highly aggregated level)? 1  
4.2 How effective/efficient is a certain technique with respect to which quality aspect? 1  
4.3 Description of the process in which a SE technique shall be applied 1  
4.4 Costs for introducing/applying the SE technique 1  
4.5 Experience with the application of the technique 1  
4.6 To get information about the impact a single SE technique has on the whole 

development process 
1  

4.7 Information that allows for conclusions about the validity of empirical results 
associated with a particular SE technique 

1  

4.8 Context information (kind of system, programming language, process step) 1  
Project manager 

4.9 Description of the project context in which the results are gained 2   
4.10 Costs for introducing/applying the SE technique 1 1 
4.2 How effective/efficient is a certain technique with respect to which quality aspect?  1 
4.11 Needed level of education of the employees  1 

Product manager 
4.8 Context information (kind of system, programming language, process step)  1 
4.12 Description of the technique  1 
4.5 Experience with the application of the technique  1 
4.13 Who has applied this technique 1 1 
4.14 Impact on product quality and development costs   1 
4.11 Needed level of education of the employees 1  
4.2 How effective/efficient is a certain technique with respect to which quality aspect? 1  

Table 4. Quality managers’ (Q1-Q4) ranking of information types (question 5)  

Interviewee & Role Q1 Q2 Q3 Q4  
Kind of Information Rating Mean Rank 
Results 11 13 14 14 13 1 
Lessons learned 1 14 13 11 12.25 2 
Others’ Experience  8 14 11 14 11.75 3 
Evaluated techniques  12 11 14 8 11.25 4 
Validity of results 10 12 13 10 11.25 5 
Object of Study 14 0 12 14 10 6 
Purpose of evaluation 12 0 12 14 9.5 7 
Quality attribute 13 10 14 0 9.25 8 
Hypotheses 11 0 13 12 9 9 
Subjects 9 2 12 13 9 10 
Controlled variables 9 5 12 6 8 11 
Dependent variables 9 4 12 7 8 12 
Publication 8 3 11 9 7.75 13 
Cost (educating the subjects) 0 0 12 14 6.5 14 

 
However, we were not able to demonstrate differences in presentation preferences in 
regard to the roles.  

The seventh question was not intended to elicit new requirements but to confirm 
the relevance of our scenarios, and to identify new/other application areas for a 
comprehensive SE-DSS. Since the answers were not used for requirements elicitation, 
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we omit the related table here. The relevance of the scenarios was confirmed. In 
addition, the answers confirm findings from question two, but on a more general 
level. For example, it was mentioned that a comprehensive SE-DSS could be used to 
educate new employees, or store (and maintain) project experience. Additionally, the 
available information might be used to focus in future studies on SE technology 
effectiveness/efficiency, and thus help improve the coordination of empirical 
research. 

Table 5. Project managers’ (Pj1-Pj2) ranking of information types (question 5) 

Interviewee & Role Pj1 Pj2  
Kind of Information Rating Mean Rank 
Evaluated techniques 14 14 14 1 
Others’ Experience 14 14 14 2 
Validity of results 13 14 13.5 3 
Object of Study 14 12 13 4 
Quality attribute 14 12 13 5 
Results 14 12 13 6 
Controlled variables 13 13 13 7 
Lessons learned 13 12 12.5 8 
Cost (educating the subjects) 13 12 12.5 9 
Subjects 12 13 12.5 10 
Purpose 12 12 12 11 
Hypotheses 12 12 12 12 
Dependent variables 12 12 12 13 
Publication 12 12 12 14 

Table 6. Product managers’ (Pd1-Pd3) ranking of information types (question 5) 

Interviewee & Role Pd1 Pd2 Pd3  
Kind of Information Rating Mean Rank 
Object of Study 14 14 14 14 1 
Quality attribute 13 14 13 13.33 2 
Results 13 13 11 12.33 3 
Hypotheses 11 13 12 12 4 
Validity of results  13 13 10 12 5 
Dependent variables  13 14 9 12 6 
Purpose of evaluation 13 14 8 11.66 7 
Lessons learned 13 14 7 11.33 8 
Others’ Experience  13 13 6 10.66 9 
Evaluated techniques 13 14 5 10.66 10 
Subjects 13 14 4 10.33 11 
Controlled variables 12 14 3 9.66 12 
Cost (educating the subjects) 13 13 2 9.33 13 
Publication 12 12 1 8.33 14 

3 Discussion 

Surprisingly, we did not find much difference between the three management roles. 
The answers given were too similar, no matter which specific role was assigned to an 
interviewee. 
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3.1 Limitations of the Instrument 

At the moment, it is not fully clear whether this indicates that differences between 
roles are not as large as we originally expected, or whether the answers given by the 
interviewees were too strongly influenced by the way role-specific scenarios were 
presented to them. Also, the subjects might not be fully representative for the 
specified roles due to the nature of their work in research environments, which is 
probably not as strongly focused on actual (and mostly short-term) decision-making 
within software projects. 

Some of the subjects were skeptical if they would use such a web-based DSS, as 
they felt unable to estimate the actual power of such a system in supporting them in 
their job. This partly seems to reflect the common fear that web-based information 
sources potentially create information overload. 

Moreover, users might just have been unable to anticipate what would be adequate 
functionality under particular circumstances. A scenario can certainly only sketch the 
potential power and functionality. Design issues are intentionally precluded. 

SE-DSS are supposed to provide the basis for important strategic decisions such as 
the adoption of a new engineering method in a project. In order to do that, users must 
have trust in the recommendations of the system. The system must respect usability 
goals such as predictability, comprehensibility and controllability [3]. We argue that 
study participants might not have been in favor of an adaptive version of the system 
as it might compromise these usability goals. While user tests and summative 
evaluations might even show that user-adaptivity can increase performance (i.e., 
precision and recall) and effectivity, users might be frightened by the possibility of 
“biased” search results when confronted directly. 

3.2 Alternatives 

Despite these limitations of the requirements elicitation instrument used in the 
example above, alternative approaches are not obvious. Scenarios and structured 
interviews were chosen due to the lack of a prototype or similar system. In the 
hindsight it might have been worthwhile to invest additional effort in creating a mock-
up prototype that illustrates the potential of such a system.  

4 Summary 

In the presented case study, structured interviews did not elicit sound requirements for 
adaptivity. Unfortunately, the results remain inconclusive in regard to whether it is 
worthwhile to model user characteristics in this particular case.  
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Abstract. Availability of automated tools and methods to evaluate
adaptive systems is a fundamental requirement to promote a wider adop-
tion of these systems. An obstacle in this direction is the difficulty of
validating any automatic tool created to help on the evaluation of adap-
tive systems. In this work a simulation-based technique is proposed as an
economic way for testing evaluation tools based on log analysis. Simulog,
a tool that implements this simulation technique, is also presented.

1 Introduction

Evaluation of adaptive hypermedia systems is a difficult task, as it is shown
by many studies (Weibelzahl et al. [1], Missier et al. [2], Markham et al. [3],
and Lavie et al. [4], among others). This is also true when considering Adaptive
Educational Hypermedia (AEH). Particularly, evaluating if an AEH system is
making good adaptation decisions for a given student profile is a complex task,
which can be improved by using automatic tool support. For example, an eval-
uation tool can help to identify possible failures in the adaptation rules for a
course, and even it can suggest corrections oriented to improve these rules [5].
On this way, an automatic tool would allow the course designer to save time,
since it does not require a manual analysis of the data. Besides, this tool may
support a continuous evaluation of the adaptation effectiveness, not limited to
a fixed frame of time [6].

We are specially interested in evaluation tools based on analysis of user log
files. These tools, by using techniques and methods from Data Mining, can search
through the records of users actions, looking for unexpected behavioral patterns.
In this way unusual patterns, called anomalies on this work, can hint about
possible failures in the adaptation rules. For example, a simple anomaly can be
a number of students failing to pass the test associated with a given educational
activity. This situation can suggest that there is a problem with the adaptation
rules applied to this group of students.

A possible drawback of using this type of evaluation tools is that they need
to be validated. In this sense, the main problem is to check if the tool is able to
find the anomalies contained in a set of log files. If the tool is based on statistical
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methods for searching anomalies, a significant number of students exhibiting the
unusual behavior should be processed before detecting a potential problem. This
produces two difficulties: a large set of student logs is needed to test the tool
and, still worse, the logs should be manually analyzed in order to contrast the
results achieved by the tool.

A more practical alternative would be using simulation methods. Specifically,
we propose to use a tool to simulate the behavior of students by generating logs
which are similar to the logs produced by real students using the AEH system.
For example, it is possible to generate data containing an anomaly, consequence
of a hypothetical problem in the AEH system decisions. Then, the evaluation tool
can be fed with the generated data and to test if it is able to find the anomaly
in the data and suggest possible causes. In this way, the evaluator has control
about the data provided to the evaluation tool and can anticipate the expected
output from it. In this work we present a tool, named Simulog (Simulation of
User Logs), designed to simulate user behaviors represented as log files.

2 Tool Proposal: Simulog

Figure 1 shows the context of Simulog. The tool was designed with the intention
that it could be used to test any evaluation tool based on log analysis. In this
way, both its inputs and output were designed for maximum generality.

Fig. 1. Architectural context for the evaluation and simulation tools

2.1 Inputs

Simulog simulates student behavior according to certain parameters. It receives
the course description, the user attributes, and the anomalies. The user at-
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tributes define the profile of the simulated students. For example, it can be
specified that 20% of the students represented through the logs are textual learn-
ers, while 80% are visual learners, and that the average knowledge level of the
students is 7 out of 10. Next subsection explains how statistical methods are
used to generate user profiles according to these distributions.

The structure of course is described using the SCORM standard. Using the
XML-based SCORM specification, the course description is independent of the
target evaluation tool and adaptive system.

An important issue is to be able to specify the anomalies using an abstract
notation. With this goal, the adopted solution is to use ontologies. Ontology is
a formal concept of the Semantic Web field [7,8] that provides a shared common
knowledge with the possibility of making inference about this knowledge. In that
way, an ontology of anomalies was created in order to support the specification
of anomalies, that is, the unusual patterns that will included in the log files and
that are supposed to be detected by the evaluation tool.

Anomalies are classified in two groups (see figure 2): quantitative and qualita-
tive. Quantitative anomalies reference to measurable situations by means of the
criteria of measurement presented by Whiteside (1988) [9]. The second group,
qualitative anomalies, makes reference to non-measurable criteria, as for example
the situation when student get lost navigating through the course.

Fig. 2. Classes of the ontology of anomalies

2.2 Simulation engine

The engine has a double function: generating the user models (that is, the set of
attributes describing the features of a given student) and generating the log files.
Together both of them constitute the user profile. The engine generates the sam-
ple with the proportions of attributes (described in the previous section) using
the Normal distribution. Two conditions are fulfilled in this distribution: rep-
resentativeness and randomness; without these conditions the simulation would
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not generate reliable data. Besides, the Normal distribution is used in techniques
of people simulation, because it produces results next to the real ones. In fact,
many parameters of the nature are distributed following a Normal distribution,
like for example the length of an arm, height of an individual, etc. [10].

In order to generate the correct proportion of users, some calculations have
to be done. For example, if regarding the visual-verbal dimension the goal is to
generate 75% of students with visual preferences and 25% with textual prefer-
ences, the random numbers must be generated following a Normal distribution1

with µ = 3.66 and σ = 2. Applying this method for each user model dimension
it is possible to generate a set of profiles containing the distribution of students
features specified by the Simulog user.

The simulated actions are also generated using a probabilistic model. For
example, the probability of success on a question, of leaving an activity before
completion, etc., is conditional to the criteria selected by the tool user.

2.3 Generation of Log Files

The structure of log files is composed by a user model, logs of activities, and
logs of updates. Figure 3 shows an example of a partial log file. The user model
stores the information about the student, in the form <attribute,value>. The
logs of updates store, in similar format, every actualization of the user model.

<log-root>

<user-model>

. . .

</user-model>

<log-activity>

<log activity="activity 1" score="0.0"

action="START-ACTIVITY" timestamp="2006-03-26T09:52:00"/>

<log activity="activity 1-1" score="0.3"

action="START-ACTIVITY" timestamp="2006-03-26T09:54:15"/>

<log activity="activity 1-1" score="0.5"

action="END-ACTIVITY" timestamp="2006-03-26T10:02:55"/>

</log-activity>

<log-update>

. . .

</log-update>

</log-root>

Fig. 3. Example of a partial log file

3 Related Work

This work presents a novel approach for simulating user behavior by generating
log files. This approach and the resulting tool can be used to validate tools
1 The statistical explanation of this result can be found in [10, p.253-255].
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and methods reported in other works as, for example, Börner (2001) [11] and
Brusilovsky et al. (2001) [12]. Regarding similar uses of ontologies, Stetson et al.
used them for describing anomalies in the Medicine area [13].

4 Conclusions and Future Work

This paper proposes a practical way for testing evaluation tools designed for
evaluating AEH systems. Simulog, a simulation tool developed to implement this
approach, is also presented. However, there still remains much work to be done,
mainly regarding the use of Simulog for testing real evaluation tools. Planed
future work also includes adding new features to the simulation tool, such as the
capability of generating profiles using other types of well known distributions, like
T-Student or F-Snedecor. Besides, it would be desirable to define the ontology
using OWL (Web Ontology Language) or F-logic (the current version is in RDF).
Finally, we plan to create an ontology for adaptive course description.
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Abstract. Adaptation of electronic forms seems to be a step forward to reduce 
the burden for people who fill in forms. Municipalities more and more offer e-
forms online that can be used to request a municipal product or service. To 
create adaptive e-forms that satisfy the need of end-users, involvement of those 
users in design activities and evaluation is necessary. This paper describes the 
design of adaptive municipal e-forms and the way user-groups were involved in 
the design activities and will be involved in evaluation. 

1   Introduction 

This paper describes how users have been involved in the design activities of adaptive 
municipal e-forms; forms offered through a municipal website/portal used by citizens 
to place a request for a municipal product/service or by municipal employees to place 
a request on behalf of a citizen. The form can automatically adjust to the background, 
knowledge, interests, goals and restrictions of the user (personalization). The user can 
also adjust the form to his/her own needs (customization). Adaptive municipal e-
forms can be used for different purposes, e.g. to make an appointment, to announce a 
change of address, or to request a passport or building permit. 

2   Overview of Adaptation 

Adaptation deals with the ability of an application to collect user information, to 
analyze this information, and to adapt the application to the needs of the user based on 
the analysis [4]. Figure 1 shows an overview of adaptation. 

Personalization and customization can occur simultaneously. Customization is 
based on explicit data, i.e. a user can adapt the applications’ data or layout. 
Personalization is handled by the system and is based on implicit data, e.g. user 
behavior, and/or explicit data, e.g. information entered in a form. Hereby an 
application can adapt to an individual or a group. For personalization three types of 
models are used: user models describe personal information or presumptions about 
the user, surroundings models describe the users’ software, hardware and location, 
and usage models describe the users’ behavior by looking at user actions. Usage 
models contain data acquired implicitly by the system; the other two models contain 
explicit and implicit data. To create a more elaborated model, the data in these models 



must be analyzed using various data analysis methods, which will not be discussed in 
this paper. Adaptation based on these models can be performed in three ways: 
adaptation of content, presentation, and navigation, which can appear in combination. 
Adaptation of content can take the form of e.g. ‘adaptive stretchtext’ to explain terms 
that can be “unfolded” by the user, or ‘fragment coloring’ to mark elements as being 
important or irrelevant using colors. With adaptation of presentation the content stays 
the same but the layout changes, e.g. text changes into audio (poor eyesight). 
Adaptation of navigation can take the form of e.g. ‘adaptive link annotation’ to 
annotate links using different colors, font types, sizes, or pictograms, or ‘adaptive link 
removal/addition’ to add or remove the link of non-contextual links as a whole. [4] [5] 

 

Fig. 1. An overview of adaptation 

Adaptive systems can lead to usability problems that potentially outweigh the 
benefits. The usability principles ‘predictability’, ‘transparency’, ‘controllability’ and 
‘unobtrusiveness’ are principles that can easily be violated by adaptive systems, as 
well as the principles ‘privacy’ and ‘breadth of experience’. People may become 
concerned about the possibility that their data will be used inappropriately. When the 
user completely delegates a task to the system or the system relies excessively on an 
incomplete user model the consequence might be that the adaptive system does not 
work as it should. The user should have the possibility to choose between complete 
control over a task and complete delegation of it. [1] 

2.1 Adaptation in e-forms 

The following adaptation techniques can be used in e-forms [3], [4], [5]: 
• active fields; corresponds to formulas linked to a cell used in spreadsheet programs 
• adaptive link hiding/disabling; hides the visual indicator of a link or disables the 

functionality of a link 
• built-in checklists; use colors to make sure no obligatory fields are forgotten and 

guide user to perform tasks (form of adaptive link annotation/fragment coloring) 
• dynamic visibility of fields; adds/removes fields (adaptive link removal/addition) 
• personalized direct guidance; dynamically determined destination of ‘next’-button 
• personalized maps; helps users to understand the content and structure of the form 
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• page variants; one page consists of two or more variants representing information 
on a different level or style 

• fragment variants; refinement of page variants. One page is divided in different 
fragments consisting of two or more variants representing different user groups 

• frame-based; creates alternative descriptions for different users where slots of a 
frame can be linked with other frames (corresponds to adaptive natural-language) 

• nested forms; the content of a window is organized in sections and subsections that 
the user or system can open and close (form of adaptive stretchtext) 

• sorting; corresponds to link sorting but also aims at text, fields, and sections 
 
To prevent the user from being exposed to unnecessary items, dynamic visibility of 
fields can be used. This is especially important for complex forms, such as a request 
for a building permit. In Figure 2 the spouse/registered partner and children fields are 
skipped since the user has indicated that she will live independent on the new address. 
Figure 3 uses fragment variants to create optional field explanations for novice and 
expert users (left: full explanation, right: partial explanation). [3], [4] 

  

Fig. 2. Example of Dynamic visibility of fields -Adaptation of navigation

  

Fig. 3. Example of fragment variants – Adaptation of content

3   Adaptive Municipal e-forms 

A lot of governments replace their paper forms with online e-forms. There are four 
main choices that are important when dealing with adaptation: the choice between 
personalization, customization or a combination, between adaptation to an individual 
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or a group, between implicit, explicit acquisition, or a combination, and between 
adaptation of content, presentation, navigation, or a combination. These options must 
correspond to the needs of citizens, municipal employees and municipalities. To 
discover the needs of these user-groups three online questionnaires were created. 
Municipalities (clients of eMAXX) were personally approached by email (response 
26% of 53 persons). Citizens were approached by a posting (Computable forum) and 
by email (response 69% of 78 persons) including the request to send it on to others. 
The effect of posting and sending on is not known but from personal experience it can 
be said that an indirect or impersonal approach leads to little response. Municipal 
employees were approached in a newsletter of eMAXX (response <1%), with a 
request to the municipalities to send the email on to employees (response <1%), and 
by emailing all municipalities in the Netherlands (response 11% of 483 persons). 

3.1 User involvement in design activities 

It was necessary to find out which options listed above should be used in adaptive 
municipal e-forms and which products/services could be improved with adaptation. 
The questionnaires were designed to be understandable for everyone, since they 
aimed at different people, e.g. men/women, young/old people, people with different 
educational levels. The main problem was how to ask things of which the user has no 
knowledge. To do this the questionnaires used examples of announcing a change of 
address, where the use of adaptation was described by approaching  different users in 
a different way when filling in the form. The questionnaires also used pictures based 
on this example to explain items, e.g. adaptation of content (see Figure 2) or 
personalization (see Figure 3). The user was explicitly asked to indicate his/her 
preference, e.g. personalization, customization, or a combination. 

3.2 Questionnaire results 

According to the results citizens (82%), municipal employees (67%) and 
municipalities (62%) favor the use of adaptation with municipal e-forms. They prefer 
adaptation to an individual, personalization, a combination of explicit and implicit 
acquisition, adaptation of content and navigation. Citizens also prefer a combination 
of personalization and customization, municipal employees also prefer explicit 
acquisition and municipalities also prefer adaptation to a group. At the time of the 
workshop more results will be presented. 

According to the feedback the questionnaire was complex for some people. Seven 
citizens and one municipality employee mentioned that the questionnaire (e.g. 
http://www.emaxx.nl/web/Burgers) was ‘too academic’ or difficult. Terms used, e.g. 
customization, personalization were seen as difficult even though their definitions 
were explained. They suggested to avoid these terms and use more everyday words. 
Two citizens mentioned that the questionnaire was too long (24 questions). Three 
citizens (≥ 50 years) mentioned that it took more time to read and understand the 
explanatory text than indicated (15 minutes). Two citizens said the questionnaire 
looked too complicated. One of them didn’t fill it in at all and the other quit after the 
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first example, when she tried to fill in a screen shot since she thought it was an actual 
form. One municipality employee mentioned that the questions were quite difficult. 
The questionnaire also used some personalization; if a user indicated that he/she had 
no experience with municipal e-forms, the question about the kind of municipal e-
forms filled in so far was skipped (this was added after the feedback of three citizens). 

3.3 User involvement in evaluation 

According to the questionnaire results and theory studied the prototypes ‘building 
permit’ and ‘announcement of a change of address’ will be designed and evaluated. 
They benefit the most from the use of adaptation as indicated by the user-groups. The 
prototypes will be evaluated in a face-to-face evaluation where the user can give 
feedback while interacting with the prototype. This feedback will be used to adjust the 
prototypes. At the time of the workshop more can be presented on the prototypes 
designed and the evaluation process. 37% of the citizens, 40% of the municipal 
employees, and all municipalities are prepared to do a follow up evaluation. 

4   Conclusion 

The main problem is how to ask things of which the user has no knowledge. This can 
be done by the use of one example where the description is based on, example 
pictures, easy explanation of terms and simplification when possible, a direct and/or 
personal approach of users, personalization e.g. skipping irrelevant questions, and a 
reduction of the number of questions. From the questionnaire results it can be 
concluded that citizens, municipal employees and municipalities are in favor of the 
use of adaptation with municipal e-forms. But clearly adaptation can only be 
successful when it is implemented carefully and no incorrect adaptation takes place. 
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Abstract. Adaptive and adaptable systems provide tailored output to various 
users in various contexts. While adaptive systems base their output on implicit 
inferences, adaptable systems use explicitly provided information. Since the 
presentation or output of these systems is adapted, standard user-centered 
evaluation methods do not produce results that can be easily generalized. This 
calls for a reflection on the appropriateness of standard evaluation methods for 
user-centered evaluations of these systems. We have conducted a literature 
review to create an overview of the methods that have been used. When 
reviewing the empirical evaluation studies we have, among other things, 
focused on the variables measured and the implementation of results in the 
(re)design process. The goal of our review has been to compose a framework 
for user-centered evaluation. In the next phase of the project, we intend to test 
some of the most valid and feasible methods with an adaptive or adaptable 
system. 

1 Background 

In this working paper our ongoing study into the user-centered evaluation of 
adaptable and adaptive systems will be discussed. First we will introduce our 
definitions and the issues concerning user-centered evaluation of adaptive and 
adaptable systems. Subsequently we deal with the research questions and the method 
used for generating a literature overview and framework for user-centered evaluation. 
Last, we discuss some preliminary results of our literature review. 
 
We use the following definitions for adaptive and adaptable systems in our study, 
based on Benyon et al. [1]. 
 
Adaptive systems can alter aspects of their structure, functionality or interface on the 
basis of a user model generated from implicit user input, in order to accommodate the 
differing needs of individuals or groups of users and the changing needs of users over 

time. 
 



Adaptable systems do not create a user model based on implicit inferences from the 
interaction between the user and the system. They explicitly ask for input. 
 

Adaptable systems can alter aspects of their structure, functionality or interface on 
the basis of a user model generated from explicit user input, in order to accommodate 
the differing needs of individuals or groups of users and the changing needs of users 

over time. 
 
Many times, a system is not just adaptive or adaptable, but uses a combination of both 
techniques [2]. For a definition that addresses the possible appearance of both 
techniques in a single system, we use the term ‘personalized systems’. 
 
Personalized systems can alter aspects of their structure, functionality or interface on 
the basis of a user model generated from implicit and / or explicit user input, in order 

to accommodate the differing needs of individuals or groups of users and the 
changing needs of users over time. 

 
Our definition of user-centered evaluation stems from the user-centered design 
principles by Gould and Lewis [3] and the definition of user-centered approach as can 
be found in ISO 13407 [4]. 
 
User-centered evaluation deals with the empirical evaluation of a system by gathering 
subjective user feedback on satisfaction and productivity, quality of work, support and 

training costs and user health and well-being. 

2 Personalized Systems and User-Centered Evaluation 

The output or appearance of a personalized system differs for every individual user or 
group of users in every context. This adapted output has the potential to be a great 
benefit for users: it is geared towards the user’s preferences, behavior or needs and 
can make interaction easier and more fruitful. 

The system’s adapted output calls for a reconsideration of the appropriateness of 
user-centered evaluation methods when applied to personalized systems. Many 
evaluation methods build on the assumption that the output of a system is the same for 
every user, but this assumption does not hold for personalized systems. Generalization 
of results can be problematic. Do results gathered from a few subjects hold for an 
entire population when every person is presented with different system output? 
Moreover, new usability criteria must be applied to personalized systems [5]. 
Traditional user-centered evaluation methods do not take these criteria into account. 
The evaluation that is the subject of our study can be classified as the third and fourth 
layer of evaluation according to Weibelzahl’s categorization [6] and deals with the 
subjective appreciation of the adaptation decision and the total interaction. Well 
functioning of preceding layers is a prerequisite for a successful evaluation of layer 
number three and four. 
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Reported empirical evaluations of personalized systems are relatively scarce [7], 
and little is written about the characteristics of the user-centered evaluation method 
applied to the personalized characteristics of the system. As a result it is unclear 
which user-centered evaluation method one should choose for the evaluation of a 
certain system. Furthermore, implications of the possible methods are not documented 
completely, which makes it difficult for a researcher to anticipate appropriately for the 
trade-offs that every evaluation method causes. 

Our study has two goals. The first goal is to provide an overview of user-centered 
evaluation methods that can be applied to personalized systems. This takes shape in a 
literature review of empirical user-centered evaluations of personalized systems 
which will focus on each method’s characteristics and (dis)advantages. A framework 
for the user-centered evaluation of personalized systems will be the intended yield of 
this review. The second goal of our study is to expand the body of knowledge 
concerning user-centered methodologies for the evaluation of personalized systems. 
This will be done by testing one or two methods from the literature review, which 
scored high on validity and feasibility. 

The literature review to be included in our study will be discussed in more detail in 
this working paper. 

3 Research Questions for the Literature Review 

For the literature review of reports on user-centered evaluation of personalized 
systems, the following main question is formulated: 
 

Which user-centered evaluation methods are suitable and feasible for evaluating 
personalized systems? 

 
This main question is accompanied by six secondary questions that address relevant 
variables of each evaluation method: 
− Which types of personalized systems have been evaluated? 
− Which methods were used for the user-centered evaluation of personalized 

systems? 
− With regard to the methods used for the user-centered evaluation of personalized 

systems, what is / are its: (dis)advantages, validity, reliability and costs? 
− What kind of participants / test subjects were involved in the user-centered 

evaluation of personalized systems? 
− Which variables have been measured in the user-centered evaluation of 

personalized systems? 
− How have the results of user-centered evaluation of personalized systems been 

implemented in further (re)design processes? 
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4 Literature Review Approach 

For our literature review we used the York method [8]. In order to find relevant 
studies, we searched eight databases with a range of search terms that could result in 
relevant hits. Databases ranged from the more technical databases as INSPEC to the 
more psychological PsycInfo. Publication lists of researchers active in the field of 
adaptive or adaptable systems and the reports included in the Easy-D database were 
also screened for relevance. 

To narrow down the huge amount of potentially relevant reports of evaluations 
found after the search, selection criteria were applied. These criteria specify that a 
study has to report empirical data concerning the evaluation of a system that is 
adaptive and / or adaptable. At least some part of the evaluation should be user-
centered and address at least one of the points included in the secondary questions. 
Evaluations that only discussed algorithms or purely technical evaluations were 
excluded from the review. Finally, studies should be reported in English, German or 
Dutch, and published after 1989.  This year was chosen to ensure a big number of 
evaluations, at the same time excluding obsolete techniques. 

Categorizations of methods applied and variables measured were deductively 
generated from the collected data. These categorizations and other variables were 
recorded in a database which will be published on a website when the study is 
completed. Full results will be published in an article which will include an overview 
of variables and corresponding methods. 

5 Preliminary Results 

Over 4,000 possibly relevant titles were scanned, resulting in 338 read abstracts, 127 
articles fully read and 59 articles included in the review. Of the included articles, 37% 
dealt with adaptive systems, 25% with adaptable systems and 38% with systems that 
incorporated both techniques. 

The evaluated systems were mostly learning systems (17%) and intelligent tourist 
guides (14%). Questionnaires (73%), interviews and data logging (both 42%) were 
the methods applied most. Methods almost never stand alone, but are part of an 
‘evaluation suite’, containing several methods. Variables measured most are usability 
(53%), perceived usefulness of a system (41%) and user behaviour (39%). 

The reporting of evaluations can be improved on and reflection on the evaluation 
process is scarce. There are different interpretations of (user-centered) evaluation to 
be found in the literature. Many times ‘evaluation’ consists of technical evaluation of 
the system and if the role of the user is involved, it is usually small (see for a typical 
example [9]). 

Feasibility is an important attribute of a user-centered evaluation method because it 
often restrains the thoroughness of evaluations. Budgets are small and time is limited 
so evaluations have to be quick and cheap, if conducted at all. A full scale simulation 
of a mall as in [10] ensures a very good evaluation, but is costly. Testing the 
prototype of personalized information systems takes time when one wants it to be 
done properly because the database has to be ‘fed’ with data first [11].  
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The utilization of questionnaires sometimes leads to problems with regard to the 
validity of the evaluation method. Causes are for example: constructs compiled of 
only one or two items [12] or a small sample size (e.g., 11 subjects in [13]). 

The key to improved evaluations lies with the authors reporting user-centered 
evaluations.  When evaluation processes are documented properly and supplemented 
with a reflection on the evaluation in the discussion section, it is possible to learn not 
only about the system but also about the evaluation itself. 
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The First Workshop on Social Navigation and Community-Based Adaptation 
Technologies brings together researchers and developers from a range of disciplines 
and approaches to share knowledge on ways that the collective wisdom of a 
community can be distilled to produce adaptive behavior. The underlying principle 
that binds these systems together is that they both affect and are affected by aspects of 
collective group behavior. The focus of this workshop is on exploring the potential for 
interoperability techniques and standards, allowing richer blends and mashups of 
sociable media, social software and systems using social navigation. 

The seven full papers and four demonstrations/posters presented here provide a 
diverse assortment of exemplars that cover a broad range of adaptive social 
technologies, helping to define the perimeters of the current state of the art.  
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Abstract. The labyrinthine abundance of educational resources on the Web has 
greatly expanded the challenge of helping students find, organize, and use re-
sources that will best match their individual goals, interests, and current knowl-
edge.  Map-based navigation, using technologies such as the Self-Organizing 
Maps (SOM), is one solution to this growing challenge.  However, as the num-
ber of documents organized by SOM increases, the number of documents 
within each cell becomes too large for the user to make meaningful choices, 
overwhelming his ability to make accurate decisions.  Combining interactivity 
with the ability to organize a large number of documents, we have developed 
two-level heterogeneous maps that are augmented with social navigation sup-
port.  We implemented our idea within the Knowledge Sea II system and ran a 
pilot study using this system in an Information Retrieval course. 

1   Introduction  

The labyrinthine abundance of educational resources on the Web has greatly ex-
panded the challenge of helping students find, organize, and use resources that will 
best match their individual goals, interests, and current knowledge.   Map-based navi-
gation is one solution to this growing challenge.  Our previous work (described in 
[4]) shows the importance of using maps to access information in open-corpus educa-
tional resources.  Map-based navigation is supported with technologies such as the 
Self Organizing Map or SOM [8]. SOM provides resource organization by grouping 
and visualizing similar resources into each cell on the map.  However, as the number 
of documents organized by SOM increases, the number of documents within each cell 
becomes too large for the user to make meaningful choices. One known remedy for 
this problem is to create a multi-level information map. Multi-level maps were ex-
plored by Roussinov and Chen [9].  They suggested a homogeneous, multi-level map 
based on SOM technology. With this technology, a group of cells in the original map 
can be expanded into a second level map. The problem with homogeneous multi-level 
SOM maps is their static nature. Unlike other kinds of 2D visualizations such as 
MovieFinder [1] or VIBE (Visual Information Browsing Environment) [10], which 



can be interactively explored by users, SOM allows only passive exploration. With 
the multi-level support (multi-level SOM), it is just a set of static SOMs distributed in 
a hierarchy.  Combining interactivity with the ability to organize a large number of 
documents, we have developed two-level heterogeneous maps in which the first level 
is formed by a SOM and the second level is created through dynamic, relevance-
based visualization (Fig. 1). To further help users in selecting relevant resources, we 
have enhanced our own two-level maps with social navigation technology which, as 
we have shown in our past studies, is able to lead the users to high quality, relevant 
documents [4]. 

 

 
Fig. 1. Two-level visualization. 

 
This paper presents our work on two-level maps that have been augmented with 

social navigation support.  We explored this kind of two-level map within our Knowl-
edge Sea II system.  The Knowledge Sea II provides personalized and adaptive access 
to web-based educational resources such as textbooks, slides, and tutorials.  Section 2 
describes the two-level visualization and section 3 describes the integration of social 
navigation into our two-level maps.  Section 4 concludes the paper and presents the 
future direction of this work.  
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2   Two-Level Visualization in Knowledge Sea II 

Knowledge Sea II implements two-level heterogeneous visualization using SOM 
technology and the VIBE visualization approach.  On the first level, the documents 
inside Knowledge Sea II are clustered into cells using SOM technology, as shown in 
Fig. 2.  Detailed information about how SOM technology has been used to generate 
the map can be found in [5]. 

 

 

Fig. 2. First level:  Map-based navigation generated by SOM. 

 
On the second level, the content of each cell is presented in the visual format 

shown in Fig. 3 based on VIBE’s relevance-based visualization. VIBE was originally 
developed in Molde College in Norway and the School of Information Sciences at 
The University of Pittsburgh [10].  VIBE uses document content analysis to present a 
collection of documents in two dimensions, relative to the points of interest (POI). By 
manipulating the location of the POI, a user can explore the collection and locate 
relevant documents.  

To access information in Knowledge Sea II, users can start their own search for 
knowledge by using the SOM-based map.  They may also perform query-based 
searches using the system’s interactive search interface.  When a user clicks on a cell, 
the content of the cell is presented in a list format, accompanied by VIBE visualiza-
tion options.  The keywords presented in the legend are the POIs for the VIBE visu-
alization of documents inside the cell.  Search results can also be visualized using 
VIBE.  In this case, the keywords inside the search query become the POIs for VIBE.  
VIBE visualizes retrieved documents and query terms, so that users can easily dis-
cover relationships between the documents and the query terms. 

VIBE supports various functionalities that let users easily understand the relation-
ships between POIs (search terms or keywords in the SOM cells) and documents.  
First and foremost, the document positions are determined by their similarities to 
POIs, being placed closer if their contents are similar to POIs and further if dissimilar.  
In Fig. 3, we can see that the documents that are displayed as human-shaped icons are 
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more similar to terms like “loop,” “statement,” and “operator” than the terms “condi-
tion” and “expression.”  When a user drags a POI around the screen, related docu-
ments follow the move, according to their similarity to that POI.  Therefore, the user 
can easily understand the related document by observing these movements.  If one 
document moves a greater distance than the other documents do, when one POI is 
displaced, it means that the document is much more similar to that POI.  Trails of the 
movements may optionally be displayed, as in Fig. 3.  The lines attached to the docu-
ment icons are trails of their movements (following the POI “loop”).  Longer trail 
lines mean bigger movements and short or missing lines mean little or no movement 
of the document.  Therefore, users can compare the movements of each document and 
thus comprehend its similarity to the POI. 

 

 
Fig. 3. Second level: Cell content presentation using VIBE. 

 
Additional facilities for helping users to discover relationships among the docu-

ments and POIs, beyond positional representations, are also supported.  In Fig. 4, 
some discs are overlaid on the POIs which represent their similarity to a document 
entitled, “The while statement…” by changes in the disc’s sizes and color.  The big-
ger the diameter of the disc is, the more similar the POI is to the document.  The col-
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ors of the discs range within a red to blue spectrum, which represent complete simi-
larity and dissimilarity respectfully. In Fig. 4, therefore, we can first notice that the 
most similar POI to the current document is “loop,” since it has the biggest and 
brightest red disc.  Secondly, we can see that two similar but not as important POIs 
would be “statement” and “expression,” since they have purple colored discs (some-
where between red and blue) and are medium-sized. Thirdly, we can see that the most 
dissimilar POI is “operator,” which has a disc slightly smaller than the one for the 
POI “condition.”  Another display uses a green radar graph, which is created by con-
necting points representing the document similarity values to the POIs.  From the 
radar graph, we can roughly estimate that the similarity between the POI “loop” and 
the document would be around 1.0 (on a scale of 0.0 to 1.0) and the similarity be-
tween “statement” and the document would be around 0.7.  

 

 
Fig. 4.  Similarity visualization. 

 
Sometimes, when the number of documents to be presented is too big for the small 

size of a window, they are very crowded and it becomes extremely hard to distinguish 
each of them.  Especially when the “display document titles” option is turned on, as 
in Fig. 5, this problem becomes more serious.  Therefore, we added a filtering func-
tion for the documents.  In Fig. 5, we have selected the POI “loop” and only docu-
ments with a similarity of 0.5 or more (by moving a double slider on the upper right 
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side of the screen).  Documents with lower similarities to the selected POI than the 
minimum threshold of 0.5 are filtered out by being shrunk to small ghostly squares 
with no titles, so that they will no longer block the documents we are interested in.  
The maximum threshold level can be also set by the user, in which case the docu-
ments with higher similarities are filtered out. 

 

 
Fig. 5.  Filtering documents. 

3   Personalization through Social Navigation  

We employ social navigation techniques as an alternative to content-based tech-
niques [2] in order to support adaptive navigation in the Knowledge Sea II system.  
Unlike content-based techniques, which are powered by knowledge about the docu-
ments, social navigation techniques [6] are powered by the “collective wisdom" of a 
community of users.  Knowledge Sea II offers two kinds of social navigation support: 
traffic-based and annotation-based.  Traffic-based social navigation support is devel-
oped by tracking the users’ history of visiting certain cells, while annotation-based 
social navigation support is based on user annotation in the form of free-format notes 
or the highlighting of specific parts of a page.  At the map level, group activity is 
represented by the density of background color.  As shown in Fig. 2, degree of color 
intensity is used to represent increasing levels of group activity.  Darker colors repre-
sent more activity.  Along with group activity, individual user activity is represented 
by the color intensity of a human icon inside each cell. Similarly, darker colors mean 
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more activity.  Cells containing documents with user annotation are augmented with 
small yellow sticky notes.   

Inside the cell view, each document may be annotated with one or two icons, rep-
resenting traffic-based and annotation-based social navigation support.  Traffic-based 
navigation support is provided by the icon that shows a human figure inside a colored 
square. The background color of the square represents group traffic and the color of 
the human icon represents user traffic.  The details on how the color is calculated can 
be found in [3]. Annotation-based navigation support is provide by another square 
icon with a yellow background of changing intensity that shows a sticky note icon or 
a thumbs-up icon inside. The background color of the square represents the magni-
tude of the group annotations. The thumbs-up icon indicates the presence of at least 
one positive annotation from the logged-on user, while a sticky note indicates the 
existence of a general note. The color of the foreground icons represents the density 
of individual notes. In addition, a thermometer icon was added to represent the “tem-
perature” of the annotations, an overall rating given by the whole group of students. 
The temperature grows warmer when a page attracts more positive annotations.  Our 
previous work presents that important pages accumulate users’ activities (visiting or 
annotation) and social navigation support is attractive to students, affecting their 
navigational decisions [3], [7].   

 

 
Fig. 6. Social navigation support in VIBE 

 
We integrated similar social navigation support with VIBE’s content visualization 

for each cell on the map (Fig. 6).  Six documents displayed show different traffic and 
annotation information related to them.  The foreground colors of human icons repre-
sent users’ traffic while their background colors represent group traffic.  Darker col-
ors mean higher traffic and lighter colors mean lower traffic.  Two documents with 
sticky note and thermometer icons on the right side of the screen have annotations.  
One has lighter color and the other has darker color sticky note, which means lower 
and higher density of annotations respectively.  The warmer thermometer icon pro-
vided means high positive annotations from users.  We hypothesize that we would 
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observe the same beneficial effect of social navigation support when it is augmented 
with VIBE visualizations.   

4   Conclusion and Future Work 

In this research, we proposed a two-level adaptive visualization technique for person-
alizing information access to open-corpus educational resources.  We presented an 
approach to integrate SOM technology with another level of visualization, such as 
VIBE, in order to move beyond classical map-based navigation.  Building on our 
previous work in social navigation, we incorporated social navigation techniques with 
two-level visualization, in order to offer strong navigation support for a large quantity 
of information.  We ran a pilot study using the system in an Information Retrieval 
course.  However, the system was not available for the whole semester and the col-
lected data was not sufficient for formal evaluation.  Our plan for the first step of the 
future direction of our work is to evaluate the effectiveness of our two-level adaptive 
visualization.  We would like to assess the effect that social navigation with visualiza-
tion has on the students’ ability to access relevant online resources, and compare it 
with our previous results.  This would mean comparing student access through VIBE 
visualization with our previous option, which was a simple list of resources.  Specifi-
cally, we would like to look at students’ access behavior for cells with large number 
of resources.  For this purpose, the current system is tracking and recording every 
activity of users to a user model server.  Very fine-grained information is being stored 
into this server: opening (with the information where it was called) or closing of the 
application, which document was examined by users, which POI was selected, dis-
abled /enabled, or moved, options turned on or off (document titles, guiding lines), 
aid functions used (radar, disc), distortion methods used (zooming, rotating, panning).  
This information will help us complete our tasks described above.  We expect the 
two-level visualization method would increase the possibility for students to access 
relevant information.  To assess our hypothesis we track accessing method to each 
document and we will average access for each document through different methods.  
To compare the effect of social navigation and visualization, we will compare the 
effect of social navigation in students’ navigation behavior with previous semesters 
where students did not have visualization option.  We expect that social navigation 
will have stronger effect in combination with VIBE visualization.  We will also con-
duct a lab study to closely observe the behavioral effect of providing students with 
VIBE visualizations during document selection.    
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Abstract. Learning content management systems (LCMS) are web-based e-
learning applications that allow an instructor to deliver standards-based learning 
content to communities of learners.  Despite the high popularity of these sys-
tems, they tend to have minimal collaborative navigation and awareness fea-
tures, and students often find themselves learning in a vacuum without a sense 
of what the rest of the learning community is doing.  This paper outlines a 
number of the awareness features built into our LCMS, iHelp Courses [1], and 
identifies two specific goals we have on our research agenda with respect to 
awareness in LCMSs. 

1 Introduction and Motivation 

The iHelp Courses environment [1] is a web-based learning content management 
system, and was designed primarily to provide a standards-based e-learning platform 
for instructors while being easy to extend for researchers.  It has been deployed at the 
University of Saskatchewan in the Department of Computer Science in various forms 
over the past three years, and is used to deliver courses to hundreds of students annu-
ally.  As an instructional tool, special care has been taken to support popular e-
learning standards, notably the IMS Content Packaging specification [2] and pieces of 
the IMS Simple Sequencing specification [3].  As a research tool, the emphasis has 
been on building detailed user traces by observing what learners are doing in the 
learning environment.  These traces are both passively collected by the content man-
agement system (server side), as well as actively pushed to the content management 
system by learning content when it is consumed (client side - this process is described 
more fully in [4]). 
 The lack of tools to support social awareness in learning content management 
systems puts online learners at a disadvantage compared to traditional face-to-face 
classroom environments.  Most LCMSs have the primary goal of delivering content 
(be it static, hypermedia, or multimedia), and tend to graft on interaction tools as 
separate features, typically ignoring awareness issues altogether.  Learners using these 
environments as their primary method of learning (as opposed to face-to-face or 
blended learning) may feel like they working alone, with only a few brief moments of 
structured interaction through moderated discussion forums.  One of the consequences 



of being a hypermedia environment, as most LCMSs are, is that learners can jump to 
very different sections of the environment at any time, and lose the connections they 
have with the peers around them. 
 The notion of awareness in collaborative environments has been studied in much 
detail in the last ten years.  Dourish and Bellotti perhaps first popularised the term and 
provide a general definition of awareness as “an understanding of the activities of 
others, which provides a context for your own activity” [6].  Gutwin et al. refined this 
definition for educational groupware, and break awareness up into four different sub-
types: social awareness, task awareness, concept awareness, and workspace aware-
ness [5].  Of these types, workspace awareness is perhaps most relevant for learning 
content management systems.  Defined as “up-to-the-minute knowledge about other 
students’ interactions with the shared workspace” [5], workspace awareness can be 
exploited to increase the social interconnections between students, motivate the explo-
ration of material, and provide feedback to the instructor/facilitator of the course. 
 We can find no scholarly evidence of awareness being exploited in e-learning 
systems for anything but collaborative activities, but we believe that awareness can be 
used to motivate learners in a competitive manner as well.  This belief is prompted in 
part by the anecdotal observations of awareness features in competitive video games 
which are often used to increase motivation, as well as a brief survey of educational 
psychology research which suggests that students can be motivated by competition 
(though many caveats apply).  We thus further break down the category of workspace 
awareness into two distinct parts based on the actions the categories are intended to 
motivate: 
 
1. Collaboration awareness: Features meant to promote collaboration between learn-

ers, usually around other artefacts in the system (in our specific instance the arte-
fact of choice is the learning object). 

2. Consequential awareness: Features meant to bring an indirect sense of what other 
learners in the community are doing, though not necessarily to encourage collabo-
ration directly.  These features can be targeted against a single learner, an aggrega-
tion of learners, or against a simulated learner (e.g. the derived “typical” learner). 

 
We speculate that the support for workspace awareness within e-learning environ-
ments will change the browsing patterns of students as they seek to increase interac-
tion with their peers.  While we make no claims about the quality of individual inter-
actions, we believe there will be an increase in the quantity of interactions and that 
this will lead to a larger amount of overall knowledge being shared between learners.  
This belief is brought about in part by our informal observations of the deployed pro-
totype, and demonstrated that both learners as well as instructors would collaborate 
more if they were aware of one another.  More formally, we hypothesize that: 
 

H1: The addition of collaborative awareness features, as well as communication 
tools to take advantage of these features, will increase the quantity of interac-
tions in a learning content management system. 
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We also believe that workspace awareness is also suitable for non-collaborative ac-
tivities.  In particular, we believe that awareness in an LCMS will lead to both higher 
motivation for students as well as an increase in the quantity of interaction between 
students.  More formally, we claim that: 
 

H2: There is a positive impact on learning when the awareness of peer progress 
and activity within the content management system is made available to 
learners. 

 
This paper continues as follows; in section 2 we outline the details of how collabora-
tion and consequential awareness features are being realised within the iHelp Courses 
system.  In section 3 we touch on extensions we are considering to allow for content 
adaptation using collaborative filtering.  Section 4 outlines the studies planned for 
testing the hypotheses presented, and section 5 concludes the work with a discussion 
of our anecdotal evidence so far and next steps we intend to take. 

2 Awareness Features 

It should be noted that while much of the work in e-learning and awareness focuses 
explicitly on enabling cooperative learning, we believe that there is a benefit for 
awareness of others’ activities within the environment even if there is no cooperation 
taking place.  Indeed, we anticipate that some of the comparison cues available in the 
environment (e.g. section 2.2) will motivate students without leading to cooperation 
per se, and that this may be as valuable to their learning as direct collaboration with 
their peers. 
 Awareness features within iHelp Courses can be broken into two categories, col-
laboration awareness and consequential awareness.  While collaboration awareness 
features have been available within iHelp Courses for some time, consequential 
awareness features are only now emerging from the prototype stage and are scheduled 
to be formally evaluated in the coming months. 

2.1 Collaboration Awareness 

Collaboration awareness features provide cues pertaining to the availability of other 
learners within the learning environment.  Collaboration within iHelp Courses can 
take the form of either synchronous (chat rooms) or asynchronous (discussion forums) 
messaging.  Unlike traditional content management systems, chat rooms and discus-
sion forums can be coupled directly with the content they are meant to be used to 
discuss.  We have implemented a “ follow my browsing”  model, where appropriate 
chat rooms or discussion forums are automatically entered when the learner moves to 
a new piece of content.  This feature helps to encourage on-topic discussions and, in 
the case of synchronous chat rooms, provides an immediate awareness of other learn-
ers in the learning environment who are looking at the same content at the same time. 
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 In addition to coupling these tools with content, the navigation window for the 
course provides two mechanisms to identify where collaborations are happening.  The 
first is a set of two numbers that indicate the number of forum messages posted (and 
the number the current student has read) about a piece of content.  The second is a 
small icon that represents how many other learners are currently looking at a piece of 
content.  To simplify the interface we chose to use a coarse-grained representation of 
the number of learners looking at content – one small person icon indicates two or 
three people are looking at some content, while two icons indicates four or more are 
looking at a given piece of content.  Fig. 1 shows a screenshot of this interface. 
 

 
Fig. 1. Collaboration Awareness in iHelp Courses.  The navigation menu on the left indicates 
that there are at least two learners looking at the Basic XHTML or Advanced XHTML modules 
(or their child content).  The numbers in parenthesis behind the Advanced XHTML indicate 
that there are two discussion forum (asynchronous) messages associated with that piece of 
content, and one of those messages has been read by the current user.  The top right hand frame 
shows the learning object content, while the bottom right frame shows the collaboration space.  
The learner can toggle this space between asynchronous or synchronous discussion using the 
tabs on the right hand side.  At current the user is chatting (synchronous) with one another user 
and is two chat rooms (denoted by the top tabs), the first of which is in the background and has 
two unread messages in it. 

Instructor response to these features have been mixed – instructors for early deploy-
ments indicates that content switching of chat rooms can be problematic if it is done 
too often.  They described scenarios where they would have to mimic a given students 
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browsing pattern just to keep up a conversation.  This feature has since been enhanced 
in two ways: 
 
1. Chat rooms and discussion forums are no longer associated with individual pages.  

Instead, instructors can choose subtrees of learning activities to associate with 
rooms.  This helps to support the pedagogical goals of the instructor by allowing 
discussions to happen at an arbitrarily large level of breadth (e.g. one discussion 
for a course, one per module, or one per lesson).  It also allows for special rooms 
and forums to be associated with individual content pages, such as assignments.  
Anecdotal reports indicate that this leads to more context-relevant discussions with 
students. 

2. If the learner is focused on the synchronous chat rooms, browsing to new content 
opens up corresponding chat rooms in the background.  This allows the learner to 
continue conversations he or she may have underway.  Background chat rooms 
provide some subtle clues as to the activity they contain by changing the title of 
room to indicate the number of unread messages it has. 

2.2 Consequential awareness 

While not yet deployed to a large group of students, we are investigating how various 
navigational cues can be used to encourage learner exploration of course content.  The 
first of these modifies the background of the activity tree list to provide a comparison 
of the current learner’s activity and the average activity observed by the content man-
agement system.  This visualization is done by putting a horizontal stacked bar chart 
behind each node in the activity tree.  The student has several options at the top of the 
navigation window to control the semantics of the bar charts.   
 

 
Fig. 2. Consequential Awareness in iHelp Courses.  The coloured bar chart underneath the 
navigation tree indicates how much time the learner is taking (light grey bar) compared to the 
average learner (dark grey bar).  In this figure the current learner is spending less time than the 
average student on reading content. 

Fig. 2 shows the default view, where the learner’s time spent on each learning object 
is compared to the class average for a given course.  The learner can change this view 
to see how they compare mark-wise against the average learner (using the links in the 
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upper right corner of the navigation window), though this representation makes some 
assumption about how content and quizzes are linked (e.g. a quiz is assumed to be 
testing the material for the content in the subtree of its parent).   

3 Adaptation and Collaborative Filtering 

One of our current interests with the iHelp Courses environment is to encourage ex-
ploration of external links given in the learning content.  We hold the belief that over-
linking in educational hypermedia systems provides a negative impact on learning 
(either in speed, recall, or satisfaction).  Further, different users may have different 
purposes when consuming the same content, but links are content related not task 
related.  A given link may then be less useful for a given task (e.g. trying to get an 
overview of a subject area) but may be more relevant for another task (e.g. trying to 
gain depth in a given area).  Lastly, links force a strong context switch on learners 
which discourages exploration.  While we have plans to do empirical testing to better 
understand the effects of linking in educational hypermedia, we are already consider-
ing how to best use collaborative filtering to minimize the amount of linking while 
maximizing its value. 

The iHelp Courses environment has the ability to record a path of all links a user 
investigates, and how long they view the pages behind those links.  We believe that 
applying collaborative filtering on user traces to modify which links are visible, and 
how they are displayed to a learner may be useful in increasing learner motivation to 
explore the content.  For instance, if two users are in a clique and one has demon-
strated a strong competency on a topic and did so only after viewing a given external 
link, it might be useful to increase the prominence (e.g. and increase of size, or 
change of colour) of this link when the webpage containing it is displayed to the sec-
ond user.  
 We are currently running studies on providing attribute-based adaptation of con-
tent within iHelp Courses.  As we provide more content adaptation the complexity of 
determining who is within collaboration distance increases, making it harder to pro-
vide accurate collaborative awareness indicators.  For example, if the activity naviga-
tion menu on the left points to dynamically generated content, one would need to have 
that content all linked to the same forum and chat room to show an activity indicator, 
which requires that an instructor provides coarse gained collaboration spaces. 

4 Study Outline 

To test out our hypotheses we are planning a number of studies.  The first will exam-
ine whether the awareness features as described will influence the quantity of com-
munication (defined as the number of chat messages sent and the number of discus-
sion forum messages posted and read), as well as the quality of communication 
(where transcripts will be evaluated by subject matter experts to determine whether 
they are “ on-topic” , using a likert scale).  We anticipate this being tested in two ways; 
a large scale (100+ subjects) blended-learning class where learners have in class lec-
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tures followed up with several hours of online content, as well as in a smaller scale 
study (20+ subjects) pure online course where learners have no physical access to 
helpers or instruction.  The first of these will be tested with an entry level academic 
course on Computer Science for non-majors, and will be compared with another sec-
tion of that course happening at the same time.  The second will be implemented in a 
service course on computer security that typically includes faculty, administrators, 
and students on campus. 
 The testing of the second hypothesis will take place in a smaller class of online 
students taking our introductory computer science class for non-majors.  This class 
typically has 20 to 30 students.  As data has already been collected for the control 
group (no consequential awareness features enabled), we will compare this with an 
offering of the course next fall where motivational features are implemented.  Key 
data to observe will be the speed of the user in going through content, the amount of 
time the user spends on the course, and the regularity in their content  

5 Conclusions 

This paper has briefly summarized some of the awareness features available in the 
iHelp Courses learning content management system.  While some of these features 
have been tested in wide-scale deployment, a number of them are only now being 
tested with actual students.  Feedback about this system and the sense of community it 
affords has been mainly positive. 
 While most of the features are geared towards encouraging learner collaboration, 
we believe the consequential navigation awareness features also help to facilitate a 
competitive learning environment.  We are inspired often by the positive impacts of 
competition in multiplayer gaming environments, but note that the benefits and issues 
surrounding competition in learning systems have been debated extensively.  Thus far 
in our system learners only compete against aggregate data, and that no one “ loses” .  
We are planning real-world empirical evaluations of these features to determine the 
impact these consequential awareness features have on learning and satisfaction. 
 Although we have not yet empirically studied the relationship between the col-
laboration and consequential awareness features and competitive learning, we antici-
pate that both will have an impact on student desire to excel.  We believe that the 
consequential awareness features will encourage underperforming students to “ roll up 
their sleeves”  and become more active in the learning environment, while providing 
positive reinforcement for the high achievers in the course.  We further anticipate that 
the collaboration features will help push students forward to explore new material 
with the confidence (though awareness indicators) that a peer support network is 
available.  
 Adaptation in iHelp Courses is currently limited to a simple attribute-based re-
commender system provided in the content package of our introductory computer 
science module.  Adding socially derived recommendations using collaborative filter-
ing is possible, but providing automatic adaptation presents a number of challenges in 
decidability when trying to display awareness cues.  We thus believe there may be a 
deeper link between awareness mechanisms and user models that has been overlooked 
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by human computer interaction researchers, especially when relating awareness to 
adaptive systems.  Work is underway on distilling a model that relates abstract user 
characteristics (and historical interactions) with awareness features for specific goals. 
 
Acknowledgements. This work has been conducted with support from a grant funded 
by the Natural Science and Engineering Research Council of Canada (NSERC) for 
the Learning Object Repositories Network (LORNET).  Special thanks to Lori Kettel, 
Robin Dunlop, Ryan Silk, and Erik Fredrickson for their help in building the technol-
ogy our research is based on. 

References 

1. Brooks, C., Kettel, L., Hansen, C. Greer, J.: Building a Learning Object Content Manage-
ment System. In World Conference on E-Learning in Corporate, Healthcare, & Higher 
Education (E-Learn 2005), October 24 – 28 Vancouver, Canada (2005) 

2. IMS Global Learning Consortium Inc. IMS Content Packaging Specification version 
1.1.3. (2003) 

3. IMS Simple Sequencing Information and Behavior Model, Version 1.2, IMS Global 
Learning Consortium Inc. (2003) 

4. Brooks, C. et al.: Adding recommendation to iHelp Courses.  Adaptive Hypermedia 2006 
(AH06) Workshop on Adaptive Learning - Building adaptive educational hypermedia with 
IMS Learning Design.  In Submission. 

5. Gutwin, C., Stark, G., Greenburg, S: Support for Workspace Awareness in Educational 
Groupware.  In  ACM Conference on Computer Supported Collaborative Learning, Indi-
ana University, Bloomington, Indiana, USA October 17-20, Distributed LEA Press (1995) 
147-156 

6. Dourish, P., Bellotti, V.: Awareness and Coordination in Shared Workspaces.  Computer 
Supported Cooperative Work, October 31 – November 4, Toronto, Canada (1992) 

 

 

 

Social Awareness in the iHelp Courses Learning CMS 513



Semantic Halo for Collaboration Tagging
Systems

Alan Dix1, Stefano Levialdi2, Alessio Malizia2?

1 Lancaster University, Lancaster, LA1 4YR, UK
2 University ”La Sapience” of Rome, Via Samaria 113,

00198, Rome, Italy
alan@hcibook.com, {levialdi,malizia}@di.uniroma1.it

Abstract. Collaborative tagging systems allow many users to add key-
words (tags) to community-shared data items. Recently, collaborative
tagging systems, also known as folksonomies, are growing on the web
allowing people to annotate content, and then query by submitting key-
words or tags. In this paper we define a Semantic Halo, as a set of ad-
ditional information that can be provided from tagging systems to end
users when retrieving user-relevant documents. We analyze the semantic
aspects of tagging and provide an algorithm for computing the Semantic
Halo of tags. Finally, we show some preliminary results that demonstrate
the effectiveness of our approach.

1 Introduction

Collaborative tagging describes the mechanism by which many users add meta-
data in the form of keywords to community-shared content. Recently, collabora-
tive tagging has become popular on the web, in fact many web sites allow users to
tag bookmarks, photographs and other document types. Document repositories
or digital libraries often support documents’ organization by assigned keywords.
By contrast, usually such classification is either performed by an authority, such
as a librarian, or else emerges from the material supplied by the authors of the
documents [1] [4]. Conversely, collaborative tagging is the method of allowing
anyone (users) to link keywords or tags to content, at pleasure. Collaborative
tagging systems are an alternative mechanism to the semantic web approach
where experts build ontologies [2] with predetermined relationships among key-
words. This later approach, usually, requires domain-field experts and a com-
munity agreeing on most of the experts choices; while in collaborative tagging,
keyword indexing grows as a natural process. Collaborative tagging systems are
also known as ”folksonomy”, which stands for ”folk taxonomy”, since by adding
metadata to documents a community builds a personalized taxonomy. Many
examples of these tools are present on the web, such as: Del.icio.us that per-
mits collaborative tagging of shared website bookmarks, Snipit, which is also
able to bookmark sections of web pages and CiteULike or Connotea that allow
? Corresponding author.



the same for references to academic publications. Some services allow users to
tag, but only on content they own, for example, Flickr for photographs and
Technorati for weblogs.

From a user perspective, navigating a tagging system is similar to perform-
ing keyword-based searches users provide salient, descriptive terms in order to
retrieve a set of related items. Our approach could be thought as a semantic
tagging expansion of terms for augmenting querying experience in folksonomy
systems. In fact, in order to get broad coverage so that many possible queries
can be formulated, the meanings for individual tags (terms) are expanded by a
tags cloud called Semantic Halo, which retrieves additional related information
to the submitted tags. For instance, if the user is searching for documents an-
notated with the tag ”University”, it could be useful to retrieve also documents
including related concepts (thus tagged with different but semantically related
terms) such as documents about ”colleges” or ”education”. These last two terms
are respectively considered by the system as specification, and generalization of
the submitted tag. They will be included, by employing the Semantic Halo ap-
proach, in the submitted query and thus in the list of documents retrieved by
the system.

In this paper we define a Semantic Halo, as a set of additional information
that can be provided from tagging systems to end users when retrieving relevant
documents. We analyze the semantic aspects of tagging and provide an algorithm
for extracting the Semantic Halo of tags. Moreover, we show some preliminary
results that demonstrate the effectiveness of our approach.

2 Related Works

Recently, collaborative tagging has grown in popularity on the web, and re-
searchers both at academic and industrial level are starting to produce papers
on this subject. In [1], Golder et al. explore the structure of collaborative tagging
systems as well as their dynamical aspects. Particularly, they show regularities in
user activity, tag frequencies, kinds of tags used, popularity in bookmarking and
a notable stability in the relative proportions of tags within a given url (related
to the Delicious system). Moreover they present a dynamical model of collabora-
tive tagging that predicts these stable patterns and relates them to imitation and
shared knowledge. Differently from our approach their system is related to the
frequency of tagging for a given url, while we explore information for a given tag
or term. The creation of metadata has generally been approached in two ways:
professional creation and author creation. In libraries and other organizations,
creating metadata, primarily in the form of catalog records, it has traditionally
been the domain of dedicated professionals working with complex, detailed rule
sets and vocabularies. In [4], Mathes observes that the primary problem with
this approach is scalability and its impracticality for the vast amounts of content
being produced and used, especially on the World Wide Web. In fact systems
developed around professional cataloging are usually too complicated to use for
anyone without specific training and understanding. The Mathes paper examines
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the folksonomy approach: user-created metadata, where users of the documents
and media, create metadata for their own individual use also shared throughout
a community. It should be noticed that an important aspect of a folksonomy
is that it is comprised of terms in a flat namespace: that is, there is no hierar-
chy, and no directly specified parent-child or sibling relationships between these
terms. In his paper, Mathes illustrates further research areas like: quantitative
task analysis, qualitative user analysis, applicability to other systems.

We propose instead a Semantic Halo approach where relationships among
tags include things like broader, narrower, as well as related terms, with respect
to a specific tag or term. In [5], it is correctly stated that tag clouds are becoming
more and more popular. Tag clouds and tag sets are a different kind of objects.
As a tag set, the author means a set of tags. With no order, either a tag is part
of the set, or it is not. The tags that one user deploys to bookmark a single url
in del.icio.us is a tag set (or a tagset). Tag clouds (or tagclouds) are a multi-set
of tags. That is, a set of tags where each tag can appear with multiplicity higher
than one. Examples of the first type of tools are Flickr, 43things, consuMating,
tagsurf ; an example of the second is the tagged version of the BBC web site
contents. In all these cases a tag set is used, where perhaps a tag cloud would be
more appropriate. Some of the differences between a tag cloud and a tag set were
explained in [6]: ”Explaining and Showing Broad and Narrow Folksonomies”.
In our approach, we decided to use tag clouds as we perform reasoning and
frequency related computation, not simply tag set exploration. In [5], another
relevant factor is explored, that inspired us in the definition of our Semantic
Halo; the time. Time is an important factor in considering collaborative tagging
systems, in fact definitions and relationships among tags could vary over time. A
clear example is given in [5], where tagging of the paper ”Power Laws, Weblogs,
and Inequality” by Clay Shirky in the Delicious community suddenly changed
over time. When it came out, the term ”long tail” was not used; long tail in this
article is referred to long tail of weblogs. Long tails were always present, they
were just not culturally recognized as such. On the October 2004 issue of the
article from Wired, ”The Long Tail” came out. The article was an immediate
hit, and on the same day in which the first person bookmarked the article 21
other persons bookmarked it too. The link appeared on Delicious popular, and
a huge number of people read it, and bookmarked it. This article changed the
way people perceived the previous article from Clay Shirky. Today the only tags
more common than ”longtail” are: powerlaw, blogs, blog, blogging, web, network
socialsoftware, shirky.

3 Semantic aspects of tagging

In this section we describe a list of considerations about semantic aspects of
tagging that lead us to develop the Semantic Halo approach.

By providing meanings at different levels of generality, the system can pro-
duce alternative queries for selection by the user that span a wide range of
possible interpretations, also considering variation over time, as we show in the
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next paragraph. Reflecting on the cognitive aspect of hierarchy and categoriza-
tion, the ”basic level” problem is that related terms that describe an item vary
along a continuum of specificity, ranging from very general to very specific; the
problem lies in the fact that different persons may consider terms at different
levels of specificity to be most useful or appropriate for describing the item in
question. We address this problem by including in, our Semantic Halo , an ab-
straction feature. This abstraction feature retrieves related tags by increasing or
decreasing the level of generalization. We retrieve terms that have an increasing
level of generalization and thus are generalization of the given tag among the
tagging community. Moreover we also retrieve terms that have a decreasing level
of generalization and are thus considered specialization of the given tag among
the tagging community. For the purposes of tagging systems, however, conflicting
basic levels can prove disastrous, as documents tagged ”perl” and ”javascript”
may be too specific for some users, while a document tagged ”programming”
may be too general for others, as stated in [1]. Tagging is fundamentally about
sense making. The underlying factor behind this variation may be that basic
levels vary in specificity to the degree that such specificity makes a difference
in the lives of the individual. Like variation in expertise, variations in other so-
cial or cultural categories likely yield variations in basic levels. Thus we think
that retrieving generalization and specification related tags could help users in
finding the right item they look for in the tagging system, being robust against
socio/cultural variations among tags.

Collective tagging, then, has the capacity to exalt the problems associated
with the fuzziness of linguistic and cognitive boundaries. As all tagging commu-
nity contributions collectively produce a wider classification system, that system
consists of personal classifications as well as those that are widely agreed upon.
Thus, both tagging systems and taxonomies are affected by many problems that
exist as a result of the necessarily inexact, but instinctive and evolving process
of creating semantic relations between words and their referents. Three of these
problems are polysemy, synonymy, and basic level variation.

A polysemous word is one that has many (”poly”) related senses (”semy”).
In practice, polysemy alters query results by returning related, but potentially
irrelevant, items. Superficially, polysemy is similar to homonymy, where a word
has multiple, unrelated meanings. Synonymy, or multiple words having the same
or closely related meanings, presents a greater problem for tagging systems be-
cause inconsistency among the terms used in tagging can make it very difficult
for one to be sure that all the relevant items have been found. This problem is
compounded in a collaborative system, where all taggers either need to widely
agree on a convention, or else accept that they must issue multiple or more
complex queries to cover many possibilities. Synonymy is a significant problem
because it is impossible to know how many items ”out there” one would have
liked one’s query to have retrieved, but didn’t. Basic level variations like plurals
and parts of speech and spelling can also stymie a tagging system. We deal with
these problems by including in our Semantic Halo contextual information. We
retrieve multiple contexts associated with given tags (terms) and in this way, by
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measuring correlation among contexts we can separate them (meanings) among
different community tagging senses. In this way we deal with polysemy and if the
opposite is true (contexts are very similar), we can deal with synonyms and thus
retrieve very similar contexts. By employing this approach we notice that we
can also include basic level variations as shown in the next paragraph. We must
say that there are still some errors in retrieving Semantic Halo information, but
early results are very encouraging. Moreover, dealing with contexts in our case
is also related to include variations over time in community tagging. In fact in
our Semantic Halo we return the contexts ordered by time, and thus we can also
capture meanings’ variation over time, as we will show later in next paragraph.

4 Extracting the Semantic Halo

As discussed earlier, a folksonomy represents a fundamental shift in that it is
derived not from professionals or content creators, but from the users of infor-
mation and documents. In this way, it directly reflects their choices in diction,
terminology, and precision. There is no significant cost for a user or for the sys-
tem to add new terms to the folksonomy. The problem is that while the disparate
user vocabularies and terms enable some very interesting browsing and finding,
the sheer multiplicity of terms and vocabularies may overwhelm the content with
noisy metadata that is not useful or relevant to a user. Furthermore, the cost
for users of the system in terms of time and effort is far lower than systems that
rely on complex hierarchal classification and categorization schemes. In addition
to this structural difference, the context of use in these systems is not just one
of personal organization, but of communication and sharing. The nearly instant
feedback in these systems leads to a communicative nature of tag use.

These considerations drove us in thinking that a Semantic Halo will help
users in augmenting querying results for matching as close as possible to the
user’s needs. We define our Semantic Halo as a set of search results for a given
tag made by a set of four features, we named it 4A:

– Aggregation. It contains all the tags (terms) linked or related to the given
tag.

– Abstraction. It is similar to aggregation but related to a direction (in-
creasing and decreasing), thus it contains two subsets: Generalization, tags
increasing abstraction with respect to the given tag, and Specialization, tags
decreasing abstraction with respect to the given tag.

– Ambience. It is the context for a given tag. Thus it includes all the possible
tags appearing in the same context, and that will be useful for augmenting
or refining the user query. This set will be built from a basic Context set, as
clarified later.

– Age. It is a list of ordered contexts, namely an ordering of the Ambience fea-
ture elements over time. This will help in retrieving tags ordered by meanings
given to them during time.

More formally we define these 4A features as sets:
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Given a tag t, letDoc be the set of documents being tagged, consider d ∈ Doc,
and write tags(d) as the set of tags for d in Doc, now set: nj = co occur(t, tj) =
card{d ∈ Doc|t ∈ tags(d) and tj ∈ tags(d)}, and Ct =

⋃
{tags(d)|t ∈ tags(d)}−

{t} = {t′|ti 6= t and co occur(t, t′) > 0}.
Finally, we define the average instance frequency of ft = 1

m

∑
i=1...mNi.

Let
Aggregation = Abstraction = Genralization = Specialization = ∅
Ambience = Context = Age = ∅.
//all sets are empty at the beginning

For each ti ∈ Ct extract
Cti = {ti1, . . . , tin} //the set of ti co-occurrence tags

Let Nti //the number of co-occurrence tags instances

let t ∈ Cti and let j | tij = t then
i f (ni > ft) and (ntij > fti) then Context = Context

⋃
ti

i f (ni > ft) and (ntij ≤ fti) then
Generalization = Generalization

⋃
ti

i f (ni ≤ ft) and (ntij > fti) then
Specialization = Specialization

⋃
ti

i f (ni ≤ ft) and (ntij ≤ fti) then
Aggregation = Aggregation

⋃
ti

Set Abstraction = Generalization
⋃
Specialization

After this processing phase, and before building the Age set, we partition the
Context set in a new set made of Context subsets calledAmbience ⊆P(Context),
which is contained in the power set of Context.

We explore the Context set, and for each th, tk ∈ Context we compute
Nth , Ntk and their respective frequency; if it is higher than f they are part
of the same context and Ambience = Ambience

⋃
{th, tk}; else Ambience =

Ambience
⋃
{th}

⋃
{tk}. By building these subsets, we have subsets of tags that

represent the same context (meaning) thus could be considered as synonyms, and
other distinct subsets represent separate meanings, thus show polysemic mean-
ings of the same tag. Finally, we build the Age feature as an ordered sequence,
by ordering the Ambience subsets by age. Ordering by age means that for each
subset contained in Ambience, we take the date of the most recent submitted
tag.

In order to show the results of our approach, we tested it among the Delicious
community. Delicious is a social bookmarks manager on the web. Users submit
their links to a website, adding some descriptive text and keywords, and Delicious
aggregates their post with everyone else’s submissions allowing users to share
their posts. We implemented our algorithm for extracting the Semantic Halo
using their programming APIs (Application Programming Interfaces) and thus
obtaining results while community users where tagging. We present and comment
our early findings, but we notice that the Delicious community is very large (now
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Delicious is part of Yahoo) and moreover it is a very active tagging community
and this results in a quite complex but effective test. We tested our approach with
different tags we believe are interesting for demonstrating early results, and we
show the features extracted from our algorithm. We think that a simple interface
could be developed which presents to end users not only the retrieved bookmarks
by their submitted tags, but the four features provided by our algorithm for
enhancing the search/browsing experience.

Given the tag ”university”, which is quite general, our algorithm searched
over Delicious for related tags and retrieved:

– Ambience = { open, { learning, University } }
– Abstraction = { online, education}

⋃
{colleges, high, degree, distance,

Commons }
– Age = ( (learning,University), (open))
– Aggregation = { soccer, gradschool, corps, indoor, course, masters, re-

search institute, cites, cincinatti, peace, demographic, content, courses, in-
novators, urban, tournament, entrepreneurship, liverpool, york, community-
college, schools, Illinois, abroad, Content, latino, Course, complexity, plan-
ning, Initiative, academiclibrary, enterprise, semantic web, Education, grad,
scholarship, teaching, college, school }

We can observe that the Ambience set is composed of two subsets associated
with two different contexts and thus meanings of ”university” tag. Interestingly,
we can see that we can solve also basic level variations since the tag ”University”
with the capital ”U” is strongly associated with the ”university” tag and also
together with ”learning” could be considered as a synonym; while ”open” is also
strictly related but indicates a different meaning thus coping with polysemy. The
first part of the Abstraction set is related to the generalization of the given tag,
while the second part is specialization, thus providing a partition of the related
tags in increasing and decreasing abstraction. The Age sequence is the ordered
set of contexts (meanings) with respect to last updates. The Aggregation set
lists all the related tags, and even if there are unwanted tags the majority is
clearly related.

Another interesting example occurs with the tag ”math”:

– Ambience = { Math }
– Abstraction = { programming}

⋃
{fractal, algorithmic, formal }

– Age = ( (Math) )
– Aggregation = { genprog, engineering, poems, nerd, books, statistics, po-

etry, children, application, stories, finance, latex, reading, data, articles, kids,
Goose, Mother, book, crafts, sparlings, research result, Programming }

We can observe that again the basic level variation is solved since we identify
”Math” as strictly closed to ”math”. But there are two other interesting findings
to be observed. First of all the community for now is still quite biased by being
accessed mainly by computer-related people. We can see that ”programming”
is a generalization of ”math” in this environment and also tags like ”genprog”

520 Alan Dix, Stefano Levialdi, and Alessio Malizia



and ”latex” are aggregated to ”math”. But another interesting phenomenon
is that of finding ”kids” and ”children” aggregated by ”math” with tags like
”Mother” and ”Goose” which are related to maths books for children. This is
very interesting and we think very helpful to users searching for links on the math
subject. Moreover specializations retrieved for ”math” tag are very meaningful
like ”algorithmic” and ”formal”.

We presented these two, we believe relevant, results for this very first version
of our approach. We have many of these examples but they are somehow related
to the programming and computer area, even if we think that since this com-
munity is growing very quickly we can have, soon, many interesting examples of
general tags and concepts for testing our Semantic Halo approach.

5 Conclusions and Future Works

We believe that providing the Semantic Halo as result of a query for a given tag
will strongly help users in finding desired items in community tagging systems.
In fact, instead of retrieving simply a related list of tags, as it happens, mainly, in
all available tagging systems, we present to users four classes of grouped tags that
are not only related to the submitted one, but also provide useful information
for avoiding typical problems (synonyms, polysemy, basic level variations) of
community-based tagging systems.

We are planning to use our Semantic Halo for conducting usability experi-
ments among users to show its validity in augmenting seraching/browsing. We
will explore different tagging systems and folksonomies, not only for validating
our approach but also for investigating if the Semantic Halo can be employed for
managing and exploring tagging communities having cultural and social bias.
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Abstract. Co-operative group recommenders aim to help a group of
users arrive at a consensus when they need to make a decision in rela-
tion to a common goal. The success of any such recommender critically
relies on its ability to; (1) gather and accurately model group preferences,
(2) enhance group awareness of member preferences, and (3) focus user
attention on areas of the recommendation space which are likely to con-
tain recommendation options that are highly relevant to the group as a
whole. In this paper we describe how we manage this kind of social inter-
action within a group travel recommender system through effective use
of visual cues and an accurate group preference modelling methodology.

1 Introduction

Our research in the area of social recommender systems concentrates on group
recommendation in particular. We are especially interested in co-operative group
recommendation contexts whereby the objective is to help a group of users arrive
at a consensus when making a decision in relation to a common goal. A good
example here is a group of users planning a holiday together; each having their
own (often diverse!) preferences with respect to what constitutes as an ideal hol-
iday for them. The obvious challenge here is how best to aggregate individual
preference models, and this is an area of research we have investigated exten-
sively recently [9, 10]. Of course, research by Jameson et al [5, 11] has highlighted
that supporting users in group recommendation tasks requires a great deal more
than identifying an appropriate aggregation function. Having an accurate way
of modelling group member preferences only brings us part of the way to sup-
porting users in this kind of a recommendation setting. Other social interaction
challenges include: how to support groups of users in the preference elicitation
task, how best to educate the group about other member preferences, and how
can the recommender draw attention to recommendation candidates that seem
to satisfy group preferences.

Our work in this area has greatly been influenced by recent work in the area
of social interaction [1, 8], user modelling [6], and intelligent user interfaces [4, 7,

? This material is based on works supported by Science Foundation Ireland under
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13]. For instance, in this paper, we describe how we make extensive use of visual
cues to create emphasis and help users locate relevant information, as well as
enhance group member awareness of each other’s preferences and motivational
orientations. We describe our ideas in the context of a group recommender sys-
tem that we have designed and implemented; the Collaborative Advisory Travel
system (CATS). First of all we discuss the social interaction modalities and in-
terface components supported by CATS. Next, in Sections 3 and 4 we summarise
our approach to group preference modelling and recommendation retrieval. Sec-
tion 5 discusses some of the feedback we have collected from user trails, to date,
in relation to the effectiveness of the interaction measures we have put in place.

2 Interaction Modalities within our Group Recommender

The interface to the CATS system is shown in Figure 1, implemented as a Web-
based client-server application whereby each user interacts using a standard
PC. It draws on case base of 5700 European skiing holidays described by 43
features related to the resort (e.g., country, transfer time, lift system, etc.) and
the accommodation (e.g., rating, price, ski room & restaurant facilities, etc.).
A key objective in CATS is to help users understand which ski-packages best
suit their needs and the needs of all group members. In this section we discuss
how individual user and group interaction is supported within CATS; paying
particular attention to how we effectively communicate information contained by
the group model (through visual means), and how we support group interaction
in terms of preference elicitation, annotation and consensus calibration.

2.1 Individual Interaction

In Figure 1 the interface screen, shown to each user, is a map of countries in
Europe, with ski resorts marked by mountain range icons. To view a particular
resort a user simply clicks on the resort icon. The user is subsequently presented
with a case window describing a particular skiing package option, see Figure 2.
By critiquing a recommendation, a user can express a preference over a specific
feature in line with their own personal requirements (e.g., more red runs, cheaper,
higher star rating for hotel etc), which affords the user an opportunity to provide
informative feedback; see [2–4, 13]. The critiques made by each user are added
to their individual preference model and the next case recommended to them
is determined by the selection mechanism described in Section 4. Furthermore,
when individual users are satisfied with a particular holiday recommendation
and wish to draw it to the attention of the other group members, they can do
this by adding it to a stack area. Further details on the stack aspect of the
interface are discussed in the next section.

2.2 Social Interaction

In addition to being able to make reactive recommendations to individual users
(i.e., on the basis of their individual critiques) CATS also has the capablilty
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Fig. 1. The main CATS interface.
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Fig. 2. The case window presents the user with a complete description of a case and
is used as the starting point for collecting critiquing-based feedback from each user.

of making proactive recommendations to all users (i.e., on the current group
preferences model; see Section 3). Briefly, the CATS system constantly compares
the preferences of the group with the remaining cases available; that is, cases
that have not been previously viewed or discarded by any of the group members.
Occasionally, one or more of these cases exceeds a certain critical compatibility
threshold with respect to the group preference model and when this happens the
most compatible case is pro-actively recommended to all users. For example, one
such case (for a 4-star hotel in Austria) has been proactively recommended in
Fig. 1 and will appear on the map window for all users where they can interact
with it in the usual way. The motivation here is to draw their collective attention
towards cases that appear to maximally satisfy their preferences.

We briefly mentioned above how each group member can promote recom-
mendations to the attention of all group members through the stack area of the
interface. The stack houses summaries of these case recommendations, as well as
displaying compatibility information relating to group compatibility. Essentially,
compatibility of each promoted case with the current users individual preference
model, IMU , is shown along the left hand side of each stack member, and a
consensus barometer (i.e., wrt the group preference model, GMU1,...,Uk), is pre-
sented along the right hand side. This informs all the users in the group about
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how satisfied the group is with the cases being considered, and helps users to
better understand what factors are important to other group members.

The group preference model is also used to dynamically update resort icons on
the map interface. Each resort icon is annotated with a colour-coded snowflake
to show where each user is concentrated in the product space at the current
moment in time, but the resort icon sizes change dynamically also. The size
of the resort icon reflects the compatibility rating of its most group-compatible
case; that is, the resort case that satisfies the most critiques contained in the
group preference model. Thus, the map also communicates the focus of group
activity and preferences to all users.

3 Modelling Group Preferences

As mentioned earlier, having an accurate way of aggregating the individual pref-
erence models of all users is an essential aspect of any co-operative group rec-
ommender. In our work each user U is associated with an individual preference
model, IMU , that is made up of the critiques that they apply throughout the
course of the recommendation session (see Equation 1).

IMU = {I1, ..., In} (1)

As new critiques are made by the user, their preference model is updated. This
involves the addition of new critiques but may also involve the removal of past
critiques if they conflict with, or are subsumed by the most recent critique. For
example, if a user had previously indicated a Price < $600 critique and a new
Price < $500 critique is later applied then the earlier critique will be removed
to reflect the users refined Price preference. Similarly, if a user had previously
indicated a Price < $600 critique but the new critique is for Price > $650, then
the earlier conflicting critique is deleted. In this way the user’s preference model
reflects their most recent preferences. In addition, a group preference model,
GM(U1, ..., Uk), is also maintained by combining the individual user models and
associating critiques with the users who contributed them as shown in Equation
2 such that IU

j refers to the jth critique in the preference model for user Ui.

GMU1,...,Uk = {IU1
1 , ..., IU1

n , ..., IUk
1 , ..., IUk

m } (2)

During recommendation it will sometimes be necessary (as we will see in
the next section) to leverage part of the group preference model, usually the
model less some individual user’s critiques. Thus we will often refer to the partial
group model or the members model, MMU , to be the group model without
the critiques of a particular user U as shown in Equation 3. This means that
the group preference model is based on the preference models for individual
users at a given point in time and after they have been processed to remove
inconsistent or redundant critiques. We have chosen not to repeat this processing
over the group preference model and therefore it is possible, indeed likely, that
the group preference model will contain conflicting preferences, for example. Of
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course, during recommendation these inconsistencies will have to be managed
by preferring cases that are maximally compatible with the overall group model.

MMU = GMU1,...,Uk − IMU (3)

4 Generating Group Recommendations

Our approach to recommendation selects items/products for an individual Ui in
the context of some group of users G based on Ui’s individual preference model
and on the group preference model. In this section we will consider recommen-
dations from the point at which Ui critiques a recently recommended case. The
critiqued case (cp) is often referred to as the current preference case. The job of
the recommender system is to pick a new case that is compatible with the latest
critique while similar to cp.

The first step is to temporarily filter-out cases that are not compatible with
the current critique (applied by Ui) [3] . This leads to a set of recommendation
candidates. The standard approach to critiquing only ranks these candidates ac-
cording to their similarity to the critiqued case (cp), irrespective their compat-
ibility with prior critiques. We, instead, use the incremental critiquing method
[12], which uses the user’s preference model to influence future recommendations.

The result is that recommendation candidates are ranked such that they are
similar to cp, compatible with the current critique, and also such that they are
compatible with past critiques in so far as is possible. To do this, each candidate
recommendation, cr, is scored according to its compatibility to the user’s current
preference model, as shown in Equation 4. Essentially, this compatibility score
is equal to the percentage of critiques in the user’s model that are satisfied by
cr; for example, if cr is a $1000 vacation case then it will satisfy a price critique
for less than $1200 (Ii) and so satisfies(Ii, cr) will return 1.

compatibility(cr, Ui) =
∑

∀I∈U satisfies(I, cr)
|U |

(4)

The quality of a case cr with respect to a preference case cp, is a weighted
sum of preference similarity and critique compatibility. When a user U critiques
cp the next case recommended will be the one with the highest quality score; see
Equation 5. By default, for incremental critiquing α = 0.5 to give equal weight
to preference similarity and critique compatibility.

quality(cp, cr, U) = α ∗ compatibility(cr, U) + (1 − α) ∗ similarity(cp, cr) (5)

crec = argmaxcr
(quality(cp, cr, IMU ,MMU )) (6)

Our group recommender is based on incremental critiquing but adapted to
include the preferences of the other group members (MMUi = G − [Ui]) in the
quality metric, as well as the preferences of the user applying the critique, to
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select a recommendation (crec) according to Equation 6. To do this, we com-
pute a new compatibility score, for a recommendation candidate cr, as shown
in Equation 7 and combine this with similarity to the preference case (cp) as in
Equation 8. The β parameter controls how much emphasis is placed on individ-
ual versus group compatibility while α controls the emphasis that is placed on
compatibility versus preference similarity; by default we set both parameters to
0.5. In this way, the case that is recommended after critiquing cp will be chosen
because it is compatible with the critique, similar to cp, and compatible with
both the user’s own past critiques and the critiques of other users. Thus we are
implicitly treating past critiques as soft constraints for future recommendation
cycles [14]. It is not essential for recommendation candidates to satisfy all of the
previous critiques (individual or group), but the more they satisfy, the better
they are regarded as recommendation candidates.

GCompatibility(cr, IMU ,MMU ) = β ∗ compatibility(cr, IMU ) +
(1 − β) ∗ compatibility(cr,MMU ) (7)

quality(cp, cr, IMU ,MMU ) = α ∗ GCompatibility(cr, IMU ,MMU ) +
(1 − α) ∗ similarity(cp, cr)

(8)

5 Evaluating the Social Interaction Modalities in CATS

We carried out a small-scale user study to evaluate our prototype CATS system.
Multiple trials, each involving groups of 4 users, were carried out with 12 com-
puter science graduate students, with varying degrees of interest and experience
when it came to skiing1. Each group of users were instructed to behave as if
they were really trying to find a skiing holiday to go on together. For each trial
user interactions and recommender activity was recorded, and at the end of each
session each group had to complete an extensive questionnaire covering issues
such as: their personal level of satisfaction with the final consensus reached and
the usefulness of the various social visual cues presented.

In previous work [10, 9] we provide a thorough description of the evaluation
setup and methodology. Our previous discussions concentrated on the recom-
mendation accuracy and efficiency results we found; using criteria such as session
length and overall preference satisfaction. We found that our approach to group
recommendation effectively generates recommendations that satisfy group needs.
Here, we would like to focus on our key findings with respect to the usefulness
of the various social interaction modalities in CATS. It is conceivable that pre-
senting users with dynamically changing interfaces, that incorporate a diverse
range of interaction modalities, could have the adverse effect of confusing them
rather than supporting them in their co-operative task. We were sensitive to the

1 All trials were conducted in the computer laboratories at the School of Computer
Science & Informatics at UCD Dublin, Ireland
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notion that users could well be overwhelmed by the busy combination proactive
& reactive recommendations, dynamic annotation and resizing of icons, as well
as the various summaries, barometers and indicators in the ever-changing stack
area. The critical point to make here is that if our user groups do not find these
features intuitive and useful then here there is little point in including all of these
in the final CATS interface. It is always very difficult to accurately measure sub-

Fig. 3. Comparing the social interaction features of the CATS system.

jective functionality of this kind. Like many others, we relied on the feedback
we gathered from individual user questionnaires and interaction logs. One of the
key things we were interested in was Do users actually find the stack area use-
ful? The textual responses gathered in response to this question were extremely
positive. Every user (i.e., 100% agreement) found it a very useful resource for
drawing the attention of other group members to their own preferred cases, and
75% of users routinely accessed recommendations of other group members from
this area. We found that the average user places between 3 and 4 cases on the
stack per session, and that the number of case accesses from the stack area varies
over the trials (from a min of 15% to a max of 100%).

When asked if they found the proactive recommendations and resort icons
annotations and resizing useful users were, once again, largely positive. There
was 60% agreement amongst users that the resort icon changes were useful as a
means of emphasising to the group the part of the recommendation space that
was currently in focus. Incidently, those users who were not in full agreement
had neglected to notice the dynamic resizing feature of these resorts. Once a
proactive suggestion is made, we found that users respond to these suggestions
approximately 26% of the time on average. Only 2 of the 12 users indicated they
were not happy with the general quality of these recommendations.
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None of our trialists reported feeling confused at any point, although we did
find that some users far preferred one interaction modality over another. For
instance, those users whose recommendation accesses came primarily from the
stack and proactive recommendation component (rather than though direct in-
teraction with resort icons in the map), often did not notice the dynamic changes
in resort icons. We do not see this as a negative result. We understood that every
user had preferred interaction mode, and that this varied amongst trailists. The
fact that some creatures of habit concentrated on one or two interaction modes
(and was oblivious to others) is okay, so long as they did not do this because
they were confused. Overall, our logs revealed that each of the interaction com-
ponents were utilised considerably more often by users to access cases than the
standard ‘suggest’ button interaction. Figure 3 shows how users are especially
attracted to the map and stack areas which play a vital role in communicating
strong group preferences.

6 Conclusions

Earlier, in Section 1, we highlighted that while having an accurate way of mod-
elling group preferences and generating relevant recommendations is a critical
component for any co-operative group recommender, it is not the only challenge.
Our Collaborative Advisory Travel system (CATS) takes an approach to cooper-
ative group recommendation that: (1) uses a variety of social interaction features
to communicate group, as well as individual, preferences and activity, and (2)
constructs a reliable group-preference model by combing critique histories in or-
der to generate recommendations on a proactive and reactive basis. Previous
performance evaluations have indicated that CATS effectively translates the of-
ten competing preferences of a group of individual users into a recommendation
that broadly satisfies the whole group. In this paper we have discussed how we
gather preference information, enhance awareness, and focus the attention, of
a group of users using visual cues and a sophisticated group preference mod-
elling methodology. In our evaluation trials users responded positively to the
various social interfacing elements and recommendation strategies implemented
by the CATS group recommender. We have found that user groups make regular
use a social interaction features such as the stack area and dynamic resizing of
map components and resort annotation, and so seem willing to accommodate
emerging group preferences.
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Abstract. In this paper, we explore the increasingly popular social 
bookmarking services. These services powerfully combine personal tagging of 
information sources with interactive browsing, which allows for improved 
social navigation. We examine the use of a social bookmarking service, 
deployed in a large organization, to understand how social navigation is 
supported. We conclude that social tags used in the context of a social 
bookmarking service are an important way to improve social navigation.  

1 Introduction 

For several years, there has been work underway to understand how social 
information can be used to enhance information exploration and discovery and to 
generally improve information spaces. Social navigation is a concept that is generally 
used to describe navigation that is “driven by the actions from one or more advice 
providers [4].” Svennson and Hook [18] add that an advice provider can be a person 
or an artificial agent providing navigational advice. They further point out that social 
navigation can be either direct or indirect. Direct social navigation is the direct 
communication of navigational advice (e.g. in a chat or email) from one person to 
another; it is characterized by intentional human action or input. Indirect social 
navigation is when navigational advice is inferred from historical traces left by others. 
Indirect social navigation involves monitoring and analyzing the behavior of a group 
of people. 

 
Dieberger [3] notes that an early form of direct social navigation support was 

found in the lists of favorite web sites (a.k.a. “hotlists”) found on many personal web 
pages, and in the recommendations for related sites that were found on many 
organizational home pages. Hill and Hollan [9,10] provided an example of  indirect 
social navigation when they monitored both authors’ and readers’ online experiences 
with various documents, and then computed measures of what they called read wear 
and edit wear. They then provided navigational support in the form of “attribute-
mapped scroll bars” to enable rapid browsing to items that appeared to be of greater 
interest to most readers. Wexelblat and Maes [23] explored the use of “interaction 
histories” in a group of tools that allowed navigation based on maps, paths and 
signposts. In a field study of these tools, they found productivity improvements (i.e. 
same work with less effort) and high rates of user comprehension of the navigation 



models.  Yet another early example of indirect social navigation of the web was 
provided in the PHOAK project [19]. Terveen et al. mined newsgroups to identify 
web links that were in the discussion, and used text analysis to determine if the link 
was likely to be a recommendation. They then provided a list of the most-
recommended sites for a particular newsgroup.  

2 Social Bookmarking Systems 

The desire to explicitly share information among small groups, teams and 
communities of practice has led, not surprisingly, to the development of a number of 
shared bookmarking systems. Early shared bookmarking systems often used 
automated techniques to support the creation and categorization of collections of web 
bookmarks [14, 15, 24]. Other shared bookmarking systems incorporated end-user 
ratings of web pages [1, 6]. These innovative systems met with some success, 
although they consistently seemed to fall short of their potential use. Several 
explanations for their limited success have been offered, including limited privacy 
protection, little support for end-user tailorability and high requirements for active 
user participation [13]. 

Recently, there has been a reemergence of shared bookmarking applications, 
whose tremendous popularity and growth of use have prompted a second look at this 
kind of collaborative software. Introduced in 2003, the del.icio.us [2] social bookmark 
manager was one of the first of this kind of application, and has enjoyed an early and 
large base of committed users. A flurry of similar offerings has since been unveiled; 
for a review see Hammond et al [8].  

Recently, these internet oriented social bookmarking services have been adapted 
for use in large organizations. One example is the dogear social bookmarking service, 
which supports bookmarks of internet and intranet information sources, and provides 
user authentication via corporate directories [17]. 

These systems share a number of features. First, they allow individuals to create 
personal collections of bookmarks and to share their bookmarks with others. These 
centrally stored bookmark collections bring immediate personal benefit by providing 
a collection that can be browsed from any web-accessible machine. 

A second, and significant, enhancement in these systems is the use of keywords or 
tags that are explicitly entered by the user for each bookmark. These tags allow the 
individual user to organize and display their collection with labels that are meaningful 
to them. Furthermore, multiple tags allow bookmarks to belong to more than one 
category, avoiding one of the limitations of the hierarchically organized folders of 
bookmarks (or “favorites”) found in most web browsers. The use of tags to create an 
emergent classification system—a “folksonomy”—has been somewhat controversial 
and is likely to spawn significant research in the short term [7, 16, 22]. 

The final distinguishing characteristic of these social bookmark applications is the 
social nature of their use. There is a bias towards increased transparency in these 
tools. While bookmark collections are personally created and maintained, they are 
typically also visible to others. A number of user interface elements allow social 
browsing of the bookmark space. For example, user names are “clickable” links, and, 
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when a name is clicked, the bookmark collection for that user is presented. This 
allows someone to get a sense of the topics of interest for a person. Tags are also 
clickable, and when selected will result in a list of all bookmarks that share that tag. 
This is a useful way to browse through the entire bookmark collection to see other 
information sources of interest. We call this ability to reorient the view by clicking on 
tags or user names, “pivot browsing”; it provides a lightweight mechanism to navigate 
the aggregated bookmark collection. 

These new social bookmarking applications are a natural and powerful extension of 
existing social navigation tools and practices. They provide a mix of both direct 
(intentional) navigational advice as well as indirect (inferred) advice based on the 
collective public behavior. In this paper, we present some results from a field study of 
the dogear social bookmarking service.  We will describe the specific design elements 
of the application that support social navigation, and then provide empirical evidence 
of enhanced social navigation from a seven month field study of the service.  

3   Design for social navigation 

The dogear social bookmarking service was designed to simply and elegantly display 
bookmarks within a navigation model that allows users to manage and explore the 
collection in different ways. The user’s bookmark collection is a reverse 
chronological list of their most recent bookmarks, similar in format to a blog. Each 
bookmark has a number of pieces of metadata which give the user useful information 
about its context and content. Other views include recent bookmarks, popular 
bookmarks, bookmarks to a specific URL, bookmarks for any combination of tags 
and user, and text search results.  A screen shot of dogear can be seen in Figure 1. 
 

  
Fig. 1.  Screen shot of dogear service.  A – tag cloud with browsable tags, B – list view of 
bookmarks, C – tags for each bookmarks (also clickable). 

A number of important design principles for social navigation tools have been 
described by Forsberg, Hook and Svensson [5] They argue that it is important to have 
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tools that integrate with other everyday tools, show the presence of others (either 
synchronously or asynchronously), provide mechanisms to ensure appropriate 
behavior, build trust, and follow explicit privacy policies. Furthermore, there needs to 
be a way to personalize the navigation recommendations for individuals. 

The dogear social bookmarking service has been designed to integrate with 
everyday work tools. It is a browser-based application, accessible to everyone within 
a large enterprise, and intended to navigate both intranet and internet web sites. To get 
started with the dogear social bookmarking service, an end-user need only install a 
browser toolbar button (a few lines of JavaScript) to allow easy bookmarking of web 
pages. The presence of others is always visible: a navigation bar shows a list of the 
most active users (described in more detail below), while the dogear home page 
displays the most recent bookmarks, which include the names of the bookmark 
creators and the dates of creation. To ensure appropriate use for this business-oriented 
application, all users are authenticated against the corporate directory, and real name 
identity is used to associate names with bookmarks. To help build an environment of 
trust and protect privacy, there is a distinction between public (shared) and private 
bookmarks. And finally, we personalize the browsing experience by providing a “my 
bookmarks” view, allowing individuals to see their personal bookmark collection. 

3.1 Social Tagging of Content 

One of the major innovations in social bookmarking applications has been the 
widespread adoption of user-generated keywords (or tags) that are associated with the 
web content. The dogear design reveals the tag history in the form of what have been 
popularly called tag clouds (see Figure 1). A slider control allows the tag cloud to be 
expanded or contracted to reveal more or less of the tag index. Font darkness is used 
to show more frequently used tags, with a darker font indicating more use. 

While human generated keywords as metadata have been available in many 
applications for a long time, we think that the ability to pivot browse the bookmark 
collection using tags is important. We believe that the interactive nature of social tags, 
that is, the ability to click and browse bookmarks based on the tags, is an important 
design characteristic and provides an immediate benefit to the user for having 
provided the tags in the first place. 

The tag cloud (or tag index) supports easy social navigation in that each of the tags 
is clickable; clicking a tag leads to a view of bookmarks that are associated with that 
tag. Tag clouds are either system-wide, or specific to one user, depending on the 
current view. A system-wide tag cloud would quickly grow to an unmanageable 
size—after 8 months, the number of distinct tags in the dogear service was over 
12000. To make the enterprise tag collection manageable, we bound the tag cloud to 
include only the most active tags. 

User tag clouds also provide a frequency slider to allow easy examination of the 
tags, while a distinctive name label is provided at the top of the tag cloud. The tag 
cloud for an individual allows viewers to get a sense of the current interests of the 
collection owner. The individual tag collections also provide important navigational 
support as each bookmark collection can also be browsed by simply clicking on a tag. 
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The design of the dogear service also allows direct navigation to bookmarks that 
are tagged with two or more tags in combination, as well as to navigate the bookmark 
collection through direct navigation of people links. 

4 Social Navigation: Results of Field Study 

Our general understanding of the use of the dogear service was based on many 
sources of user data, including log files, the data in the bookmark repository, email 
and blog comments and feedback about the eservice, and a short online survey. In this 
paper we focus on data from user activity level log files. Included in the log files are 
user actions (e.g., create, delete, edit a bookmark, bookmark “clicks”), user and 
bookmark owner identifiers, and a time and date stamp. In addition, we have analyzed 
aspects of the bookmark collection itself, which provides additional information about 
the composition of bookmarks (e.g., tag structure information). 

The user activity analysis presented here is based on log files covering an eight 
month period from July, 2005 to March, 2006. During this usage period, 2579 
individuals were recorded using the dogear service, with 909 (35%) of the 
participants creating at least one bookmark.  To date, 58532  bookmarks have been 
created in one of four ways: new bookmarks created directly in dogear, imported 
bookmarks from another social bookmarking service, imported bookmarks from a 
local browser (Internet Explorer or Firefox) and direct copying someone else’s 
bookmark.  In the current bookmark collection 35.7% were created within dogear, 
23.4% were imported from another service, and 38.7 % from local browser 
bookmarks and 2.2% were copied from another dogear user.  While it is possible to 
have private bookmarks in the dogear service, the default setting when a new 
bookmark is created is “shared.”  To date, 98% of the bookmarks are public/shared.   
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Fig. 2. Distribution of new tags as a function of order of application. 
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We were particularly interested in the social tagging behavior for end-users of the 
dogear service. To date, 16577 unique tags have been generated for the over 50K 
bookmarks.  The modal number of tags per bookmark is 2, with 71 % of bookmarks 
having three or fewer tags.   There is considerable tag reuse by end-users, which 
confirms active management of personal tag collections or personal folksononmies.  
In Figure 2, we show the average percentage of new tags as a function of the number 
of tags that have been previously entered by an individual.  There is a gradual decline 
in new tags as end-users enter more bookmarks.   This gives us a sense that there us 
significant reuse of tags over time.   

4.1 Supporting Social Navigation 

We were particularly interested in understanding how the dogear service supports 
social navigation. One kind of evidence for social navigation would be found in the 
number of times individuals looked at the bookmark collections of other people.  In 
total, 2545 (98.7%) of dogear users used tag or people links at least one time to 
browse and explore the bookmark collection.   
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Fig. 3(a). # of times browsed by type. Fig. 3(b). % of users browsing by type.. 
 

In Figure 3, we show the number of times end-users looked at the bookmark 
collections of others as well as the proportion of dogear end-users who browsed in 
each particular manner. There is considerable browsing of the bookmark space by 
other people, other tags (everyone), and other people’s tags. These results suggest 
widespread curiosity about what others are bookmarking. The most frequent way to 
browse bookmarks is by clicking on another person’s name, followed by browsing 
bookmarks by selecting a specific tag from the system-wide tag cloud. It is 
considerably less common for a user to select a tag from another user’s tag cloud and 
there is almost no use to date of the more advanced browsing of tag intersections. 

 The results reported in Figure 3 provide evidence of the explicit social navigation 
that is taking within the dogear service. We were curious about what kinds of tags 
were most often browsed.  It seems likely that the tags most likely to be browsed 
would very simply be those that occur most often in the bookmark collection. These 
frequently applied tags were presumably created by the end-users as they were 
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expected to be useful for “refinding’ the bookmarks at some time in the future.  In 
Table 1, we show the top ten most browsed tags as well as the ten most popular (i.e. 
most frequently applied) tags in the collection.  Six tags appear on both lists.  A 
reliable positive correlation exists between the frequency that a tag is browsed and the 
frequency that a tag appears in the bookmark collection is .67 (p < .001). 

Table 1. Top ten tags browsed compared to top tags applied. 

Top 10 Tags Browsed N  Top 10 Tags Applied N 
tools 162  tools 1771 
ajax 159  java 1247 
collaboration 128  design 1087 
linux 110  ajax 1046 
blog 97  linux 1014 
java 93  software 986 
firefox 90  firefox 984 
dogear 85  web2.0 869 
eclipse 84  programming 867 
websphere 67  blog 858 

 
In addition to understanding which specific tags were browsed most often, we were 
also curious about whether we could see evidence of tag clustering, which would 
show that individuals who browsed one tag would be more likely to browse related 
tags.  We performed a two-mode social network analysis [21] to understand the tag 
co-browsing similarity among dogear users.  We then extracted a single mode 
network which reveals a network in which the nodes are tags, and the edges indicate 
that the same person browsed both tags.   We have presented a small portion of the tag 
network in Figure 4.  There are clear tag clusters visible in the network diagram.  At 
the center of the biggest cluster is the tag ajax with a number of connected tags related 
to programming terms.  There is also a cluster (upper right) with a central node 
labeled architecture.  There are two isolated tag clusters, seen at the bottom of the 
figure, which may indicate a group of people working in a similar area or project.  

The results reported above provide evidence of the explicit social navigation that is 
taking within the dogear service. We are encouraged by these results as they represent 
a novel form of information browsing within the enterprise. While the results indicate 
that users of the system are looking at the bookmark collections of others, they do not 
tell us whether or not users are clicking through to those bookmarked sites. 

We examined, therefore, the number of times that dogear users clicked through on 
a URL that had been bookmarked by another. During the trial period, 89% of 
individuals (2291 of 2579) clicked on URLs that had been bookmarked by another 
person. 74% of the total pages visited (32596 of 44144) were bookmarked by 
someone else. This provides considerable evidence that the dogear service is 
supporting a high degree of social navigation. 
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Fig. 4. Tag browsing network for a subset of dogear tags. 

5 Discussion and Next Steps 

In this paper we have described those navigation elements of a social bookmarking 
application that have been designed to support enhanced social navigation. These 
design elements afford navigation through the bookmark collection by tags, by 
people, or by combinations of tags and people. The results of our log file analysis 
confirm that these navigational elements are in use by a large number of the users of 
the social bookmarking application under study. Indeed, approximately 60% of the 
dogear service visitors explored the bookmark collection using one or more of the 
pivot links (tags or people). 

The results show users’ slightly greater preference for looking at another person’s 
entire bookmark collection than for browsing tag collections. This lightweight 
mechanism to explore the bookmark space is promising. Furthermore it appears that 
almost every visitor to the bookmark service clicked through someone else’s 
bookmark to look at the original document source on the internet or intranet. This is 
also encouraging as a way to promote easy information sharing within the 
organization. 

We are encouraged by the rapid adoption of the dogear social bookmarking service 
and will continue to explore ways to improve the service and learn from the ongoing 
field trial results. We are convinced that much is to be learned about social tagging 
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behavior in general, which we have argued is an important aid for social navigation. 
Much of this work is centered on how tags are used and how they evolve over time [7, 
20]. Others are beginning to explore how tags can be used to support navigation [11, 
12]. We are extremely interested in team or organizational specific tag vocabularies 
and how they improve performance of various information management tasks.   

A second major area of interest is the integration (and exploitation) of social 
bookmarking services to aid in enterprise search tasks.  While much of recent research 
in search technology has been focused on automated-tagging of content, we are 
optimistic that harnessing the social tagging that we have observed in dogear service 
will provide a significant boost in search effectiveness.  
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Abstract. This paper presents a novel way of applying social navigation tech-

niques to provide feedback to students in an intelligent tutoring system in the 

field of legal argumentation. Using this system, students study transcripts of US 

Supreme Court oral argument and annotate them by creating a graphical repre-

sentation of argument flow as the Justices pose hypotheticals in order to chal-

lenge tests offered by attorneys. The proposed system is capable of detecting 

three types of weaknesses in arguments; when it does, it presents the student 

with a self-explanation prompt. This kind of feedback seems more appropriate 

than the “strong corrective feedback” typically offered by model-tracing or con-

straint-based tutors. Structural and context weaknesses in arguments are han-

dled by graph grammars, and the critical problem of detecting and dealing with 

content weaknesses in student contributions (i.e., the quality of their brief 

statements of tests and hypotheticals found in the transcript) is addressed 

through a collaborative filtering approach in which students are asked to evalu-

ate peer solutions to tasks they have done themselves. This avoids the critical 

problem of natural language processing in legal argumentation. Our group-

oriented collaborative evaluation technique is novel in several respects. First, 

the atomic unit is very fine grained (i.e., small pieces of arguments hyperlinked 

to textual transcripts), thereby minimizing interruptions caused by reviewing 

peer documents while working on the same task. Second, while the system does 

filter student answers for quality, the tool is not primarily designed to show 

“good” or “matching” answers to users (as most collaborative filtering systems 

do). Instead, it uses the quality estimations as an input for the intelligent tutor-

ing system, which engages learners in self explanation activities. 

1   Introduction 

The field of law is an established and interesting application area for AI (e.g. [1, 2]). 

Argument is central to the practice of law, and therefore training in the skills of argu-

ment and advocacy are essential parts of it. Despite the variety of law-related educa-



tional systems (e.g. [3]), there are still only few educational technology systems spe-

cifically designed for assisting students in the construction of legal arguments. Excep-

tions include the intelligent tutoring systems CATO [1] and ArguMed [4]. Partially, 

the small number of computer-based learning environments for legal argumentation 

can be explained by that fact that legal argumentation is a kind of natural language 

discourse that focuses on interpreting the meaning of general legal concepts in light of 

specific facts. The involved texts are rather unstructured and involve a wide range of 

(legal and world) knowledge. Thus, they are not readily accessible for an ITS without 

applying natural language processing (NLP) techniques. These, however, would be 

very error-prone in the interpretive field of legal argumentation. Current NLP technol-

ogy is not able to automatically determine the meaning of specific statements in the 

context of the overall argument. In addition, legal argumentation is an ill-structured 

domain; for most tasks there is no unambiguously defined “correct” solution which 

could be used as a basis for an ITS. Thus, even if NLP techniques could be applied 

and resulted in an automatic categorization of arguments along specific dimensions of 

an argumentation model, this would still not adequately facilitate the assessment of 

student solutions.  

This is where social navigation principles come into play in our approach: we make 

use of peer students working on the same task, and let students rank peer solutions as 

an integrated part of their own learning activity. By active and passive evaluations, the 

system is able to build a heuristic measurement of the quality of a student’s answers, 

and is able to react to poor argument descriptions without having to parse the content 

of the student’s answers. Our application of the group-oriented collaborative evalua-

tion technique is novel in several respects. First, the atomic unit of evaluation is very 

fine-grained (i.e., small pieces of arguments hyperlinked to textual transcripts). This 

minimizes interruptions caused by reviewing peer solutions while working on the 

same task. Second, while the system does filter student answers for quality, the tool is 

not primarily designed to show “good” or “matching” answers to users (as most col-

laborative filtering systems do). Instead, it uses the quality estimations as an input for 

the intelligent tutoring system. Specifically, pieces in student answers which are of 

low quality (as measured by the system heuristics as a result of the collaborative filter-

ing process) are used as self explanation prompts, engaging learners to re-think the 

presumably weak parts of their work. 

In the following sections of this paper, we first describe the underlying task of ana-

lyzing and graphically annotating transcripts of US Supreme Court oral arguments. 

The collaborative filtering approach, which is based on the argument graphs created 

by the students, is presented subsequently. 

2   Annotating US Supreme Court Transcripts to Visualize 

Argument as Hypothesis Testing 

In US Supreme Court oral arguments, contending attorneys each formulate a hypothe-

sis about how the problem at hand should be decided with respect to a set of issues. 

They may propose a test and identify key points of the facts at hand on which the issue 
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should turn. The Justices test those hypotheses by posing hypothetical scenarios. 

These scenarios are designed to challenge the hypotheses’ consistency with past deci-

sions and with the purposes and principles underlying the relevant legal rules. These 

oral arguments provide interesting material for legal educators. They are concentrated 

examples of many conceptual and reasoning tasks that occur in Socratic law school 

classrooms. As discussed in [2], the oral arguments illustrate important processes of 

concept formation and testing in the legal domain. As such, studying the transcripts of 

these arguments can be an educationally valuable task for law students. However, this 

task is quite difficult for beginning law students due to the complexity of the argu-

ment. As discussed above, the construction of an intelligent tutoring system based on 

the textual information is also difficult.  

One idea to overcome these problems is to augment the textual documents with 

structured graphical representations that express the argument structure explicitly, 

thereby providing data usable by an underlying intelligent support system. The use of 

graphical representations for legal argumentation is not a new approach. Carr [5] has 

used Toulmin schemas for collaborative legal argumentation, and the Araucaria sys-

tem [6] makes use of premise/conclusion visual argument structures. ArguMed [4] 

provides intelligent feedback through an argumentation “assistant” that analyzes struc-

tural relations between contributions in diagrams. Out of the three, only Carr con-

ducted an empirical evaluation. Yet, he does not report on a significant learning gain 

caused by his system. In summary, though a lot of promising general approaches for 

graphically supporting argumentation exist, current literature does not show much 

evidence for the educational effectiveness in the domain of legal argumentation.   

 

 
Fig. 1 Graphical argument model example 

 

In contrast to the systems referred to before, we recommend a special-purpose ar-

gument representation geared toward a particular kind of argumentation process in 
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which a normative rule (or “test”) is proposed, tested, and “debugged,” primarily by 

means of hypotheticals. Similar to the approach adapted in Araucaria, we allow the 

student to explicitly relate tests and hypotheticals to the transcript of the oral argument 

using simple markup techniques. This design enables students to substantiate their 

solutions using the authentic material. There is empirical evidence to believe that 

students indeed make use of such markup functions if the system makes it easy to do 

so [7]. 

Figure 1 shows the result of one use of the system in an exploratory study. The left 

side of the figure contains the transcript of the oral argument in a case called Lynch 

vs. Donnelly, 465 U.S. 668 (1983). At the bottom left, there is a palette with the ele-

ments (tests, hypotheticals, current fact situation) and relations (test modification, 

distinction of hypothetical, hypothetical leading to test change, general relation) that 

the user can apply to construct a graphical representation of the argumentation in the 

transcript. The workspace on the right side of the figure contains the argument repre-

sentation. The diagram records five hypothetical cases presented by the Justices and 

also contains the attorney’s responses to these hypotheticals, in which he distinguished 

them from the facts of the case or formulated new tests.  

Our approach gives feedback to the students about their argument representation, 

including all aspects of the diagram – structure, links to the transcript, and content of 

the diagram elements. As argued however, rules which are guaranteed to detect errors 

in the student’s argument graphs are virtually impossible, as there are no “ideal solu-

tions” in the ill-structured domain of legal argumentation. As such, more heuristic 

methods are needed for determining on what to give feedback, and for how to give 

feedback in the absence of a clear-cut domain model. For the latter, our approach uses 

self explanation prompts as is described in more detail in [8]. In this paper, we focus 

on the former question: even if a precise notion of errors cannot be exactly defined, 

the student’s conception of the argument may have weaknesses (in the sense of indica-

tors for potential problems) that can be classified into several types. The most chal-

lenging part of this approach – the detection of weaknesses in the textual parts of the 

diagrams – uses peers’ activities with the system to estimate quality based on a col-

laborative evaluation approach. In order to enable this approach, some basic argument 

graph pre-checks are required in order to guarantee some minimal relations between 

the graph and specific important parts of the transcript. These checks are briefly de-

scribed in the next section. 

3   Basic Argument Graph Checks 

 

The task of annotating the transcript with argument diagrams leaves a lot of freedom 

to the student. This is consistent with the openness of the task and the ill-defined na-

ture of the domain: in our pilot studies, students have created a number of appropriate 

and qualitatively good visual representations of arguments – however, these diagrams 

were far from being identical in structure much less in textual content. Our collabora-

tive filtering approach relies on two preconditions: (1) the system must be able to 
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determine which part of the transcript a piece of the diagram is related to, and (2) the 

most important parts of the transcript, containing the essential parts of the oral argu-

ment, must be represented in the diagram.  

While condition 1 is guaranteed through the mechanism of a student’s highlighting 

transcript parts and constructing hyperlinks from the diagram to these, the second one 

is encouraged by means of feedback messages (self explanation prompts that invite 

students to re-read these passages).  Our system has knowledge about the central pas-

sages in the text and encourages students to re-read these parts if no diagram element 

refers to them. This system-side knowledge is comparable to a “lightweight expert 

solution”, as it encodes certain properties of a good solution. This may often be possi-

ble even in ill-defined domains – e.g., if there is a central test formulation in the tran-

script, this should somehow be reflected in the diagram. Detecting argument features 

much beyond this (towards a “full expert solution” which specifies in more detail a 

correct solution) is not possible in our target domain, due to the variety of possible 

good diagrams for a specific text. 

We use a graph-grammar-based engine to detect which central parts of the tran-

script are represented in the argument graph, and if any irrelevant text passages have 

been marked up. XML files of the following style are used to parameterize the graph 

grammar library – these files can easily be changed in order to use the tool with other 

transcripts that have different “central passages”. In the example, the location of one 

important test and four hypotheticals are specified, in addition to one irrelevant part. 

These passages (counted in text characters) are kept relatively large in order to ac-

commodate the fact that it is often not possible to provide a very precise definition of 

where, for instance, a test has been formulated.  Files such as that shown in figure 2 

can easily be created with our tool by simply marking up the essential passages and 

saving to a special format. As described in more detail in [8], we are using the graph 

grammar not only to check the relations between the diagram and the transcript, but 

also in order to detect structural problems in graphs. For instance, isolated elements 

trigger weakness detections (since typically statements in the oral argument are not 

isolated). Uncommon relations between element types, like “a test that is distinguished 

from the facts” (which would not make legal sense), indicate weaknesses that are then 

used to generate self explanation prompts.  

 
<?xml version="1.0" encoding="ISO-8859-1"?> 
<Locations> 
    <Test begin="7452" end="8262"></Test> 
    <Hypo begin="9860" end="10863"></Hypo> 
    <Hypo begin="14454" end="15381"></Hypo> 
    <Hypo begin="16118" end="16235"></Hypo> 
    <Hypo begin="22407" end="23098"></Hypo> 
    <Irrelevant begin="1" end="760"></Irrelevant> 
</Locations> 

 

Fig. 2 XML file for specifying central parts of a transcript 
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4   Using Collaborative Evaluation Techniques to Estimate Content 

Weaknesses 

The system feedback based on graph grammar weakness detections is intended to help 

students create good argument structures that are related to the transcript in a reason-

able way. In addition, the tutoring system explicitly encourages students to consider 

the most important parts of the transcript and include references to them (i.e., diagram 

elements that paraphrase this passage) in their diagrams.  

Yet, students may have difficulties in understanding, e.g., the essence of a proposed 

test, as evidenced by a poor paraphrase in the corresponding test node they add to the 

graph. Obviously, this type of weakness is harder to detect than the structural weak-

ness outlined above, since it involves interpretation of legal argument in textual form. 

For instance, in figure 1, one of the test versions the students noted is 

“IF government supports religious symbology, or such symbology is 
seen as supported by the government to the public AND that symbology 
has no secular purpose, in light of its use and factual context THEN 
violates the First Amendment” 

It is hard to tell for a human if this is an adequate summary of the test as formulated 

by the attorney during the argument or not. For a computer program it is certainly not 

easier. The structure offered through the graph and its links to the transcript, together 

with peers working on the same task either individually or in small groups (which is 

not an unrealistic assumption in educational scenarios) can help here, since it enables 

a quality heuristic for single argument components (such as the test description shown 

above) based on collaborative filtering [9].  

In our variant of the collaborative filtering method, students are asked to rate sam-

ples of other’s work. For selected important parts of the transcript (a subset of the 

ones the student is prompted to look at if he does not consider them in his diagram), 

after a student has created a corresponding element in the graph, he is presented with a 

small number of alternative answers (given by peers) and asked to select all those he 

considers of good quality.  

Based on the evaluations a student makes, a first heuristic of the quality of the stu-

dent’s own answer can be calculated. One may assume that recognizing good answers 

is an indication of having understood the argument component, which in turn is a 

prerequisite for having created a good quality contribution oneself. We call this first 

heuristic measure the base rating. If a student had n answers to choose from, and the 

ones he evaluated positively had a quality measure q1, …, qk (0 for very bad, 1 for 

very good, see below for the calculation of quality measures for peer answers), while 

those he evaluated negatively had quality measures qk+1, …, qn, then the base rating b 

is calculated as 
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Fig. 3 Example rating dialog  

 

Figure 3 shows an example. Three answers are available for evaluation by the student. 

Let us assume quality ratings of 1, 0.8, and 0.3 (i.e., two good ones and two bad ones) 

for the peer answers. If now the student selects the first two, then the base rating for 

the student’s answer is b = 0.33*(1+0.8+0.7) = 0.83.  

The base rating of an answer is immediately available after the student has done his 

evaluations. It measures in how far a student can recognize good answers and thus 

serves as a heuristic of his own answer’s quality, but does not rate the answer the 

student has actually typed in. Following the collaborative filtering idea, this can be 

measured by the positive and negative evaluations that a student’s answer receives. 

We call this the evaluation rating e. If j students evaluated a specific answer and p 

students with own ratings q1, …, qp (on this answer) have given positive evaluations 

(by selecting this answer as being “of good quality”) while the other j-p students gave 

negative evaluations, then e is calculated as: 

 
 
 
 

 

Here, the evaluations given by peers with higher quality ratings receive a higher 

weight. If we continue our example and assume that three other students had the 

chance to evaluate the test description, and one of them (with own rating 0.4 on this 

argument segment) gave a positive evaluation, whereas three others (with own ratings 

0.2, 0.8 and 0.7) did not consider the descriptions as being of high quality, then the 

evaluation rating is e = 0.4 / (0.4 + 0.8 + 0.7 + 0.2) = 0.19. This rather low score re-

sults from the mostly negative evaluations by the peers.  

Finally, an overall quality rating q of a student answer can be calculated as the 
weighted average of the base and evaluation ratings. It is reasonable to make the im-
pact of the of the evaluation rating on the overall quality rating dependent on the 
amount of evaluations; if a student answer was subject to evaluation by p peers, and c 
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is the number of answers that was presented to the student for evaluation himself, q 
can be calculated as: 

 
 

 

 

The design of the formula ensures a normalization of q in [0,1] and takes into ac-

count the importance of peer’s opinions (with large p, the base rating gets less impor-

tant) while at the same time eliminating the cold start problem through the inclusion of 

the base rating. In our example, we have p=4 and c=3, and thus an average q = 3/7 * 

0.83 + 4/7 * 0.19 = 0.46. This medium rating takes into account both the high base 

rating and the low evaluation rating. Since the evaluation rating is based on statements 

of four peer students only, it determines only 4/7 (~57%) of the overall score, the 

remaining 43% come from the base rating. The definition of the quality rating formula 

gradually fades out the impact of the base rating once a larger number of peer evalua-

tions are available. While this approach works fine for most of the students in the 

group, the first and last students who work on a specific part of the transcript (and thus 

are the first and last to comment on it and subsequently evaluate other answers) need 

special attention. For the first students that annotate a specific passage of the text, peer 

answers are of course not available yet. Here, we use system provided answers of 

known quality (some bad, some good) in order to deal with the cold start problem. 

Specifically, we are using material from previous studies [10] that was graded by legal 

writing experts. These expert grades ensure a good initial quality heuristic in the sys-

tem. This is of critical importance in our approach. If the system has a poor heuristic 

of the first answers initially shown to students in evaluation dialogs, this increases the 

number of needed evaluations in order to stabilize the quality of the overall quality 

heuristic. For relatively small user groups in educational settings, the time available to 

the system might then not be sufficient to produce good quality ratings. The answers 

of the last students that work on a specific part of the text will not be evaluated by 

peers. Therefore, the quality rating of their answers is equal to the base rating of their 

answers, which again stresses the importance of the latter (cf. next section).   

If the quality measure for a student’s answer is below a certain minimal threshold, 

this indicates a content weakness for the corresponding answer, and the system pre-

sents the student with a self explanation prompt that asks him to review and reflect 

upon the corresponding part of the transcript. This way, system feedback can be adap-

tive with respect to the student’s argument graph and based on the evaluations given in 

the system, and natural language parsing of the diagram contents is avoided.   

Our approach is similar to the reciprocal review system of SWoRD [11], but differs 

in three respects. First, no textual reviews are required and only quick yes/no deci-

sions are employed within the evaluation questions. While qualitative comments might 

be helpful for learners in order to help them improve their answer (as done in peer 

review systems such as SWoRD), our approach is geared towards not distracting the 

learner from his main activity and includes the evaluation of peer answers as a “side 

activity”. Another difference to SWoRD and other classical peer review systems is 

that that a rating has immediate implications for the system heuristic about both the 

rated text and also the rater’s own text. For the rated text, the evaluation feeds into 
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the evaluation rating part of the quality heuristics, and for the rater’s text, the evalua-

tion constitutes the base rating. Finally, a difference to SWoRD is that the object of 

rating is of finer granularity – while SWoRD uses larger samples of student writing, 

our approach is based on very small annotations of a specific part of a learning re-

source (i.e., the argument transcript). This probably helps integrating student’s own 

learning activity with the evaluation activity, since the thematic proximity of student’s 

own work and the statements to be evaluated is likely to be very close. Compared to 

other recommender systems, which essentially rely on large user group sizes, our 

system is designed also to work with fewer numbers (through the inclusion of the base 

ratings). The following self explanation prompt is an example of ITS feedback that 

could be generated if the quality rating of a test formulation given by a student is be-

low a specific intervention threshold (a suitable number for such a borderline is still to 

be determined in pilot tests).  

 

“Evaluations given by your peer learners indicate that possibly your 
test formulation XYZ does not adequately describe the meaning of what 
the attorney proposed in the argument section you refer to with your 
diagram element. Please re-think this section of the argument and try 
to find a better formulation for the test.” 

Since we need only a rough heuristic of the quality of student’s answers in order to 

decide whether to present such prompts or not, a less precise but quickly available 

approximation of quality seems the better option. 

5   Conclusion and Outlook 

The approach as presented in this paper is designed to support first-year law students 

in learning legal argumentation skills. The ITS used to generate this feedback is based 

on two formalisms, which enable a check of student answers for different types of 

weaknesses: a graph grammar formalism and a collaborative filtering technique.  

The latter uses evaluations of peer solution components on a micro level (i.e., sin-

gle argument elements) as a resource to build a quality heuristic of a student’s answers 

which is based on both active evaluation acts (selecting good / poor answers) and 

passive evaluations (being evaluated positively or negatively by peers). This consti-

tutes a novel use of collaborative filtering techniques and offers an alternative to the 

use of natural language processing techniques, which would be error-prone in the 

interpretive field of legal argumentation.   

Based on first pilot studies we conducted, which essentially confirmed the suitabil-

ity of the ontological categories and the graphical representation format, a currently 

ongoing second series of pilot studies tests the evaluation interface and some ITS 

feedback in form of self explanation prompts. Feedback based on the collaborative 

filtering is currently being implemented (it cannot be pilot tested in studies with single 

users since it requires at least small groups). We are planning to test this part of the 

system functionality in some further pilot studies. Further research will then try to find 

empirical evidence for the effectiveness of the presented tutoring approach, both com-

pared to control groups that make use of the diagram tool without feedback, and also 
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to groups that work traditionally with text resources. Also, we seek research results in 

how far the claimed correlation between the base rating and the evaluation rating (i.e., 

the relation between “recognizing good answers” and “providing a good answer”) 

actually holds in practice. As emphasized in the previous section, this correlation is of 

particular importance for the last students in a learning group.  
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Abstract. Very often people tend to behave like other people behaved
previously. This happens in many situations ranging from when one
chooses the path in a forest to when she/he selects a link on the web. So-
cial Navigation aims at providing assistance in such situations, support-
ing the decision making process. Implicit Culture is a recent approach
in which people are encouraged to behave according to the “usual” be-
havior of the community. This paper shows that Implicit Culture can be
applied to Social Navigation problems and it presents a case study about
the learning of user preferences.

1 Introduction

Ideas of Social Navigation [1, 2] have proven to be useful in the design of infor-
mation systems [3–6]. The main objective of Social Navigation is to help people
to take decisions by using, directly or indirectly, information from other people.
Dieberger et al. [2] introduce several styles of Social Navigation systems: recom-
mendation systems, which help people to make a choice by looking at what other
people with similar interests have chosen; populated spaces, which use the idea
of a populated space in which other people can be encountered; and “history-
enriched” systems, which use the history of previous actions to guide the user.

Implicit Culture ideas have been recently introduced [7] and applied in sev-
eral information systems [8–10]. The three main steps of the Implicit Culture
approach are the following: the behavior of a group of people is observed; then
the behavior is analyzed and some behavioral patterns are discovered; the pat-
terns are used to help another (or the same) group to behave similarly to the
observed group. All this allows a person to use the information about others’
behavior in similar situations.

This paper shows that Implicit Culture can be used as a tool for dealing with
some Social Navigation problems, in particular, with the problem of guiding
people to relevant information. We see this problem as one of the main problems
arising in Social Navigation and it consists in providing efficient access to a
possibly huge and dynamically changing amount of information available. We
briefly present Implicit Culture in Section 2. Then, in Section 3 we describe
how Implicit Culture can contribute to the design of different Social Navigation
systems and we give an example of such a system in Section 4. We would like
to stress that the purpose of the case study is to illustrate the use of Implicit



Culture as a tool for Social Navigation and the main contribution of the paper is
not the system used in the case study, but the description of the relation between
Implicit Culture and Social Navigation. We conclude the paper in Section 6.

2 Implicit Culture

When a person has to act in an unknown social environment his/her behavior
is far from optimal. We can think of many situations where due to the lack
of knowledge, it becomes hard for the person to take the right decision (e.g.,
culture shock). However, this is not the case for people that have been in similar
situations previously. Indeed, they have acquired the necessary knowledge to
act effectively in the environment. This knowledge, which we introduce as a
“community culture”, very often results in being implicit, i.e. it is not represented
by means of documents and/or information bases.

Implicit Culture is based on the assumption that it is possible to elicit the
community culture by observing the interactions of people with the environment
and to encourage the newcomer(s) to behave similarly to more experienced peo-
ple. Implicit Culture assumes that agents perform actions on objects in the envi-
ronment (see [11] for more details). The actions are considered in the context of
situations, and therefore we say that agents perform situated actions. The “cul-
ture” contains information about actions and their relation to situation, namely
which actions are usually taken by the observed group in which situations. This
information is then used to provide newcomers with information about others’
behavior in similar situations. When newcomers start to behave similarly to
the community culture (i.e. when they navigate in a proper way) the knowl-
edge transfer occurs. This knowledge transfer is performed by the SICS (System
for Implicit Culture Support) and the relation characterized by this knowledge
transfer is called Implicit Culture [11]: “Implicit Culture is a relation between a
set and a group of agents such that the elements of the set behave according to
the culture of the group” [11].

The general architecture of the SICS [11] consists of the following three com-
ponents: the observer, which uses a database of observations to store information
about actions performed by users in different situations; the inductive module,
which analyzes the stored observations and applies data mining techniques to
find a theory about the community culture; the composer, which exploits the
information collected by the observer and the theory in order to suggest actions
in a given situation. Further actions of the user can contain feedback to the
suggestions. A part of the theory used by the composer can be specified a priori
(domain theory), while the other part must be learnt by the inductive module
and can evolve over time. For instance, in the presented case study (Section 4)
the domain theory says that the system must recommend links which are likely
to be accepted by the user, while the theory learnt by the inductive module
contains information about which links are accepted for which keywords.

We illustrate Implicit Culture by the following example. Let us consider a
child who does not know that it is common to clean the table after he/she has
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had dinner. Let us assume that he/she would be eager to do it, but this idea just
does not come to his mind. Obviously, for an adult cleaning the table after the
meal becomes automatic. If the system is able to use previous history to suggest
that the child clean the table and he/she actually does it, then it is possible to
say that he/she behaves in accordance with the community culture and that the
Implicit Culture relation is established.

3 Applying Implicit Culture to Social Navigation

Establishing the Implicit Culture relation by means of SICSs can be consid-
ered as a particular case of Social Navigation. Implicit Culture-based systems
manifest the two key properties of the Social Navigation phenomenon, namely
personalization and dynamism [2]: when producing suggestions, the SICS focuses
on a particular person and the situation this person currently encounters; sug-
gestions of the SICS can change as new actions become common for the observed
group in the same situations (the evolution of the theory). Also, both Implicit
Culture and Social Navigation deal with processing of users’ feedback in order
to support information navigation. However, differently from Social Navigation,
Implicit Culture allows for a formal description of the navigation process [11].

The work of Dieberger et al. [2] introduces several styles of Social Navigation
systems. Here these styles are listed consistently with [2] and the possible use of
Implicit Culture for each type is described.

Recommendation systems. These systems help people to make a choice
by looking at what other people with similar interests have done. It can also be
considered as using of the traces of people’s activities in the system. Implicit
Culture ideas have been successfully applied in the recommendation system for
web search, described in [8], and in the system that helps a user to search for
publications relevant to the topic he/she is interested in [9].

Populated spaces. Some Social Navigation tools use the idea of a populated
space in which other people can be encountered. Partially, we have used this idea
when developing the recommendation system for web search [8]: users of the
system receive recommendations not just from the system but from the other
community members they are familiar with. Although it is a user’s personal
agent (not the user himself) who gives suggestions, it analyzes actions of the
user to produce these suggestions. Therefore, suggestions can be considered as
information coming directly from a known person.

“History-enriched” systems. In this type of systems the history of previ-
ous activities over information is used to guide the user. Considered examples of
selecting links based on recent traffic of the pages and other means of recording
“footprints” of others [12] are somehow addressed by the case study we present
in Section 4.

Finally, it is necessary to stress that although the SICS encourages the desired
behavior of the community members, it does not control the decision-making
process and it is the user who takes the final decision. The importance of all
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this with respect to Social Navigation in the online world has been described in
Dieberger et al. [2].

4 A Case Study

In this section we briefly describe a concrete application of Implicit Culture to
Social Navigation. The multi-agent recommendation system Implicit has been
described in [8] and it helps to discover web links that are relevant to specific
interests of a community of people. In Implicit users are assisted by their per-
sonal agents in searching the Internet. Agents run at the server side and process
users’ queries submitted via an html/php user interface at the client side. SICSs
are used by the agents to produce suggestions, based on the history of interac-
tions of users with the system. Suggestions, extracted from users’ history and
complemented with links provided by Google, are displayed in the user’s browser.

The numerical results presented in [8] illustrated the utility of the suggestions
produced by the system. In that paper we have shown that the system with
the SICS outperformed, in terms of precision and recall, the system without
the SICS in a simple simulated scenario. Here we use the same experimental
scenario in order to explore the possibility of using rule mining algorithm for
learning the theory that describes the community culture. Our motivation is to
eventually include the algorithm in the inductive module of the SICS. The goal
of the experiment presented in this section is twofold: (i) to show that the Apriori
algorithm [13] is viable for learning associations between keywords and links and
(ii) to see if there are differences between the specified community preferences
and the way people actually select links using the system.

The Apriori algorithm deals with the problem of association rules mining.
In our settings, this problem can be briefly formulated in the following way:
given a database of requests and links, to find which links are accepted for which
keywords. The mined rules have the form keyword → link and are characterized
by confidence and support1. In the experiment, we focus on the confidence of
the rules.

To conduct the experiment we used a simulator developed for Implicit. Inter-
action between agents and users is replaced with interaction between agents and
user models. A user model contains a user profile which determines a sequence
of search keywords and the click-through rate of the acceptance of the results. In
our experiment, each profile contains 10 keywords and 10 links for each keyword
(see Table 1). From this profile we generated 5 similar profiles, slightly varying
entries by adding noise. Each profile with noise represented one user model in our
simulations. The model of user preferences similar to the model we used in this
experiment is described in [14]. Also, in the presented experiment, we consider
keeping queries intact, without splitting them into individual keywords. Since
experimental settings are close to those described in [8], we refer the reader to
that paper for additional information about adding noise and other details.
1 confidence is the fraction of cases when the link has been accepted for the keyword;

support is the fraction of the actions in the database which contain the rule
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Table 1. Basic profile. The probabilities of acceptance of links for a set of keywords.
Links are numbered 1..10.

Google rank of the link
keyword 1 2 3 4 5 6 7 8 9 10

tourism 0 0 0.05 0.4 0.05 0.2 0.1 0.05 0.1 0.05
football 0.05 0 0.1 0.3 0.3 0.1 0.1 0.05 0 0

java 0.35 0.3 0.05 0.05 0.05 0.05 0.05 0.1 0 0
oracle 0.1 0.1 0.45 0.2 0 0.05 0.05 0 0 0.05

weather 0 0.3 0 0 0.5 0 0 0.1 0.1 0
cars 0 0 0.05 0.4 0.05 0.2 0.1 0.05 0.1 0.05
dogs 0.05 0 0.1 0.3 0.3 0.1 0.1 0.05 0 0

music 0.35 0.3 0.05 0.05 0.05 0.05 0.05 0.1 0 0
maps 0.1 0.1 0.45 0.2 0 0.05 0.05 0 0 0.05

games 0 0.3 0 0 0.5 0 0 0.1 0.1 0

From our set of 10 keywords, for each agent we generated 20 sequences of 25
keywords, 20 sequences of 50 keywords, and 20 sequences of 100 keywords by ex-
traction with repetition. Each sequence models a user’s search session and each
keyword in the sequence corresponds to one query. For instance, 20 sequences
of 50 keywords correspond to 20 sessions of 50 queries each. User’s acceptance
behavior is modelled as follows: given a keyword in the sequence, the accepted
result is generated randomly according to the distribution specified in the profile;
other links are marked as rejected. In the simulation we run 20 search sessions
for each agent, deleting observation data after each session. We performed sim-
ulations for 25, 50 and 100 keywords in a search session.

We compared the confidence of the rules learnt by the algorithm with the ac-
ceptance rate initially specified in the profile. For two of the keywords, the results
averaged over the number of sessions are shown in Figure 1. These results illus-
trate the general trend, the average Euclidean distance between the composer’s
clickthrough rate and that specified in the profile (for all keywords) is 0.09408
(variance = 0.00039), 0.15933 (variance = 0.00032), and 0.13625 (variance =
0.00039) for 25, 50 and 100 searches correspondingly. The differences are limited
in value and they change significantly as the number of searches changes. This
means that the algorithm is effective in capturing the preference-driven behavior
of the simulated users. Moreover, the results suggest that the Social Navigation
phenomenon occurs in the system, namely interactions among people influence
the way they select links, without changing their preferences. Of course, we must
admit that the chosen user model may have an impact on the results obtained.

5 Related Work

Although Implicit Culture has been already presented in a number of papers
(see e.g. [7, 11]) and applied in a number of applications [8–10], its relation to
Social Navigation has not been discussed before. Essentially, Implicit Culture
and Social Navigation are very similar and have been applied in alike settings.
Implicit Culture does not cover all the scope of the Social Navigation problems,
and it has been formally defined [11] as a relation between groups of agents.
The definition emphasizes the implicit transfer of knowledge between groups
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Fig. 1. Acceptance rate for the keywords “oracle” and “football” specified initially and
the confidence of the rules learnt after 25, 50 and 100 searches

and permits to evaluate whether the Implicit Culture relation arises from some
system usage. It can be argued that some effective Social Navigation systems
produce such a relation. On the other hand, Social Navigation systems support-
ing awareness (e.g. social proxies [15]) do not necessarily produce the Implicit
Culture relation. We foresee the possibility of using Implicit Culture as a tool
for building, assessing and evaluating Social Navigation systems.

The Implicit Culture approach (with respect to its application to web search)
is particularly related to the problem of Social Navigation on the Internet (on-
line navigation), described in [16] and to the social search engines, like I-Spy [6]
and Eurekster2. However, our approach differs from these systems. Firstly, Im-
plicit Culture focuses more on an organizational community, rather than on an
emergent or online one. Secondly, it uses collaboration and interactions among
agents to improve suggestions. Finally, the Implicit Culture approach has appli-
cations not only in web search, but in a number of completely different areas,
see e.g. [10] for the work on supporting biologists in their working activities or
assisting designers in choosing a design pattern [17].

Mathé and Chen [18] provide a mechanism for user-centered adaptive infor-
mation retrieval and navigation. This work focuses on customized information
access for individual users and groups of users. Implicit Culture focuses more
on the culture of the whole group, though it still takes into account behavior of
an individual user. Differently from Mathé and Chen, the main goal of Implicit
Culture mechanism is to help a user to deal with an unfamiliar situation while
they focus on repetitive ones, providing a “goody book” that contains informa-
tion about the user’s behavior with respect to various tasks performed on regular
basis.

According to Konstan and Riedl, “[...]some forms of Social Navigation are
very closely related to Collaborative Filtering[...]” [19]. In [7] it has been shown
that Collaborative Filtering(CF) is a particular case of the general SICS archi-
tecture: the theory is specified a priori and is not updated over time, therefore

2 Eurekster. http://www.eurekster.com/

Implicit Culture as a Tool for Social Navigation 567



the inductive module is not necessary. The composer module in the SICS for
CF plays the main role in the process of producing recommendations. It se-
lects potentially relevant items by comparing actions of “rating”. In the general
architecture of the SICS, actions are not restricted to the actions of “rating”.
Moreover, the theory can evolve over time, incorporating the essence of the his-
tory of observations. Since Implicit Culture is a generalization of CF, it can be
used instead of CF in Social Navigation systems. It allows for the use of a wide
set of algorithms in the inductive module of a SICS, e.g. the Apriori algorithm
for mining association rules.

The Implicit Culture approach applied in the selected case study is related to
swarm intelligence theories (in particular, to trail laying, or ant foraging). These
theories have been applied in Social Navigation systems [20, 21] to guide people
(e.g. learners) to relevant information using the data from previous interactions
with the system. Unlike these approaches, which suggest that the user follow
trails taken by the majority, in the Implicit Culture approach the user’s actions
are compared with actions of the whole community and not necessarily the
most popular ones are suggested. More precisely, taking into account user’s past
actions, the system can offer actions which are less popular in general, but are
common among the part of the community which is the most similar to the user.

6 Conclusion and Future Work

The paper has illustrated the relation between Implicit Culture and Social Nav-
igation. Essentially, the approaches are very similar and Implicit Culture can be
considered as an attempt to provide a tool for dealing with some Social Naviga-
tion problems. The experimental results presented in this paper are preliminary.
We are planning to include the Apriori algorithm in the inductive module of
SICS as a part of future work.
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Abstract. In initial laboratory studies, subsymbolic user behavior1 has shown 
promise as a source of information for social navigation. Scalable, unobtrusive 
methods are needed for acquiring data on subsymbolic user behavior in field 
studies or live systems. Current methods are not suitable for use outside the 
laboratory because they interfere with normal user behavior and environment. 
We present a method for unobtrusively collecting subsymbolic user behavior in 
web-based systems, and report results from a field study. Our method is 
unobtrusive in that it uses current web technologies, works on the vast majority 
of current browsers, requires minimal instrumentation of existing web-based 
systems, and requires no additional user effort. This unobtrusive data collection 
method paves the way for future research on using subsymbolic user behavior 
to improve social navigation.  

Introduction 

Recently, researchers have been exploring the use of subsymbolic user behavior for 
social navigation. This source of information can be used in situations where explicit 
feedback is difficult or impossible to acquire, or would interfere with normal user 
behavior. Claypool et al. [2] analyzed subsymbolic user behavior in recommender 
systems and found time spent reading (TSR) and time spent scrolling to be good 
indicators for user interest in web pages, comparable to ratings provided as explicit 
feedback. Farzan and Brusilovsky [4] show that time-spent reading can improve the 
quality of a social navigation mechanism in educational context. 

Subsymbolic user behavior may contain valuable information that could 
complement currently used approaches. Hijikata [6] describes a method for extracting 
keywords that interest the user based on subsymbolic user behavior within a web page 
(i.e. following text with the mouse, highlighting text). Hijikata shows that this method 
can extract keywords with much higher accuracy than approaches based on the page 
as a whole. Subsymbolic user behavior could also be used to identify users that 
interact similarly with resources, opening up a way to personalize social navigation. 

                                                            
1 We use the term subsymbolic user behavior to refer to low-level user behavior, that is, users’ 

interactions through mouse and keyboard with a web-based system. 



We expect subsymbolic user behavior to be especially useful in relatively poorly 
understood domains, such as in educational adaptive hypermedia.  

Little research exists that systematically analyzes the use of subsymbolic user 
behavior in social navigation. A major barrier is the lack of scalable, unobtrusive 
methods for acquiring subsymbolic user behavior. Commonly, unobtrusive data 
collection is done using server log files [4][7] or “strong indicators” [8]. Server log 
files record user behavior on the level of click streams, i.e., which web pages were 
visited at what time, and can be used to determine TSR. Strong indicators, such as 
buying a book or downloading a recipe, record activity that is part of normal user 
behavior. Strong indicators can be very accurate, but are domain specific and may be 
difficult to identify for domains that are not well understood.  

Initial research on subsymbolic user behavior developed various methods of data 
collection that were employed in small-scale laboratory experiments. Goecks and 
Shavlik [5] use a browser plug-in that keeps track of user behaviors such as link 
pointing, scrolling, and links followed from a website. Claypool et al. [2] collect 
implicit and explicit feedback through a custom web browser. Hijikata [6] employs 
JavaScript, Java Applets and an embedded proxy server to record how users interact 
with textual information on a web page. However, these methods are not suitable for 
large-scale experiments, field studies, or deployment in a live system, as they require 
additional user effort, such as installation of software, or configuration changes, or do 
not submit collected data to a central server.  

We present a methodology for unobtrusively collecting subsymbolic user behavior 
in web-based systems, suitable for large-scale field studies or live systems. Our 
method is unobtrusive in that it uses current web technologies and requires no 
additional user effort. We present our method and the results of using that method in a 
field study on a live system.  

The Usertrack Data Collection Method 

We developed our data collection method using iterative and participatory design. We 
began by specifying data and design requirements. Using those requirements we 
evaluated possible data collection technologies. The requirements, filtered through the 
possible technologies, determined what kinds of data could be collected and the 
ultimate experiment design.  

The live system we used for our field study is the Adaptive Collaborative UNIX 
Tutorial (ACUT). ACUT was conceived and initially developed to teach UNIX skills 
required for computer science (CS) studies, based on small group learning, an 
informal education metaphor [3]. The current version of ACUT is an open source 
system primarily intended as an experimental platform for research in adaptive 
hypermedia based on the small group learning metaphor [1].  

As ACUT is based on informal education, the applicability of user modeling 
approaches traditionally used in Intelligent Tutoring Systems and Educational 
Adaptive Hypermedia is limited. In contrast to traditional online educational systems 
based on textbook or problem solving metaphors, ACUT does not prompt for 
additional information such as answers to questions or specification of problem-
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solving steps. Rather, ACUT seeks to models users without interfering with normal 
user behavior or normal user environment.  

The need to collect data in the field mandates the following requirements for the 
data collection method: the method needs to be unobtrusive so as to not interfere with 
normal user behavior patterns; the method cannot require any additional user effort, 
such as installation of software or configuration changes; the method must be 
platform independent, i.e. able to run in any browser the ACUT tutorial can run in; 
collected data must be transmitted to our server; and the data collection method 
should require minimal instrumentation in the existing tutorial software.  

The general problem of unobtrusive data collection in web-based systems requires 
a client-server mechanism. User interactions with the web page need to be recorded 
on the client side; then the recorded data needs to be submitted to a web server for 
persistent storage and further processing.  

Although several client-side scripting languages are in use for recording 
subsymbolic user behavior, JavaScript is by far the most platform-independent and 
widely used [6]. The kinds of data that can be collected comprise all events that can 
be received by JavaScript event handlers. These include mouse movement, clicks, 
keystrokes, periods of inactivity, scrolling, resizing of windows, moving the mouse 
pointer over certain elements, etc.  

Two possible technologies exist for sending the recorded data back to the server: 
cookies and hidden form fields. Cookies require little implementation effort as they 
are automatically submitted to the server and JavaScript has convenient methods to 
set and read cookies. However, this option suffers from serious size restrictions 
(commonly 20 cookies of 4096 bytes per domain), and is therefore only suitable for 
small amounts of data. In addition, cookies are intrusive, as they persist on a user’s 
computer. For the second option, hidden form fields, all links within a web page need 
to be altered to call a JavaScript function instead of directly issuing an HTTP request. 
The JavaScript function adds the collected data to a hidden form field within the page. 
The HTTP request is sent as a POST request, allowing an unrestricted amount of 
collected data to be sent to the web server. In addition, hidden form fields conform to 
the stateless nature of the HTTP protocol without intruding onto the user’s computer. 

Collecting data through JavaScript and hidden form fields allows truly unobtrusive 
collection of implicit feedback. Sending data through hidden form fields is part of the 
HTTP protocol and works on any JavaScript enabled web browser. Thus, our initial 
analysis identified unobtrusive data collection using JavaScript and hidden form fields 
as the most promising approach.  

Implementation 

The devised mechanism for collecting data with JavaScript and hidden form fields 
was implemented as a mod_perl module named Usertrack, which was then layered 
onto the existing ACUT server.  

Figure 1 shows how Usertrack interacts with ACUT. Step 1: all web pages sent are 
modified so that links and form buttons within the page do not send an HTTP request, 
but rather call a JavaScript function. In addition, JavaScript functionality for 
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recording user behavior is added to the web page. Step 2: the processed web page is 
sent to the client browser where the JavaScript functions keep track of the user’s 
interaction with the web page. Step 3: when the user follows a link the link calls a 
JavaScript function that adds the recorded data to the request, thus submitting the data 
to the server as part of the HTTP request. Step 4: the collected data is retrieved from 
the request and stored in a database.  

Fig. 1. Overview of the architecture of the Usertrack data collection mechanism 

 
 
The mechanics of JavaScript and the fact that many current browsers do not 

comply with standards raised several implementation issues. As the data collection 
mechanism is intended to be as platform independent as possible, browser 
incompatibilities limit some of the data Usertrack can collect.  

In order to use a client-server mechanism for recording online user behavior, event 
timestamps need to be normalized between client and server. To resolve this issue, the 
client-side JavaScript only records relative timestamps. When the recorded events are 
sent to the server, the server calculates the actual event timestamps by adding the 
recorded offset to the time when the corresponding request was served to the client. 
This method neglects the delay introduced by transmitting a webpage over a network. 
However, this delay is in the order of milliseconds and will likely not interfere with 
applications of this data collection mechanism. 

Building on Farzan & Brusilovsky’s use of “time spent reading” as implicit 
feedback, we decided to collect data on periods of inactivity. We define periods of 
inactivity as time during which the user does not interact with the web page via mouse 
or keyboard. To record such periods of inactivity, a JavaScript function sets a variable 
to the current timestamp on every “MouseMove” and “KeyDown” event. If the time 
since the last update exceeds a certain threshold we record inactivity and duration. 

In our implementation we collected the following data: mouse-over events 
(timestamp, html element on which the event occurred); periods of inactivity 
(timestamp, duration); mouse clicks (timestamp, html element on which the event 
occurred); scrolling (timestamp); resizing the browser window (timestamp). 
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Evaluation 

We employed Usertrack in a field study to collect usage data for ACUT. The 
mechanism performed well and we were able to collect the data as planned. In this 
first field study using Usertrack, 30 users visited more than 600 pages and generated 
more than 5000 events.  

A limitation of the current Usertrack implementation is that it can only send 
collected data back to the server when the user follows a link within our website. For 
this reason, the collected data will not be sent to the server when users navigate using 
the browser’s “Back” and “Forward” buttons, type a new address in the browser’s 
address bar, or close the browser window. In our field study we achieved coverage of 
about 70%, which corresponds with the results on server-side data collection 
described in [2]. One way to increase coverage would be to exploit asynchronous 
requests for web-based applications, which allow the client to send and retrieve 
additional data to and from the web server without issuing a new HTTP request. 
However, asynchronous requests are only supported by the latest generation of web 
browsers, and are currently not standardized. Thus asynchronous requests could be 
added to the Usertrack approach as an additional layer, with browsers not supporting 
this technology falling back to transmitting data in hidden form fields. 

Additionally, web pages on which we want to collect usage data have to be 
retrieved through our web server. However, technologies such as proxy servers could 
be used to retrieve any web resource and prepare it for data collection with Usertrack. 
In ACUT, third party web pages are retrieved via Light-Weight Processes (LWP) and 
displayed within the tutorial pages.  

Table 1 summarizes major advantages of Usertrack as compared to related 
mechanisms described above. Usertrack does not require any additional effort on the 
side of the user. Users were able to use ACUT from their preferred web-browser 
without any additional configuration or installation. The collected data was 
transmitted to the web server, where it was stored in a database for further evaluation. 

Table 1. User effort and location of data storage for each of the described methods for data 
collection 

 Goecks & 
Shavlik [5] 

The curious 
browser [2] 

Hijikata [6] Usertrack 

User 
effort  

Install browser 
plug-in 

Install custom 
browser software  

Install Java  
Set configuration to use 
embedded proxy server 

none 

Data 
storage 

Stored on client 
system, retrieved 
manually 

Stored on client 
system, retrieved 
manually 

Data stored on central 
embedded proxy server 

Stored in a data 
base on web 
server 

 
The more general approach to collect subsymbolic user behavior with JavaScript 

and hidden form fields can be implemented in almost any web-based system. The 
only requirement for the client side is that JavaScript is enabled. On the server side, 
some form of processing request parameters is sufficient to collect and store recorded 
usage data (for example CGI, any programming language).  
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Conclusions and Future Work 

Using existing web technologies, we have developed Usertrack, a truly unobtrusive 
method for collecting data on subsymbolic user behavior. This data collection method 
increases the amount of available data without increasing user effort or interfering 
with normal user behavior or environment. Collecting such detailed behavioral data 
unobtrusively will allow social navigation systems to build finer grained user and 
interaction models, especially when combining subsymbolic user behavior with 
current approaches, such as explicit feedback.  

Although the coverage of this method is lower than that of the client-side data 
collection mechanisms described in [2] and [5], on the web pages covered, Usertrack 
achieves the same high data fidelity, while being truly unobtrusive and scalable. Thus, 
Usertrack closes a gap between small-scale laboratory experiments on subsymbolic 
user behavior, and larger scale field studies, as well as supporting the application of 
the results of these experiments to social navigation in real-world systems. In 
addition, Usertrack can yield high validity of the collected data as this method 
minimizes interference with normal user behavior. 

In current research, we are investigating the data collected through unobtrusive 
data collection. Interesting applications include: finding groups of similar users based 
on patterns in subsymbolic user behavior; or, in web-based educational systems, 
recognizing when a student is not interacting with a resource effectively. Collecting 
subsymbolic usage data unobtrusively provides new possibilities for social navigation 
mechanisms, allowing adaptation based on how users interact with information within 
a web page. 
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Linking in Lurkers: The Comtella Discussion Forum 
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Abstract.  Comtella Discussions is an experimental online discussion forum 
designed to motivate participation.  The primary aim is to connect non-
participating members (lurkers) with participating members by modeling and 
visualizing the asymmetrical relations formed when one member reads, 
evaluates (rates), comments, or replies to another’s contributions.  We 
hypothesize community members will take action to correct asymmetrical 
relationships (i.e. reciprocate with ratings, comments, etc.) if made aware of the 
inequality. 

1   Introduction 

In interest-based online communities, a discussion forum is typically one of the 
principle means of interaction between community members.  The purposes of such 
interactions are diverse and may include exchanging information or social support [1], 
fostering social ties [2], supporting learning [3], extending real-world 
relationships/communities [4], or a combination of these.  Regardless of purpose, it is 
a well-known dilemma that a certain amount of interaction/contribution must occur 
before members begin perceiving the benefits of the system and become active 
participants.  It is important developing communities initially capture as much 
participation as possible to reach their full potential.  Otherwise, they risk stagnation 
and decline.     

Members who never contribute (i.e. only read or access information) are often 
called lurkers and frequently make up the majority of an online community’s 
membership (45-90%) [5].  Our focus is to motivate participation from these 
individuals.  We recognize there is tension between supporting lurking as a “bona fide 
activity” [6] (p 216) while at the same time desiring more explicit contribution from 
them.  We demonstrate Comtella Discussions (CD) as an experimental online 
discussion forum to motivate participation through making explicit and visible the 
process of developing networks of interpersonal relationships among the community 
members aiming to “weave” in lurkers with active members.  There is no explicit 
mechanism coercing participation, yet our hypothesis is both groups will take action 
(which requires participation) to correct asymmetrical relationships.       



2   Comtella Discussions: Energy and Relations 

2.1   Energy: The Building Block 

First, we introduce the concept of energy which is a measure of the current level 
of activity in CD.  When an item (e.g. discussion post) is contributed to the system, it 
brings in a default number of new energy units.  For example, a new post in a thread 
produces 5 units.   

Only a certain number of energy units are allowed to stay attached to the new 
contribution (e.g. by default a post may keep 3 of the 5 units).  The number of these 
units determines the contribution’ s visibility.  Different levels of visibility are 
achieved through the scaled use of colour and font size.  If a contribution possesses 
many units, then it will be rendered with hot colours (e.g. orange, yellow) and large 
fonts, advancing towards the viewer.  Conversely, if an item has few or no units, then 
it will be rendered with cold colours (e.g. blue, purple), and small fonts, receding 
from the viewer (see Fig. 1).   

Energy units kept by an item are considered to be in the @work state (i.e. the 
units work to make the item more visible) while units not kept are considered to be in 
the stored state (i.e. units available to be put into the @work state).  Energy units can 
freely move between the stored and @work states; this movement is mainly 
dependent on the actions of the community’ s members.  If a member positively 
evaluates an item (and stored energy is available) then she may decide to “ heat it up”  
by moving a stored energy unit into that item (equivalent to rating the contribution).  
As a result, the item becomes a little more visible to all other members.  Conversely, 
other members may negatively evaluate the same item and “ cool it down”  by moving 
energy units back into storage, one at a time.  There are 4 simple rules governing how 
energy may be distributed: 

1. A member cannot add or remove energy from items she has contributed 
2. A member can only heat up and cool down an item once 
3. Items can only be heated up if stored energy is available 
4. There is a set upper limit on the number of energy units an item may hold 
In combination, these features allow members to easily determine where activity 

in CD is occurring and what particular activities are relevant to the whole membership 
(see Fig. 4).  This should be of particular benefit to new members who are trying to 
decide what the CD community presently values in order to best introduce their 
contributions, opinions, values, etc.  
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Fig. 1.  The visual appearance of 

contributions at different levels of energy. 
 

 
Fig. 2.  Example relation visualization 

(Relavis) from Ralph’ s viewpoint. 

2.2   Modeling Interpersonal Relations 

Modeling and visualization for interpersonal relations aims at three goals: 1) connect 
lurkers and contributors, 2) give the viewer opportunity for reflection which can be 
beneficial, as suggested by open user modeling approaches [7], 3) influence the 
viewer to modify her behaviour in a desired way (to participate more).  The 
visualization should also be dynamic to reflect that individual actions constantly 
modify relationships and in this way confirm and reward the user’ s actions.    

The most common relationship found in online communities is the weakest 
(making it difficult to capture): the lurker-contributor relationship.  The importance of 
weak ties has long been recognized [8] so defining a tenable connection between 
lurkers and contributors is a desirable feature of the visualization but also a challenge.    

A relationship between two members A and B always has two sides: from A
�

B 
and from B

�
A, which are not necessarily symmetrical.  We define the notion of 

member visibility to capture the inherent asymmetry in interpersonal relationships. 
The member visibility has a value ranging from 1 (invisible / unknown / opaque) to 0 
(completely visible / transparent).  For example, when a new member enters the 
community, she does not know or “ see”  any other member.  Thus, from this 
member’ s perspective, visibility values of 1 are assigned to all other members, i.e. her 
relationships with all other members of the community have value 1.  Conversely, as 
she is a new member, all other community members will assign a value of 1 to their 
relationships with this new member.   

The visibility value at one end of the relation pair is dependent on actions 
performed by the member on the other end (see Section 3.4).  For example, if a lurker 
reads several messages in CD, then the authors of these messages will become 
slightly more visible to the lurker (i.e. the value of the lurker’ s relationships with the 
authors of the posts will decrease), yet the lurker’ s visibility for the other members 
still remains unaffected (i.e. their relationships with the lurker will still have value 1).   
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2.3   Relation Visualization (Relavis) 

The relation between two individual members can be visualized in a two-dimensional 
space which we call a Relaviz (Fig. 2).  The horizontal axis (0 to 1) indicates the 
visibility of other members to the visualization’ s viewer (in this example, Ralph) 
while the vertical axis (0 to 1) indicates the visibility of the viewer to the other 
members.  For example, in Fig. 2, the position of Linda’ s avatar icon (~0.3, ~0.7) 
describes the relation between Linda and Ralph.    

To assist reading, the space is characterized by four relation quadrants: “ you see 
them,”  “ unknown,”  “ you see each other,”  and “ they see you.”   Insignificant relations 
(i.e. unknowns) are located in the top-right corner with coordinates (1, 1) while more 
significant relations (i.e. mutual awareness) are located in the bottom-left corner with 
coordinates (0, 0).   

Let us return to the scenario where a lurker reads posts in CD.  Let Ralph be an 
active contributor, checking his Relaviz once in a while to see how things stand.  This 
time he notices “ Greg”  in the “ they see you”  quadrant (who did not appear the last 
time Ralph checked).  Ralph can guess that Greg has read and rated positively most, if 
not all, of Ralph’ s contributions since the relation is so strongly asymmetric.  
Depending on the size of the community, Ralph may guess that Greg is new or a 
chronic lurker who has recently discovered Ralph’ s contributions. This discovery 
gives an opportunity for Ralph, who has already received some benefit (i.e. Greg 
adding energy units to Ralph’ s contributions), to directly communicate with Greg, to 
search for Greg’ s contributions and perhaps evaluate them.   

If Greg looks at his Relaviz, logically, he will see Ralph appear in the “ you see 
them”  quadrant.  The important consideration is that both members now have some 
awareness of each other and can take actions to further define the relation.  In order to 
encourage the use of the Relavis, whenever possible, a light-weight version is 
displayed alongside the contribution to give specific relation information (see Fig. 3). 

2.4   Calculating Visibility Values 

The calculation of visibility values is largely dependent on the features of the online 
community.  Actions which are deemed to affect the visibility between members are 
assigned constant values which will either increase or decrease the overall visibility 
value (recall it ranges from 0, visible, to 1, invisible).  In CD, accessing discussion 
thread subtracts a little (-0.005) from the opaqueness of each reader-author 
relationship regardless whether the reader actually looks at every post. Explicit 
actions that indicate preference (e.g. “ heating”  (-0.05) or “ cooling”  (+0.05) posts) 
have the most impact on visibility.  For example, if a member comments on another’ s 
post (-0.08) and then cools down that post, the resulting decreased visibility is much 
greater (+0.15) had there been no comment.  Also, energy units come into play to 
provide bonuses: “ hot”  items have stronger effect on changing visibility than “ colder”  
ones.  

The determination of these constants is an open question.  Some initial intuition 
is required to say certain actions affect visibility between two community members 
more than others.       
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3   Comtella Discussions Implementation 

Comtella Discussions has been implemented and studied as an online community for 
university students to discuss the social, ethical, legal and managerial issues 
associated with information technology and biotechnology.  The study lasted for four 
months in early 2006.  Please see our conference paper for full details and results.  
The experiment provided insight into the development of the next iteration of CD 
which we will be demonstrating.   
 

 
Fig. 3. A Comtella Discussion post header. 

 
Fig. 4.  The distribution of energy units when displaying forums for the study.   

4   Summary 

We propose Comtella Discussions as a direction for motivating participation in 
interest-based online communities which engages lurkers through modeling and 
visualizing the relations they build with other community members through reading, 
evaluating, commenting or replying to their contributions. The mechanism is based on 
ideas from open user modeling, a concept of community energy, and a new 
mechanism of rating contributions and visualizing the rank of contributions in the 
interface. 
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