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Preface

Web-based application systems, as well as other complex hypermedia systems
with a large variety of users, suffer from an inability to satisfy heterogeneous
needs. A Web course presents the same static explanation of a concept to stu-
dents with widely differing knowledge of the subject. A Web bookstore offers the
same selection of bestsellers to customers with different reading preferences. A
Web museum offers the same “guided tour” and the same narration to visitors
with very different goals and interests. A remedy for the negative effects of the
traditional “one-size-fits-all” approach is to enhance a system’s ability to adapt
its own behavior to the goals, tasks, interests, and other features of individual
users. Starting in the 1990s, many research teams began to investigate ways of
modeling features of the users of hypermedia systems. This has led to a num-
ber of interesting adaptation techniques and adaptive hypermedia systems. The
Web, with its clear demand for personalization, served as a real booster for this
research area, providing both a challenge and an attractive platform.

The International Conference on Adaptive Hypermedia and Adaptive Web-
based Systems has continued and joined together two successful workshop series:
the Workshops on Adaptive Hypertext and Hypermedia and the Workshops
on Adaptive Systems and User Modeling on the World Wide Web previously
held in conjunction with such international conferences as User Modeling, ACM
Hypertext, and World Wide Web Conference. These workshops were so well-
received by the international community that the organizers decided to proceed
with a separate conference in the year 2000.

Due to its interdisciplinary nature, the conference has attracted a large num-
ber of submissions from researchers with very different backgrounds such as
hypertext, user modeling, machine learning, natural language generation, infor-
mation retrieval, intelligent tutoring systems, cognitive science, and Web-based
education. Continuing the tradition of earlier workshops, AH2000 provided a
forum in which researchers and practitioners with different backgrounds could
exchange their complementary insights. Overall AH2000 embodied 4 invited
talks, 22 full-paper presentations (selected from 55 submitted), 31 short-paper
presentations, and 4 presentations at the Doctoral Consortium. With the ex-
ception of some of the invited talks, all presented papers can be found in these
proceedings.

The logistics involved in organizing the first full conference of this kind were
not trivial. The help from many people and organizations was important to make
the conference and the proceedings reach fruition. ITC-irst was glad to host the
first European attempt to put together researchers of this field in a conference de-
voted to this topic. The European Commission sponsorship was very important.
We gratefully acknowledge it and consider it a sign of the strategic relevance
of this theme. We thank the Program Committee members and the external
reviewers for their excellent job in reviewing the unexpectedly large number of
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submissions. We gratefully acknowledge the help from AH2000 cooperative so-
cieties - AI*IA Associazione Italiana per l’Intelligenza Artificiale, Association
for Computing Machinery and its Special Interest Groups SIGART, SIGCHI,
SIGIR, and SIGWEB, International Artificial Intelligence in Education Society,
and User Modeling Inc. All of them have helped us to deliver the informa-
tion about AH2000 to a large number of researchers worldwide. Finally, we are
thankful to IJCAI for providing a “conference seeding grant” that has enabled a
number of students to attend AH2000 and to Kluwer Academic Publishers (the
publisher of User Modeling and User-Adapted Interaction) for supporting the
best paper award.

June 2000 Peter Brusilovsky
Oliviero Stock

Carlo Strapparava



Organization

AH2000 was organized by ITC-irst Trento, Italy and sponsored by the European
Commission: High Level Scientific Conference Program.

General Chair

Oliviero Stock (ITC-irst Trento, Italy)

Program Chair

Peter Brusilovsky (Carnegie Mellon University, USA)

Local Organization Chair

Carlo Strapparava (ITC-irst Trento, Italy)

Doctoral Consortium Chairs

Liliana Ardissono (University of Torino, Italy)
Vittorio Scarano (University of Salerno, Italy)

Program Committee

Marko Balabanovic (InsightMarket.com, UK)
Paul De Bra (Eindhoven University of Technology, The Netherlands)
Dayne Freitag (Just Research, USA)
Wendy Hall (University of Southampton, UK)
Kristina Hook (HUMLE - Swedish Institute of Computer Science, Sweden)
Lewis Johnson (University of Southern California, USA)
Paul Maglio (IBM Almaden Research Center, USA)
Alessandro Micarelli (University of Rome 3, Italy)
Maria Milosavljevic (Dynamic Multimedia Pty Ltd, Australia)
Johanna Moore (University of Edinburgh, UK)
Marc Nanard (LIRMM, France)
Wolfgang Nejdl (University of Hannover, Germany)
Jon Oberlander (University of Edinburgh, UK)
Carlo Tasso (University of Udine, Italy)
Julita Vassileva (University of Saskatchewan, Canada)
Massimo Zancanaro (ITC-irst Trento, Italy)



VIII Organization

External Reviewers

Curtis Carver
Brian Davison
John Eklund
Miguel Encarnação
Serge Garlatti
Akihiro Kashihara

Mizue Kayama
Eva Millán
Duncan Mullier
Tom Murray
Estrella Pulido
Riccardo Rizzo

Pilar Rodŕıguez
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R. Hübscher



X Table of Contents

Towards Zero-Input Personalization: Referrer-Based Page Prediction . . . . . 133
N. Kushmerick, J. McKee, and F. Toolan

LiveInfo: Adapting Web Experience by Customization and Annotation . . . . 144
P. P. Maglio and S. Farrell

Adaptivity for Conceptual and Narrative Flow in Hyperbooks:
The MetaLinks System . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155

T. Murray, T. Shen, J. Piemonte, C. Condit, and J. Thibedeau

The MacroNode Approach: Mediating Between Adaptive and Dynamic
Hypermedia . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167

E. Not and M. Zancanaro

ECHOES: An Immersive Training Experience . . . . . . . . . . . . . . . . . . . . . . . . . 179
G. O’Hare, K. Sewell, A. Murphy, and T. Delahunty

A Connectionist Approach for Supporting Personalized Learning in a
Web-Based Learning Environment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 189

K. A. Papanikolaou, G. D. Magoulas, and M. Grigoriadou

Adaptive Hypertext Design Environments: Putting Principles into
Practice . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 202

D. Petrelli, D. Baggio, and G. Pezzulo

ECSAIWeb: A Web-Based Authoring System to Create Adaptive Learning
Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 214

C. Sanrach and M. Grandbastien

Adaptive Content in an Online Lecture System . . . . . . . . . . . . . . . . . . . . . . . . 227
M. K. Stern and B. P. Woolf

A Web-Based Soctratic Tutor for Tree Recognition . . . . . . . . . . . . . . . . . . . . . 239
M. Trella, R. Conejo, and E. Guzmán

Adaptation Control in Adaptive Hypermedia Systems . . . . . . . . . . . . . . . . . . 250
H. Wu, P. De Bra, A. Aerts, and G.-J. Houben

Short Papers

An Agent-Based Approach to Adaptive Hypermedia Using a Link Service . 260
C. Bailey and W. Hall

Adaptive Testing by Test++ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 264
M. Barra, G. Palmieri, S. Napolitano, V. Scarano, and L. Zitarosa

What Does the User Want to Know About Web Resources? A User Model
for Metadata . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 268

D. Bental, A. Cawsey, P. McAndrew, and B. Eddy



Table of Contents XI

Web Information Retrieval for Designing Distance Hypermedia Courses . . . 272
A. Boitel and D. Leclet

Formative Evaluation of Adaptive CALLware: A Case Study . . . . . . . . . . . . 276
L. Calvi

How Adaptivity Affects the Development of TANGOW Web-Based
Courses . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280

R. M. Carro, E. Pulido, and P. Rodŕıguez
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Enhancing Adaptive Hypermedia Presentation Systems
by Lifelike Synthetic Characters

Elisabeth André

DFKI GmbH, Stuhlsatzenhausweg 3, D-66123 Saarbrücken, Germany,
andre@dfki.de

Rapid growth of competition in the electronic market place will boost the demand for
new innovative communication styles to attract web users. With the advent of web
browsers that are able to execute programs embedded in web pages, the use of
animated characters for the presentation of information over the web has become
possible. Instead of surfing the web on their own, users can join a tour, ask the lifelike
character for assistance or even delegate a complex search task to it.

Over the past few years, we developed a number of personalized information
assistants that facilitate user access to the Web [2] by providing orientation assistance
in a dynamically expanding navigation space. These assistants are characterized by
their ability to retrieve relevant information, reorganize it, encode it in different media
(such as text, graphics, and animation), and present it to the user as a multimedia
presentation.

The screen shot in Fig. 1 shows one of our applications, which is a personalized
travel agent. Suppose the user wants to travel to Hamburg and is starting a query for
typical travelling information. To comply with the user's request, the system retrieves
information about Hamburg from various web servers, e.g. a weather, a restaurant and
a hotel server, selects relevant units, restructures them and uses an animated character
to present them to the user. The novelty of our approach is that the presentation
scripts for the character and the hyperlinks between the single presentation parts are
not stored in advance but generated automatically from pre-authored documents
fragments and items stored in a knowledge base. For a restricted domain, we are even
able to combine information units retrieved from different sources and combine them
into a single presentation item. For example, the address entry of a hotel is used as
input for another web search in order to generate a map display on which the hotel
can be located.

Though a number of similarities may exist, our presentation agents are not just
animated icons in the interface. Rather, their behavior follows the equation:

Persona behavior := directives + self-behavior

By directives we understand a set of tasks which can be forwarded to a character
for execution. To accomplish these tasks, the character relies on gestures that: express
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emotions (e.g., approval or disapproval), convey the communicative function of a
presentation act (e.g., warn, recommend or dissuade), support referential acts (e.g.,
look at an object and point at it), regulate the interaction between the character and
the user (e.g., establishing eye contact with the user during communication) and
indicate that the character is speaking. We use the term presentation script to refer to
a temporally ordered set of directives.

Fig. 1. Personalized Travel Agent.

While a script is an external behavior determinant that is specified outside the
character, our characters also have an internal behavior determinant resulting in what
we call a self behavior. A character�s self behavior comprises not only gestures that
are necessary to execute the script, but also navigation acts, idle time gestures, and
immediate reactions to events occurring in the user interface.

Since the manual scripting of agent behaviors is tedious, error-prone and for time-
critical applications often unfeasible, we aimed at the automation of the authoring
approach. Based on our previous work on multimedia presentation design [1], we
utilize a hierarchical planner for the automated decomposition of high-level
presentation tasks into scripts which will be executed by the presentation agent [2].
To flexibly tailor presentations to the specific needs of an individual user, we allow
for the specification of generation parameters (e.g., "verbal utterances should be in
English", or "the presentation must not exceed five minutes").  Consequently a
number of presentation variants can be generated for one and the same piece of
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information, but different settings of presentation parameters. Furthermore, we allow
the user to flexibly choose between different navigation paths through a presentation.
That is, the course of a presentation changes at runtime depending on user
interactions.

To facilitate the integration of animated agents into web interfaces, DFKI has
developed a toolkit called PET (Persona-Enabling Toolkit). PET provides an XML-
based language for the specification of Persona commands within conventional
HTML-pages. These extended HTML-pages are then automatically transformed into
a down-loadable Java-based runtime environment which drives the presentation on
standard web browsers. PET may be used in two different ways. First of all, it can be
used by a human author for the production of multimedia presentations which include
a lifelike character. Second, we have the option to automate the complete authoring
process by making use of our presentation planning component to generate web pages
that include the necessary PET-commands.

In the talk, the approach will be illustrated by means of several academic and
industrial projects currently being carried out at DFKI GmbH.

Part of this research was supported by the German Ministry for Education, Science,
Research and Technology (BMBF) under contract 01 IW 806 and by the European
Community under the contracts ERB 4061 PL 97-0808 and EP-29335. The talk is
based on work by the following people (in alphabetical order): Steve Allen, Elisabeth
André, Stephan Baldes, Patrick Gebhard, Bernhard Kirsch, Thomas Kleinbauer,
Martin Klesen, Jochen Müller, Susanne van Mulken, Stefan Neurohr, Peter Rist,
Thomas Rist, Ralph Schäfer and Wolfgang Wahlster.
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Dynamic Generation of Adaptive Web Catalogs�

Liliana Ardissono and Anna Goy

Dip. Informatica, Università di Torino, Corso Svizzera 185, I-10149 Torino, Italy
{liliana,goy}@di.unito.it

Abstract. This paper describes the techniques used to dynamically gen-
erate personalized Web catalog pages in a prototype toolkit for the cre-
ation of adaptive Web stores. We focus on the integration of personaliza-
tion strategies for selecting the layout and content of the catalog pages,
with Natural Language Generation techniques, used to dynamically pro-
duce the descriptions of products, tailored to the individual user.

1 Introduction

With the increasing popularity of e-commerce, the development of adaptive Web
catalogs has become a central issue. Several commercial tools for the creation of
on-line stores tailor the interaction to the customer by suggesting goods on the
basis of her/his preferences; however, they adopt quite simple, if any, techniques
for personalizing the presentation of items. Most Web catalogs fail to provide the
information relevant to the customer’s interests and, especially in technical sales
domains, challenge her/him with very complex descriptions. Finally, the internal
organization of the catalogs unavoidably reflects the designer’s view of the sales
domain, which can hardly correspond to the customer’s one, making it difficult
for the user to find the products (s)he needs. In this scenario, the quality of
Web stores could be enhanced by dynamically generating personalized catalogs
during the interaction with the customer.

The personalization of the presentation style concerns several aspects, includ-
ing the customization of the page layout and of the media used in the presenta-
tion (e.g., see [11,13]), the inclusion of targeted advertisements, and so forth. In
this paper, we present the strategies exploited to dynamically generate person-
alized catalogs in SETA, a prototype toolkit for the creation of adaptive Web
stores developed at the CS Department of the University of Torino [2]. In [3],
we described the strategies used to handle the user models and personalize the
selection of the information to be presented. Here, we focus on two main issues:
a) enhancing the accessibility of Web catalogs by providing the user with infor-
mation about their organization; b) generating rich presentations, where different
types of information about products are conveyed in structured descriptions.

� This work extends the SETA system, developed in the “Cantieri Multimediali” ini-
tiative funded by Telecom Italia. In particular, we thank Cristina Barbero for her
contribution to the design and implementation of the NLG module described in this
paper.

P. Brusilovsky, O. Stock, C. Strapparava (Eds.): AH2000, LNCS 1892, pp. 5–16, 2000.
c© Springer-Verlag Berlin Heidelberg 2000
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The Web store catalogs generated by SETA are organized as two-level hy-
pertexts: the first level includes pages sketching the main characteristics of the
product categories; the second level includes pages describing in detail the items
available for each product category. Although the transparency of the catalog
could be further improved by providing extra information, such as a map of the
store, the separate presentation of product categories and individual items helps
the user to recognize whether a product category is relevant to her/his needs as
soon as (s)he visits the related page, without inspecting the available items.

SETA exploits template-based Natural Language Generation (NLG) to dy-
namically generate the descriptions of the product categories and their items:
in the descriptions, the system merges different types of information about fea-
tures and properties of the presented goods. This approach reduces the amount
of pre-compiled information to be defined at configuration time: in fact, the NLG
module used to generate the product descriptions retrieves the data about prod-
ucts from a single internal information source and supports the generation of
text in different languages as well as the production of alternative descriptions
of items, tailored to different user characteristics.

2 Adaptivity Issues

In the adaptive hypermedia research, different techniques have been used to de-
velop systems tailoring the interaction style and the information they present
to the user’s individual characteristics. A major distinction has been made be-
tween the personalization of the link level, i.e., the navigation structure, and
the personalization of the content level, i.e., the information to be presented [7].
Some researchers, like [8], have focused on the dynamic adaptation of the hy-
pertextual structure to users with different backgrounds. Others, like [16], [17],
[12], [9] and [10] have focused on the dynamic generation of text tailored to the
user. Some recent applications are also focused on the generation of personalized
presentations exploiting life-like characters [1].

Although, as mentioned in section 1, e-commerce has strong adaptivity de-
mands, it constraints the potentialities of adaptive hypermedia in several ways.
For instance, from the viewpoint of the customer, Web stores must be accessible
via standard equipments, such as a personal computer, a (usually not very fast)
Internet connection and a Web browser. Moreover, the time needed to browse
the catalog and find the needed products must be as short as possible, and the
run-time efficiency of the system is essential.

A further constraint arises in the development of Web store shells, which must
satisfy the requirements of the store designer, possibly reducing the overhead in
the configuration of a new Web store. There is a trade-off between developing
systems characterized by powerful capabilities in the generation of pages, but
typically requiring a very detailed description of the domain-dependent knowl-
edge, and the need to configure such systems on new sales domains with a limited
effort.
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Faxes Phones
Answering
Machines

  Phones with
Answering MachineFax-phones

 Fax-Phones with
Answering Machine

Record 1:
  Name: Facile;
  Code: I00025;
  Type: phones;
 Features:
  Price: LIT. 108000;
  Color: grey, black;
  Agenda: 20;
  ...
 Properties:
  Quality: high;
  Ease of use: high;
  Cheapness: medium;
  Design: high;
  ...(a) (c)

Agenda:
  Type: functional;
  Importance: 3;
  Domain: 0..70;
  Measure unit: phone #
  

(b)

Fig. 1. (a) Portion of the Product Taxonomy. (b) Representation of a feature
(c) Representation of an item.

The use of sophisticated page generation techniques, including for instance
complex NLG engines, supports the development of extremely flexible systems,
but can be problematic for two main reasons: first of all, these techniques may
sensibly slow down such systems during the interaction with the customer.
Second, the definition of very detailed domain ontologies and large linguistic
resources, such as lexicons and grammars, challenges the store designers and
threats the exploitation of shells in different domains.

In our work, we have focused on the selection of the type and quality of the
presented information, because this aspect is essential to adapt Web catalogs to
heterogeneous customers and help them to efficiently get the needed information.
To this extent, a dynamic generation of the descriptions presented in the Web
catalog is essential. However, to support the configurability of our system, we
used template-based generation techniques, therefore avoiding the need for large
lexicons, syntactic knowledge bases, and so on. Moreover, we have exploited rel-
atively simple personalization and generation techniques, with a limited impact
on aspects such as the system’s accessibility, its speed during the interactions,
and the overhead in the creation of new Web stores. For example, we have not
exploited complex multimedia solutions (as, for instance, VR applications), or
high-quality graphics that can dramatically slow down the system.

3 The Knowledge about Products

SETA retrieves the (domain-dependent) information about the product cate-
gories, their features and the relations among products from the Product Tax-
onomy. This is a declarative knowledge base which the system uses to reason
about products and exploits to provide a rational organization of the hypertex-
tual catalog. Moreover, the system gets the information about the items available
for a product category from a Products Database (DB).

Representation of product categories. The Product Taxonomy (see Fig.
1.(a)) is a conceptual representation of products: its roots describe the general
product categories (e.g., phones, faxes, etc.) and have subclasses representing
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more complex products (e.g., fax-phones, fax-phones with answering machine,
etc.); see [4] for details. Each node of the Product Taxonomy defines the features
of a product category, specifying the range of values they can take.

This taxonomy is organized as a multiple-inheritance network to handle the
description of features in an compact way. In the first version of SETA, this
taxonomy was handcrafted, but we have recently developed a tool which creates
it automatically, given the definition of the items in the Products DB.
The features of products are structured entities, characterized as follows:

– Type: the features concern different aspects of products and we have charac-
terized them in an abstract way, by defining the following feature types:
• Functionalities are basic facilities representing the purposes for which a
product has been designed; e.g., phones support vocal communication,
while faxes are designed to transmit documents.

• Technical features concern technical details; e.g., the resolution of a fax.
• Functional features include minor facilities offered by the product; e.g.,
the agendas offered by phones.

• Aesthetic features concern aesthetic aspects, such as color and size.
• Generic features include information not belonging to the previous types,
such as the price.

– Importance: this slot specifies to which degree the feature represents a manda-
tory piece of information in the description of a product.1

– Domain: this slot represents the range of values that a feature can take.
– Measure unit: this slot characterizes the type of information which the feature

values refer to.

For instance, Fig. 1.(b) shows the “agenda” which is an important functional
feature and takes values in the [0..70] range: the values represent the maximum
number of phone numbers which can be stored.

Representation of items. The items of a product category are described in
the Products DB, which reports the values of their features and properties. As
described in [4], the properties are qualitative evaluations of items and can take
three scalar values: “low”, “medium, “high”. For instance, Fig. 1.(c) sketches the
description of the “Facile” phone. This item costs Lit. 108.000 and is available
in the gray or black colors; it has an agenda to store up to 20 phone numbers; it
is a high-quality, very easy to use phone; it is not very expensive and has a very
good design.

4 Structure of the Web Catalog

The Web catalog is a two-level hypertext and includes pages describing product
categories and pages presenting the individual items of a category.
1 The importance recalls the “salience” of features introduced in [14] and is used to

describe the store designer’s viewpoint on the relevance of a feature, in contrast to
the possibly different customer’s interests. For instance, a feature might be essential
to the product description, extremely trendy, or other.
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Fig. 2. A page describing the fax-phones with answering machine category.

Product pages. These pages represent the higher level of the hypertext and
enable the user to browse the catalog without analyzing the individual items.

A product page is organized in areas displaying the contextual information
(leftmost part of the page), the navigation buttons (upper and right parts),
the control buttons (lower bar) and the description of the product category
(central part). This description specifies the functionalities offered by the product
items: e.g., fax-phones with answering machine enable the user to transmit voice,
record messages and transmit images and text; see Fig. 2. The description is
dynamically generated when the related page has to be displayed, by extracting
the functionalities of the product category (defined in the Product Taxonomy as
features of type “functionality”) and applying a template-based NLG technique
to produce the NL sentence; see section 5.

A product page also offers the links to access the pages describing other prod-
uct categories related to the current one. The Product Taxonomy represents the
skeleton of the hypertext: at the beginning of the interaction, the user enters
the catalog by selecting some of the main product categories. Then, (s)he can
visit pages presenting more complex products, by following hypertextual links
corresponding to the possible paths in the taxonomy. Fig. 2 shows a page de-
scribing the “Fax-phones with answering machine” category, which the user has
reached by visiting the page describing “phones” (“Initial selection” slot) and
moving down to the more complex products: “phones with answering machine”,
“fax-phones with answering machine”.

Pages describing items. Given a product page, the user can inspect the items
belonging to the related category by following the “models” link, which enables
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Fig. 3. A page describing a fax-phone with answering machine.

her/him to visit the pages in the lower level of the hypertext. These pages are
similar to the product pages, except for the central area, which reports a detailed
description of the items. Fig. 3 shows a portion of a page presenting the “Scriba
Compact 401” item: the “next items” link allows the user to inspect the other
available items, while the “BACK TO” link enables her/him to go back to the
product page presenting the product category (higher level of the hypertext).

The description of an item specifies its properties and features. In particular,
the definition of the features in the Products Taxonomy is exploited to select
the information to be described, while the specific values of both properties and
features are retrieved from the record of the item in the Products DB. In order
to tailor these descriptions to the user, a Personalization Rule Manager sorts
the features on the basis of their relevance to the user’s interests and their in-
trinsic importance to the presentation of the item. Then, it decides how many
features should be displayed in the page, on the basis of the user’s receptivity.
The features falling out of the limit are linked by means of the “more infor-
mation” link. Finally, template-based NLG techniques are exploited to generate
different linguistic descriptions, on the basis of the user’s expertise level: simpler
descriptions are produced for non-expert users, while more technical ones are
provided to experts; see [3].

5 Dynamic Generation of Personalized Web Pages

Fig. 4 shows the architecture of the part of SETA devoted to the generation
of the Web pages. The dotted boxes represent agents; the plain ones are sub-
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Personalization Agent

Dialog Manager

Web
page Applet Manager

Configuration KB
Product Description
ManagerLayout Manager HTML Tag Generator

HTML Tag
Repository

NL Generator Personalization
Rules Manager

Grammars KB
FLE KB

Templates KB

Product Extractor

Products Taxnonmy

Products DB

User Modeling Comp

Fig. 4. Part of the SETA architecture devoted to generate the Web store pages.

modules of the Personalization Agent, which generates the Web store pages; the
ovals represent knowledge bases and databases.

The Personalization Agent is invoked to produce a page by the Dialog Man-
ager, which handles the logical interaction with the user, deciding at each step
which type of page has to be produced next. When the Personalization Agent is
invoked, it gets from the Product Extractor the data about products and items;
moreover, it gets from the User Modeling Component (which handles dynamic
user models [5]) the data about the user’s characteristics; then, it generates the
pages by applying its customization strategies [3].

The Web pages include standard HTML, produced by the Personalization
Agent, and Java applets, provided by the Applet Manager. The Personalization
Agent invokes specialized modules which apply different strategies to customize
the layout and content of a page. Then, it generates the page by composing the
results of their processing. In particular:

– it gets the page layout (background, fonts, etc.) from the Layout Manager;
– it gets the personalized description of the features and properties of products

and items from the Product Description Manager;
– it provides these data to the HTML Tag Generator which generates the code

for the requested page, by accessing a HTML Tag repository.

We focus on the activity of the Product Description Manager, which generates
the NL descriptions of products and items: the selection of the information to
be presented (i.e., the sorted feature list) is performed by the Personalization
Rule Manager according to the rules described in [3]. Then, the generation of
the linguistic description is performed by the NL Generator, which produces the
sentences by exploiting the following knowledge sources:

– the Templates KB, storing the templates of the NL sentences;
– the Grammar KB, specifying the (language dependent) syntax of the ex-

pressions filling the slots of the templates: this grammar is used to select,
for instance, the agreement rules for articles and the connectors;

– the Feature Linguistic Expressions (FLE) KB, mapping the internal codes
of products, items, features, properties, and of their values, to linguistic
expressions.
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While the templates only depend on the selected language (e.g., Italian or En-
glish) and can be exploited in different domains, the other two knowledge sources
depend on both the language and the sales domain; thus, they have to be con-
figured by the store designer for the specific Web store instance.

The NL Generator exploits JTg2, a small and flexible text generation en-
gine developed by DFKI and CELI, which, basically, produces (complex) strings
receiving as input a (complex) object. This engine can be plugged in a NLG
component thanks to a straightforward interface to external modules. In the fol-
lowing, we will not describe the engine itself,2 but we will focus on the strategies
we implemented for the generation of the product descriptions in SETA.

Generation of the descriptions of products (product pages).
The NL Generator produces these descriptions by exploiting generic templates
and filling their slots with the linguistic expressions of the functionalities offered
by the product categories. Such expressions are generated on the basis of the
rules defined in the Grammar KB: each rule has an optional applicability test,
specifying the contexts where the rule can be applied. These tests are used to
represent context-dependent information: as we will see, they are essential to di-
rectly feed the NL Generator with the data to be described when the descriptions
have to be generated.

For example, consider the first part of the description in Fig. 2: “Fax-phones
with answering machine enable you to transmit voice, to record messages and
to transmit images and text”. The sentence is generated using the template:

< product name > enable you to < functionality list >

The NL Generator fills the first slot with the name of the product category,
retrieved from the FLE KB: “Fax-phones with answering machine”. For the
Italian version, it also selects the appropriate article (the plural feminine “Le”
or the masculine “I”), depending on the gender of the name.

Given the list of functionalities offered by the product category, the second
slot of the template is filled by exploiting the grammar rules which determine
the introduction of the appropriate commas and the coordinating particle “and”
to link the last functionality:

funct(w:3) = “” {if there are no functionalities left}
funct(w:2) = altFun {if we are describing the last functionality}
funct(w:1) = altFun + cong + funct {if there are only two functionalities left}
funct(w:0) = altFun + comma + funct {otherwise}

In the rules, “funct” and “altFun” are non-terminal symbols, while “cong” and
“comma” are terminal ones. Each rule has an associated weight, shown in brack-
ets: rules with a higher weight are evaluated before the other ones. The applica-
bility tests are shown in italics.

The NL expression of each individual functionality is generated by applying
rules such as the following ones:

altFun(w:0) = memoF {if memoF is top of of functionality stack}
altFun(w:0) = voiceF {if voiceF is at top of functionality stack}

2 For more information, see http://www.celi.it/english/tecnologia/tecLing.html.
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where “memoF” and “voiceF” are non-terminal symbols, each one associated to
a functionality. The NL Generator handles the list of functionalities supplied by
the Product Extractor as a stack: it pops the element at the top of the stack
and applies the related grammar rule, until the stack is empty. The applicability
tests of these rules are used to trigger the rule associated to the top functionality
and disable all the other ones. If the rule of a functionality F applies, the NL
form is generated, by retrieving the linguistic expression for F from the FLE
KB, and F is deleted from the stack.

Generation of the descriptions of items.
The descriptions of items include a presentation of their properties, a list of
feature descriptions and an optional “more features” link. Since the properties
represent a more general evaluation of the item, the paragraph presenting such
properties is linked to the list of feature descriptions by means of the expression
“In particular:”. Currently, this is the only template expression at the discourse-
level and all the rest of the generation process concerns the sentence-level.

The generation of the property descriptions is similar to that of the func-
tionalities, but must include the property values. Each property is expressed by
means of an adjective or a simple expression: e.g., the (“cheapness”) “ease of
use” is described by (“cheap”) “easy to use”. The (“low”, “medium” or “high”)
property value associated to the item is added as a modifier of the adjective:
for the English language, “high” is mapped to “very”, “low” to “little” and
“medium” to the null string.

The feature descriptions are generated by examining the customized fea-
ture list supplied by the Personalization Rule Manager: similar to the previous
cases, the NL Generator handles the feature list as a stack, popping each feature
and applying the related grammar rule to produce the NL description, until the
stack is empty. Each description includes an optional template, the linguistic
expression of the feature and of its values and, in some cases, the measure unit.
A grammar rule is associated to each feature defined in the Product Taxonomy;
e.g., the description of the “agenda” is generated by exploiting the rule:

agenda = templ + agDescr + agVal + agMeas {if agenda is top of feature stack}
which supports the generation of sentences like “It enables you to store up to 20
phone numbers”, where “It enables you to” is the template, “store up to” is the
linguistic description, “20” the value and “phone numbers” the measure unit.

Alternative rules can be introduced to support the generation of different
(e.g., simple, or technical) feature descriptions, on the basis of the user’s domain
expertise [3]: the applicability tests of the rules will refer to the user’s knowledge
level. For instance, the following rules can be defined to support the generation
of alternative descriptions of the “agenda” feature:

agDescr = agDescrL {if the user expertise level is low}
agDescr = agDescrM {if the user expertise level is medium}
agDescr = agDescrH {if the user expertise level is high}

where “agDescrL/M/H” define the feature “agenda” in natural language at dif-
ferent technicality levels (e.g., agDescrH = “store up to”; agDescrL = “directly
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select up to”). This mechanism supports a high flexibility in the generation of
sentences: e.g., alternative templates, tailored to different knowledge levels, could
be defined as well, by expanding the “templ” part in different ways; for instance,
“It enables you to”, or “A device is offered to”.

6 Evaluation of SETA

The current interface of SETA, its interaction style and its functionalities are
the result of several revisions, which we have done thanks to the comments
and suggestions of about 120 users involved in a subjective evaluation of our
telecommunication prototype. The selected users belong to rather heterogeneous
groups, including people with different age, backgrounds, job and education level.

During the experiments, we let the users free to browse the catalog, with
the only requirement that, before closing the session, they had to select the item
which they would have liked to purchase, out of all the items of a certain product
category (specified before starting the experiment, e.g., phones or faxes). We also
asked them to make comments on the type and amount of information about
products provided by the system and on the quality of the linguistic descriptions.

One of the main results of this evaluation concerns the overall structure of
the hypertextual catalog: in the first version of SETA, some users had prob-
lems in finding the navigation path which led them to the desired products.
In order to improve the clarity of the catalog, we have structured the interface
of the Web store as the two-level hypertext described in Section 4. This revi-
sion greatly improved the interaction with the users, because they could quickly
search the catalog for the products offering the needed functionalities, skipping
the descriptions of the items belonging to the other categories.

Another major finding concerned the description of items, which proved to
be suited to users with very different levels of expertise, thanks to the adapta-
tion of its linguistic style and to the presence of descriptions concerning both
features and properties. All the users appreciated the schematic presentation of
the features, based on the use of bullets, which clearly separate each feature from
the other ones. Moreover, we noticed that the users’ domain expertise influenced
the way how they analyze the various items to select the preferred one. More
specifically:

– expert users focus on the descriptions of the features offered by the presented
item and rely on that information to evaluate the various items, looking at
the description of the properties in rare cases;

– novice users strongly rely on the description of the properties of items and
confirm that such information helps them in the selection of items.

The tests also confirmed that the use of buttons to ask for particularly tech-
nical or complex information is very useful to reduce the overhead on novice
or little receptive users. In particular, these users appreciated the fact that the
system focuses the presentation on the most relevant features, linking the other
ones as “more information”, or “technical information”, so that the presented
information is reduced, in their case, to the essential data.
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7 Conclusions

We have described the techniques used in SETA to dynamically generate an
adaptive hypertext representing a Web store. Such techniques are embedded in a
shell supporting the construction of new Web stores [2]. The dynamic generation
of the catalog, based on data retrieved from declarative knowledge sources (e.g.,
Product Taxonomy and Products DB) represents an improvement with respect
to previous approaches, such as [18] and [6], where multiple versions of the
catalog existed and the system selected the one to be displayed. In fact, we don’t
need to store redundant information about the content of pages. Moreover, the
product descriptions are adapted to the user at the granularity level of their
features.

The specification of the knowledge about products has a strong impact on
the personalization of catalogs. For instance, a detailed representation of the
domain concepts and of their features, such as the one adopted in [15] supports
the exploitation of powerful techniques to describe and compare products to one
another. However, it requires the definition of hierarchies for specifying not only
the relations among products, but also those among the product features (e.g., to
identify more general / specific features, etc.). In contrast, a flat representation of
the knowledge about products, such as the one exploited in several information
filtering systems [19], can be easily applied, but does not support the generation
of structured presentations. In our work, we have adopted a knowledge-intensive
approach to the description of the knowledge about products, in order to support
effective personalization strategies. However, we have simplified the definition of
the product features to enhance the configurability of the system.

In particular, the catalog structure of SETA is based on a taxonomic orga-
nization of products which provides the user with a rational navigation space.
Furthermore, the classification of features in types supports the use of person-
alization rules, based on such types, for generating product descriptions in dif-
ferent domains, without requiring the introduction of complex knowledge bases.
Although we defined feature types relevant to a technical sales domain, new
types can be added with a modest effort. Finally, we have exploited flexible
(template-based) NLG techniques, enabling the system to dynamically produce
product descriptions, tailored to the individual users, in an efficient way.

Most of the applications using NLG to tailor documents to the reader require
a module for dealing with discourse structure. As product descriptions used in an
e-commerce interface must support a fast and efficient interaction with the user,
we have not yet included a discourse planning component in the NLG module
of our current prototype, e.g., like those described in [15], or in [10]. However,
we think that a simple discourse planning component could improve the item
descriptions to provide an explanation of the way how the item features support
certain properties; for instance, in the case of phones, the ease of use relies on the
availability of particular “fast access” keys. We are also improving the generation
of the property descriptions themselves: in particular, we would like to filter out
the properties irrelevant to the user and focus on the most important ones, on
the basis of her/his preferences.
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Abstract. Web-based intelligent tutoring systems try to fill the gap between
human teachers and printed textbooks as distance learning aids. Actually,
intelligent tutoring systems research is concerned with the development of
computer tools that show adaptive capabilities in the domain of tutoring, where
the student�s progress is autonomously monitored and guided according to
some tutoring strategy. This paper provides details on the analysis, design and
implementation of such a system. STIA (Sistema Tutor en Internet de Ajedrez)
is a fully implemented Web-based tool developed to provide adaptive guidance
and help while learning chess basics. In STIA the task of the tutor is to guide
the student efficiently through the course material, according to the tutoring
strategy defined by the course authors. This is achieved in two ways. First, it
imposes limits on the portion of course material the students can access. This
prevents them from getting lost in a flood of information. Second, the tutor
evaluates each student�s knowledge through a set of problems, and according to
result recommends reviewing theory, solving more problems or advancing
through the course.

1 Introduction

Courses are a common way to organize teaching at a high level. For each course and
context, teachers decide what concepts will be taught, at what depth, and in what
order, devise or select detailed examples for those concepts that are expected to raise
more questions, and prepare an evaluation scheme to monitor the students� progress
and understanding. In new courses most decisions can be based on the teacher�s
previous understanding of the course contents. Otherwise, these are frequently
motivated by the teacher�s previous experience in classrooms. In any case, they are
certainly open to changes and improvements during the course itself.

Occasionally, teachers summarize their knowledge about a certain subject and how
it should be taught, and write it down in the form of textbooks. Of course, textbooks
can never be full substitutes for teachers. Students always have different background
knowledge, attitudes, preferences and prejudices. Nobody can be sure where doubts
will arise. Teachers are sensitive to this information and use it dynamically to attain
their goals. On the other hand, books need to carry static compromises that range
from giving too much detail and boring students, to giving too much for granted about
students� knowledge, what is usually bad for their motivation. Books do not allow for
much flexibility in this sense, except for brief notes like those found in prefaces that
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explain how the book should be used. In contrast, web based text books can be used
by students in a more dynamic way. Systems like ELM-ART [1] or TEA [2] are based
in a free navigation style, that is, suggest the recommended topic or action, but do not
force the student to take it. The Interbook system [3] can be used to develop web-
based text books with a minimum effort.

In recent times, the technologies of the World-Wide-Web (WWW) and Artificial
Intelligence (AI) have made possible the idea of developing Web-based tutoring
systems like ELM-ART [1] and ILESA [4], where the student�s progress is
autonomously monitored and guided according to some tutoring strategy. While these
technologies are independent, their combination has caught the imagination of a
growing community of researchers.

Many people find that the hypermedia documents used in the WWW are specially
fit for didactic purposes. It is easy to locate concepts and get to them. Links to related
concepts can be established. Sounds, graphics, and animations can be integrated with
text. Contents can be revised and changed and are immediately available to readers.

AI, on the other hand, is concerned with the development of systems that display
some degree of intelligence. In this field, the term intelligence has come to mean a
kind of measure of how an agent (e.g. a person, an animal, or a robot) is able to adapt
its behaviour in a changing environment in order to achieve its goals, whatever these
may be. Thus, AI concepts and methodologies offer the opportunity to develop
intelligent tutoring systems (ITS) capable of evaluating a student and guiding him/her
efficiently through a course material and on a personal basis. ITS research is
concerned with the development of computer tools that show adaptive capabilities in
the domain of tutoring [5]. Therefore, it is also definitely linked to educational science
research.

In short, Web-based ITS try to fill the gap between human teachers and printed
textbooks as distance learning aids. This paper provides details on the analysis, design
and implementation of such a system. STIA (Sistema Tutor en Internet de Ajedrez) is
a fully implemented Web-based tool developed to provide adaptive guidance and help
while learning chess basics.

While there are several good chess tutorials on the Web, they are not capable of
tutoring actions according to the level of their users. STIA is �intelligent� in the sense
that guidance and help should be given on a personal basis to each of its users or
students. The system has been implemented in C and JAVA, which allows the
inclusion of animations and problems that reinforce the interactive nature of the tutor.

In STIA the task of the tutor is to guide the student efficiently through the course
material according to the tutoring strategy defined by the course authors. This is
achieved in two ways. First, it imposes limits on the portion of course material the
students can access. This prevents them from getting lost in a flood of information [6]
[7]. Furthermore, the tutor evaluates each student�s knowledge through a set of
problems, and according to result recommends reviewing theory, solving more
problems or advancing through the course.

The paper is organized as follows. First, the course design is described, including
the tutoring strategy. Section 3 presents the system architecture developed to support
the course. Section 4 briefly illustrates two sample sessions with the tutor. Then some
important implementation details are discussed. Finally, conclusions and future works
are outlined.
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2 Course Contents and Tutoring Methodology

Surely, the most important part in any ITS is the course itself. This is developed by
one or more persons (the teachers), who design the course contents and tutoring
methodology. This includes the course objectives, the concepts to be taught, their
relationships, the order in which they should be presented to the student, the examples
and the evaluation methodology. These features define to a great extent the
requirements of the future system.

2.1 A Basic Chess Course

The game of chess can be very complex. Therefore the course was limited initially to
beginners learning basic concepts like piece movement, notation, and simple
checkmates. This set of basic rules and concepts should allow a beginner to start
playing (though almost surely in a rather naive way, given the amount of
sophistication that can be reached even in local chess tournaments), which is the
stated objective of the course.

Fig. 1. Theory page: This page illustrates the legal movements of the knight using an animated
example

The chess course in STIA was designed in part according to the Curriculum
Theory [8], which structures the domain in lessons and prerequisite relationships
between them. Some amount of flexibility was introduced in the curriculum sequence
to prevent users with previous knowledge to go again through concepts they already
know. At a high level concepts have been arranged in three different levels according
to their difficulty. When the student starts his/her first session, he/she is asked about
his/her previous knowledge of chess, and STIA lets him/her proceed to the
appropriate level. The three levels are,
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1. Basic concepts: intended for students that are taking their very first steps in chess.
These include the description of the chessboard and the different pieces with their
legal movements.

2. Game goals: At this level the student can start to play for the first time. The
concepts included here are the initial location of pieces, advanced movements like
to castle the king, and possible game outcomes like draw, stalemate, and
checkmate. Additionally, the student is taught basic movement notation, which is
not strictly necessary for a beginner�s play, but is a useful support for concepts in
the next level.

3. Basic checkmates: which show how to succeed in some common game situations,
where only a few pieces are involved.

Fig. 2. Theory page: this page shows an interactive chessboard where the student can move
pieces using the mouse, and is informed of good and bad movements

The course explains seventeen different chess concepts. All are described textually
and illustrated graphically with the help of computer animations. The student is
encouraged to gain practical experience with them through sets of practice problems
available on request. Attractive Web pages have been designed for all concepts. For
example, to illustrate basic piece movements, animated chessboards show legal
movements (figure 1). Practice problems are provided in the form of interactive
chessboards where the student can move pieces using the mouse and is informed of
good and bad movements (figure 2).

A detailed description of the course contents is well beyond the scope of this paper.
Probably the best reference to the course contents is the course itself, which is
currently available at http://www.lcc.uma.es/stia/index.html (in Spanish).

2.2 Tutoring the Chess Course

STIA incorporates a tutor that evaluates the student�s knowledge and provides him
with just the portion of material deemed adequate for his current understanding of
chess. At any time, the student should move freely only through the portion of
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material that has been made available to him. To make this guidance possible, the
tutor uses two kinds of knowledge:

− Knowledge about the curriculum structure. This is based in prerequisite constraints
that establish how concepts are organized so that the learning process is clear, easy,
and effective. It is the skeleton of the course contents described above.

− Knowledge about the student, particularly about his understanding of the chess
concepts explained in the course

It is through these two kinds of knowledge that the tutor is able to adapt its guiding
actions for each particular student. While knowledge about curriculum structure is
available a priori, knowledge about each student is gained dynamically during the
course through interaction. The main adaptation capability of the system is the
navigation. The same pages of the tutorial provide different navigation possibilities,
customized navigation links and buttons, depending on the student�s profile (page
variants).

The evaluation methodology defines how knowledge about the student is to be
gained and recorded. Two options were considered in STIA for evaluation: multiple
choice tests or interactive problems (figure 3). The latter option was selected since it
provided more motivation for students trying to learn how to play a game, which is in
line with the course objectives. However, this requires a more complex evaluation
scheme and more programming effort.

Evaluation criteria vary for each problem, but most include elapsed time, help
requests, as well as answer accuracy. These results are in a 0-10 score. A minimum
number of problems need to be solved for each concept, and an average score equal or
better than five is needed before the student is allowed to proceed to the next concept.
The student may receive at request some help or the problem�s solution with
associated penalties in the final score. The simpler problems can be solved with a
single movement, while advanced ones call for several movements.

Fig. 3. Evaluation pages: these pages contain interactive problems, which are used to evaluate
the student�s knowledge. Evaluation criteria include elapsed time, help request and answer
accuracy



22           Antonio Baena, María-Victoria Belmonte, and Lawrence Mandow

Problems for the same concept are sorted according to difficulty. Once a student
has read about all concepts in a level and has been evaluated satisfactorily in them, he
can proceed to the next level (figure 4).

The student�s interactions with the tutor may be: join the course, log into the
system, navigate freely through theory, navigate through theory following tutor
advises, request problems, request help, and send back problem solutions.

The tutor�s interactions with the student may be: ask the student to review theory
and grant or deny access to course material (evaluation problems and theory pages).

It is important to note that the intelligent tutor does not know anything about chess.
It is not a �chess expert� in any sense. What the tutor knows about is how to monitor
and guide a student�s progress through some course material. It knows about the
elements that make up the course: concepts and the relationships between them,
problems, evaluation, and students� scores and progresses.

3 System Architecture

A software architecture has been developed to support the course and the tutoring
actions described in the previous section. The main components of STIA are shown in
figure 5 and described below,

• Course material. STIA appears to the student as an hyper-document written in
HTML language. The hyper-document is made up of nodes (or information pages),
and links between them. There are three different kinds of pages:

1. Theory pages. These introduce new concepts using animated examples and
interactive chessboards, but are never used to evaluate the student�s knowledge.

2. Evaluation pages. These are used to evaluate the student�s understanding of
concepts already visited. Each one contains a different problem.

3. Special pages. These are needed for additional interaction with the student (log-
in page, welcome page, evaluation results page, and so on).

Fig. 4. Evaluation page: in this page the tutor evaluates the student�s knowledge through a set
of problems, and according to result recommends reviewing theory, solving more problems or
advancing through the course
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• User interface. Since the course material is composed of hyper-documents, the
interface can be any standard Web navigator (like Netscape or Internet Explorer).

• Didactic module. This is the core component in the tutor that decides about the
�intelligent� tutoring actions. The didactic module uses two knowledge structures
to reach decisions,

1. The curriculum structure, which has a great influence in the system�s
flexibility and adaptability. The curriculum organizes the tutorial contents in
concepts, taking into account: 1) its order in the learning process and, 2) the
prerequisite relationships between them. This arrangement of the concepts is
basically linear, but still leaves some room to provide adaptation and flexibility
of the curriculum to the student�s profile (knowledge and capabilities).

In this sense, and in order to prevent students with previous knowledge to go
again through concepts already known, they are asked to establish their
knowledge level of chess when their first session with the tutorial is started.
STIA provides three different possibilities: beginner, medium and expert. The
curriculum structure is used decide the order in which the student will enter to
the different parts of the course (basic concepts, game goals and basic
checkmates), and his/her freedom or guidance degree in the concepts learning
process, depending on the selected knowledge level and the concepts�
arrangement above mentioned.

2. The student model. The student model is an overlay over the domain
knowledge (for a description of overlay student models see [9]). The
information stored is: (1) Profile: the access level granted to the student; (2)
Domain knowledge: a record of the concepts the student is believed to have
learned; (3) History: a records of the problems that were solved by the student
and the score reached.

Fig. 5. System architecture
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The student is advised to proceed to a new concept or to evaluation pages on the
basis of simple checks with the curriculum structure and his own model. When the
curriculum is linear there is not much room for adaptability. However, if the
curriculum has a rich structure, more room is available for adaptation to each
student�s preference and capabilities.

The most complex decisions taken by the tutor involve the evaluation of the
student. In STIA problems are selected according to different criteria for each
course level. These include student�s current knowledge, the number of problems
already presented on the same concept, and estimated problem difficulty.
Therefore, different problems may be presented to different students and in
different orders, and care is taken not to present the same problem twice to the
same student.

Finally, the didactic module provides the customized navigation links that are to
be included in each student�s pages depending on his model.

• Navigation control: This module carries out two important functions,
communicate the students with the tutor, and deliver the customized course
material requested by students. Therefore, this module executes the tutoring actions
suggested by the didactic module.

4 Typical Tutoring Sessions

A new student. Before a new student can join the course, the system�s log-in page
requests her name, a new password, and information regarding her previous
knowledge of chess (her profile). The didactic module through navigation control
receives this information. A new student model is created, and access level is granted
according to profile. Then a welcome page is returned that lets the student proceed to
an adequate course page.

A session with a known student. Let�s assume a different student wants to continue
her course. After typing her name and password at the log-in page, the system
recovers her model and sends back a welcome page which contains a link to the most
advanced concept reached in previous sessions.

The student may navigate freely through already visited theory pages. These are
customized with a �return� button that will take her right back to her most advanced
theory page. Problem pages for known concepts are no longer available since the
student was already evaluated for them.

After examining and practicing with the new concept (figures 1,2), she can request
a problem page (figure 3). Then the system selects an associated problem according to
the student�s model. Once she receives the problem page, the system records a
temporary 0 score, thus encouraging her to send back the answer (whatever it is, it can
never be worse than 0).

Depending on the evaluation results and the student�s model, the system sends
back a page displaying the student�s average and some advice in the form of a
customized link (go through to next concept, solve a new problem, or go back to
theory) (figure 4).
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5 Implementation Details

This section describes some of the techniques used to turn the architecture described
previously into a working reality. There are two common ways to associate programs
with HTML documents: CGI programs and JAVA applets. Both have been used in
STIA to solve different problems.

Perhaps the main problem in the development of a guided Web-based tool is the
fact that the Web itself is based on the idea of unguided navigation. Thus special
control mechanisms need to be devised.

This problem is solved in STIA with the navigation control module (NC). It is a
CGI program written in C that is run on the server and communicates with the user�s
navigator. Course pages are not full HTML pages, but HTML templates that contain
special STIA marks or keywords. Before pages are sent to the student, the NC module
checks the student�s knowledge through the didactic module and replaces these
keywords with customized navigation links and buttons. Thus, the same pages
provide different navigation possibilities depending on the student�s model current
status (page variants).

All navigation links and buttons are actually calls to the same NC CGI program
that include the necessary parameters needed to recover, build, and send back the
requested pages (page name, an internal student ID, and so on).

The didactic module itself is another program written in C run on the server that
keeps each student model in a separate file (a student database could be used instead).

A different problem arises from the decision to include interactive practice and
evaluation problems in the course. Both are built as JAVA applets, and are therefore
run on the client�s computer. The difference between them is that the former is not
intended for evaluation purposes. Evaluation problems include help, mistake
explanation, solutions and evaluation criteria. After the applet calculates the score, it
is sent back encrypted to the tutor. Navigation control de-encrypts before sending it to
the tutor. Each problem is a different JAVA applet. This is a heavy programming task,
but the course is much more attractive, since there are very different kinds of
problems. Some applets include a simple code that plays with the user in problems
related to basic checkmates.

The use of illustrative animations, on the other hand, does not pose a special
problem, since they can be easily included as GIF files.

6 Conclusions and Future Works

Intelligent tutors can be built to serve the specific tutoring needs of Web-based
courses. This paper describes the main features of such a system: course and tutoring
strategy design, system architecture, and Web-related implementation details.

The course takes advantage of the possibilities offered by Web-based documents
(like navigation links, animations, and interactive JAVA applets) to make the course
more attractive, enjoyable and effective. Furthermore, the course provides additional
capabilities not available in traditional textbooks or Web-based chess tutorials. These
include help and guidance through the course on the basis of each student�s
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knowledge and progress. Customized tutoring actions involve course material
sequencing and adapted evaluation.

Regarding future work, some aspects in STIA that can be improved have already
been identified. Current trends in education consider evaluation as a process where
both the student and the teacher are evaluated. A student�s mistake reflects, in an
important sense, a teacher�s misjudgment that requires some reflection. The student
models, recorded by STIA, provide an important feedback on the difficulties found by
students during the course. In this sense, an important research direction is to improve
the didactic module reasoning capabilities, taking this information into account.
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Abstract. Good patient education can help to reduce health service
costs and improve the quality of life of people with chronic or terminal
conditions. Adapting educational materials to the patients’ needs and in-
terests can make them more effective. Computer-based techniques make
this adaptation more feasible.
In this paper we describe a theoretically motivated framework for the
provision of computer-based information for cancer patients, and the
computational techniques used to implement it. Our goal is to develop
an interactive hypertext system which could provide patients with the
right information at the right time, avoiding some of the need to search
through the copious literature available.
The paper describes how we use an explicit model of relevance to select
and present information that is adapted at different levels to the situa-
tional and process-based aspects of the patient’s illness and treatment.

1 Introduction

Good patient education can help to reduce health service costs and improve
the quality of life of people with chronic or terminal conditions. Computers
can be used effectively to complement more traditional means of information
giving, such as personal contact, posters and leaflets, and public access health
information kiosks are widely accepted.

Studies in health promotion suggest that educational materials have a higher
impact when they are adapted to the individual patient (e.g. [17]). The effects of
adaptation have been demonstrated convincingly for written materials (e.g. in
smoking cessation [18]), and there is also some evidence that tailoring of inter-
active computer-based presentations would have similar benefits in areas such
as decision aids for cancer patients [16]. Other work on personalised computer-
based patient education is summarised in [3].

A wide range of health information exists on the World Wide Web. For exam-
ple OncoLink, the University of Pennsylvania Cancer Center Resource1, offers
1 URL: http://cancer.med.upenn.edu/
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extensive information about cancer, with information for professionals and re-
searchers as well as the general public. The variety and quantity of information in
these sites make them potentially overwhelming. A few health information Web
sites do provide some minimal tailoring (for example, Storksite2 offers readers
a bulletin for each week of their pregnancy) but these sites do not have an ex-
plicit model of relevance. Our goal is to develop a model which could provide
patients with relevant information at the right time, avoiding some of the need
to search through the copious literature available. While not all patients will
want this facility, we believe that it may be especially valuable for patients who
have difficulty conducting a literature search.

In earlier research [2,6], we used techniques from adaptive hypermedia [5] and
natural language generation [13] in a hypertext system which presented patients
with information from their own medical record and explained the terms used in
a personalised way. Simple medical information was encoded formally in terms of
object hierarchies that describe illnesses, treatments and tests. A small collection
of general rules generated the text to describe different objects. The rules also
generated hyperlinks, so that the reader could access explanations of other terms
used in the text. Pages of hypertext and links were generated on demand, as the
user selected each page.

In this early research, personalisation was achieved in three ways. The in-
formation was automatically organised round the patient’s own medical record,
so that information relevant to the patient was most readily available. It also
provided the patient with summaries of their particular treatments, e.g. “You
are taking X twice a day”. Finally, a dialogue history allowed the system to refer
back to items that were already explained. This system was evaluated on a small
scale with patients from a diabetes clinic, who found that it gave useful and ap-
propriate information [2]. A simplified version of this system was also used to
tailor information for cancer patients, and a randomised trial demonstrated that
patients preferred this system to one that provided general information only [6].

The adaptation in this early cancer system was very simple; we did not
have any specific theoretical framework motivating the approach. The tailoring
was also quite fine-grained. Information was selected at the level of individual
sentences, phrases and even words. In the rest of this paper, we describe subse-
quent research in which the essential developments are: a theoretically motivated
framework for the provision of information; tailoring at a coarser grain in which
whole paragraphs of information can be selected or rejected; and an architecture
which applies filters to select the most relevant information for the patient.

2 A Process Model of Cancer Patients’ Information
Needs

Cancer patients’ need for information varies according to their situation and
disposition, as well as the process of illness and treatment. Cancers are of many

2 URL: http://www.storksite.com/
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types, with different severities, courses of illness and courses of treatment, and
patients need information that is relevant to their own situation. These are
situational variations. Different individuals respond differently to the stress of
cancer. Some respond by avoiding information while others seek information and
wish to take an active role in decision making. These are dispositional needs.
Patients also need different information at different stages of their illness and
treatment, for both practical and psychological reasons. Patients have different
practical concerns at different times, such as choosing a treatment [16], or caring
for themselves on leaving hospital [10]. The patients’ psychological needs also
change, affecting their ability to deal with information and their priorities for
information [12,8]. These are process-based variations. Meanwhile socioeconomic
differences (such as gender and education) seem to make comparatively little
difference to patients’ desire for information (e.g. [10]).

Cancer puts patients through an identifiable series of psychological stages [9].
These process-based stages affect the types of interactions (one-to-one or group)
and the types of supporting media (e.g. booklets, audio-visual material, tutorial
programs) that are most likely to be useful. For example, when patients are
first coming to terms with very shocking situations, such as at first diagnosis or
relapse, they need short explanations of key information. Once misconceptions
take hold, they may be difficult to correct and cause great anxiety.

Coping Theory [7] offers an underlying explanation of what type of informa-
tion is likely to be relevant and acceptable to the patient. Patients use informa-
tion to cope with the threat or harm posed by illness, and therefore the informa-
tion offered must help them to cope with the most immediate and most severe
threat. Patients are unlikely to attend to less relevant material until they have
assimilated the most relevant information. Several studies of cancer patients’
information needs have been based on this theory. In particular, information for
cancer patients can be divided into four categories [8]):

Disease concerns This category covers information about diagnosis, tests, treat-
ments and prognosis, including survival.

Personal concerns The impact of the disease and treatments on the patients’
physical well-being and ability to function; psychological well-being; job or
career; and long-term plans or goals.

Family concerns The physical, emotional and financial impact on the family,
and communicating with them about the cancer.

Social concerns Communicating with friends about the cancer; maintaining
friendships and membership of social groups; the need to make contact with
medical staff and to make friends with other patients and their families.

A similar hierarchy of information has needs has been identified and success-
fully used in the Migraine system [4] which informs migraine patients. For cancer
patients, we explicitly add the dimension of time and process–based needs. Can-
cer patients value different types of information at different stages. During the
initial distress, disbelief and shock which results from pre-diagnostic symptoms
and diagnosis, life-and-death concerns are paramount. Patients may be unable
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to absorb much information and they may use denial as coping strategy. Follow-
ing this initial shock and up to the end of the initial treatment period, patients
generally start to adapt to their illness and begin to be able to absorb more
information. During these early stages, informed consent to treatment may be
required. Once treatment is finished, coping strategies can be taught and social
relationships become more important, while other issues such as work and fi-
nance, sexuality, and fears may also be explored [9]. However, information about
their disease and treatments remains important to many patients, and they ap-
preciate re-iteration of this information even when it is no longer of critical
importance [12].

3 A Preliminary Investigation

The research outlined above provides us with a framework for categorising infor-
mation for cancer patients, and suggests how we may assess the likely relevance
of different types of information at different time points. This does not, how-
ever, translate straightforwardly into the development of a tailored computer
system. We must both develop very specific rules from the general guidelines
suggested above, and also deal with the specific characteristics of interacting
with a computer.

To obtain some early feedback on the feasibility of a process-based approach
and to inform the design of the automated system, a preliminary investigation
was undertaken with patients from a major cancer centre3. Prototype systems
were developed, all of which tailored information to the patient’s medical record
and some of which also tailored information to the time point in the patients’
illness and treatment. The information in these prototypes was hand tailored by
the researcher.

Patients with breast and prostate cancer who had taken part in an earlier
study on personalised information [11] (which was not time-based) were invited
to take part in this study. Due to difficulties in getting patients to participate
and the time needed to hand tailor the information, only nine patients were able
to take part in this study. All nine participants tried out the prototypes and
then completed a feedback questionnaire. They were asked about whether they
found the prototypes easy to use and which of the systems they preferred.

None of the patients assessed any of the systems as difficult to use. Four of
the patients declared they would prefer to have relevant information selected
for them on a time basis, while four would have preferred to have had all the
information available at once and make their own selection (the ninth patient
expressed no preference).

From this preliminary investigation, we can conclude that a time-based pre-
sentation was likely to be feasible and usable by patients, and that enough pa-
tients valued the time-based presentation to make further investigation worth-
while. The numbers taking part were too small to draw any firm conclusions

3 The Beatson Oncology Centre, Glasgow
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about users’ preferences for presentation methods, but the feedback from this
study influenced the design of our subsequent architecture.

4 A Time-Based Architecture Which Models Patients’
Information Needs

In this section, we describe: the representation of information about the patient;
the representation of information about cancer; and the text planning meth-
ods which adapt the presentation to the patient at each of the different levels.
Our implementation used an object-oriented extension of Prolog, and we use (a
simplified version of) this notation in the following figures and examples.

4.1 Representing Information About the Patient

In our present work we focus on the type of cancer, the stage and severity of
cancer and the treatments being undergone. Other information such as specific
symptoms and side effects of treatment encountered may also be included. We
expect that this type of information would be available in advanced computerised
medical records systems. We have encoded this medical information using the
Read medical code system [15], in which e.g. B46 is prostate cancer, B34 is breast
cancer. In our earlier work, we used a static representation of the patient record
– a list of Read codes with dates of diagnoses, treatments etc. attached, as
described in [2]. In this work we extend the representation so as to distinguish
the patient’s place in the “cancer process”.

The process is represented by a timeline, that is, a sequence of time frames.
Each time frame represents the patient’s current position in the process. Cancer
treatments often extend over time and have multiple parts that may overlap. A
typical timeline might contain frames such as: at diagnosis; before chemother-
apy; during chemotherapy; after chemotherapy and before radiotherapy; during
radiotherapy; at follow up.

Our implementation uses a modified version of the interval calculus [1], in
which the events are treatments, tests and diagnoses. Events can have a start
date, a stop date and a duration. We have the following relationships between
events: at, before, after, and during. These relationships describe the timeline
for each patient’s illness and therapy (Figure 1). A time frame describes the
patient’s situation during a period when all of these relationships to events are
unchanged.

In each time frame, different issues are explored and they are explored to
different depths. For example, in the frame immediately after diagnosis, the
diagnosis is explored in detail while treatment options are explained only in
overview, and follow-up care is not raised as an issue at all; and in the following
frame diagnosis is summarised while treatment is explored in detail. The follow-
ing sections describe the representations that we use to allow this, and the way
in which they are used.
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frame(frame_1, at, B46) At a diagnosis of prostate cancer

frame(frame_2, before, 59) Before radiotherapy . . .
frame(frame_2, before, 52) . . . and X-ray
frame(frame_2, before, 7B36) . . . and surgery

Fig. 1. Patient data: Fragment of a timeline

4.2 Representing the Cancer Information

Information about cancer is represented at two levels: the issues or topics that
might interest the user; and the texts which inform the user about each issue.
When a user selects an issue, the response will be made up of one or more texts.
Each text is independent chunk of information, usually consisting of one or more
sentences. Issues and texts are annotated with information about when they are
relevant.

– the psychological category of information being conveyed;
– the time when this information is most likely to be relevant;
– the type of illness, test, treatment etc. to which it is relevant.

Issues Each issue corresponds roughly to a question or a heading which refers to
some paragraphs of explanatory text (Figure 2). Each issue is classified into one
of five psychological information categories: diagnosis, treatment, personal, fam-
ily and social. For example, issues in the “treatment” category include “Which
treatments are available?” and “What are the side effects of treatment?” Each
issue is also annotated with information about when it is relevant (using the
before, after, and during relationships), and the type of illness and treatment
(using the same Read code system as is used in the patient’s medical record).

which treatment issue :: super(issue),

category(treatment),

relevant time(at, B),

title(’Which treatments are available?’),

texts(which treatment texts),

plan(which treatment plan)

Fig. 2. Example of the representation for issues

The issues themselves are quite general, while the text that is displayed
for each issue may vary considerably according to the individual. Each issue
therefore points to a set of texts in a database.
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which treatment texts :: super(text),

issue(which treatment)

which treatment prostate :: super(which treatment texts),

code(B46), level(overview),

text(’There are many choices of treatment for prostate cancer.

This depends on a number of different factors. ...’)

which treatment breast :: super(which treatment texts),

code(B34), level(overview),

text(’Surgery, radiotherapy, hormone therapy and chemotherapy

may be used alone, or in combination, to treat breast

cancer. ...’)

Fig. 3. The representation for texts: hierarchical example

Texts Each text is an independent paragraph. Texts and issues are both an-
notated with the situations in which they apply — by illnesses, treatments and
locations in the body. The annotations for texts are often more specific than
those for issues, so that only a subset of possible texts for each issue is chosen
for a given patient. Texts are made specific in two ways. First, the Read code
system is hierarchical, so that the issue (Figure 2) “Which treatments are avail-
able?” is annotated B, meaning that it is relevant to all cancers, while the texts
(Figure 3) are annotated B34 (relevant to breast cancer only) or B46 (for patients
with prostate cancer).

Second, in order to facilitate text planning, texts may also contain additional
annotations which describe more properties of the situation in which that text
is likely to be relevant. Figure 4 shows an example for side effects texts.

side effect 01 :: super(side effect text),

code(radiotherapy),

treatment location(body),

effect location(blood),

text(’Radiotherapy can sometimes affect the cells which

produce your blood. If this is thought likely in

your case you will have regular blood tests ...’)

Fig. 4. The representation for texts: additional properties example

Texts also exist at different levels of detail. We offer two levels at present:
an overview text for an issue, or texts which offer fuller details. Each text is
annotated with the level of detail which it represents. Overview text is presented
before the other texts for that issue, and if the patient does not need (or wish)
to explore the issue in depth then it may be the only text that is presented (see
Section 4.3).
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4.3 Adapting the Presentation

We consider two layers of adaptation: deciding which issues to present, and
deciding how to present the information for each issue.

Adapting the List of Issues An issue is only presented to the user if it is
relevant to that time frame and to the patient’s specific illness and treatment. In
a given time frame, the relationships and codes in the time frame are matched
to those in all the issues, so as to identify the relevant issues. The list of relevant
issues is sorted according to their psychological category, and the categories are
presented to the user in a fixed order. An example of the output is shown in
Figure 5.

Following diagnosis, you may want information on the following topics:

Diagnosis What is my diagnosis?
What is the medical name of my illness?
Will it spread anywhere else?
What does “positive lymph nodes” mean?

Treatment What treatments are there?

Personal How am I going to cope with this?
What about my job?
What does the future hold now?

Family Talking to the family
Talking to the children
Are my family at risk?

Social What about my friends?
What about my social life?
How can I talk about this?

Fig. 5. Example front page for issues in the first time frame. The questions are
all issues, which are links to information pages. Subsequent time frames also
contain links back to previous frames

In principle the relevance of the different categories (i.e. diagnosis, treatment,
personal, family and social) might vary for different patients or change over time,
and so our architecture permits re-ordering, but the literature suggests that
their relative importance remains fairly constant [12]. To allow for individual
variations in interest, psychological categories are used only for sorting and not
for selection.

Each issue may also be linked directly to other relevant issues. This facility is
provided in the form of a static list of links stored with each issue. Whenever the
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text for an issue is presented, this “See also” list is also presented. If the patient
chooses to follow such a link, then the resulting text is filtered (as usual) to suit
the current time frame. These embedded links offer access to information that
may be of interest but are not necessarily assumed to be of immediate interest.

Adapting the Texts When the user chooses an issue, suitable texts are selected
according to the patient’s illness and treatment. These selections are made with
the patient’s record and the text annotations shown in Figures 3 and 4. Issues
are all selected and sorted according to a single set of criteria (described in
Section 4.3 above), but the texts for different issues may be selected and sorted
in different ways. For most issues, the texts only need to be filtered according
to their main Read codes (e.g. only texts which refer to the patient’s own illness
and treatments are used), but some issues require more complex combinations of
filtering and sorting in order to present relevant information in a coherent order.
We therefore specify a text plan for use with each issue, which selects the texts
and groups similar texts together in order to provide a coherent page. Issues can
share the same (standard) text plan so the loss of generality is not excessive,
and we have the flexibility to add extra plans wherever it is worthwhile to gain
extra coherence.

Text Plan(side effects)

input(SideFXTexts) -- Set of texts to describe side effects

input(TreatmentCodes) -- Read codes for patient’s treatments

-- Filter by the (treatment) code and location

constrain texts(SideFXTexts, TreatmentCodes, by codes)

constrain texts(SideFXTexts, TreatmentCodes, by treatment location)

-- Sort them by code and location

sort texts(SideFXTexts, TreatmentCodes, by code)

sort texts(SideFXTexts, TreatmentCodes, by treatment location)

sort texts(SideFXTexts, TreatmentCodes, by effect location)

Fig. 6. Part of a complex text plan: for side effects

For example, a complex text plan is needed for the issue “What are the
side effects of treatment?”. There are many different treatments and their side
effects may affect many different parts of the body. Each patient may undergo
several different kinds of treatment, treatments may overlap and some side effects
may remain after a treatment has finished. The location of the treatment and
the location of the side effect are described by properties in each of the side
effects texts (Figure 4). The text plan for side effects specifies that texts are first
filtered (and, for multiple treatments, grouped together) according to the type
and location of the treatment(s). Then the texts for each treatment are grouped
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according to the part of the body where the side effects occur. The parts of the
text plan which perform these operations are shown in Figure 6. Time is also
taken into account: full details are presented for current treatments, overviews
only for previous or planned treatments (not shown).

Most of the texts are made up of pre-stored sentences, but some of the texts
also contain personal information from the patient’s medical record, such as the
patient’s own diagnostic, staging and treatment information. Sentences which
are based on patients’ individual data need to be generated at run–time, and we
use the same methods for this as our earlier research [2,6].

5 Evaluation and Discussion

This system was made available on the World Wide Web, and feedback solicited
from a number of groups of people including readers of cancer newsgroups (who
may themselves be patients) and members of an electronic mailing list for experts
in health informatics and public health. We created some example patients to
provide exemplars of the kind of tailoring that can be done by the system. The
demonstration system contained complete sets of issues for sample patients’ time
frames, but the text for many of these issues was incomplete and we did not put
much emphasis on surface presentation techniques such as graphics, fonts and
screen layout. More than 100 people used the system while the demonstration
was available, with 18 returning questionnaires. Feedback was generally positive
(6 felt that the system was better than non-tailored resources, 12 were unsure)
and most critical comments were on the detailed content and presentation.

We have so far applied our approach to information within a local site in
which we can annotate texts according to our model. As information extraction
techniques improve and web resources are increasingly being annotated with
standardised metadata, it is becoming feasible to select information from ap-
propriate web resources according to psychological models of their relevance.
The techniques described here might also eventually be applied to users who are
searching for relevant medical information among many web sites. Where psy-
chological models of readers’ information needs exist, these models may provide
a useful complement to existing information filtering techniques [14].

We have considered the practicality of the techniques we have developed. The
model of the likely information needs of cancer patients is theoretically based, but
the way the model is realised is computationally quite simple. The psychological
basis for the design and the explicit model of relevance enables us to create useful
personalised information without a great computational overhead.
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Abstract. This paper presents a system that combines adaptive hyper-
text linking based on group link preferences with an implicit navigation-
based mechanism for personalized link recommendations. A methodol-
ogy using three Hebbian-style learning rules changes hyperlink weights
according to users’ overlapping navigation paths and causes a hypertext
system’s link structure to converge to a valid group user model. A spread-
ing activation recommendation system generates navigation path based
recommendations for individual users. Both systems are linked, thereby
combining both personal user interests and established group link pref-
erences. An on-line application for the Los Alamos National Laboratory
Research Library is presented.

1 Introduction

1.1 Adaptive Hypertext and Hypermedia

The domain of Adaptive Hypertext and Hypermedia (AH) has focussed on en-
abling hypertext systems to cope with highly diverse user demands by person-
alizing the system’s interface, content and structure[5]. A number of different
approaches to this complex problem have been proposed, most based on the no-
tion that particular user characteristics can be measured and used to personalize
the behavior of a given hypermedia system. Brusilovsky (1998) [4] provides an
excellent review of the state of the art.

An overview paper by Eklund (1998) [7], however, shows the relatively low
level of empirical support for the effectiveness of a large number of (educa-
tional) AH systems. This clearly relates to the complexity of the task at hand,
but also reveals a number of persistent problems for the domain of AH. First,
although personalization could solve a large number of human-hypertext inter-
action problems, in many cases individuals do not hold the requisite knowledge
to solve certain retrieval problems. This knowledge might, on the other hand,
be collectively present. For example, a user searching for information, within a
domain he or she is quite unfamilar with, may benefit more from the aggregated
knowledge of other users that are familiar with the domain than from a personal-
ized interface. In other words, personalization could in many cases be improved

P. Brusilovsky, O. Stock, C. Strapparava (Eds.): AH2000, LNCS 1892, pp. 38–50, 2000.
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by involving group knowledge[18]. Second, both user information needs and per-
sonal characteristics are highly unstable and complex factors, raising the issue of
measurement validity. Even though some AH systems claim to be based on mea-
surements of some of these factors, it is often difficult to demonstrate that these
measurements are actually valid ones [20]. An AH approach that focusses on sta-
ble and relatively simple user factors is required. Third, factors such as a user’s
information need, personal background, knowledge level, retrieval strategies, the
system’s hyperlink structure, etc. can all be expected to interact strongly [16].
AH systems will only with great difficulty be able to base their adaptivity on
effectively isolating any of these factors.

1.2 The Interaction Perspective

The mentioned problems associated with the implementation and evaluation
of AH systems have prompted the development of the presented system which
addresses the above described issues: how can we agregate the collective knowl-
edge of a group of users and use it to improve and personalize the experience
of individual users? The approach that I have taken is based on the following
methodologies:

1. a methodology to transform hyperlink structure into a group user model
2. page relatedness measures from simple recordings of user retrieval paths

(sequences of retrieved hypertext pages)
3. guided user navigation by spreading activation recommendations

The system based on these methodologies will use a hypertext system’s net-
work structure to store the aggregation of users’ collective knowledge on a given
domain (that I will refer to as the group user model). Hypertext network struc-
ture will be updated according to simple measurements of user retrieval patterns
(hyperlink traversal counts). Individual user interests will be derived from users’
individual retrieval paths. A spreading activation system will, based on an in-
teraction between individual retrieval paths and group user model determined
network structure, generate personalized hyperlink recommendations.

1.3 Related Research

Group User Models and Domain Knowledge The presented system is
based on the construction of models of users’ collective domain knowledge, sim-
ilar to previous research on group user models. In [14] Kaplan et al. argue that
hypertext systems can be seen as semantic networks and can thus be represented
by associative matrices whose elements indicate the strength of relation (link
weights) between information topics in the network. As values in a matrix, these
link weights can conveniently be updated according to user feedback, thereby
allowing a hypertext system to adapt its structure to user feedback by simply
changing matrix elements. When used by groups of users, the HYPERFLEX
system presented in [14] will gradually evolve from an author-defined hyperlink
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structure into a model of any group of users’ collective knowledge (i.e the group
user model), represented by a concept similarity matrix. Encarnacao(1997) [8]
provides another demonstration of how a multi-level adaptive hypermedia system
can use associative graphs of action events to model collective user knowledge.
A formal analysis and generalization of the concept of representing hypertext
networks as semantic networks or associative matrices was presented in [9].

A major advantage of the use of associative matrices for group user model rep-
resentation is that it allows relatively simple and quantitative measures such as
hyperlink traversal frequencies to be used to generate the matrices’ values. There
exists strong empirical support for the position that user retrieval behavior (as
e.g. expressed in hyperlink traversal frequencies) is stable across groups of users
and shaped by relatively stable characteristics of a given group of users [12][19].
The use of group user models represented by associative matrices thereby in-
duces the use of more quantitative and reliable measures of user characteristics
(and for this application, measures of their aggregated knowledge).

Individual Preferences and Navigation Paths Although group user mod-
els can be developed for any group of users (the set of WWW users, local experts
and even individuals) and have strong implications for the organization of hy-
pertext network structure, they need to be combined with individual short-term
preferences in order to provide a personalization of services. Otherwise all users
would simply be faced with the same group-defined hyperlink structure. The
presented system uses an implicit approach where an individual’s retrieval path
through the hypertext system (i.e. a set of n previously retrieved pages) is used
to assess an individual’s interests. Personalized link recommendations can then
be generated based on this retrieval history and the system’s adaptive group
user model (hyperlink structure).

This approach is similar to the Letizia [15] and WebWatcher [13] systems. In
the Letizia system a user’s past retrieval path is used to pro-actively search the
pages within a static hypertext system and offer the user recommendations to
pages that might be of interest. The WebWatcher system combines hypertext link
updating by keyword annotation with retrieval based recommendations based on
a user’s individual retrieval path.

1.4 Paper Structure

The following sections will outline the basic components and functionality of
the in this paper presented system. First, the adaptive hyperlinking component
that re-organizes network structure towards a group user model will briefly be
described, followed by an introduction to the principle of using spreading acti-
vation for personalized link recommendations. Finally, the paper concludes by
presenting a recently implemented system that combines both methodologies
into a system that uses collectively shaped hypertext network structure and
individual retrieval paths for personalized link recommendations.
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2 Hypertext Linking from User Mental Models

2.1 Adaptive Hyperlinks

In 1996 and 1997 I set up a number of experiments with an adaptive hypertext
methodology that will from now on be refered to as @ApWeb. The methodology
uses a set of three learning rules that dynamically change a network’s link struc-
ture according to overlapping user retrieval paths. These networks have been
shown to converge to a stable and valid representation of the group user model
(i.e. the collective domain knowledge of its users). A full account can be found
in [2], but this section will repeat the most important parts of the set-up.

The notion of representing a hypertext network as a directed graph is ex-
tended with the concept of weighted hyperlinks; each hyperlink in the network
is associated with a weight expressing the degree of associative relation between
two hypertext pages. A hypertext network is then represented by a directed,
weighed graph G = (V, E) where the set of hypertext pages V = {v0, v1, . . . , vn}
and E = V × V . A weight function is defined over all pairs of hypertext pages
(vi, vj) ∈ E so that W : E → R+

0 . The weights that are thus defined over all
pairs of hypertext pages can be stored in a n x n matrix M , whose elements
wi,j correspond to W (vi, vj). If we denote each sequence of three visited pages
in a user’s navigation path as P = (vi, vj , vk), then, for each retrieval sequence,
three Hebbian-style learning rules [10] are executed: Frequency, Symmetry and
Transitivity, each respectively associated with a reward rfreq, rsymm and rtrans.
The algorithm to update hyperlink weights based on these learning rules can
then be formalized as follows. While the hypertext network is being browsed by
a group of users, at each link request t (or iteration of the algorithm):

Frequency W (vi, vj)t = W (vi, vj)t−1 + rfreq and W (vj , vk)t = W (vj , vk)t−1 + rfreq

This learning rule reinforces connections between two nodes that have been re-
trieved concurrently.

Symmetry W (vi, vj)t = W (vj , vi)t−1 + rsymm, and W (vj , vk)t = W (vk, vj)t−1 +
rsymm

This learning rule reinforces a partially symmetric, associative relation among two
pages consequently visited in a website.

Transitivity W (vi, vk)t = W (vj , vk)t−1 + rtrans,
This rule attempts to bridge connections by reinforcing a transitive associative
relation in any set of three consequently visited nodes.

By the actions of these learning rules, a group of users will, by their overlap-
ping patterns of navigation activity, selectively reinforce specific network con-
nections. Matrix M ’s values will gradually change, and with it the hyperlink
structure of the weighted hypertext network it represents.

2.2 Initializing a Network of Journal Relations

The Los Alamos National Laboratory (LANL) Research Library is consistently
moving a growing part of its journal collection to an electronic database that
researchers can access from their desktops. A large part of its local collection of
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9804 journals is now available in a digital format, and can be downloaded from
the library’s website. An initial ”virtual” hypertext network was generated, by
the @ApWeb methodology, for the local electronic journal database (SciSearch)
from a web log based simulation of user retrieval behavior in the following man-
ner.

The library’s journal database is accessible from the LANL website and ex-
tensive web logs are available. We used a part of the web log that was registered
in February 1999 and contained 31992 user requests. Each record in the log con-
tained the user’s IP number, time of the request, requested article (SICI number),
an indication of whether or not the request succeeded, and the number of bytes
transferred.

Since every HTTP request registered in the log also carried a time stamp, it
was possible to temporally trace the retrieval sequences of individual users and
reconstruct their retrieval paths. A new log was created that contained these user
retrieval paths. Only requests to download an actual paper (not its abstract or
meta-data) were used, since this was considered the most reliable indication of
a user’s true interests in the item. Furthermore, rather than constructing actual
article relations, we aimed to construct journal relations based on the journals
in which retrieved articles appeared. This information could be derived from an
article’s SICI number, i.e. a unique identifier for every article in the database
that contains the ISSN number of the journal in which it appeared. For every
user we thus derived a retrieval sequence of journals rather than articles. This
decision was made to allow for later cross-validation of our data with journal
citation records. In addition, IP numbers were anonymized to user ID numbers
(for reasons of privacy), only successful requests were retained and the byte count
was removed. Table 1 shows a section of the transformed log.

userID data time ISSN SICI

USER139 07/Dec/1998 16:56:25 0003-6951 1996;0003-6951()72:25<3338:>

USER139 18/Dec/1998 17:24:12 0039-6028 1996;0039-6028()360:1/3<180:>

USER140 27/Apr/1998 14:45:50 0039-6028 1996;0039-6028()358<96:>

USER140 27/Apr/1998 14:46:09 0039-6028 1996;0039-6028()358<96:>

USER141 03/Mar/1998 09:04:24 0921-4526 0921-4526()230<794:>

USER141 03/Mar/1998 09:05:48 0921-4526 0921-4526()230<576:>

Table 1. An example of the transformed SciSearch Web log used to reconstruct
user navigation.

The Research Library’s web logs were then split up into individual retrieval
paths that were fed into the above described @ApWeb methodology, as shown
in fig. 1, simulating actual user interactions with the system. This is a departure
from our previous experiments, since the network of hyperlinks is not being
generated interactively in a process where users shape the network by their
navigation patterns and network structure shapes new user navigation behavior.
Rather, we see this process as a way of creating an acceptable initial network
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that can then later be refined by the previously mentioned interactive @ApWeb
methodology.

Fig. 1. Constructing a network of journal titles from the LANL Research Library
web logs

A well-connected network of 472 journal titles 1 (average of 12.78 non-zero
edges per nodes) and their weighted associations was generated based on this
data and setup. Table 2 shows a section of the generated journal association
matrix.

Linked journal

Linking journal 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

ADV COLLOID INTERFAC 01 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ADVAN MATH 02 0 0 1.5 0 0 0 0 0 1.5 0 0 0 0 0 0
ANALYT CHIM 03 0 0.3 0 6.9 0 0 0 1 0 1.2 0 0 0 0 0
ANALYT BIOC 04 0 0 19.6 0 0 0.6 0 1 0 2.1 0 0 0 0 0
ANIMAL BEHAVIOUR 05 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ANN PHYS-NEW YORK 06 0 0 0 3 0 0 0 0.6 0 0 0.3 0 0 0 0
APPLIED ACOUSTICS 07 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
APPL PHYS LETT 08 0 0 0.3 0.3 0 2.5 0 0 0 0 0 0 0 0 0
ARCH RATION MECH AN 09 0 0.3 0 0 0 0 0 0 0 0 0 0 0 0 0
ARCH BIOCHEM BIOPHYS 10 0 0 5.5 10.5 0 0 0 0 0 0 0 0 0 0 0
ARTIF INTELL 11 0 0 0 0 0 1.5 0 0 0 0 0 0 0 0 0
ASTRONOM J 12 0 0 0 0 0 0 0 0 0 0 0 0 0 0.3 0
PUBL ASTRON SOC JPN 13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
ASTRON ASTROPHYS 14 0 0 0 0 0 0 0 0 0 0 1.5 0 0 0.9
ASTROPHYSICAL JOURNAL 15 0 0 0 0 0 0 0 0 0 0 0 0 0 4.5 0

Table 2. Sample of generated journal relations matrix.

1 This network could only contain journal titles that were actually retrieved within
the registered web log
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3 Interactive Recommendations by Spreading Activation

3.1 Spreading Activation (SA)

The technique of spreading activation assumes that information stored in human
memory is represented by a distributed, associative network in which the most
strongly associated memory items have strongest connections [11][1]. Retrieval
by spreading activation is initiated by activating a set of cue nodes which as-
sociatively express the meaning of the items to be retrieved. Activation energy
spreads out from the cue nodes to all other related nodes, modulated by the net-
work connection weights. Nodes that achieve an activation value above a given
threshold are considered retrieval results.

Apart from being a well established model of retrieval from human memory,
SA can be simulated and applied to associative networks for IR applications.
Spreading activation for hypertext IR has a number of strong advantages over
traditional IR techniques as shown and argued in [17][6][3] . First, SA uses net-
work structure for retrieval and does not rely on explicit query keyword matching
against page text. This feature avoids a number of persistent problems with pol-
ysemy and synonymy in traditional IR; retrieval is not dependent on exact key-
word matches. In addition, user queries can consist of a list of activated nodes; a
feature allowing the nodes in a user’s retrieval path to be used as queries, rather
than a user-provided list of keywords. Second, the nature of SA is such that, in
an associative network, returned items match the combined “meaning” of the
query items, thereby allowing a descriptive manner of querying. For example,
given adequate network structure a SA query such as ”water fuel” could return
pages on ”hydrological engineering” or ”hydrogen combustion”, rather than a set
of pages that merely contain both query keywords.

3.2 Simulating Spreading Activation

Simulating retrieval by SA implies two representations: one for the associative
structure of the network of hypertext pages, i.e. an associative network, and one
representing the (initial) activation state of the network, i.e the query.
Let the set of n network nodes or documents be V = {v0, v1, . . . , vn}. Every pair
of nodes (vi, vj) is connected by a hyperlink, associated with a link weight of
wij . The structure of this network will then be represented by the n by n matrix
M whose elements wij correspond to the weight of the link between the nodes
vi and vj . The activation state of the network at time t will be represented by
the vector at the elements 0 ≤ ai ≤ 1 of which indicate the activation value of
each node vi. The initial activation state a0 will express how the SA system was
queried for retrieval.

Computationally, spreading activation can then be simulated as an itera-
tive process in which the matrix M is multiplied by the activation vector At,
starting with a0. For every node vi, the resulting activation would then be
ai =

∑n
j=0 ajwij , i.e. the weighted sum of the activations of all nodes connecting

to vi. At each iteration the resulting vector At+1 = MAt is fed back into the
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multiplication. After a given number of iterations a list of network nodes that
achieved highest activation values can be returned as the results for the query
expressed by a0.

3.3 Spreading Activation and Adaptive Linking for Hypertext

A spreading activation system making use of the above described algorithm
was implemented for the network of weighted journal links generated by the in
section 2.2 described @ApWeb technique. The system was set up in the form of
a Java Servlet, accessible from the LANL library servers. The servlet used three
modules. The first module contained a coupled list of journal titles and network
node labels (ISSN numbers), and received either a list of user-provided keywords
(to start interaction) or a user’s retrieval path (up to 5 last retrieved nodes). An
initial activation vector a0 was generated by simply matching keywords to this
stored list. Activation values for network nodes corresponded to the number of
matches found. For example, a query consisting of ”cell” and ”biochem”, would
result in an activation value of 1 for the journal of ”cellular immunology” while
the journal ”internation journal of biochemistry & cell biology” would receive
an initial activation energy of 2. The activation value of all non-matching network
nodes would be set to zero. This matching process could be used to activate
specific journals by specifying their entire title or ISSN number, a feature that
made it possible for the system to, after the initial user provided keyword query,
use the set of network nodes in the user’s retrieval path.

The second module applied the SA algorithm to this initial activation vector
and returned an ordered list of spreading activation results, i.e. network nodes
achieving highest activation values over all iterations of the algorithm.

The third module would translate the returned set of network nodes to a
human-readable hypertext page that the LANL server would return to the client.

This spreading activation system was connected to the @ApWeb system for
the same network of journal titles. A user request would first be redirected to the
@ApWeb system that would change network structure according to the user’s
navigation path as described in section 2.1. The request would then be passed
on to the spreading activation module that generated a list of recommended
hyperlinks and returned it to the user. The user could then select a request for
a hyperlink which would again be redirected to both the @ApWeb system and
the spreading activation module, and so on.

Fig.2 shows a graphical representation of the system and outlines how the
library database’s web log was used to generate a virtual hypertext network
of journal titles (1). The spreading activation system was then connected to
the @ApWeb system and the virtual network to provide an actual hypertext
interface that users could navigate (2).

3.4 Interface

A user interaction would start with the user formulating a query consisting of a
set of keywords that would associatively describe the nature of the desired jour-
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Fig. 2. Structure of combined recommendation and @ApWeb system

nal, e.g. ”information processing security” for journals on encryption technology.
2 A hypertext page consisting of the user’s retrieval path, a list of hyperlinks
for all direct keyword matches and recommended connections for that position
in the network would be generated. Two types of hyperlinks would be avail-
able for each recommended item: browse-links and retrieval-links. By selecting
the browse-link for a given journal, the user would issue a request to the sys-
tem which would followingly return a hypertext page for the selected journal.
The selected journal would furthermore be added to the user’s navigation path
and refine the generated spreading activation recommendations. Selecting the
”retrieval”-link, on the other hand, would terminate the hypertext navigation
process and take the user to the actual library page for that journal where they
could download its articles. 3

4 Results

4.1 A User Session

The following section will describe a user session with a prototype of the system
that was registered during our recent tests with the system. Figure 3 shows a
screen dump of the spreading activation output page for an initial query con-
sisting of one single keyword: “earth”. This vague description of the user’s infor-
mation needs resulted in a wide range of recommendations. The result page first
showed hyperlinks to journals whose titles directly matched this keyword, and
were thus activated in the inital activation vector for the spreading activation
module of the system. This list contained items such as “Earth and Planetary
Science” and “Earthscience Reviews”. Below that list the page displayed all
2 This feature was implemented to allow user to start the interaction with the system
since users at the start of their session have not established a retrieval path. All
following interaction with the system would consist of actual hypertext navigation.

3 This feature was implemented to leave the functionality of the existing library
database undisturbed while still allowing users to interact with its content
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spreading activation recommended hyperlinks to journals such as: “Journal of
Atmospheric and Solarterrestrial Physics”, “Topology” and “Astronomical Jour-
nal”. These items covered a wide range of possible interpretations of the user’s
interest as expressed by the single keyword “earth”. Although none of these ac-
tually match the provided keyword ”earth”, they are almost all strongly related
to matters concerning the earth. This demonstrates the capability of the SA
methodology to assess the meaning of a query without having to resort to actual
keyword matches (except those to generate the initial activation vector).

Fig. 3. A user first requests recommendations for the keyword earth, refines this
search by browsing to the tectonophysics page and finally retrieves the library
web page for the Journal of Vulcanology and Geothermal Research.

This user was apparently more interested in “earth”-tectonics than atmo-
spheric science and topology, and selected the browse-hyperlink associated with
the “Tectonophysics” journal, as is shown in fig. 3. This selection was added
to the retrieval path and generated new hyperlink recommendations for “earth”
and “Tectonophysics” combined. The results of this search are shown in the
righthand side of table 3. A whole new list of recommended journals had been
generated to reflect the addition of “Tectonophysics” in the user query such
as “Pure and Applied Geophysics” followed by “Journal of Vulcanology and
Geothermal Research”, “Journal of Atmospheric and Solarterrestrial physics”
and “Contributions to Mineralogy and Petrology”. These new recommendations
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all clearly corresponded to the new “tectonic” quality of the query and indicated
that the spreading activation module had successfully estimated the user’s in-
formation need from his navigation path. The addition of the new selected item
to the user’s path had refined the initial ”earth” query.

This user was in fact interested in the “Journal of Vulcanology and Geother-
mal Research”. By clicking on this item’s retrieval-hyperlink she was taken to the
LANL library’s electronic version of that journal where specific articles of inter-
est could be downloaded, as is shown in fig. 3. This completed the user’s session
with the system. Other users will go through a similar interactive, navigation
process whereby the generated recommendation are continuously improved by
the addition of new items to the user’s retrieval path. The overlapping patterns
of their selections will slowly change the structure of the underlying hypertext
network, which in its turn will change (and improve) the recommendations that
are generated for each individual user.

5 Conclusion

Although this recently developed system has not yet been subjected to rigorous
user tests, it does show the viability of a number of concepts that were outlined
in the introduction of this paper. First, the system shows how the previously
developed @ApWeb methodology can be used to initialize a group model of user
knowledge by generating adaptive hyperlinks for unstructured information re-
sources like a library database. The system also demonstrates how spreading
activation retrieval can be used to generate personalized link recommendations
from group structured hypertext and individual retrieval paths. By doing so,
it combines the know-how of the entire group of users stored in network link
structure with the interests of an individual user implicitly expressed in their
navigation paths. Last but not least, the system’s structure is continuously up-
dated by individual user hyperlink selections, implementing further refinement
of the initial hypertext network structure. Therefore, even if the system is boot-
strapped with inaccurate data (inaccurate or incomplete), network structure will
still gradually improve and adapt to users’ actual selections.
A number of issues still have to be addressed. First, extensive user tests need
to determine whether this system allows users to more efficiently retrieve the
items for which they are looking than other systems like human or database
generated hypertext networks. Second, the system has been applied to journal
relations which might not be the ideal testground for an adaptive hypertext sys-
tem. An application for an existing website has recently been implemented and
is at present undergoing user tests. Third, the adaptivity of the system warrants
a special investigation. How fast does network structure change from the initial
log based structure? In what respect do the initial network structure and later
adapted versions differ? Future research will focus on this important issue.
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Abstract. This article presents adaptive navigation support and adap-
tive collaboration support tasks in WebDL, an interactive system for fo-
cusing teaching on student performance and resolving problems detected
in Internet use for distance learning. This adaptation is done through
user model acquisition from the student data available and interaction
with the system. WebDL combines techniques used in intelligent tutoring
systems, adaptive hypermedia programs and learning apprentice systems
for software personalization.

1 Introduction

An educational web site offers a wide variety of sources of information and
communication services to meet students’ needs thereby enabling them to take
an active part in the teaching process. Despite the obvious advantages of this
approach, there are however two main difficulties. Firstly, every individual has
specific needs that differentiate them. Secondly, the restrictive nature of a web
site map’s preconceived static and general structure for meeting any need at
any moment (depending on the level of experience in the use of the resources
offered on the Web) is not suitable for the changing needs of students with
different needs, tastes and preferences. The latter inevitably affect the choice of
sources of information used (study guides, indexes, glossaries, guided navigation
of the course syllabus, complementary activities, etc.) and the use of alternative
communication channels (newsgroups, mailing lists, shared workspaces . . . ).

Bearing in mind these difficulties, and other related ones, we are constructing
WebDL, an interactive system that personalizes and adapts all the sources of
information and communication channels available on the web to meet individ-
ual needs and preferences as and when they arise. The adaptation is done by
presenting different structured resources every single moment on the screen in
a variety of ways and it also includes, whenever appropriate, advice on using
the material available. This approach is therefore wider than the one usually
adopted by adaptive educational systems, where adaptation and tutoring tasks
focus on access to course contents [11, 5].

We have thus constructed a multiagent architecture, WebDL, which is de-
signed to adapt to user needs [2] and is based on a combination of techniques
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applied in intelligent tutoring systems (ITS) [16], adaptive hypermedia programs
(AH) [4] and learning apprentice systems [7]. It falls into the category of so-called
Web-based Adaptive Educational Systems [5]. With the learning apprentice ap-
proach the initial knowledge base is expanded in order to reduce the effort re-
quired for user decision-making (adaptive hypermedia).

The objective of this article is to present the adaptive navigation and adap-
tive collaboration supports in WebDL. We describe the system’s architecture, its
components and its current learning tasks. Taking this description as a starting
point, we then focus on the adaptive navigation support and adaptive collabo-
ration support tasks.

2 WebDL Architecture

WebDL consists of a Web server that allows students to access the system, a
database and a core implemented using a multiagent architecture.

The Web server that we are using, CL-HTTP [8], allows us to construct
functions that compute responses to incoming HTTP requests, and to emulate
CGIs functionality.

To accelerate system response a database is used that stores the elements
learnt and deemed to be most reliable.

The WebDL core [3] is implemented in terms of a multiagent decision ap-
proach and is organized as follows (see Figure 3). Two main components are
involved: user interaction and the adaptive module. The former is implemented
by the interface agent and is in charge of the organized presentation of the dif-
ferent types of material. This module provides a single, integrated response to
the user.

The adaptive module consists of the following agents: user model agent, user
modeling agent, material agent, pedagogical agent, contact agent, service iden-
tification agent, service model agent, service modeling agent and coordinator
agent.

The first four provide basic ITS functionality. The next four are useful for
identifying, by collaborative filtering, the system services of interest to users with
similar profiles.

Each one of these agents has their own knowledge base with the entities that
they control together with their respective relations. The agents that perform
learning tasks are able to extend their knowledge base dynamically adding new
entities and changing the existing ones as the user interacts with the system
(they adjust to what have been called learning apprentice systems). All the
entities contained in the aforementioned knowledge bases are represented via
THEO [9], a framework for learning and problem solving.

A brief description follows of each of the agents highlighted above.

– Interface Agent
It has two main functions: to gather student requests and forward them to
the coordinator agent and to construct pages finally presented to a student;
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these pages are constructed according to the coordinator agent’s response
and design rules defined in its knowledge base. For example: “IF (preferred-
text-only preferences-id-user) THEN (take-only-alt ¡image¿ ¡page-html¿)”
(in section 3.2 a more detailed description is given of how rules are used and
represented in WebDL). This rule tells the interface agent how to project an
image in accordance with student interface preferences (if a student prefers
HTML pages with just text, then the agent only shows the text defining the
image (in HTML code it corresponds to the ALT property of the images)).
To obtain these preferences a student is asked to complete a form, and using
these data the entity for defining specific user preferences is built in the
interface agent database as shown in Figure 1.

(preferences-anonymous *novalue*

(id-user anonymous)

(colors-code RGB)

(links-color (0 0 238))

(visited-links-color (85 26 139))

(active-links-color (255 0 0))

(backg-color (255 255 255))

(frames No)

(preferred-text-only Yes)

. . . )

Fig. 1. Example of the entity defining anonymous user preferences

– Coordinator Agent
It is responsible for gathering the interface agent request and forwarding the
student request to the agents involved in the request. When the coordinator
agent finally receives the response from the rest of the agents it constructs one
response to send to the interface agent. In order to construct this response,
this agent creates a special entity, advice, for each request in its knowledge
base, where other agent responses to the request are stored. These requests
are saved in their respective attributes as shown in Figure 2. These attributes
are described in more detail in section 3.

– User Model Agent and Service Model Agent
The user model and service model agents are responsible for acquiring, saving
and managing all the WebDL user or service information. They collaborate
with the other agents to provide them with data that might be necessary for
their tasks (personal data . . . ).

– Material Agent
The material agent is responsible for gathering and managing all the Web-
site material, for example, definition of HTML pages, exercises, . . .

– Pedagogical Agent
The pedagogical agent is responsible for personalizing teaching to connecting
students; it is the equivalent of the pedagogical module of an intelligent
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(advice *novalue*
(id-user anonymous)

(id-request 10-03-00-69555)

(page-html-associated int-4-5.html)

(next-link-advised section4)

(contact-media-preferred e-mail)

(cmp-exer-acs e-mail)

(contact *novalue*)

. . . )

Fig. 2. Definition of the entity advice

tutoring system. So far it provides adaptive guidance to the student via
adaptive navigation support through the course material.

– Contact Agent
The contact agent is responsible for cooperation and communication among
students and with the professors. It thus uses the user model, student and
professor contributions, data about the users that are connected at every
single moment, etc . . . This agent will be described in more detail in sec-
tion 3.3.

– Service Identification Agent
The service identification agent selects the services of interest to a significant
number of users through clustering techniques; the intention here is for the
system to learn the characteristics determining which services may be of
interest to a given user.

– User Modeling Agent and Service Modeling Agent
These agents are responsible for learning each system user model and service
model (see advisor agent description).

– Advisor Agent
In order to achieve good user personalization, we have chosen heterogeneous
agents that combine the solutions learned with different biases corresponding
to different machine learning methods (C5.0[12], Naive Bayes[14], Progol[10],
Backpropagation[13], Tilde[1] and Autoclass[6]). It is thus possible to apply
different approaches to different tasks and clarify which option is the most
appropriate for each instance.
To implement this combination, a special type of agent has been introduced:
the advisor agent. Several advisor agents learn the competence range of each
of the other agents. A task is only distributed to those agents that have been
proved to be competent in it. We thereby aim to establish a gradual process
of agent specialization with concrete architectures for specific problems.
Competence region learning is done by reinforcement, accounting each mod-
eling option agreement or disagreement with the right or wrong solution.
So, for example, if the contact-media-preferred, learnt by the agent user
modeling C5.0 is newsgroup and if this agent were chosen by the advisor
agent as the best learnt one up to now, then the system would return the
newsgroup value. The interface agent would then convert this into an access
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option to a newsgroup related to an element previously selected on the web
screen. If we test that a user chooses this newsgroup, this action is con-
verted into a positive reinforcement on this modeling agent, otherwise it is
a negative reinforcement.
Concerning system functionality, two fundamental learning tasks are carried
out: one when the different modeling agents infer a certain value of their
corresponding models; another when the advisor agents learn the degree of
competence of the corresponding modeling agents, once system interaction
with a user has finished.

Students requests

WWW
Server

Coordinator Agent

Pedagogical
A.

Material
A.

Advisor A.

User Model
C5.0 Agent

User Model
BP Agent

User Modeling
C5.0

User
Modeling BP

A. ⇒ Agent
(1) Learns the competence
range

ITS

...

Contact
Agent

Service
identification Agent
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Service
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C5.0 A.

...

Identify the system services of
interest to users with similar
profiles (by collaborative filtering)

Database

Interface
Agent

Forward the
student requests

Reply a unique
response

(1)

(1)

Fig. 3. System’s general architecture

3 Adaptive Navigation Support and Adaptive
Collaboration Support in WebDL

In this section we are going to describe how WebDL performs the adaptive
navigation support [4] and adaptive collaboration support [5] tasks to personalize
student access to the course web-site.
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3.1 User Interaction

The user interface has two different working areas when the advice cannot be
integrated into the information shown (e.g., the upper part displays an access to
a newsgroup while the lower part shows another news group or a related mailing
list; see Figure 4) or when the advisory information is contextual and does not
directly affect the information shown (e.g., the upper part shows the course
syllabus, and the lower part shows courses with related syllabuses). Otherwise,
the system constructs the page together with the system’s recommendations,
adding annotations, highlighting or hiding parts of the document, changing the
order of the document’s elements, etc.

Fig. 4. WebDL’s screen with two working areas

When students connect to WebDL, there is an initial page dynamically gen-
erated in accordance with their user model and earlier interactions. If it is the
first time that students have connected, a user model is created with a default
value on which the initial page is constructed.

Thereafter students can interact with the system in the same way as they
would do with a static Web site, while WebDL is saving the user access traces.

The system content pages are defined beforehand by the professor via THEO.
The coordinator agent takes these pages and sends them to the interface agent
together with the entity advice described earlier.

The requests the interface agent receives are as follows:
http://hostname/webdl/webdl?computed+<id-user>+<page-name>

Where the attribute computed indicates that the page must be constructed dy-
namically, the attribute id-user identifies the student connecting and the last
parameter <page-name> indicates the page requested by a student.

When a student requests one of the subject-exercise-pages, the coordinator
agent forwards the request to the agents that can give a response. In the example
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we give, the coordinator agent forwards the request to the material, pedagogical
and contact agents.

We are going to exemplify the adaptive navigation support and adaptive
collaboration support tasks that allowWebDL to assist students with the subject
exercises.

3.2 Adaptive Navigation Support

WebDL guides students through the subject-exercise contents via adaptive link
annotation. Other adaptive navigation support techniques are not used (direct
guidance, sorting, hiding, . . . [4]) given the eminently practical character of the
subject presented.

In this instance, the pedagogical agent performs the adaptive navigation sup-
port task, which consists of guiding students through Web contents via link an-
notations. For this the pedagogical agent represents the content pages as shown
in Figure 5. The attributes title and source-int define the title and the path
to the file containing the page constructed beforehand by a professor.

(int-4-5.html *novalue*
(id-user anonymous)

(title "Introduction to the exercise 4-5 ")

(links-opc (("Dif" "Differences between algorithms"

"DifCBR.html" "Look at the diferences!!")

. . . ))

(source-int "intro-4-5-txt.html")

(annotations-allowed yes)

(next-link-advised *novalue*

(all.prolog.clauses (

((next-link-advised ?r ?value):-

(id-user ?r ?user)

(eval (visited-page ’?user "tutorial.html") nil)

(eval "DIF" ?value))

. . . ))))

Fig. 5. Representation in THEO of the problem statement of one of the subject
exercises

The attribute next-link-advised is the one that determines which link is
going to advise the pedagogical agent. This attribute is calculated using a rule
defined in the knowledge base as shown in Figure 5; the syntax is similar to
PROLOG logical programming language rules. It considers whether a user has
already visited the tutorial page and if so, the link advised is ”differences between
algorithms”. The professor defines the possible links to be recommended in the
attribute links-opc. These links are defined using a list of values where the
link identifier is defined, which will be used after in the rule (in the example:
”DIF”), the text appearing in the link (in the example: ”Differences between
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algorithms”), the link destination (in the example: ”DifCBR.html”) and the
text, icon, . . . appearing as a link annotation to indicate it as a recommended
link (in the example: ”Look at the differences!!”). The professor can thus justify
why this is the advised link. Figure 6 shows a system screen with a recommended
link.

Fig. 6. System screen with an advised link

3.3 Adaptive Collaboration Support

In WebDL we distinguish different kinds of collaboration between students and
professors (see [15] for related work): collaboration via public annotations in the
exercises (up to now this is the one that has been implemented), collaboration
via synchronous communications of the people connected at a specific moment
(chats, . . . ), and collaboration via the setting up of workgroups based on student
similarities.

The contact agent is the one that provides the coordinator agent with the
recommendations, which may help the student to communicate and cooperate
with other students or with the professors. For this, the contact agent constructs
the entity, contact, which will then be part of the coordinator agent’s entity
advice (see Figure 2). The entity contact contains the following attributes:
annotations (it contains the list of annotations done by other students and
which may be of interest), newsgroups and mailing lists (newsgroups and
mailing lists which may be of interest), fellows (indicates the students who can
help you for a specific exercise), and fellows-online (indicates the students
connected at the same time and who can help you).
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We are going to look at how the contact agent determines the annotations
that may be of interest to a specific student.

The students in WebDL can do annotations on the course pages following
the link included on all the pages where annotations are allowed. Professors can
indicate that they do not allow students to annote a specific page using the
attribute annotations-allowed (see Figure 5).

If this attribute has the value yes, then on the page in front of students a
link appears which allows them to do a specific annotation on this page (using
an HTML form). This annotation is kept in the contact agent’s knowledge base
together with identification of the user who has done it, the main topic of the
annotation, etc . . . (See Figure 7)

(annotation *novalue*
(author DavidS)

(page-id int-4-5.html)

(topics (cbr))

(text "I think this is a very

important exercise for the exam")

. . . )

Fig. 7. Representation in THEO of public annotations in WebDL

When students request an annoted page, the contact agent determines which
annotations may be of interest, in accordance with the attribute topics of the
entity annotation and the attribute interest-items of the student model (if
the interests coincide, the annotation is shown) and depending on the student
who has done the annotation (if both students have similar characteristics, then
the contact agent shows the annotation)(see Figure 8).

4 Conclusions

In this paper we have described how are performed the adaptive navigation sup-
port and adaptive collaboration support tasks in WebDL, an interactive system
that personalizes and adapts all the sources of information and communication
channels available on the web to meet individual needs and preferences as and
when they arise.

To attain these objectives student modeling is based on the application of a
set of machine learning techniques from the a priori student data available and
their interaction with the system. WebDL provides a multiagent architecture
capable of reusing the system components so that the representation of the
application domain (course material) can be substituted and thus used for the
teaching of another course.

Currently, the basic architecture of the system has been implemented and it
has been applied to the access to the course material of the machine learning
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Fig. 8. WebDL screen with advised annotations

course of the Computer Science degree at the Spanish National Distance Learn-
ing University (UNED). The system tasks which have been implemented to the
moment are: curriculum sequencing (of the course material), adaptive collabora-
tion support (of the course practical exercises) and adaptive navigation support
(for every page constructed by the system).
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Abstract. As it stands the Internet�s �one size fits all� approach to information
retrieval presents the average user with a serious information overload problem.
Adaptive hypermedia systems can provide a solution to this problem by
learning about the implicit and explicit preferences of individual users and using
this information to personalise information retrieval processes. We describe and
evaluate a two-stage personalised information retrieval system that combines a
server-side similarity-based retrieval component with a client-side case-based
personalisation component. We argue that this combination has a number of
benefits in terms of personalisation accuracy, computational cost, flexibility,
security and privacy.

1 Introduction

The Internet currently consists of approximately 800 million pages of information
across more than 8 million web sites, and there are over 200 million regular users
from all walks of life with varying degrees of computer literacy and a wide range of
interests and preferences. Retrieving the right information for a particular user is one
of the most difficult information retrieval tasks imaginable. It is made more difficult
because a typical Internet user is unlikely to provide a well-specified search query to a
search engine. Many search queries contain only two or three search terms for
example, and the inevitable result is that the user is swamped with a deluge of
irrelevant retrieval results.

Recent work in the areas of adaptive hypermedia, content personalisation and user
profiling(e.g. [1,2,5,6]) has presented a number of potential solutions to this problem
by automatically learning about the likes and dislikes of individual users in order to
personalise information retrieval for each user. For example, by constructing a
detailed profile on a user it may be possible to supplement that user�s search queries
with additional relevant search terms, or it may be possible to filter the retrieval
results to weed our irrelevant hits.

In this paper we describe part of the work carried out in the CASPER (Case-Based
Profiling for Electronic Recruitment) project [3,10,11]. Very briefly, the aim of
CASPER is to build a more intelligent search engine for use in specialised Internet
information retrieval applications � specifically, our application test-bed is the
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JobFinder web site (www.jobfinder.ie), which specialises in the provision of job
listings. Several approaches to this problem were examined in the CASPER project
with a view to discovering synergies between the methods. Rafter et al., in this
volume, discuss a different but complimentary approach that uses Automatic
Collaborative Filtering to also provide a job recommendation facility for CASPER.
The focus of that work is on providing a query-less content-free filtering service,
whereas in this paper we focus on a content-based search service.

Here we describe and evaluate a two-stage personalised job case retrieval system
(CASPER PCR) that combines a server-side similarity-based retrieval component
with a client-side case-based personalisation component. We argue that this
combination benefits from superior cost, flexibility, and privacy characteristics.

2 Related Work

Recently a number of successful adaptive hypermedia systems have appeared under a
number of headings including �personalised systems�, �recommender systems�, and
�information butlers�. Many share a common goal: to learn about the implicit
preferences of individual users and to use this information to serve these users better.

PIMA is a client-side, content-based recommender system that monitors a user’s
actions in an application environment such as MS Word and suggests relevant
resources from the Web to aid the user in their current task [4]. As the user works the
PIMA client builds a summary of the current page using standard content-based
information retrieval techniques. This information then forms the basis of queries that
are submitted to various web-based resources such as search engines. PIMA is
essentially a reactive system and does not maintain persistent profiles of the user. In
other words profile information is lost at the end of a session.

Both Personal Web Watcher (PWW) [9] and Letizia [8] are content-based systems
that recommend web-page hyperlinks by comparing them with a history of previous
pages visited by the user. Letizia uses the unused time when the user is actually
reading a web page to search the adjoining hyperlinks. The user�s profile is composed
of keywords extracted from the various pages visited. PWW uses an offline period to
generate a bag of words style profile for each of the pages visited during the previous
browsing session. Hyperlinks on new pages can then be compared to this profile and
graded accordingly.

GroupLens [7] is a server-side recommendation engine for Usenet news. A user�s
profile is created by recording the user�s explicit ratings of various articles. Automatic
collaborative filtering is then used to statistically compare one user�s likes and
dislikes with another user and to recommend articles from other similar users profiles.

PTV is a personalised TV listings service, providing users with personalised TV
guides based on their learned viewing preferences [12,13]. It employs a hybrid
recommendation strategy using both content-based and collaborative methods. Its
server uses explicit user gradings on various programmes, channels, and viewing
times to build a profile.

CASPER�s PCR component shares many of the same motivations and objectives
as the above systems. Like GroupLens and PTV, CASPER maintains long-term user
profile and like PIMA, PWW and Letizia it implements a client-side personalisation
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policy. Like PIMA, PWW, Letizia and PTV, our system uses a content-based
approach to personalisation, while these systems use unstructured keyword-type
profiles, CASPER PCR uses a structured case-base profile representation.

3 Case-Based User Profiling for Content Personalisation

JobFinder is an award-winning Irish recruitment site that provides conventional
search engine functionality over a dynamic recruitment database. Its reliance on
exact-match retrieval functionality introduces many problems for the average job-
hunter. For example, a JobFinder user might specify that they are looking for a
software development job with a salary of £25k. However, the reality is that they may
actually be looking for a permanent C++ or Java software development job, with a
salary in the region of £25k (preferably greater), in the Dublin or Wicklow area. In
other words, the supplied query is usually only a very small part of the equation.
Furthermore, as it stands, two users with the same queries will receive the same
search results even though they may both have very different personal preferences � a
second user, looking for a �software development job in the region of £25k�, may
actually be looking for a Visual Basic job in Cork, and not want to see information on
Dublin, C++ or Java jobs.

This makes JobFinder an excellent test-bed for a more sophisticated approach to
information retrieval, and the aim of the CASPER project is to assess the potential
impact of artificial intelligence and content personalisation techniques in a JobFinder
setting. Specifically, in the remainder of this paper we will describe and evaluate a
two-step personalised retrieval engine designed to improve the precision of
JobFinder�s searches.

Fig. 1. Overview of the two-stage retrieval process in CASPER PCR
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3.1 CASPER Personalised Retrieval Architecture

Fig. 1 outlines the architecture of CASPER�s personalised case retrieval engine.
When a user enters a new search query, a server-side similarity-based search engine is
used to select a set of similar job cases (see Section 3.2). However, unlike a
traditional search engine, CASPER does not return these results to the user directly.
Instead, they are processed on the user�s machine by the personalisation client.
Personalisation is essentially a post-processing retrieval task where the result-set is
compared to a user profile in order to filter-out irrelevant jobs (see Section 3.3). Each
user profile is simply a set of graded jobs that the user has viewed (and graded) in the
past as part of the normal JobFinder functionality. The final result of a retrieval
session is a set of jobs that are not only relevant to the user�s search query but that are
also appropriate given the preference encoded within the user�s profile.

3.2 Stage 1: Similarity-Based Retrieval

The first stage of the CASPER PRC system is equivalent to a traditional search-
engine in the sense that it takes a user�s query and compares it to job cases in the job
case-base to identify the best matches. However, unlike a traditional search engine,
this process is based on a similarity-based retrieval technique rather than on an exact-
match technique. This means that relevant jobs can be identified even though they
share no features with the original user query.

Each job case is made up of a fixed set of features such as job type, salary, key
skills, minimum experience etc. And during retrieval the user�s search query or target
query is compared on a feature by feature basis to each of the job cases. The similarity
metric shown in (1) is used to compute the similarity between each job case and the
target query, based on the similarity of corresponding features; this metric is a fairly
standard weighted-sum metric.

. ∑
=

=
n

i
iii wjtsimilarityjtSim

1

*),(),(
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The key to the success of this similarity-based approach is the ability to accurately
estimate the similarity between individual features of a job case and target query.
Each case will contain different types of features; for example, the minimum
experience feature is a numeric feature while key skills contains symbolic values. We
have defined a range of different feature similarity metrics to handle each of the
different case features. For example, numeric features can be handled using a simple
distance function; although some numeric features (for example salary) may use a
more sophisticated asymmetric distance function to account for certain types of biases
(for example most users are happy to accept jobs with higher salaries than they asked
for, but the reverse is not always true).

Symbolic features are more difficult to handle. In CASPER we have defined a
domain ontology in which symbolic features are represented as concept trees, and
symbolic feature similarity is based on subsumption relationships and on the distances
between nodes in these trees; see Fig. 2(a).  For example, CASPER PCR performs
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two types of similarity-based matching using concept trees. The first type is called
subsumption matching (see Fig. 2(b)) and allows for different granularities of
abstraction to be used in a search query. For example in Fig. 2(b) the user has
submitted a query for OOP or Object Oriented Programming based jobs. Any job
containing a concept that is a descendant of OOP in the tree is taken to be an exact
match. This is logical since all descendants of OOP in the tree are object oriented
programming skills.

Fig. 2. (a): A concept tree: this tree shows the domain knowledge available for job skills (b):
Subsumption Matching: descendants of a node are taken as exact matches for that node

The second type of concept similarity method is based on concept proximity as shown
in Fig. 3(a) and Fig. 3(b). In other words, the closer two concepts are in the tree the
more similar they are. As an example in Fig. 3(a) the distance between C++ and Java
is 2. These concepts are therefore taken to be quite similar. Distance is measured in
terms of the number of inter nodal edges or links between the two concepts. By
contrast the similarity between Java and Pascal is judged to be quite low as shown in
Fig. 3(b) since there are four edges between them.

Fig. 3. (a): Proximity Matching: the skills of C++ and Java were taken to be conceptually quite
similar (b): Proximity Matching: in this case Pascal and Java were deemed less similar

It is quite possible for concepts to recur within a given concept tree, that is, for a
concept to have multiple parents. The final similarity score is then taken to be the best
similarity score from all of the permutations of candidate / target available.

(a) (b)

(a) (b)



                                              Case-Based User Profiling for Content Personalisation           67

3.3 Stage 2: Result Personalisation

As it stands CASPER�s similarity-based retrieval engine allows job cases to be
retrieved on the basis of a fluid feature-based similarity assessment procedure
borrowed from the case-based reasoning community. However, as it stands this
retrieval approach is still ignorant of the implicit need of individual users, and
therefore retrieval results are not personalised for individual users.

This motivates the need for the second stage of retrieval, which is capable of
personalising the retrieval results from the client-side. Before describing how this
personalisation process works, let us first talk briefly about CASPER�s user profiling
functionality.

As users interact with the JobFinder system they are presented with various jobs
and a number of useful options. For example, users can apply for jobs online, they can
submit their resume to the relevant contact point, or they can e-mail themselves a
copy of the job for their files. As part of the CASPER project we have explored
various techniques for monitoring this type of user activity and for converting it into
useful user profiles [10,11]. The upshot of this is that user profiles are available for
each JobFinder user and these profiles contain a record of which jobs a user has liked
and which jobs they have not liked.

The client-side personalisation technique views the personalisation task as a
classification problem. In other words, personalising the retrieval results amounts to
classifying each individual retrieved job as either relevant or not relevant. To do this
we propose a nearest-neighbour type classification algorithm that uses the graded job
cases in a target user�s profile as training data. Each profile case serves as a training
example with the job grade (liked or disliked / good or bad) serving as the example
classification.

In order to classify a candidate retrieved job we compare it to each profile job case,
using the similarity metric defined earlier, to locate the k nearest profile jobs; the
value of k is usually a low odd number and needs to be set experimentally for the
classification domain in question. A judgement about the job�s relevance can then be
based on the classifications of these nearest neighbours. For example, one simple
strategy is to take the majority classification of the nearest neighbours; according to
this strategy, the candidate job shown in Fig. 4 would be classified as �good� or
relevant (with k=5).

Fig. 4. Client-side personalisation is viewed as a classification problem and implemented with a
k nearest-neighbour classification algorithm.
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Instead of the simple majority classification strategy, CASPER PCR uses a
weighted-similarity metric whereby the similarity of a profile case to the
retrieval candidate determines how much influence that case has in the overall
classification, as shown in (2). The relevance of a candidate job j to user
profile P is the sum of the product of the similarity values of the k nearest-
neighbours to j by their class value (+1 indicates that the user liked the job and
�1 indicates that they disliked it).

(2)

4 Experimental Evaluation

Of course ultimately the important question to be asked about CASPER�s approach is
does it work? Does it produce retrieval results that are more relevant to a given user
than JobFinder�s conventional retrieval engine? Does it produce personalised results
that reflect a user�s implicit preferences? In this section we describe some preliminary
experiments, carried out on real users, to evaluate the effectiveness of the
personalisation side of CASPER PCR.

4.1 Set-Up

Eleven subjects were selected for this experiment, all of them postgraduate students
and staff members in the Department of Computer Science at University College
Dublin. In addition a subset of 58 jobs (from a database of 3800 jobs) were chosen as
the basis for user profiles for the subjects. These jobs were selected because they
provided a good cross-section of employment characteristics. Each subject was asked
to grade each of the 58 jobs as relevant or not relevant to provide the raw data for the
10 user profiles.

4.2 Experiment 1

The aim of this experiment is to evaluate the impact of k (the number of nearest
neighbours used in the classification process) on the classification/personalisation
accuracy (this is equivalent to the precision of the filtered result set). We used a leave-
one-out method to compute the overall personalisation accuracy for each profile for
different values of k (1 � 15). That is, for each profile and value of k, we classified
each profile job using the remaining 57 profile jobs, and compared the predicted
classification (relevant or not relevant) to the actual known classification as provided
by the user during the initial grading process. The personalisation accuracy for a
given user is the percentage of correct classifications over the set of 58 jobs. For each
value of k, this produces 10 personalisation accuracy values, which are averaged to
produce a mean accuracy over all profiles for this value of k.
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The results are presented in Fig. 5 as a graph of mean classification accuracy
versus k. The results show that as k increases so too does the classification accuracy,
up to a point. The maximum accuracy tends to be obtained at around the k=11 or
k=13 mark. This behaviour is to be expected as nearest-neighbour algorithms are
known to be adversely affected by training noise for low values of k. Our user profiles
are known to contain a lot of noise in the sense that users are often inconsistent in
their grading of jobs, and hence we would expect improved performance from higher
values of k.

All of the jobs presented to the users were obtained from a query submitted to the
first stage retrieval engine. We therefore chose to use the number of jobs liked by the
user from this initial query as our baseline. Since we are looking at the average
accuracy for each value of k across all users, we averaged this base measure for all
users to give the baseline shown in Fig. 5. This baseline therefore corresponds to the
average accuracy of the first stage retrieval system.

In general the results are very positive, showing a personalisation accuracy of over
70% for reasonable values of k and relatively small profiles. In fact, it is particularly
positive given the high degree of noise in the profile data. The personalisation system
consistently outperforms the first stage retrieval when taken on its own by a
significant margin.
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Fig 5.  Mean personalisation/classification accuracy across all users for varying values of k.

4.3 Experiment 2

The aim of this next experiment is to examine the personalisation accuracy for
different individual users at a given value of k. In this case we chose k=13, since this
value returned the highest overall accuracy. The personalisation accuracy for k=13
was calculated using the same method described above and the results are shown in
Fig. 6 for each of the 10 users.
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In general the results are positive although there is a high degree of variation
between individual users. Overall, 8 out of the 10 users benefit from a personalisation
accuracy in excess of 60%. However, for one user (6) the reported accuracy was only
57%; this users were found to have a very noisy profile with many inconsistencies
apparent in the way that the original jobs were graded.

Again we used the number of jobs liked by the user out of the original query as a
baseline. Clearly in almost all cases the personalisation engine achieved better results
and indeed achieved significant improvements in over half of those tested.
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Fig 6.  Mean personalisation/classification accuracy for all users at k = 13.

5 Discussion

CASPER�s PCR approach to client-side personalisation brings with it a number of
potentially significant advantages. First and foremost is the fact that the
computational load is transferred from the server-side to the client side, and this
brings with it the potential for greatly improved overall response times.

However, possibly the most important benefit has to do with the privacy and
security issues. CASPER PCR does not require server-side access to user profiles, and
unlike collaborative personalisation techniques [7,12,13], there is no need to access
the profiles of other users. This means that an individual user can benefit from
personalisation safe in the knowledge that her profile has never left her client
machine; this is especially important in any personalised applications that may
involve the collection of sensitive personal data, for example, medical data or
financial data. This advantage is not available with many other personalisation
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techniques and is becoming more and more critical in the context of promised privacy
legislation for e-commerce and Internet systems.

Finally, although we have described the CASPER PCR approach in the context of
the JobFinder domain, there is of course no reason why the approach could not be
applied to a range of other information retrieval domain. In fact, we would suggest
that any existing search engine technology could benefit from CASPER�s client-side
personalisation strategy, assuming that suitable user profiles are available or can be
collected.

6 Conclusions

We have motivated the need for personalised information retrieval systems and
described one particular implementation in the form of CASPER PCR. This technique
works as a two stage process: stage one performing a similarity-based server-side
retrieval, and stage two performing a content-based filtering of the retrieval results
with respect to a store user profile. Our evaluation demonstrates the technique to be
effective.

We have argued that this combination of server-side search and client-side
personalisation offers a number of important advantages over many existing
approaches, not the least of which are the advantages pertaining to user privacy and
security issues. The benefit, from a users point of view, of hiding valuable and private
profile data from a remote server cannot be understated, and in the future may even a
critical feature for the universal adoption of personalisation technology. We believe
that this positions our work well as a realistic, practical and safe personalisation
technology for the future.
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Abstract. The GUIDE system has been developed in order to provide city
visitors with an intelligent and context-aware tourist guide. The system has
been deployed in the city of Lancaster and integrates the use of hand-held
personal computing technologies, wireless communications, context-awareness
and adaptive hypermedia. This paper focuses on the role of adaptive
hypermedia within the GUIDE system and the techniques used to tailor or adapt
the presentation of web-based information. The context used by GUIDE
includes the visitor�s personal context, e.g. the visitor�s current location and
personal profile, and the environmental context, e.g. the opening times of the
city�s attractions. Following a field trial based evaluation, in which positive
feedback was received, the system is now publicly available to visitors who
wish to explore the city.

1 Introduction

The GUIDE project [4][6] has been developed to provide city visitors with up-to-date
and context-aware [2] information whilst they explore a city using handheld GUIDE
units. The use of adaptive hypermedia is fundamental to GUIDE in that web-based
information is presented to visitors in a way that is tailored to both the visitor�s
personal context (including her location and profile) and the environmental context.

The most important piece of personal context that is used to tailor or constrain the
information presented to the visitor is the visitor�s current location. However, other
examples of personal context used by GUIDE include: the visitor�s profile (e.g. the
visitor�s interests and preferred reading language) and the set of attractions already
visited that day. This latter piece of context enables pages of information to reflect
those attractions that the visitor has already seen. For example, if a visitor makes a
return visit to an attraction then the information presented should reflect this fact, e.g.
by welcoming the visitor back. Oberlander [13] uses the term coherence to describe
the tailoring of information in this way. Examples of environmental context utilised by
the system include: the time of day, and the opening times of attractions. This type of
context is of particular relevance to GUIDE when the system is instructed to create a
tailored tour and navigate a visitor around the city.
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The requirement to tailor the information presented to visitors was identified
following a comprehensive requirements capture process [4] involving Lancaster�s
Tourist Information Centre or TIC. This process also identified the need to support
dynamic information, e.g. changes to the normal opening/closing times of attractions
or the daily specials menu of the city�s cafØs. The requirements capture also identified
the need to provide visitors with sufficient flexibility to explore, and learn about, a
city in their own preferred way. For example, some visitors prefer to play a passive
role when exploring a new city, e.g. following a guided tour; while others may choose
a more active role by using guidebooks or street maps. It was also thought important
that visitors should be able to control their pace of interaction with the system, e.g.
being able to interrupt a tour in order to take a coffee break.

The structure of the remainder of this paper is as follows. An overview of the
GUIDE system is presented in section two. Section three describes some of the ways
in which contextual information is obtained in GUIDE. Following this, section four
details our approach towards modelling contextual information. Next, section five
describes the techniques employed for generating information tailored to the current
context. Section six briefly describes the acceptance of the system by city visitors
while section seven describes related and future work. Finally, in section eight, we
present some concluding remarks.

2 The Guide System

2.1 The GUIDE End-System

We considered a range of devices for use as the GUIDE end-system including
Windows CE based machines and other PDAs, such as the Apple Newton. After much
deliberation, we chose the Fujitsu TeamPad 7600 [7] (see figure 1) as the end-system.

Fig. 1. The GUIDE end-system.

The TeamPad measures 213x153x15mm, weighs 850g and features a transflective
screen, which enables the display to be readable even in direct sunlight. The relatively
powerful Pentium 166 MMX processor driving the Teampad is well-matched to the
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computationally intensive task of generating and updating tailored tours (as described
in section 2.3.2) based on both the visitor�s and the environmental context.

We have found the unit to have a battery life of approximately two hours (driving a
wireless networking card). Although this period of battery life has been suitable for
evaluation purposes, the ideal GUIDE unit would clearly require substantially longer
battery life. During an initial evaluation of the system, the reaction of visitors to the
chosen GUIDE unit was very positive. In general, visitors did not want a viewable
display area any smaller than that available on the TeamPad. However, some visitors
did suggest that a slightly thinner and lighter unit would have been preferable.

2.2 The User Interface to GUIDE

The user interface to GUIDE (as illustrated in figure 2) is based around a modified
browser metaphor. This decision was made for two reasons. Firstly, the metaphor
seemed appropriate for presenting (and supporting the navigation of) the required
structure of information, i.e. the notion of following hypertext links in order to access
greater levels of detailed information. Secondly, the browser metaphor was based on
the growing acceptance of the web and the increasing familiarity of the metaphor as a
tool for interacting with a large and heterogeneous information space. We hoped that
positive transfer from the use of common web browsers would help make the system
both easy to use and easy to learn for users with previous web experience. However,
we also wanted to ascertain the extent to which the basic metaphor would prove
appropriate in supporting the additional functionality required by GUIDE.

Fig. 2. The user interface to GUIDE.

We had considered incorporating a multimodal user interface into the GUIDE
system, e.g. one in which information and navigation instructions could be delivered
to the user using speech output [12]. However, we had reservations about this
approach based on the fact that GUIDE is designed for outdoor use and Lancaster has
its fair share of traffic noise. We were concerned that visitors might be distracted
when crossing roads if the system chose that time to deliver some information.
Following on from this point, in general we have reservations about the effective
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bandwidth of voice for information transfer and the extent to which visitors could
control the pace of information delivery with a speech-based system.

2.3 GUIDE Functionality

The GUIDE system provides city visitors with a wide range of functionality [4][6].
However, in terms of utilising adaptive hypermedia, the two most relevant elements of
functionality are: providing the visitor with access to context-aware information, and
creating a tailored tour of the city and navigating the visitor through this tour.

Providing Access to (Context-Aware) Information. The visitor can use GUIDE to
retrieve information about the city and its attractions, and this retrieval process can be
simplified or constrained by utilising the current context, e.g. the visitor�s location or
the opening times of nearby attractions. In order to retrieve information the visitor
simply has to tap the �Info� button and this causes a set of choices to be presented in
the form of hypertext links. It is important to note that not all the options are location-
aware, i.e. offer information based on the visitor�s current location. For example, the
visitor is given the option to search for information using a keyword search facility if
he or she is not interested in accessing information regarding their current locale.

An earlier version of the system did not offer this facility and, in effect, restricted
the scope of information available to a visitor to that closely related to the visitor�s
location. An expert walkthrough of the system [4] revealed that constraining a visitor�s
access to information based on their current location needs to be done with great care.
It can be very frustrating for visitors when the particular piece of information that they
require cannot be accessed because the system designers did not consider it to be of
sufficient �relevance� to warrant inclusion in the page associated with that locale. This
anecdote highlights the need for designers of context-aware systems to be careful not
to overly constrain the information provided by the system based on current context.

Creating a Tailored Tour of the City. To create a tour of the city the visitor is
initially asked to select from a list the attractions that she wishes to be included in the
tour.

The system takes both personal and environmental context into account when
creating a tailored tour (and navigating the visitor through the tour). For example, the
system utilises the opening and closing times of the requested attractions, the optimum
time to visit an attraction (e.g. avoiding opening time if there is often a queue), the
distance between attractions and the most aesthetic route between them.

Once created, the system breaks the tour down into a number of stages. The visitor
can then request GUIDE to navigate them from one attraction to the next by clicking
on the �show next instruction� button. It is important to note that the recommended
ordering of the tour can change dynamically. This can occur when a visitor stays at a
location longer than anticipated or if one of the attractions announces that it will close
early. The system regularly calculates whether or not the current order for visiting the
remaining attractions is appropriate, given current time constraints.
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 The visitor can either agree to be taken to the next attraction recommended by
GUIDE or override this recommendation by selecting a different attraction to be the
next destination. The system provides this choice in order to prevent behaving in an
overly authoritarian manner. It does, after all, seem quite reasonable to allow a visitor
to delay their current tour and get directions to the nearest cafØ instead.

Fig. 3. The presentation of navigation information.

In addition to the description, the visitor is presented with information about their
current location, i.e. the gateway to the castle, and a hypertext link is available should
the visitor wish to find out further information on this attraction (see figure 3).

The visitor can also choose to view the navigation instruction as an annotated map.
At an early stage in the project we discussed whether or not the system should present
maps because of the apparent sufficiency of providing succinct location-aware
directions. However, from early field-trials [4] it soon became apparent that a
significant portion of visitors wanted to view a map at some point in their visit.

3 Obtaining Contextual Information

This section described the two basic approaches adopted by GUIDE in order to obtain
context. The first involves the use of a cell-based wireless communications
infrastructure whilst the second involves requesting information from the visitor.

3.1 The Cell-Based Wireless Communications Infrastructure

The GUIDE system is engineered using a high-bandwidth cell-based wireless
networking infrastructure [6] and this network has a dual role:

• It is used to broadcast dynamic and contextual information to GUIDE units.
• It is used to provide course grained positioning information to GUIDE units.

The wireless network is based on Lucent Technologies� 802.11 compliant
ORiNOCO system. The version used by GUIDE offers a maximum bandwidth of 2
Mbps per cell. Each cell provides wireless communications coverage to a selected
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area of the city and has associated cell-servers with local storage and processing that
effectively act as a proxy cache to the central GUIDE web server. Currently, six
communication cells have been deployed within the city covering the major tourist
attractions. Although, the range of ORiNOCO is approximately 200m in free space,
ORiNOCO signals have poor propagation characteristics through buildings and,
therefore, by the strategic positioning of cell-servers, we have been able to create
relatively small cells offering reasonably accurate position information.

A visitor interacts with his or her GUIDE unit through a local web browser
embedded within the GUIDE application. In effect, all HTTP requests are processed
by a local web proxy, which may, in turn, need to interact with other objects in order
to service the request. This aspect of the GUIDE system is described in detail in [6].

3.2 Interacting with the Visitor

Obtaining the Visitor�s Preferences. In order to use GUIDE a visitor is asked to enter
certain personal details as shown in figure 4. Examples of such details include the
visitor�s name, their interests and preferred reading language. The specific interests
currently supported by the system are: architecture, maritime and history.

Fig. 4. Obtaining the visitor�s preferences.

Once entered, this information is stored locally on the visitor�s GUIDE unit using a
special �visitor-profile� object. Although the visitor is currently asked to specify their
interests in absolute terms, i.e. yes or no, the visitor-profile object is designed to
record visitor interests as values with a range of between 0 and 100. Associated with
the visitor-profile object is the �visitor-context� object and this is used to store
contextual information related to the visitor, e.g. her current location. Both of these
objects can be queried through the use of special GUIDE tags (section 5).

It important to note that the information stored in the visitor-profile object is
currently static. However, in the future we intend to investigate the potential for
making this information more dynamic. In more detail, we intend to trace the visitor�s
page requests and update the visitor-profile object appropriately. For example, if the
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visitor makes a number of requests for pages that we have tagged as having a strong
historic relevance, then the visitor�s �history� interest rating can be increased.

Using the Visitor�s Assistance to Solve Location Problems. When visitors do leave
cell coverage and up-to-date positioning information becomes unavailable, the
GUIDE system tries to locate the visitor by establishing a form of partnership between
itself and the visitor. In more detail, the visitor is shown a series of thumbnail pictures
showing attractions in the vicinity of the visitor�s last known location. Hopefully, the
visitor is then able to recognise and select one of the pictures in order to enable the
GUIDE system to ascertain the visitor�s location within the city.

4 Modeling Contextual Information

The GUIDE system utilises a purpose built information model (as illustrated in figure
5) to store and represent the following four distinct types of information:

i) information that can be tailored to reflect the current context, e.g. �it is
raining� and �the user is outside the castle and has an interest in history�.

ii) geographic information, which can be either expressed in geographic
terms (e.g. �location a is at co-ordinates x,y�) or symbolic terms (e.g. �the
Cottage Museum is in the Castle Hill area�).

iii) hypertext information, which can be either global (i.e. internet based)
such as the world-wide-web, or stored locally.

iv) active components, which are capable of storing state (such as a visitor�s
preferences) and of performing specific actions.

Fig. 5. The GUIDE information model.

Although each particular information type has been successfully modelled, no
models could be found that were capable of handling the full complement of
information types described above [6].
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The information model that we have developed for GUIDE is based on the
integration of an active object model with a hypertext information model. The model
contains two distinct object types: navigation point objects and location objects.
Navigation point objects represent waypoints between location objects and are
required in order to support the construction of tour guides. Alternatively, location
objects actually represent attractions in the city and are the fundamental building
blocks of our model. One example of a location object used in the information model
is Lancaster Castle. This object has state representing its physical location within the
city, opening times, and links to other nearby locations. Location objects also support
methods to enable state information to be accessed and modified. For example, the
�ProvideDescription� method is designed to return a handle to information about the
location object based on the visitor�s profile. For example, if the visitor required
information in German then this method would return a handle to information on the
castle presented in German.

The information model allows geographical information to be represented by
creating relationships between objects. These relationships can have attributes
(weights) assigned to them to denote, for example, the distance between two objects
by a variety of means of transport. Using this representation, other objects can traverse
relationships in order to determine optimal routes between attractions.

The effort required for populating the information model with information for a city
should not be underestimated; nearly eight person months were invested entering the
details required for the hundred or so location and navigation objects required to
model a key tourist area within Lancaster. Although tools have been developed for
semi-automating the task of producing an appropriate information model for any city,
the job of producing an information model for a large city, such as New York, would
be an engineering task in itself. Furthermore, the computational complexity of
calculating a tailored tour based on an information model with thousands of objects
would require significantly increased processing power on the local client. One
alternative to increasing local processing power would be to generate the tour at the
server and then transmit the graph representing the tour to the client.

5 The Use of Context to Generate Adaptive Hypermedia

In order to allow hypertext pages to reference the object model we enable the authors
of hypertext pages to augment their pages with tags that control the display of the
information (see examples below). These tags take the form of special instructions that
are able to query location object and the visitor�s profile. A selection of the tags
currently supported and in use by GUIDE are described below:
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<GUIDETAG INSERT POSITION>
This tag can be used to dynamically insert a tourist�s location into a page.  So, if a

tourist followed a link and asked �tell me about the area in which I am located� the
resulting page could include this tag to inform the visitor of their location.

<GUIDETAG INTEREST ((HISTORY > 50) AND (ARCHITECTURE > 50))
This tag enables the application to tailor pages based on a visitor�s expressed

interests. In more detail and using the above example, prior to rendering the current
page, the system would check the values stored in the visitor-profile object
representing the visitor�s interest ratings in bath history and architecture. If the two
ratings were both found to be greater than 50 then the information enclosed within the
INTEREST tag would be deemed sufficiently relevant and therefore displayed.

<GUIDETAG INSERT NEIGHBOURS>
This tag enables the dynamic generation of pages containing attractions that are

within close proximity to the visitor and is used by GUIDE for generating the �nearby
attractions� page (see figure 6). In more detail, once the page containing this tag has
been retrieved from the unit�s local cache or from a cell-server, a special purpose
software filter is used to process it and replace the tag with the appropriate html code.

 Fig. 6. The dynamically created �nearby attractions� page.

Generating the �nearby attractions� page further highlighted the difficulty of
successfully pre-empting the user�s goal. In more detail, the list of nearby attractions is
sorted in such a way that those attractions that are open, and have not already been
visited, are placed higher up the list. The assumption is made that the visitor is more
likely to be interested in attractions that are open and that have not already been
visited. However, an earlier version of the system constrained the output by removing
all closed attractions from the presented list. When evaluating the system, we found
that this constraint frustrated some visitors who were interested in visiting the
regardless of whether the attraction was open or closed; they simply wished to view
the architecture of the building.
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6 The Evaluation of GUIDE

Our evaluation of the GUIDE system involved two distinct phases: an expert
walkthrough of the system and a field trial. A more detailed discussion of the
evaluation and its results can be found in [4]. The main objective of our evaluation
was to focus on the quality of the visitor�s experience [8], as opposed to studying
absolute performance times for accessing specific pieces of information.

During the field trial part of the evaluation, we felt acutely aware of impinging on
the leisure time of tourists. For this reason, we asked visitors to use the system as they
wished, rather than performing some predefined series of tasks. Our method for
evaluation was based on direct observation, with visitors encouraged to use a talk-
aloud protocol. In addition, we maintained a time-stamped log of the user�s interaction
with the system. A semi-structured interview was conducted following each session in
order to obtain the visitor�s subjective opinion of using GUIDE.

Over a period of approximately four weeks, 60 people volunteered to use the
system. The profile of the visitors varied widely in terms of age, gender and web
experience. Regarding the provision of tailored information, the vast majority of
visitors (including those with no previous web experience) expressed the opinion that
the context-aware navigation and information retrieval mechanisms provided by the
system were both useful and reassuring, and stated that they enjoyed using GUIDE to
explore the city. Indeed, the vast majority of visitors said that they were prepared to
trust the information presented by the system, including the navigation instructions.
Investigating this issue further revealed that the reputation of the source providing the
GUIDE units, i.e. the TIC, contributed significantly to the visitor�s trust. However, a
number of visitors suggested that their level of trust was not constant but varied with
the apparent accuracy of the information presented. In addition, a significant number
of visitors expressed some concern about the potential for inadvertently missing
certain pieces of information associated with a particular attraction because of the
�automated� way in which some of the information was retrieved.

7 Related and Future Work

The GUIDE project builds upon the work of earlier location-aware tourist guides such
as the Cyberguide project [10]. This system can be viewed as the first in a series of
location-aware �City Guide� applications, such as [9] and [11]. However, the GUIDE
system differs from the typical location-aware tourist guide application in that it is
actually available for public use. Furthermore, reaching this stage has been the
culmination of a number of distinct research efforts, including: requirements capture,
the design and deployment of a cell-based wireless communications infrastructure,
developing and populating an information model to represent context-aware
information, user interface design and system evaluation.

In common with GUIDE, the HIPS (Hyper-Interaction within Physical Space)
project [1][12] is also concerned with enriching the experience of visitors by
presenting up-to-date tailored information. HIPs is also addressing the many human
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factors issues that arise from the design and evaluation of mobile adaptive hypermedia
based systems.

Comprehensive research into the development and evaluation of an adaptive
hypermedia system to present �intelligent labels� to museum visitors has been carried
through the auspicious of the ILEX project [5][13]. The group�s Intelligent Labelling
Explorer (ILEX) is capable of generating tailored information based on the visitor�s
profile, including their expertise, age and what they have seen previously.

Staying within the museum domain, Twidale [14] has conducted research into the
nature of a docents� work in museums and is currently investigating the notion of a
cyberdocent. This agent will make use of advanced technologies, such as wireless
communications and PDAs, in order to enrich the experience of visitors to a museum.

The fact that GUIDE is currently installed in Lancaster, provides a rare opportunity
to conduct further research into the suitability of existing techniques and
methodologies for the appropriate design and evaluation of mobile, context-aware,
interactive systems. In particular, we hope to experiment with future versions of
GUIDE to find ways in which the highly adaptive nature of the system can be squared
with the fundamental design principle of ensuring predictability. It is hoped, this work
will add to existing research in this area, such as that undertaken by Hook [8],
Oberlander [13] and Cox [5].

8 Discussion and Concluding Remarks

This paper has described the use of adaptive hypermedia in the GUIDE system. The
system presents city visitors with web-based information, tailored to reflect both the
visitor�s personal context and also the environmental context. Contextual information
is obtained via a cell-based wireless communications infrastructure and also from
interaction with the user.

Underpinning the GUIDE system is an information model that combines the event-
based aspects of context-aware models with the geographic functions commonly
associated with geographic information systems (GIS). Crucially, this model enables
the creation of objects that can respond to events and, therefore, adapt their behaviour
to reflect the current context. The information model also provides access points into a
collection of web pages whose presentation can be tailored dynamically through the
use of special GUIDE tags. These tags enable the information model to be
interrogated at run-time, e.g. to retrieve the set of location objects representing
attractions within close proximity to the visitor. In order to generate a �Nearby
Attractions� page, each object from this set can then be instructed to return a
description, which is, in effect, a packet of hypermedia information.

In general, system�s that can adapt appropriately to context have the capability to
reduce the quantity (or increase the quality) of information output by the system [16].
In addition, context can be used to reduce the complexity of the user�s task
specification [3]. These capabilities are crucial when one considers the next
generation of interactive systems that will be inherently complex but will need to have
�Information Appliance� like simplicity of use.
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Through our evaluation of the GUIDE system, we found that city visitors expressed
a high level of acceptance and trust for the �intelligent� information provided by the
system. However, we also discovered that designers should take great care when
trying to pre-empt what information should be regarded as relevant (and therefore
presented) to the visitor given a certain context, e.g. the user�s location.
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Abstract. Virtual Reality (VR) interfaces to e-commerce sites have recently
begun to appear on the Internet, promising to make the e-shopping experience
more natural, attractive, and fun for customers. Adaptivity is an important issue
for these VR applications, because it would make them suitable for the 1-to-1 e-
commerce strategies towards which sellers are increasingly driven. It is thus
surprising that the introduction of adaptive features in VR stores remains a
completely unexplored issue. This paper begins to face the problem, presenting
and discussing ADVIRT, a first prototype of an adaptive VR store. In ADVIRT,
a set of personalization rules exploits a model of the customer to adapt features
of the VR store such as: (i) the display of different products in the store (e.g.,
shelf space, display spots, banners, audio advertising), (ii) the navigation aids
available to the customer, (iii) the store layout, organization, and look.

1 Introduction

One of the recent research trends in e-commerce is to provide Web sites with a
Virtual Reality (VR) interface that allows the customer to interact with the e-
commerce service through a 3D representation of a store that supports natural actions
such as walking, looking around, and picking up products from shelves. Although
almost all e-commerce sites on the Internet use traditional 2D interfaces based on
menus and links, a growing number of sites are deploying VR interfaces1 to attract
customers. A VR interface can bring relevant benefits, if properly designed: (i) it is
closer to the real-world shopping experience, and thus more familiar to the customer,
(ii) it supports customer�s natural shopping actions, (iii) it can satisfy the needs of
customers who have an emotional style of buying, by providing a more immersive,
interactive, and visually attractive experience, (iv) it can even satisfy social needs, by
allowing customers to meet and interact with people (e.g., other customers or
salespeople).

Although the idea is promising and can lead to more natural, attractive, and fun e-
commerce sites, VR stores have to face major challenges in order to gain wide

                                                          
1 Some examples are @mart at www.activeworlds.com, Cybertown Shopping Mall at

www.cybertown.com, Giftworld at www.leap.to/euro/enter.html.
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customer and seller acceptance. The first challenge is usability: guidelines for
designing usable e-commerce sites (e.g., [10]) do not deal with VR stores, and
usability studies of e-commerce sites in the literature (e.g., [11]) have considered only
traditional 2D interfaces. The second challenge is the suitability of VR stores for the
1-to-1 e-commerce strategies towards which sellers are increasingly driven. From this
point of view, it is surprising that the introduction of adaptive features in VR stores is
a completely unexplored issue in the literature.

In our research, we focus both on how to design usable VR stores, and how to
obtain a personalized user interaction with them. In the following, we first briefly
sketch our approach to VR store usability, then we discuss in detail how we are
adding adaptive features for 1-to-1 e-commerce to our VR store.

2 Designing Usable VR Stores

In our approach, we tackle the problem of designing usable VR stores from two
synergistic directions: (i) designing usable environments by following selected
guidelines from real-world stores (e.g., store layout, signs, product positions,�), and
(ii) exploiting the virtual nature of the store by providing users with empowerments
(unavailable in real-world stores) to augment their navigation capabilities.

2.1 Store Design

To identify a proper set of design guidelines, we are proceeding as follows:
(i) acquiring the guidelines used in real-world stores (extensive experience is
available on the topic, and can be acquired through specialized literature and expert
interviews), (ii) identifying the VR counterparts of real-world guidelines (some might
be directly translated, some need adaptation, and some can be impossible to translate,
e.g. those concerning scents), (iii) identifying the proper implementation choices to
adequately apply the guidelines in VR, (iv) evaluating the effectiveness on users (a
guideline which has been proven to work in real stores does not necessarily work in
virtual ones). For example, we have determined with a between-groups experiment
that the �massification� guideline adopted in real-world stores (i.e., increasing the
number of items displayed for the same product to increase its visibility and sales)
positively transfers to VR stores [5].

2.2 User Empowerments

Simply taking traditional VR navigation aids (such as electronic maps) and including
them in the VR store is not the best solution, because it does not take into account
seller needs. For example, when it comes to product finding, one seller priority (both
in traditional and electronic commerce) is to achieve the best compromise between
two (often conflicting) goals: (i) allow the customer to find the desired products
quickly and easily, and (ii) make the customer take a look also at other products while
on his/her way to the desired ones. The second goal is essential for sellers to increase
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sales. It is indeed well-known that a substantial part of purchases are not planned in
advance before entering a store, but occur as an impulsive response to seeing the
product (impulse purchase). Moreover, sellers are also typically interested in
increasing the likelihood that specific products are seen by the customer according to
their merchandising strategies (e.g., Christmas� gifts in December, products being
heavily advertised in the media, special offers,�).

In [4], we proposed a navigation aid for e-commerce that takes into account the
above mentioned merchandising considerations. The aid is based on 3D animated
representations of products (called Walking Products, WPs for short) that move
through the store and go to the place where the corresponding type of products is. A
customer in a VR store sees a number of WPs wandering around (see Figures 1 and
2): if (s)he is looking for a specific type of products, (s)he has just to follow any WP
of that type and will be quickly and easily lead to the desired destination. The specific
path followed by the WP to accompany the customer to his/her destination takes also
into account the merchandising strategy of the store. If the customer wants to stop
along the way and take a look at other products, (s)he can count on the fact that WPs
will be always available to lead him/her to the original destination.

WPs have several advantages over the navigation aids adopted in current VR
stores,  i.e., signs and maps. Signs do not give a detailed enough indication of product
location, while maps impose on the customer a translation effort from their exocentric
perspective to his/her egocentric one. On the contrary, WPs: (i) support product
finding in a easy, natural way: one has just to follow the WP as (s)he would do with a
friend or a salesperson in a real store; (ii) increase the number of products seen by the
customer, especially those which are relevant for current merchandising strategies,
(iii) convey the feeling of a �living� place and contribute to satisfy the need for
interactive experiences typical of emotional customers.

A more thorough presentation of the WP aid is provided in [4]. In one of the
following subsections, we will instead extend the WP idea to the context of the
adaptive VR store.

3 ADVIRT: The Adaptive VR Store

While increasing and guaranteeing usability is one of the current top priorities for VR
e-commerce sites, one has to take into account that an increasing competitive factor
among Internet sellers is the possibility of offering personalized services to each
customer (1-to-1 E-commerce). Some research effort is being devoted to this need,
but is limited to traditional 2D sites. In this Section, we first briefly survey related
work on building customer profiles for adaptive e-commerce, then we present in
detail our ADVIRT (Adaptive VIrtual Reality sTore) prototype, which is able to
personalize a VR store using the profile of the customer who is visiting it. The type of
stores we focus on are department stores, selling many different product categories.
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3.1 Related Work on Adaptive E-Commerce

Techniques to build customer profiles in e-commerce have been recently proposed in
the user modeling literature. In particular, the approach by [1] combines form filling
with stereotyping: it asks the customer to fill a form about herself, and then assigns
him/her a stereotyped profile by matching the form data with a database containing an
hierarchical taxonomy of stereotypes clustering the properties of homogeneous
customer groups. A different approach is adopted in [7,8]: the system tries to tailor
future presentations of products by monitoring past customer choices in terms of kind
of medium presentation chosen (e.g., text, graphics, video,�), downloading time
(e.g., does the customer interrupt downloading of pictures?), and content (e.g., time
spent by the customer on specific presentation elements).

As we will show in the following, we build customer profiles by using a
combination of the three above mentioned techniques. No research instead exists on
exploiting customer profiles for adapting a VR store, so the approach we discuss
represents a first attempt at tackling the problem.

3.2 Acquisition of Customer Profiles in ADVIRT

Our approach to building the customer profile mixes three different techniques:
- Have the buyer fill an initial form that asks for typical information (such as

buyer’s gender and year of birth), and some specific information (such as product
categories of interest among the list of categories available in the store). Since
only a limited amount of information can be acquired in this way (customers
might not be able or might not like neither to fill large forms, nor to provide some
personal details and preferences), the approach we follow is to present the
customer with a limited number of fields to fill and to let him/her decide which
fields (s)he is willing to fill (if the customer does not provide information about
his/her interests, it can be derived by using the other two techniques).

- Exploit demographic profiles (available on the market) that give detailed and
readily available information on the different categories of buyers, and can be
used to make predictions about consumer interests (e.g., a customer in the 16-24
age range is very likely to be interested in the latest models of cellular phones),
preferences (e.g., if the above mentioned customer is female, she is very likely to
prefer cellular phones with a stylish and colorful design), and behavior (e.g., a
customer who is more than 65 years old is very unlikely to change often his/her
cellular phone because new models have appeared).

- Dynamically update the model by considering data (e.g., purchases made,
number of visits,�) recorded on past visits to the VR store.

These three techniques complement each other, allowing one to obtain a more
complete customer model. In the following, we present the detailed information we
acquire, specifying which techniques are employed for each type of data.
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3.3 Contents of Customer Profiles in ADVIRT

The information contained in the customer models of our prototype is organized in
three parts: (i) biosketch, (ii) consumer aspects, (iii) interaction aspects.

Biosketch
The information contained in the biosketch part of the customer profile concerns
typical information about the customer (i.e., gender, year of birth, occupation, and
level of education). The primary way to get the information for the biosketch is by
having the customer fill the corresponding fields in the above mentioned initial form.

Consumer Aspects
The information contained in the consumer aspects part aims at characterizing the
customer with attributes directly related to purchases and shopping behavior.

During each visit to the VR store, the following four kinds of time-stamped data
are recorded by monitoring customer actions:
- Seen Products. While the customer wanders around the store, (s)he voluntarily or

involuntarily looks at the products which fall in her field of view. We keep a
record of which products have been seen by the customer. Unlike 2D e-
commerce sites, where it is often assumed that every product in a downloaded
page has been seen, a 3D environment allows one to track better what products
the customer is seeing, by verifying that two conditions hold: (i) the customer has
to be near enough to the product in the 3D space, and (ii) the virtual head of the
customer must be oriented towards the product.

- Clicked Products. When the customer wants to know more about a product, (s)he
clicks on it to get the product description. We keep a record of which products
have been clicked by the customer.

- Cart Products. The product description allows the customer to put the product in
the shopping cart for a possible later purchase. We keep a record of which
products have been put in the shopping cart.

- Purchased Products. If a product in the cart is later purchased, we record the
event, and keep track of which products have been purchased.

In particular, the above described data allow one to obtain a precise quantitative
measurement of which brands, product categories, specific products, price categories,
and special offers have been respectively seen, clicked, put in the shopping cart or
purchased by the customer.

Another information contained in this part of the model is the product interest
ranking, which tries to list product categories in the order that is more relevant to the
customer. An initial ranking is determined in two different ways: (i) the initial form
allows the customer to fill fields about his/her products of interests: if (s)he chooses to
do it, the information is used to initialize the ranking, (ii) if the customer does not
provide product interests in the form, the system tries to predict them by using a
demographic profile. Regardless of the quality of the initialization, product interests
will be continuously updated by exploiting some of the data described above, i.e. each
purchase, cart insertion, and click at a product increases (with different weights) the
level of interest in the product category.
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Finally, this part contains preferences on preferred music genres, if the customer
has agreed to enter them in the initial form.

Interaction Aspects
The information contained in the interaction aspects part aims at characterizing the
customer with attributes directly related to his/her preferences and behavior in using
the interface to the e-commerce site. It contains information about the preferred type
of interface (2D or 3D), the preferred store organization features (size, style,
assistance), number of visits (i.e., the number of times the customer has used the
interface), and if (s)he likes background music (if she likes music, the music played is
possibly chosen according to the preferred music genres in the consumer aspects
part). At present, the number of times information is automatically recorded, while the
other data are acquired by graphically showing different possibilities to the user in the
initial session (e.g., to determine the preferences about size and style of the store, the
user can click on thumbnails representing different kinds of stores).

More advanced possibilities are at study (e.g., to switch the state of background
music, and to determine music genres preferences, an interactive 3D jukebox can be
included in the store). We are also considering recording the average speed at which
the customer is able to move in the virtual world to get an estimate of his/her 3D
navigation ability and tailor the animation of navigation aids to it.

3.4 Creating a Personalized VR Store in ADVIRT

The adaptation of the appearance and content of the VR store depends on three
sources of information: (i) the customer profile, (ii) current merchandising strategies
(e.g., promoting special offers) of the seller, and (iii) current products in the seller�s
catalog. The adaptation is performed by personalization rules which influence the
parameters describing the state of the VR store. A simple example is the direct
association between the user preferences about size and style of the store and specific
3D models for the virtual building.

We now discuss in detail the personalization rules mechanism using a more
complex example concerning the exploitation of the customer profile to change
product exposure in the VR store. The level of exposure of each product can vary the
product visibility and attractiveness, e.g. by increasing its space in the store or adding
banners advertising it. We call ExposureLevel(X) the parameter which represents the
level of exposure for product X. The value of ExposureLevel(X) is determined by
four more specific parameters:

- ShelfSpace(X) indicates the space assigned to product X on the shelf. It can take
four different values: higher values make X more visible to the customer,
increasing ExposureLevel(X). The products in the Figures 1 and 2 show different
possible allocations of shelf space.

- DisplaySpot(X) is false if product X is displayed only on its shelf (together with
other products of its category), while it is true if product X is displayed also in a
separate display spot in a prominent place.

- Banner(X) is true if there is a banner advertising product X in the store.
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- AudioMessage(X) is true if audio advertisements for the product are played.
- WP(X) is true if there is a WP representing product X in the store.

Fig. 1. A first adaptation of ADVIRT.

Fig. 2. A second adaptation of ADVIRT.

A true value for any of the last four boolean parameters increases ExposureLevel(X).
Personalization rules first suggest changes to exposure level by asserting increase or
decrease goals for specific products. Then, they focus on achieving those goals, by
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changing one or more of the above described parameters, according to the availability
of store resources (e.g., if a shelf is full, shelf space for products in it cannot be
increased).

We now examine some examples of personalization rules, and how they relate to
the information recorded in the customer model. Suppose  that a product X has never
been seen by the customer, or that changes in the product interest ranking show an
increasing attention towards the product. In both cases, a seller would like to increase
the exposure of the product (in the first case, to give the customer the opportunity of
seeing the product; in the second case, to better match customer interests). The rules
that implement the two cases can be expressed as follows (seen(X) is the recorded
number of times a product has been seen, ProductInterest(X) is the rank in the
product interest ranking, NumberOfVisits is the number of times the user has visited
the store):

IF seen(X)=0 AND NumberOfVisits>3 THEN goal(IncreaseExposureLevel(X))

IF increasing(ProductInterest(X)) THEN goal(IncreaseExposureLevel(X))

The following rule considers the case when the purchase of a specific product X is
an indicator of a likely future interest for related products, e.g., if a customer buys a
computer and has never purchased a printer, s(he) could be soon interested in a
printer. In this case, the rule dynamically updates the user model (purchased(X) is the
recorded number of times a product has been purchased, lastVisit extracts the
value of data considering only the last visit to the store, and RelatedProduct(X,Y)
relates products exploiting associations  provided by the seller):

IF lastVisit(purchased(X))>0 AND RelatedProduct(X,Y)
AND purchased(Y)=0 THEN increase(ProductInterest(X))

As an effect of the increasing product interest, the second rule examined above will
then suggest an increase in the exposure level of related products which have not been
purchased yet. Note that the RelatedProduct relation cannot be used transitively,
because this could lead to uneffective merchandising strategies, e.g. an ink cartridge is
obviously related to a printer, and a printer is obviously related to a computer, but it
does not make sense to increase the exposure level of ink cartridges if a customer has
purchased a computer but not a printer.

In general, to prevent an excessive number of changes to the store from one session
to another (which would confuse the user), a  limit  is  imposed  on  their  number  for
any given session. In this way, the experience of returning to a virtual store is not too
different from the familiar experience of returning to a known real-world store: (i) the
store layout, organization, and style remain essentially the same (these parameters are
indeed under user control, and are not changed autonomously by ADVIRT unless the
user explicitly modifies its preferences about dimensions and style), and (ii) a limited
number of changes concern what products are displayed, and how the attention of the
customer towards those products is sought.
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A limit is also imposed on the maximum value that ExposureLevel(X) can take for
any given X, in order to avoid overexposure of products, which would have a negative
effect on the customer.

In the following, we provide an overview of all the features which can be
personalized in ADVIRT.

Type of Interface
While a VR interface can be appealing to customers who have an emotional style of
buying, and useful for customers who are not expert in using search tools, it must also
be clearly said that it is definitely not suited for some other categories of customers.
For example, the customer could be very experienced in the use of computers and
prefer to use an advanced search engine, or (s)he can be a rational customer who
prefers to see plain text tables of product features, or (s)he can be using a very slow
computer which does not support graphics at a reasonable speed. We thus believe that
a VR store should be provided in addition to a more traditional interface to an e-
commerce site. The preferred type of interface information in the customer profile is
used to choose which interface (2D or 3D) is started2. The following personalization
features we discuss refer to the 3D interface.

Store Layout, Organization, and Look
The preferred dimensions and style information provided by the customer are used  to
choose store layout and look of the 3D representation of the store. For example, the
stores in Figures 1 and 2 show two different sizes and styles available. In this way, the
customer can visit a VR store which is closer to the ones (s)he chooses in the real
world (or safely experiment with stores she would like to try in the real world, but
avoids, e.g. for emotional reasons such as fear of judgement).

As described in detail in a previous section, the organization of the store (product
placement, product space, banners) is dynamically personalized.

Set of WPs
The navigation aid we have previously presented (WPs) is tailored to the customer
profile. A first basic choice is about WPs presence or absence in the virtual store. This
choice is left to the customer and stored in the assistance field of the customer profile
(presence is the default, but can be changed at any moment by the customer). The
specific WPs shown in the virtual store are chosen by personalization rules, to
increase the exposure level of specific products. For example, the two stores in the
Figures contain significantly different sets of WPs. Adding this adaptive dimension to
the WP navigation aid allows it to gain the following benefits which were not
available in its non adaptive version described in [4]:

Dynamical WP set. Since the choice of WPs is affected by the evolution of the
customer profile, the members of the set of WPs change over time. This allows one
to: (i) save store space and rendering resources which would be wasted by less
interesting WPs, (ii) introduce in the set new WPs which can attract the customer

                                                          
2 An additional possibility would be to offer also a third (hybrid) solution, exploiting the 2D approach for

product finding and the 3D approach for product display and examination.
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towards potentially promising purchases, (iii) create a continuously evolving
environment that keeps customers� attention alive (a static environment could easily
become boring after some visits for customers with an emotional style of buying).

WPs as tailored hypermedia links. The customer has been given the possibility to
automatically run to the proper shelf by clicking on the corresponding WP. In this
case, since the products displayed by some WPs correspond to the products the
customer purchases more frequently, WPs partially act also as a "favorites" list of
products which can quickly lead to product purchase.

Features of WP animation could be also adapted to user profile. For example, it
would be possible to vary WPs speed (e.g., slow for the first visits, then progressively
faster; or, as we are planning, adapted to the measured movement ability of the
customer in 3D space), and WPs paths (e.g., dynamically determining them according
to the parts of the store that are more likely to interest the customer, and the locations
of products which the seller wants to promote).

Audio
In the case of store background music, unlike real stores, we have the possibility to
choose genres according to the customer’s preferred music genres data.

Background music can be interrupted by voice messages as in real stores (e.g.,
advertising a special offer), if the AudioMessage(X) is set by personalization rules.
Unlike real stores, the chosen voice messages can be targeted to the specific customer,
both in the promoted product, in the type of voice, and in the choice of words (e.g., a
teenager and a elder customer prefer very different kinds of message style, voice, and
emphasis).

4 Implementing Adaptive VR Stores

A good discussion of the different modules needed by an architecture for traditional
adaptive e-commerce sites is provided in [2]. In this section, we briefly add some
considerations on the further technical needs imposed by the implementation of an
adaptive VR store.

First, there is the need of a language for describing the 3D scenes that could be
easily supported by the customer�s browser. Although proprietary technologies are
being proposed by some companies, VRML is the only language whose plug-in has
already been distributed in tens of millions of free copies, and is regulated by an
international ISO/IEC standard [6]. We thus considered the choice of VRML as
mandatory for delivering 3D content on the Web.

Second, since VRML is mainly a 3D scene description language, it does not offer
sufficient programming capabilities. When, as in our case, there is the need for
controlling the virtual world with non trivial programs, the more natural choice is to
integrate VRML with Java. For a brief and clear introduction on how the two
languages can support each other to provide both interactive 3D graphics and
complete programming capabilities, we refer the reader to [3].

Third, architectures like the one described in [2] need to be augmented with
additional modules devoted to take personalization decisions about 3D content (as
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already seen in previous sections) and to implement them by properly assembling
different 3D models into a single virtual store and tailoring their attributes. This
second task is performed by a VR Store Creator module. At the beginning of each
ADVIRT session, this module considers: (i) the preferences of the customer about
store style, size, music, assistance, and (ii) the changes decided by personalization
rules. Then, it implements them by assembling a proper VRML world. The VRML
file does not change during the same session to avoid the need for multiple downloads
(and resulting waiting times). Decisions for future adaptations will be taken off-line
after the session has ended, and will affect the VRML world in the next session.

5 Conclusions and Future Work

This paper has examined the current features and mentioned the short term ones of
our adaptive VR store. A more long term goal is to explore the possibility of
significantly extending the abilities of WPs, enriching them with further user
assistance functionalities besides that of leading customers to specific parts of the
store. These extended animated characters would be closer to store assistants, capable
for example of addressing simple customer questions, taking the customer to any
product shelf, and then performing product presentations. Some issues in adding
animated presentation characters to a Web interface are discussed in [9].

A recent trend in 3D e-commerce sites is to allow customers to meet and interact in
VR stores to satisfy their social needs and build a sense of community. We intend to
investigate the impact of this possibility on ADVIRT: it is indeed interesting to note
that adding this social dimension can conflict with personalization aspects, limiting
the possibilities of 1-to-1 e-commerce. For example, if multiple users have to walk
together and interact in the same VR store, the customization of the several features
mentioned in this paper cannot target anymore the specific profile of a single
customer. Trying to find the best compromise which maximizes the match with the
different user profiles can be a possible solution, but it would not be easy to
implement, considering that the set of customers in the stores would continuously
change.
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Abstract. Content personalisation technologies may hold the key to
solving the information overload problem associated with the Internet, by
facilitating the development of information services that are customised
for the needs of individual users. For example, PTV is an award-winning,
Web-based personalised television listings service capable of learning
about the viewing habits of individual users and of generating person-
alised TV guides for these users. This paper describes how PTV has been
recently adapted for use on the new generation of WAP-enabled Internet
devices such as mobile phones - the need for content personalisation is
even more acute on WAP devices due to their restricted presentation
capabilities.

1 Introduction

The information overload problem is almost synonymous with the Internet as it
is increasingly difficult for users to locate the right information at the right time.
If anything this problem is exacerbated by the new generation of WAP-enabled
devices, such as mobile phones - if our desktop PCs have opened a doorway
to the Internet, then the limitations of the current generation of WAP phones
(reduced screen-size, memory, and bandwidth) can offer only keyhole access to
Internet content.

Personalisationmethods may hold the key to solving the information overload
problem by customising the delivery and presentation of relevant information for
individual users. In this paper we focus on the issues involved in developing per-
sonalised information systems for WAP-enabled devices. We present a case-study
in the form of PTV (www.ptv.ie), a popular Web-based personalised television
listings service with over 15,000 registered users, which has been recently adapted
for use as a WAP service; we will refer to this new WAP system as PTV Mobile.

2 The WAP World

If we believe the ’hype’ the new generation of WAP-enabled mobile phones will
usher in a new era of the information age as they offer near-universal access

P. Brusilovsky, O. Stock, C. Strapparava (Eds.): AH2000, LNCS 1892, pp. 98–108, 2000.
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to Internet content. To a large extent this is true, but at the same time we
rarely hear about the significant problems associated with these new devices,
problems such as screen size, memory capacity, and bandwidth. For example,
the display size of a typical WAP phone is only 95x65 pixels (the popular Nokia
7110 handset), to provide an effective viewing area that is 1/80th that of our
normal PC displays. Current WAP phones have about 1.4Kb of available RAM
which greatly limits the amount of information that they can store, and increases
the number of server requests needed in a typical session. Finally, the current
bandwidth available for WAP devices is only 9.6Kbps compared to 33-56Kbps
for normal modem connections.
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Fig. 1. Traditional PC vs. WAP Internet Access.

These limitations do not mean that WAP phones are useless as an Internet
device, far from it, but it does mean that traditional information services, services
that have been designed and influenced by the conventional modes of Internet
access, may not translate effectively onto the WAP platform.

The information overload problem associated with conventional Internet ac-
cess is exacerbated by the display and bandwidth restrictions of current WAP
technology, and hence there is an even greater motivation to develop services
that are personalised for the needs of individual users. In short, we argue that
the marriage between WAP technology and content personalisation technology
is a necessity rather than a luxury.

3 PTV - A Personalised TV Listings Service

With the arrival of new cable and satellite television services, and the next gen-
eration of digital TV systems, we will soon be faced with an unprecedented level
of programme choice (upwards of 200 channels and 4000 programmes per day).
Navigating through this space constitutes a new information overload problem,
and it will become increasingly difficult to find out what relevant programmes
are showing on a given day. The digital TV vendors are aware of these issues,
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and their current solution is the Electronic Programme Guide (EPG), providing
users with on-screen access to online TV listings. However, simply providing an
electronic equivalent of the paper-based TV guide is not a scalable solution to
the problem. For example, a typical EPG can cover a 90-minute timeslot for 5 to
10 channels in a single screen. This means that even a relatively modest line-up
of 70 channels will occupy 10 screens of information for each 90-minute slot, or
160 screens for each viewing day.

The PTV project is motivated by the belief that a genuine solution to this in-
formation overload problem requires an understanding of the viewing preferences
of users to enable EPG’s to adapt information for individuals, filtering out irrel-
evant programme content, and transforming the space of viewing options from
an intractable cast of thousands to a manageable few. In this section we describe
PTV and explain how it combines user profiling and content recommendation
techniques to generate personalised TV guides for individual users.

3.1 The PTV System Architecture

PTV is designed as a client-server system with the heart of the system residing
with its server-side components, which handle all the main information process-
ing functions such as user registration and authentication, user profiling, guide
compilation, and the all-important programme recommendation and grading (see
Fig. 2). The system consists of three main sources of domain knowledge.

The schedule database contains TV listings for all supported channels.
Each listing entry includes details such as the programme name, the viewing
channel, the start and end time, and typically some text describing the pro-
gramme in question. The schedule database is constructed automatically from
electronic schedule resources.

The profile database contains a profile for each registered user. Each profile
encodes the TV preferences of a given user, listing channel information, preferred
viewing times, programme and subject preferences, etc.

The programme case-base contains the programme content descriptions
(programme cases). Each entry describes a particular programme using features
such as the programme title, genre information, the creator and director, cast
or presenters, the country of origin, and the language; an example programme
case for the comedy ’Friends’ is shown in Fig. 2.

The recommender component (see Fig. 2) is the intelligent core of PTV.
Its job is to use user profile information to select new programmes for recom-
mendation to a user as part of their personalised TV guide. In Sections 3.3 we
will explain in detail how PTV uses a hybrid recommendation approach that
combines content-based and collaborative recommendation strategies. Once the
recommender has selected programmes that are relevant to the target user, the
guide compiler and guide translator components produce a personalised guide
according to a given day’s viewing schedules and for the required client platform
(HTML for the Web or WML for WAP devices).
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Fig. 2. The PTV Architecture.

3.2 User Profiling

The success of PTV depends ultimately on the quality of its personalised guides,
and this depends largely on the quality of the user profiles and their ability to
represent the viewing preferences of users [5, 6, 9]. In PTV each user profile
contains two types of information: domain preferences and programme prefer-
ences (see Fig. 2). The former describe general user preferences such as a list of
available TV channels, preferred viewing times, subject keywords and genre pref-
erences, and guide format preferences. Programme preferences are represented
as two lists of programme titles, a positive list containing programmes that the
user has liked in the past, and a negative list containing programmes that the
user has disliked.

Profiles are constructed in two ways. Users can manually update their profiles
by specifying viewing preferences directly. However, while manual profile editing
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has its advantages (usually in terms of profile accuracy) it is a burden for the
users. In particular, we have found that users are happy to provide fairly complete
domain preferences but tend to provide only limited programme preferences. For
this reason, PTV includes a profile update facility that is driven by direct user
feedback by rating programme recommendations as they use the system (see
Section 4.2). PTV’s profiler uses this information to automatically alter a user’s
profile to reflect new programme preferences as well as channel and viewing time
preferences (see also 11]).

3.3 Collaborative, Content-Based Programme Recommendation

Ultimately in PTV, personalising a given user’s TV guide boils down to recom-
mending the right programmes for that user given their various viewing prefer-
ences. PTV harnesses two complementary recommendation strategies, content-
based recommendation and collaborative recommendation.

Content-based recommendation has its roots in information retrieval. The
basic philosophy is to recommend items that are similar to those items that the
user has liked in the past; see also [1, 4, 11]. For PTV, this means recommending
programmes that are similar to the programmes in a user’s positive programme
list and dissimilar to those in the negative programme list. PTV’s programme
case-base has already been outlined (Section 3.1) and an example case is shown in
Fig. 2. Each case is described as a set of features and the similarity between two
cases can be defined as the weighted-sum of the similarity between corresponding
case features. However, there is no direct means of computing the similarity
between a case and a user profile, as user profiles are not described as a set
of case features. Instead each raw user profile is converted into a feature-based
representation called a profile schema. Basically, the profile schema corresponds
to a content summary of the programme preferences contained in a user profile,
encoded in the same features as the programme cases. The similarity between a
profile and a given programme case can then be computed using the standard
weighted-sum similarity metric as shown in Equation 1; where f

Schema(u)
i and

fp
i are the ith features of the schema and the programme case respectively.
This technique produces a ranked list of programme recommendations, where

the similarity between a given programme and the target profile scheme corre-
sponds to the estimated quality of the recommendation; programmes that are
very similar to the target profile are judged to be good recommendations. The
best r content-based recommendations are selected as candidates for the user’s
personalised guide.

PrgSim(Schema(u), c) =
∑

i

wi • sim(fSchema(u)
i , f c

i ) (1)

An important problem with content-based methods is the knowledge en-
gineering effort required to develop case representations and similarity models.
Moreover, because content-based methods make recommendations based on item
similarity, the newly recommended items tend to be similar to the past items
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leading to reduced diversity. In the TV domain this can result in recommenda-
tion lists that are narrow in scope; for example, if a user’s positive programme
list contains mostly comedies then the content-based recommendation strategy
will tend to recommend more comedies.

Collaborative recommendation methods, such as automated collaborated fil-
tering, are a recent alternative to pure content-based techniques. Instead of rec-
ommending programmes that are similar to the ones that the user has liked
in the past, they recommend programmes that other similar users have liked
[1, 2, 3, 7, 8, 10]. In PTV user similarity is computed by using the graded differ-
ence metric shown in Equation 2; where p(u) and p(u′) are the rated programmes
in each user’s profile, and r(pu

i ) is the rating assigned of programme pi in pro-
file u. The possible grades range from -2 to +2 and missing programmes are
given a default grade of 0. Of course this is just one possible similarity technique
that has proved useful in PTV, and any number of techniques could have been
used, for example statistical correlation techniques such as Pearson’s correlation
coefficient (see eg., [2, 10]).

Once PTV has selected k similar profiles for a given target user, a recom-
mendation list is formed from the programmes in these similar profiles that are
absent from the target profile. This list is then ranked and the top r programmes
are selected for recommendation. The ranking metric is shown in Equation 3; U
is the subset of k nearest profiles to the target that contain a programme p. This
metric biases programmes according to their frequency in the similar profiles
and the similarity of their recommending user. In this way popular programmes
that are suggested by very similar users tend to be recommended.

PrfSim(u, u′) =

∑
p(u)∪p(u′)|r(pu

i )− r(pu′
i )|

4 • |p(u) ∪ p(u′)| (2)

PrgRank(p, u) =
∑

u′∈U

Pr fSim(u, u′) (3)

Collaborative recommendation is a powerful technique that solves many of
the problems associated with content-based methods. For example, there is no
need for content descriptions or sophisticated case similarity metrics. In fact,
high quality recommendations, that would ordinarily demand a rich content rep-
resentation, are possible. Moreover, recommendation diversity is maintained as
relevant items that are dissimilar to the items in a user profile can be suggested.
However, collaborative recommendation does suffer from some important short-
comings. First, there is a startup cost associated with gathering enough profile
information to make accurate user similarity measurements. There is also a la-
tency problem in that new items will not be recommended until these items have
found their way into sufficiently many user profiles. This is particularly problem-
atic in the TV domain because new and one-off programmes occur regularly and
do need to be considered for recommendation even though these programmes
will not have made it into any user profiles.
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PTV benefits from a combined recommendation technique using both content-
based and collaborative recommendation. For a given user, a selection of pro-
grammes is suggested, which includes some that are produced through content-
based recommendation (including new or one-off programmes) while others are
produced by collaborative recommendation. Guide diversity is improved through
the use of collaborative recommendation and the latency problem can be solved
by using content-based methods to recommend relevant new or one-off pro-
grammes

4 PTV Mobile

In the previous section we described the form and function of PTV, focusing on
the underlying personalisation technology, which can be used to compile person-
alised TV guides that will ultimately be delivered to a range of target clients
including, traditional desktop PC browsers, WAP phones, or WebTV clients.
Once a personalised guide has been compiled by the personalisation engine the
guide translator converts it into a suitable target format such as HTML or WML.
This section will outline the modifications necessary to customise PTV to gen-
erate WML content for WAP devices. A short PTV Mobile demonstration will
also be described.

Prog. Title 1

:

Prog. Title n

WAP Guide Broadcasts

Description

Grading
Channel, Time

: :

Channel, Time

-2, -1, 0, +1, +2

General episode

description….Prog. Title 1

Channel, Time

Grades: -2,-1,0,+1,+2

: :

: :

Prog. Title n

Channel, Time

Grades: -2,-1,0,+1,+2

(a) The HTML guide
structure.

(b) The WML guide structure
in which each guide is made
up of a number of linked
WML pages or cards.

Fig. 3. The PTV guide structure for Web and WAP clients.

4.1 From Web to WAP

In the Web-based version of PTV each user request results in the retrieval of a
single HTML page, for example, the user preferences page or a personalised guide
page. In contrast, because of the screen and memory limitations associated with
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WAP devices, each PTV Mobile request can result in the retrieval of multiple
WML pages (actually multiple WML cards as part of a single deck). Thus, the
majority of the effort required in converting PTV from the Web to WAP is
concerned with defining a suitable WML format for the PTV guides, and we
have found that the same core personalisation technology can be used to drive
the new WAP system. For example, the Web-based PTV guide page is formatted
to contain programme title, description, channel, time, and grading information
as part of a single HTML page. This is not feasible with WAP phones because
of the limited screen space available. Instead, a WAP guide is made up of the
following individual page units (cards): a guide page listing relevant programme
titles; a programme page for each relevant programme that lists the channel and
viewing time information for each broadcast of that programme; a description
page for each programme broadcast; and a grading page to allow the user to
grade a particular broadcast (see Fig. 3).

4.2 System Demonstration

Once a user has logged on to PTVMobile they are presented with the main menu
screen (Fig. 4(a)), which provides option links to their personalised guides, their
preferences, as well as a whole range of TV information such as the top ten
programmes, what’s on now and next, etc. At any stage a user may view or
edit their preferences including channels preferences, viewing times, preferred
programmes, and keyword preferences, as shown in Fig. 4(b).

A subset of the screens making up a single personalised WAP guide is shown
in Fig. 4(c). Unlike the Web-based version of PTV, where each guide is viewed
as a single HTML page, the WAP version presents each guide as a collection of
WML pages (cards) as discussed above. The main guide page lists programmes
by title only, and by selecting a title the user can receive information about
the various channel and viewing times for a given programme. In addition, each
programme can be graded by the user as shown in Fig. 4(c).

5 Evaluation

Ultimately the success of the PTVMobile system will depend on the quality of its
programme recommendations, and as such on the appropriateness or relevance of
its personalised TV guides. PTV Mobile is powered by the PTV personalisation
engine and this technology has been extensively evaluated in the past as part of
a series of comprehensive live user trials - although these results are taken from
the Web-based PTV we believe that they are equally valid in the context of the
new WAP-based version, since the same personalisation technology is driving
both systems.

5.1 Overall Precision

To measure the precision of the personalised guides produced by the PTV per-
sonalisation engine we carried out a comprehensive user study in the first half of



106 Paul Cotter and Barry Smyth

M
ai

n
G

ui
de

V
ie

w
in

g
T

im
es

P
ro

g .
D

et
ai

ls
P

ro
g .

G
ra

di
ng

P
re

fe
re

nc
es

C
ha

nn
el

P
re

fs
P

ro
g .

P
re

fs
.

K
ey

w
or

ds

(b) Preferences Screens (c) Guide Screens(a) PTV/WAP
Main Menu

Fig. 4. (a) The PTV Mobile main menu; (b) the preferences screens; (c) a part
of a personalised guide including viewing times, programme description, and
grading screens.

78

27

51

32
3

0
0

20

40

60

80

100

1 2 3
>= n Good Recommendations per Guide

%
U

se
rs

Content
Random

ACF96

64

42
Good
61%Satisfactory

36%

Poor
3%

(a) Personalisation Quality (b)

Fig. 5. (a) Overall guide precision / personalisation quality. (b) Relative guide
precision.



WAPing the Web: Content Personalisation for WAP-Enabled Devices 107

1999, where regular and new users of the Web-based PTV system were asked to
evaluate the system in terms of guide precision, ease of use, and speed of service.
The guide precision results are of interest here. In total 310 PTV users were
included in the evaluation, and in terms of guide quality (precision) they were
asked to rate the appropriateness of their personalised guides. The results are
presented in Fig. 5, and are clearly extremely positive. The average personalised
guide contained between 10 and 15 programmes and critically, 97

5.2 Relative Precision

This experiment was carried out to evaluate the relative precision of the collab-
orative and content-based recommendation strategies used in PTV. The PTV
grading logs for a one month period were analysed to examine the user gradings
associated with programmes that were recommended by each recommendation
technique. Specifically, we measured how often a given recommendation methods
produced at least 1, 2, and 3 good recommendations (that is, recommendations
that were subsequently graded as positive by users) in a single guide. We also
included the results for a naive random recommendation strategy to serve as a
benchmark.

The results in Fig. 5(b) show that collaborative recommendation consistently
out-performs the content-based strategy. For example, the collaborative strategy
produces at least one good recommendation per guide in 98% of the guides
produced, compared to 77% for the content-based recommendation strategy.
Both of these techniques are significantly better than the random benchmark.

6 Conclusions

Adaptive hypermedia technologies may provide a solution to the information
overload problem by automatically learning about the information needs of indi-
vidual users, in order to customise the delivery of the right content to the right
user at the right time. PTV is one example of a successful personalised informa-
tion service, operating in the domain of TV listings. As a Web service PTV has
attracted over 15,000 users(nearly 5% of the Irish Internet users population) and
in this paper we have focused on how PTV has been recently adapted for use
on WAP-enabled devices such as mobile phones, devices where, we argue, the
information overload problem becomes more acute and thus, where content per-
sonalisation information services such as PTV become even more necessary. We
have described the form and function of PTV/WAP and evaluated its core per-
sonalisation engine. These results indicate that high quality personalised guides
are being produced and we have every confidence that PTV/WAP will prove as
successful and popular on WAP as PTV has on the Web.
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Abstract. Adaptive hypermedia courseware benefits from being dis-
tributed over theWeb: content can always be kept up-to-date, discussions
and interactions between instructors and learners can be supported, new
courses can easily be distributed to the students. Nevertheless, adaptive
hypermedia systems are - even in the web content - still stand-alone sys-
tems as long as they lack the ability to integrate and adapt information
from arbitrary places in the web.
In this paper, we discuss the integration of hypermedia courses and web
material into existing, adaptive hypermedia courses. We show a possible
solution which we have used for an undergraduate course about Java
programming. We then discuss this solution as well as advantages and
problems, and identify several research issues which have still to be solved
for adapting distributed course materials.

Keywords: Open adaptive hypermedia systems, educational hypermedia sys-
tems

1 Introduction

While the delivery of instruction, courses and tutorial help is often managed
over the web, existing adaptive hypermedia systems have so far neglected the
issue of integrating Web material directly into their courses, though most courses
can strongly benefit from integrating additional materials into the curriculum.
Additional material can provide alternative views or explanations of a topic, it
can relate to background information, or it can show further developments.

Within our KBS Hyperbook project [12], we are working on concepts and
techniques for building adaptive hypermedia systems which are open, e.g which
are able to integrate distributed information resources. In this paper, we will
discuss advantages and problems of creating such an open, adaptive hypermedia
system. We discuss our approach for building an open courseware system and
show how we used it to implement an undergraduate course about Java pro-
gramming. We then discuss advantages and problems of our current system and
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identify several research issues which have still to be solved for adapting such
distributed course materials.

2 Modeling a Course by Using a Hyperbook

In our KBS Hyperbook project [12] we are working on a tool for modeling,
organizing and maintaining adaptive, open hypermedia systems on the WWW.
The adaptive component of the hyperbook personalizes information according
to the user’s needs, goals and knowledge [8, 9]. For a comparison of the KBS
Hyperbook system in the context of adaptive hypermedia systems, we refer to the
more thorough discussions in [1, 7]. In this paper we concentrate on the aspect of
extendibility of such a system, and how different course material can be included
and adapted in one integrated system, an aspect not explicitly present in existing
systems.

Explicit modeling of structure and contents is important for building reusable,
extendible hypermedia applications. The KBS Hyperbook system structures and
displays hypertext materials based on a conceptual model. This conceptual
model describes courses, different kinds of materials (such as projects, exam-
ples, portfolios, HTML pages) and the integration of other information from the
World Wide Web. In this section, we first describe the basic structure of our
current conceptual model, consisting of different courses and lectures (section
2.1) and then describe the basic content map which we use for indexing course
material material (section 2.2).

2.1 Modeling the Basic Structure

The conceptual model depicted in Figure 1 contains an entity course which
represents a real course given at some university or at other institutions, and is
related to various other entities structuring the course. The concepts belonging
to this basic structure are highlighted in figure 1 with light grey.

Each course consists of several lectures , which themselves consist of some
sequence of text units . Several courses can belong to one course group (figure 1),
this course group integrates different courses on the same topic. Currently, our
hyperbook system contains one course group, a CS1 course (Computer Science
1, an introductory course to Java programming). In the last semester (1999 /
2000), we held this course in Hannover for undergraduate students of electrical
and computer engineering. A second course, using much of the same material,
was given at the University of Bozen, Italy, with our participation. Both CS1
courses are modeled as courses, and belong to the course group “CS1”.

Each course has its glossary and a number of areas which structure the
application domain. Embedding projects and project portfolios in our course
materials is an important part of our teaching concept [10]. To model this in-
tegration, each course is related to projects (figure 1). These projects can be
the actual projects of the current course, or they can be former projects, which
give examples of projects performed by students of previous courses and contain
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Fig. 1. Conceptual model of the Java hyperbook, course related modeling is
highlighted in light grey, modeling of different information resources is high-
lighted in dark grey

the corresponding project portfolios (see section 3.2). To support goal-oriented
learning, students can define their own learning goals (user defined goals) or
can request new reasonable goals from the hyperbook (generated goals). For the
selection and the support of goals in KBS Hyperbooks, see [9, 7].

Figure 2 gives an example of the CS1 course given in winter semester 1999
/ 2000. The relations mentioned above from a course to other concepts are
displayed as links in the left frame. The picture shows specific lectures of this
course, current student projects, the different areas of this course, examples of
former projects, reference to the next reasonable learning goal, and the reference
to the lecture group.

The so far described conceptual model is a proposal for modeling courses,
lectures, and for the integration of different course materials into a group of
hyperbooks on the same topic. Authors of hyperbooks can of course define their
own conceptual model for presentation of their courses. The KBS hyperbook
system generates on base of some conceptual model the particular hyperbooks.

2.2 Enabling Adaptation: Indexing Material

To relate the different types of text units, to support student’s goals, or to
provide guidance (i.e. to enable the different adaptation features of the KBS
Hyperbook system), we index the course materials which is contained in or
should be integrated into the hyperbook. In our conceptual model, we can see
the index concepts (called knowledge items), and their relations to the glossary,
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Fig. 2. Example for a course modeled in the KBS Hyperbook system

areas, portfolios, goals, and text units (see the relations between the concept
knowledge item and other concepts in figure 1). Each of these concepts is indexed
with a set of such knowledge items. The origin of an information resource is not
relevant for indexing, only the content defines the index. We assume that any
information resource which should be displayed in our hyperbook is contained
on some HTML page. We can therefore define a content map which represents
the index for an information resource:

Definition 1 (Content Map). Let S �=∅ be the set of all knowledge items,
and let H be a set of HTML pages. Then

I : H → P(S)\{∅} (1)

is the content map, which gives for each information resource in H the index
of this HTML page, e.g. the set of knowledge items describing its content.

Currently, our content map is built manually by the author of that infor-
mation resource. We use knowledge items for indexing each kind of information
material, which, as we will see in the next section, can originate from our local
file-system or can be located anywhere in the WWW. This kind of indexing is
different to other indexing concepts in student and user modeling. In many other
adaptive hypermedia systems, dependencies like prerequisites or outcomes are
directly modeled within the information resources themselves (see for example
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[3, 13, 4, 11]). For a review on indexing strategies in adaptive web-based systems
see [2]. In our system we separate knowledge and knowledge dependencies from
the actual information, as we model learning dependencies solely on the set of
knowledge items of a hyperbook. The connection between the student modeling
component and the hyperbook system is provided by the content map (see def-
inition 1), which maps each information resource to a set of knowledge items.
This separation allows easier integration of additional resources on the same
topic than an integrated approach which directly models outcome and income
with the information resource.

3 Integrating Additional Information Resources

Calling the KBS Hyperbook system an open hypermedia system means, that is
able to integrate different sources of materials. On the one hand, it is easily able
to refer to and integrate single information resources located anywhere in the
web. This will be discussed in section 3.1, where we also show, how we integrated
different material in our hyperbook for the Hannover and Bozen courses. In
section 3.2 we show how we enlarge the conceptual model to integrate the results
of student work, especially the results of the projects they have worked on while
learning with the hyperbook.

If the material to be integrated is structured already, integration is still pos-
sible but with more difficulties as we discuss in the last part of this paper.

3.1 Integrating Text Units

Each lecture consists of a sequence of text units which are used by the teacher
during the lecture (see dark grey-colored concepts in figure 1). A text unit can
be a KBS Unit , which is an information page on our local file-system. It can
be an example, which illustrates the use of some concept. As the KBS Hyper-
book system allows to integrate arbitrary WWW pages, text units can also be
information pages located elsewhere, in our case in the online SUN Tutorial, the
pages of which are modelled by the concept Sun Unit . If we want to integrate
additional information resources, we model them as additional subclasses of text
unit in our conceptual model.

In our current Java programming hyperbook system we integrate pages from
the Sun Java Tutorial [5] into the hyperbook. The Sun Java Tutorial is freely
available on the internet and thus very suited for being integrated into the learn-
ing material of the Java hyperbook.

For each type of text units, links to related information are computed by the
hyperbook system. For example, from a KBS Unit, links to relevant examples
are computed, as well as links to relevant Sun Units, which give alternative
descriptions of these concepts. The computation of relevant information is done
by selecting those information pages whose index (by means of the content map)
is not disjunct to the index of the current page. Thus in the current state of our
development we select an information page P2 as relevant for page P1 whenever
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at least one concept of I(P1) is also contained in I(P2). This criterion can be
refined for calculating graduation of relevance: Two pages P1, P2 with I(P1) =
I(P2) contain information on the same topics and therefor fall into the category
“alternative views” for each other. Whereas if |I(P1) ∩ I(P2)| < |I(P1)|, P2 will
explain only some aspects of the content of P1. If in addition |I(P1) ∩ I(P2)| <
|I(P2)|, P2 contains further information which is not directly related to P1, in
case of |I(P1)∩I(P2)| = |I(P2)|, P2 describes some aspects of P1 without further
references.

In figure 3, we see on the right hand side the (local KBS) page about methods
from the hyperbook library. The use of methods can be studied in the example
of the student group ”BugFix” (uppermost link on the left hand side), and the
Sun Java Tutorial contributes many links to relevant information pages. As the
KBS Unit ”Methoden” is contained in a specific lecture, we also display the link
to this lecture.

Fig. 3. KBS Unit “Methoden” with links to examples, Sun Units and to the
two lectures where it occurs.

In figure 4, we see the integration of a Sun Unit into the hyperbook. The
page itself is displayed in the same manner as the local pages. We stream such
pages without any modifications into the hyperbook. That means that the hy-
perbook’s functionality is then to display this integrated page as a normal web
browser would display it. However, the hyperbook gives the frame for viewing
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the information and shows the user the actual context in the hyperbook and
thus in his curriculum. Even links contained on these integrated information
pages remain valid. If a user clicks on such a link, the corresponding page will be
displayed in the same way while the left frame in the hyperbook itself will still
show the actual context in the hyperbook from which this page was accessible
for the particular user. For the Sun Unit seen in figure 4, a link to an example
as well as to a KBS Unit is computed; these links remain unchanged in the left
frame of the hyperbook when the user browses the Sun Unit itself.

Fig. 4. Example of the integration of Sun Units in the KBS Hyperbook system

All information resources are equal in the sense that they only need to be
indexed to be integrated in a particular hyperbook, as described in the previous
section 2.2. This implies on the one hand that arbitrary information found in
the internet can be integrated in a hyperbook. On the other hand all integrated
pages can be fully adapted to the needs of an individual user: We can propose
programming examples described on additional WWW pages, compute reading
sequences which contain both local and Web material, calculate the educational
state of WWW pages according to the student’s actual knowledge state, etc. In
the current paper, we will not further describe the functionality of the adaptation
component and refer to [8, 12].

This makes clear, that the use of a separate knowledge model makes the
hyperbook system robust against changes and extendible. If we add additional
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information pages or change contents, we only have to (re-)index these pages
accordingly. No further work has to be spent on updating other material, as
it would be necessary if knowledge, and thus reading or learning dependencies,
would have been coded in the material itself.

3.2 Integrating Student Projects: Portfolios

In order to support project-based learning as described for example in [10], our
conceptual model contains the concept portfolio (see figure 1). As discussed in
[6], assessment based on portfolios realizes the idea that project results can be
used to represent and to assess what topics / concepts a student has successfully
applied or learned.

Thus, a portfolio can be modeled by relations between project results (port-
folio elements) and those topics / knowledge items which have been used for
these parts. In our conceptual model, this is expressed by a relationship between
portfolio elements and knowledge items (see figure 1).

static design
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interactions

dynamic design
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classes

attributes

relations

student group

former projects

area

knowledge

programfragments
program

portfolio

portfolio

specification design
project
assignment

entry
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is docu-

mented in

Fig. 5. Schematic view of the portfolio concepts

The portfolio elements represent the different different parts of a student
project. In figure 5 we see the different kinds of portfolio elements for our CS1
course. This hierarchy mirrors the simplified software modeling process we use in
our CS1 course. Important portfolio elements are the specification written by the
students, an object oriented design proposal consisting of several subdocuments,
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documentation of the implementation, and the program code itself. The program
code is broken down into different program fragments, each showing the use of
some specific concept of the application domain.

To help the students define their own portfolios, we propose a list of knowl-
edge items for the domain of Java as a programming language, plus some knowl-
edge items related to software engineering. There are some KIs which are manda-
tory for our student portfolios (for example the scenarios and interactions from
the dynamic design phase of a project), and a lot of other optional KIs. The
students can use a subset of these optional KIs for representing their work in
the portfolio individually.

A subset of KIs contained in the portfolio can be seen in the following list. KIs
marked with an asterisk must be referenced in a student’s portfolio, other KIs
are optional. As an area consists of several KIs, we are able to easily integrate the
portfolios and portfolio elements into the hyperbook. Thus, we define both the
basic structure of student projects as well as their connection to the remainder
of the course material.

object oriented design user interface

*specification event model

static design *event source

*classes *event listener

*attributes adapter

*relations *events

... action event

text event

...

An important part of a portfolio is also the presentation of the students
who have worked on the project. Therefore the student’s homepages are also
integrated in the hyperbook (see relation between the concepts student group
and portfolio in figure 1).

4 Research Issues for Distributed Adaptive Systems

In the previous sections, we have discussed our current system, which is able to
refer to external information resources and can adapt these additional informa-
tion resources to the user’s knowledge, goals and preferences. The system makes
no difference between local and distributed materials, its adaptation functional-
ity applies equally well to internal and external data.

The approach we have described is based on describing the content of data
by relating it to index entries in a content map. Knowledge or learning depen-
dencies are separated from content and are contained in an extra model. This
approach allowed us to integrate the Sun Java Tutorial into our hyperbook about
Java programming, and to integrate student projects into the learning materi-
als. While investigating and implementing our approach, we have come up with
some challenges for further research in this area which we discuss in the following
sections.
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Learning Dependencies - always the same? In the hyperbook system, we store
learning dependencies in a separate model: the knowledge model. This model
contains the prerequisite knowledge required to understand some concept, as
well as the resulting knowledge. It does not refer to a certain teaching strat-
egy. Nevertheless, assumptions about the sequencing of the learning material
are encoded in this knowledge model. This can be made clear for our course on
Java programming. While this area is well structured, the kind of learning an
instructor has in mind while designing his material is implicitly given in the way
he defines the knowledge model: If the focus is on object orientation, the author
usually starts with explaining the ideas of object orientation without referring to
any required (pre-) knowledge. However, if the instructor is coming from a struc-
tured programming background, he usually introduces object oriented language
constructs after discussing structured programming constructs. In this case, in-
formation material describing object oriented programming concepts requires
previous knowledge about structured programming.

Thus, even if we separate knowledge dependencies from content, we have
to deal with the problem, that knowledge, or, in the educational area, learning
dependencies are not the same for every instructor, but still depend on the
content used in a specific course. Modeling these dependencies explicitly helps
us in comparing and integrating these different teaching strategies. In subsequent
work, we will probably switch to using several knowledge models in parallel, to
allow the integration of course materials which use different assumptions about
learning dependencies.

Generating Reading Sequences Curriculum sequencing is an important adapta-
tional functionality in hypermedia systems. In case of our open hypermedia sys-
tem, we have sometimes to deal with too much information: The same knowledge
is made available by different resources, in our case on local Hannover KBS pages
or on SUN Tutorial pages or on pages belonging to our Bozen course. Take, for
example, that we have two HTML pages H1 and H2 with I(H1) = {X1, X2, X3}
and I(H2) = {X1, X2, X4}. (Recall that I(H) denotes the index of resource H .)
If the system infers that X1 should be contained in the reading sequence, which
of these HTML pages should be selected, which should be skipped? In such
cases, the knowledge dependencies - maybe from different knowledge models - as
well as the whole reading sequence has to be considered to make an appropriate
choice. In the current state of the KBS Hyperbook system, we do not compute
reading sequences with content from different origins. Instead, we are generating
separate trails, through the local material itself (Hannover and Bozen pages are
largely homogeneous) or through the Sun Tutorial.

Integration of Structured vs. Unstructured Materials Our open hypermedia sys-
tem has to integrate both structured and unstructured materials. In this paper,
we have proposed a solution for integrating material by taking it as “stand alone
information”. We have not used the context and structure, in which these pages
are embedded (e.g. that the SUN Java Tutorial uses trails with a hierarchic
structure of information elements). In cases where the information in the SUN
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Java Tutorial is more detailed than our own local KBS pages, these leads to
references to a whole lot of SUN Tutorial pages, without making the hierarchic
structure of this additional information apparent.

A possible solution for the integration of such structured material can be pre-
selection. In this way, we can for example filter according to depth of information
and reference only pages, which are on the same level. Thus, more detailed pages
from the SUN Java Tutorial are available only from a top level page, which is
referenced from the appropriate KBS page, and not directly linked to the KBS
page itself. Also, the additional hierarchy available can be displayed similar to
a table of contents for some area. The advantage in this approach is, that the
structure of the hypermedia system this page originates from, will be presented
to the user by the page itself. Drawbacks are the existence of two different struc-
tures (though the second structure can sometimes be seen as a direct extension
of the first, less detailed structure).

In the case of integrating project portfolios, what is still missing are ex-
planations of why certain portfolio elements are relevant to a specific topic /
knowledge item. When the portfolio is used during an exam, and the student
can explain this relationship and why he uses a specific portfolio element to il-
lustrate a certain topic, this is ok. However, if the portfolio elements are used
as part of the learning materials without any additional explanations provided,
it is sometimes very difficult to use the referenced program fragment as a stand
alone example for a specific topic.

Reuse and Integration of Indices As adaptive hypermedia systems are becoming
more common, reuse and integration of indices from different courses on the
same topic becomes an interesting issue. Currently, two courses developed at
CTE (Carnegie Technology Education) cover several overlapping areas with our
CS1 course, and they also use indexing similar to our content map (though
with additional relations) [2]. Using a comparison of these content maps and
the topics contained within them currently seems to us a good starting point
for exploring the issues involved in integrating and reusing content maps from
different courses but overlapping areas, and even might lead to standardized
content maps for different areas, possibly with different learning dependencies.

Furthermore, as the meta data in our hyperbook system are largely com-
patible with the RDF standard for Web annotation, it would be interesting to
come up with standardized means of reuse and exchange of those content maps,
giving distributed adaptive hypermedia systems really access to the full content
of the Web (at least to those parts which are relevant and also are annoted with
appropriate metadata information).

References

[1] P. Brusilovsky. Adaptive and intelligent technologies for web-based education.
KI-Themenheft, 4, 1999.



120 Nicola Henze and Wolfgang Nejdl

[2] P. Brusilovsky. Course sequencing for static courses? Applying ITS techniques in
large-scale web-based education. In Proceedings of the fifth International Confer-
ence on Intelligent Tutoring Systems ITS 2000, Montreal, Canada, 2000.

[3] P. Brusilovsky, E. Schwarz, and G. Weber. ELM-ART: An intelligent tutoring sys-
tem on world wide web. In C. Frasson, G. Gauthier, and A. Lesgold, editors, In-
telligent Tutoring Systems (Lecture Notes in Computer Science, Vol. 1086), pages
261–269, Berlin, 1996. Springer.

[4] L. Calvi and P. de Bra. Improving the usability of hypertext courseware
through adaptive linking. In The Eighth ACM International Hypertext Conference,
Southampton, UK, April 1997.

[5] M. Campione and K. Wallrath. The Java Tutorial. Addison Wesley, 2nd edition,
1999. http://www.javasoft.com/docs/books/tutorial/index.html.

[6] R. A. Duschl and D. H. Gitomer. Epistemological perspectives on conceptual
change: Implications for educational practice. Journal of Research in Science
Teaching, 26(9):839–858, 1991.

[7] N. Henze. Adaptive Hyperbooks: Adpatation for Project-Based Learning Resources.
PhD thesis, University of Hannover, 2000.

[8] N. Henze and W. Nejdl. Adaptivity in the KBS hyperbook system. In 2nd Work-
shop on Adaptive Systems and User Modeling on the WWW, Toronto, Canada,
May 1999.

[9] N. Henze and W. Nejdl. Bayesian modeling for adaptive hypermedia systems. In
ABIS 99, 7. GI-Workshop Adaptivität und Benutzermodellierung in interaktiven
Softwaresystemen, Magdeburg, Sept. 1999.

[10] N. Henze, W. Nejdl, and M. Wolpers. Modeling constructivist teaching functional-
ity and structure in the KBS hyperbook system. In CSCL’99: Computer Supported
Collaborative Learning, Standford, USA, Dec. 1999.

[11] J. Kay and R. Kummerfeld. An individualised course for the C programming
language. In Proc. of the 2nd International World Wide Web Conference, Chicago,
USA, Oktober 1994.

[12] W. Nejdl, M. Wolpers, and C. Capelle. The RDF Schema Specification Revisited.
In Workshop Modellierung 2000, St. Goar, Germany, 2000.

[13] G. Weber and M. Specht. User modeling and adaptive navigation support in
WWW-based tutoring systems. In Proceedings of the Sixth International Confer-
ence on User Modeling, UM97, Sardinia, Italy, 1997.



Logically Optimal Curriculum Sequences for

Adaptive Hypermedia Systems

Roland Hübscher
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Abstract. Curriculum sequencing is an important technique used in
many adaptive hypermedia systems. When following one of the possible
page sequences, visiting some pages may become redundant, because its
content has been covered already by another page. Using disjunctive and
conjunctive prerequisites instead of partial orders to describe the many
possible sequences, logical redundancy between pages can be computed
on the fly without burdening the teaching model with that task [1]. Al-
though the general case of finding all redundant pages is NP-Complete
[2] and thus, intractable unless P = NP, a large subset can be located
efficiently in realtime. The advantage of separating out logical redun-
dancy, the advantage of using conjunctive and disjunctive prerequisites,
and the algorithms to find redundant pages are discussed. An interesting
characteristic of the presented approach is that it can be used together
with a wide variety of user and teaching models.

1 Introduction

The goal of curriculum sequencing is to provide a student with an optimal path
through the material to be learned and tasks to be executed, e.g., practicing a
skill or answering questions [3]. Since every student has different prior knowl-
edge, preferences, and often different learning goals, providing individualized
curriculum sequences for each student using adaptive hypermedia is a promising
approach.

But what is an optimal path? In an educational adaptive hypermedia system,
an optimal path maximizes a combination of the student’s understanding of the
material and the efficiency of learning the material. However, it makes more
sense to attempt to suggest a few good paths instead of an optimal one, because
the latter does not exist. It should then be left to the learner to select whichever
one of the, possibly many, paths that are expected to lead to effective learning for
this student. Otherwise, the hypermedia looses its big advantage of being freely
explorable, providing at least somewhat of an authentic learning experience to
the student [4]. However, providing a hypermedia system with a link structure
that allows the user to choose between good paths could result in redundant
visits to certain pages and thus, in a suboptimal curriculum sequence. This
situation cannot be avoided if a wide variety of learners need to be supported.
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Different examples, different kinds of representations, different modalities, etc.
can be used for explaining the same concepts in slightly different ways which
means that not everybody ought to have to look at everything everybody else
does.

For instance, assume that in one sequence concept A needs to be studied be-
fore concept X . In another sequence, we want the student, again for pedagogical
reasons, to read about concept B before X . Looking at the bigger picture, we
realize that either A or B ought to be studied before X . Thus, once the learner
understands A, he or she can ignore B, as it has become redundant with respect
to the goal of understanding X . However, as we will see later, the general case
is not as simple as this trivial example may imply.

A guiding principle for our approach is that the space the user may explore
is maximized, i.e., we want to constrain the user’s choice as little as possible.
However, navigation support should scaffold [5] the user to take the best paths
with respect to the user’s interest and current understanding of the domain,
the domain itself, and the underlying pedagogical framework. In short, we are
interested in effectively supporting scaffolded exploration.

In this paper, we study how we can find logically optimal paths in hypermedia
systems that adaptively provide many good curriculum sequences. Curriculum
sequencing is used as a technical term, although most of the time this sequenc-
ing, or adaptive ordering [6], is applied to smaller parts, like courses. Logically
optimal paths do not contain pages that are redundant based on logical, and
not on pedagogical, grounds. Sometimes, one explicitly wants to be redundant
to some degree, e.g., an issue should be covered by at least two examples. Such
situations can also be described by the presented formalism. We show that gen-
erally all redundancy cannot be detected in realtime, however, a large subset
can be found efficiently by the presented algorithms.

2 Sequencing with Prerequisites

The material to be learned and tasks to be executed, from now on simply called
“units,” need to be ordered for each learner dependent on the teaching method
employed and the model the system has of the student. The resulting structure
describing all the sequences can be represented as a directed acyclic and-or
graph where the vertices are the units and the edges are prerequisites between
the units. This graph is called a prerequisite graph. Note that we use the term
“prerequisite” not in a strictly pedagogical sense, i.e., we do not claim that
organizing a course simply using prerequisites is appropriate. We simply call
the temporal constraints between the units prerequisites. However, we claim
that most pedagogically interesting organizations of the units can formally be
reduced to a prerequisite graph.

One might argue that a simple partial-order representation of the units is
just as expressive. Although this is true in principle, the size of the partial-order
graph would be exponentially larger than the prerequisite graph as will become
clear below.
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A prerequisite is either a conjunctive or a disjunctive. A conjunctive prereq-
uisite u1 ∧ u2 ∧ . . . ∧ un ⇒ u asserts that all of the units u1, u2, . . . , un need to
be “visited” by the student before unit u may be visited. Instead of “visited” we
could also say “learned,” “seen,” “understood,” etc., depending on the specific
design of the adaptive hypermedia system and the teaching method adopted.
This is independent of our concept of logically optimal paths. Similarly, a dis-
junctive prerequisite u1 ∨ u2 ∨ . . .∨ un ⇒ u asserts that at least one of the units
u1, u2, . . . , un needs to be visited by the student before unit u.

We are currently designing a language that allows course designers to de-
scribe teaching methods that can be translated into the prerequisite formalism
introduced here. The following few simple examples will provide an idea of where
this language is going.

Assume that x and y are some knowledge units, for instance, a concept or a
topic consisting of several knowledge units. Sometimes, for instance in Problem-
Based Learning [7, 8], it is preferable to have the students find out that they
have a need to learn certain prerequisites. So, one would like to talk first about
y and only then about x. The rule

if x is required to understand y then y ⇒ x

says that prerequisites (in the pedagogical, not formal, sense) should be visited
after what they are prerequisite for. This example makes it explicit that we use
the prerequisites in the formal sense as a way to order the units. However, how
prerequisites in the pedagogical sense are used depends on the teaching method
used.

The following rule results in a top-down organization of part-whole hierar-
chies since it says that one should learn about the whole before learning about
its parts.

if y is part of x then x⇒ y

And finally, the last rule says that related issues should be visited in parallel
to the main topic: If x is strongly related to y, then x is visited while visiting y.
This rule only makes sense if x and y are more complex hypermedia structures
than a single page. Then we can refer to the start and the beginning units of
those structures and use our prerequisites again. Virtual units introduced below
can be used as special start and end units if necessary.

if x is strongly related to y then start(y)⇒ start(x)
if x is strongly related to y then end(x) ⇒ end(y)

In order to make the simple formalism of conjunctive and disjunctive prereq-
uisites a bit more expressive, we introduce the notion of virtual units. A virtual
unit does not exist for the student, however it is an element in the prerequisite
graph. This allows us to have prerequisites with nested conjunctions and dis-
junctions like the following one requiring the learner to visit exactly two of the
three units u1, u2, u3 before visiting u:

(u1 ∧ u2) ∨ (u1 ∧ u3) ∨ (u2 ∧ u3)⇒ u
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This constraint can be implemented with the following four prerequisites
introducing three virtual units v1, v2, and v3:

u1 ∧ u2 ⇒ v1

u1 ∧ u3 ⇒ v2

u2 ∧ u3 ⇒ v3

v1 ∨ v2 ∨ v3 ⇒ u

At each moment, a set of units is called the goal. The goal is what the
user tries to learn. For instance, for class notes the goal is quite constant for a
semester, namely covering a certain minimal set of topics. For a manual, though,
the goal may change whenever the user is accessing the manual.

We do not plan to add negations to the formalism because that would result
in non-monotonic behavior, i.e., units that used to be accessible to the user are
suddenly not accessible anymore. This would violate our guiding principle that
the space the user may explore is maximized, i.e., that the user’s choices are
constrained as little as possible. Furthermore, we believe that this would cause
even more potential usability problems than the appearance of new links as is
common in adaptive hypermedia [9]. However, we do not have any empirical
evidence for the negative effect of non-monotonic adaptive hypermedia as of yet.

2.1 Disjunctions Add Complexity

As will be shown below, disjunctive prerequisites come in handy in some situa-
tions. However, adding disjunctions causes problems, because they add degrees
of freedom. If both, u1 and u2 are required for u, then the user has no choice,
and adding more conditions u3, . . . , uk does not add any new choices. There is
one way to get to u: Visit all units u1, . . . , uk in the prerequisite. However, if we
have a disjunctive constraint u1 ∨ u2 ∨ . . . ∨ un ⇒ u there are 2n − 1 subsets
of u1, u2, . . . , un that can be visited before visiting u. So disjunctions add an
exponential amount of choice. Thus, if the representation with disjunctive and
conjunctive prerequisites would be replaced by a partial-order representation as
in other adaptive hypermedia systems[3, 10], the size of the partial-order graph
would increase exponentially.

That does not seem to be a serious problem, though, because as soon as a
disjunct ui in the above prerequisite gets visited, all the other uj , j �=i, are
redundant because u may be visited now. However, some of the units uj may be
involved in some other prerequisites and have to be visited for other reasons than
just enabling u to be visited. And what’s worse, this is not a local phenomenon:
These other units may be far away in the graph. The algorithm described later
will solve this problem.

2.2 Using Prerequisites to Order Units

We claim that the use of conjunctive and disjunctive prerequisites with virtual
units is powerful enough to describe a large class of dependencies in adaptive
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hypermedia systems. An interesting characteristic of this approach is that it is
relatively independent of the underlying teaching methods and user model. Thus,
it can be used with a wide variety of user models and teaching methods [1]. All
the model needs to output is the set of units that can be considered visited (or
learned, seen, etc.).

Providing just one of many effective sequences to the user would be the wrong
approach, since that would get rid of most of the benefits of having hypermedia
in the first place. Providing conjunctive prerequisites is very close to providing
one sequence only. Furthermore, separating the pedagogical and the logical char-
acteristics of the dependencies makes it more clear what the semantics of the
user model and teaching method are. Finally, adding disjunctions allows one to
nicely describe certain dependencies that are quite important in an educational
setting.

Disjunctive prerequisites are useful if there is redundant material in the hy-
permedia system supporting diverse set of learners. For instance, the same con-
cept can and often should be described in different ways, using different repre-
sentations, different modes of presentation, etc., [11, 12]. However, the student
should have the freedom to select the most appropriate one (from the set of
“good” ones). This relationship can then be described with a disjunction. Of
course, one might argue that the adaptive system should provide the appro-
priate representation and mode. However, that is pushing adaptiveness too far.
Sometimes a system can safely make a good choice, but taking all the decisions
away from the learner is a misguided approach.

Another example use of disjunctions is if one wants to make sure that a stu-
dent sees the use of a certain concept or feature, say of a programming language,
in at least two examples. This constraint can be easily expressed as a disjunction
of conjunctions. Letting ei be the examples and t be the topic to cover, we can
express this constraint as follows.

(e1 ∧ e2) ∨ (e1 ∧ e3) ∨ · ∨ (e1 ∧ en) ∨ · ∨ (en−1 ∧ en)⇒ t

A similar example where disjunctions come in handy is where the instructor
has several illustrating examples to explain an issue in the lecture notes. He wants
to select just one example and make sure he is not going over other, redundant
examples. Conjunctions alone cannot express such a relationship easily. Again,
let ei be the examples and t be the topic to cover. Then, we can express the
instructor’s approach in subtly different ways. If the example needs to be covered
before the topic then this is expressed as follows.

e1 ∨ e2 ∨ · · · ∨ en ⇒ t

If the instructor want to make sure at least one example is used to illustrate
the topic at any time, then we introduce two virtual units v1 and v2 and describe
the organization as follows.

e1 ∨ e2 ∨ · · · ∨ en ⇒ v1

t ∧ v1 ⇒ v2
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Of course, one could implement this prerequisite in some ad-hoc fashion, but
that tends to be a bad idea in the long run and complexity will show its ugly
face in some form sooner or later.

3 Redundant Units

As mentioned earlier, without disjunctions, there is no need to deal with redun-
dant units, because, sooner or later, all units will be necessary. However, as soon
as disjunctions are added, things are getting more complicated. Let’s look at a
few small examples.

Example 1: There is one disjunctive prerequisite, such that at least one of A or
B must be visited before X is visited.

A ∨B ⇒ X

Assume we want to visit X . As soon as A is visited, X may be visited next.
Since X is now enabled, i.e., can be visited, there is no need to visit B, since
it does not enable something of any value. We say that visiting A makes B
redundant (via X). Similarly, visiting B first makes A redundant.

Example 2: We extend the first example by adding B as prerequisite for a new
unit Y and our new goal is Z.

A ∨B ⇒ X
B ⇒ Y
X ∧ Y ⇒ Z

In this case, visiting A does not make B redundant, because B is still needed
to enable Y to be visited. It also becomes clear that visiting A is actually ineffi-
cient. B needs to be visited independently of whether A is visited or not. Thus,
A is redundant before any of the units has been visited, because B is required
and, sooner or later, will be visited.

Example 3: A slightly different situation arises in the final example.

A ∧B ⇒ X
B ∧ C ⇒ Y
X ∨ Y ⇒ Z

Here, we have the case where B is required, although there is only a disjunc-
tive prerequisite for the goal Z.

These examples show that some units may become redundant due to other
units being visited and some units are redundant simply due to the structure
of the prerequisite graph and the goal unit. They also show that these decisions
cannot be made locally.
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3.1 Formalizing Redundancy

Before redundancy of units can be formalized, a few terms need to be defined.

unit A unit is the smallest description of some concept, method, etc. Without
loss of generality for our discussion, it can be thought of as a web page.

goal A goal is a set of units that the user wants to visit, but might not be able
to right now, because it is not enabled yet.

virtual unit A virtual unit is a unit that exists in the prerequisite graph in
order to express the necessary prerequisites (e.g., a disjunction of conjunc-
tions), however, it is invisible to the user, i.e., it does not represent an actual
page.

visited unit A unit is visited if the concept the unit describes is assumed to
be known by the user. Only enabled units may be visited. When and why a
concept is assumed to be known depends on the user model. For simplicity
reasons, without sacrificing any generality, we assume that the user visiting
a page means he or she has actually learned its content.

enabled unit A unit is enabled if all of its prerequisites are satisfied. If the
prerequisite is a conjunction, then all of its prerequisite units need to be
visited. If it is a disjunctive prerequisite, then at least one of the units needs
to be visited.

redundant unit A unit is redundant if it has not been visited, and visiting it
does not enable any unit at any time in the future. A more formal description
follows below.

In a simple web-based adaptive hypermedia system (WHAM, see section
3.4) where we employed the described adaptive algorithm, we used three types of
hyperlinks: recommended links displayed in bold blue; redundant links displayed
in purple; and forbidden links which were plain text, i.e., not links. Recommended
links pointed to enabled, non-redundant units. No links (or forbidden links)
were made to units that were not enabled. Redundant links pointed to enabled,
redundant units.

Redundant units can then be defined as follows. Let P = {u1, u2, . . . , uk}
be the set of units representing the prerequisite units of P ⇒ u. A future-
enabled unit is a unit that is enabled assuming that all required units have
been visited in addition to those units the user actually has visited. Then we
can recursively define a redundant unit u as follows, where “→” stands for the
material implication:

redundant(u) ≡ ∀P ′.(u ∈ P ′)∧ (P ′ ⇒ u′)→ redundant(u′)∨ futureEnabled(u′)

That is, u is redundant if all units u′ for which u is a prerequisite are either
redundant, or enabled or will be enabled for sure in the future. An efficient
algorithm to find most, but not necessarily all, of these redundant units will be
presented below.
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3.2 Complexity of Finding Redundant Units

Finding enabled units is easy, and therefore, finding disabled units is easy. The
real difficulty in a computational sense lies in finding the redundant units as we
will see in a moment.

The input to the problem of finding redundant units are the prerequisite
graph G = (V, E), the goal unit g, and the set of visited units U . We assume
that there is only one goal unit. If there are more than one, say u1, . . . , un

then we simply introduce a new, virtual unit g and a conjunctive prerequisite
u1 ∧ . . . ∧ un ⇒ g. The graph’s vertices V is the set of units in the graph, and
the directed edges E are between the prerequisites of a unit and the unit.

Unfortunately, finding out whether a unit is required is NP-complete as can
be seen as follows. Let v(u) stand for “unit u has been visited.” Let F be a set
of formulas in propositional logic as follows. For each conjunctive prerequisite
u1 ∧ . . . ∧ uk ⇒ u add v(u)→ v(u1) ∧ . . . ∧ v(uk) to F because u can only have
been visited if all u1, . . . , uk have been visited. Similarly, for each disjunctive
prerequisite u1∨ . . .∨uk ⇒ u add v(u)→ v(u1)∨ . . .∨v(uk) to F . Then, to show
that u is required one has to show that F ∪ {g} � u. This is equivalent to the
satisfiability problem which is known to be NP-complete [2]. Thus, we cannot
expect to find an efficient algorithm that finds all required units.

Although this is bad news, all hope is not lost. If the graph and the goal are
constant, then finding the required units can be done off-line. For instance, for
class notes the goal can be assumed to be constant for the whole semester, namely
cover a certain minimal set of topics. However, for a manual where the goal
changes very often, solving an NP-complete problem in realtime is not feasible.
Although finding required units is hard, finding only those redundant units as a
function of enabled, but not future-enabled, units can be done efficiently.

3.3 Finding Most Redundant Units

Now that it is clear that we cannot find all redundant units on the fly, we look
at a simpler version of the problem that will result in an algorithm that is
correct but not complete, i.e., it will find only redundant units but possibly not
all. However, the same algorithm can be used to find all redundant units if all
required units are known.

Finding Redundancy-Propagating Paths The prerequisite graph G is ini-
tialized independently of the user’s actions and goals, i.e., the initialization is
only dependent on the prerequisites. Once the graph is initialized, redundant
units can be efficiently computed while the user is visiting pages.

A unit u was earlier defined to be redundant if ∀P ′.u ∈ P ′ ∧ P ′ ⇒ u′ →
redundant(u′) ∨ futureEnabled(u′). Note that “futureEnabled” may have to be
replaced with “enabled” depending on whether the required units have been
computed or not. Checking each enabled unit recursively to find out whether it
is redundant or not would be prohibitively expensive.
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Therefore, we devised an algorithm that allows redundancy to be propagated
from visited towards non-visited units, which is computationally much cheaper.
This requires the system to find the so-called redundancy-propagating paths in
the prerequisite graph G = (V, E) as follows. (We say that a vertex “represents
a conjunct/disjunct” if it is part of a conjunctive/disjunctive prerequisite.)

for each vertex v in reverse topological order do
// i.e., ordered such that if there is a path from v′ to v′′,
// then v′′ must appear before v′ in the topological order
c(v) ← |tokens(v)|
for each vi, where (vi, v) ∈ E do

tokens(vi) ← tokens(vi) ∪ tokens(v)
if (vi, v) represents a conjunct then

t← new unique token
tokens(vi) ← tokens(vi) ∪ {t}

end if
end for each
// the set tokens(v) can now safely be deleted

end for each

The algorithm generates a unique token for each conjunct in a prerequisite
and propagates it away from the goal. Each vertex v then counts how many
different tokens arrive which is the number, denoted as c(v), of different conjuncts
it is involved in. Then, an edge (vi, vj) is redundancy propagating (rp) from vj

to vi, if the following condition holds:

rp(vi, vj) =




true if (vi, vj) represents a conjunct ∧ c(vi) = c(vj) + 1
true if (vi, vj) represents a disjunct ∧ c(vi) = c(vj)
false otherwise

The time complexity of this algorithm is O(|V |2) which is fast enough since
it has to be run only once for a given set of prerequisites and is independent of
the goals. Note that it is also independent of knowing the required units.

Propagating Redundancy Once the user starts using the hypermedia system,
all new redundant units need to be found each time a unit is visited. Thus, this
algorithm needs to be very efficient to be useful.

We define a procedure visit(v) that is called for a vertex when it is visited. Of
course, only enabled vertices can be visited. Procedure visit(v) checks whether
visiting v resulted in another unit becoming enabled. If so, procedure propagate
defined below will find the redundant units.

procedure visit(v):
visited(v) ← true
for each vi, where (v, vi) ∈ E do

// one step forward
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if enabled(vi) then
// start from vi and propagate redundancy backwards
propagate(vi)

end if
end for each

end procedure

Procedure propagate finds redundant units by searching backwards along the
redundancy-propagating paths only. Note that we only have to call propagate if
visiting v caused vi to become enabled, but not if it was already enabled before
v was visited. We omit this code here for simplicity.

procedure propagate(v):
if not redundant(v) and not visited(v) then

for each vi, where (vi, v) ∈ V do
if rp(vi, v) then

// we only propagate along the redundancy-propagating paths
propagate(vi)
redundant(vi) ← true

end if
end for each

end if
end procedure

Worst time complexity is O(|V |). However, this is irrelevant for any practical
system. Since each vertex can become redundant only once and the user will
need to visit O(|V |) vertices, the expected time complexity is roughly constant
as informal testing has shown.

3.4 Implementation for the World Wide Web

We have implemented these algorithms in WHAM (Web-based Hypermedia for
Adaptive Manuals) using a simple user model, that stores which pages the user
believes to understand and which not. Initially, we want to use this prototype
to study the following issues: does the distinction between recommended, re-
dundant, and forbidden links support scaffolded exploration effectively; is the
continuously changing interface (links may come and go) a source of serious
usability problems or not; are very simple user models good enough for many
situations, or do we need indeed advanced cognitive models to provide useful
navigation support.

In WHAM, the above algorithms are implemented using Java applets ac-
cessing a relational database storing the prerequisite graph including the count
c for each node used to compute whether a link is redundancy propagating.
The algorithms needed to be modified to work for large web sites. Computing
the redundancy-propagating paths requires all nodes to be visited in topolog-
ical order. Since there may be very many nodes to be visited when traversing
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the prerequisite graph, an iterative version of topological sort is used. The visit
and the propagate functions are currently implemented recursively since they
are not expected to traverse many edges of the prerequisite graph. All the data
structures are implemented as tables in a relational data base (we use MySQL
as relational database together with Apache as web server). The transformation
of above rather simple looking algorithms into an efficient iterative, database-
oriented version was not as straight forward as we expected.

The result is an efficient and scalable set of Java applets that can be used in
various ways by adaptive hypermedia systems that implement different kinds of
pedagogical models and different kinds of user models.

4 Conclusions

A large class of curriculum sequences can be described with conjunctive and
disjunctive prerequisites. Using disjunctions implies that some of the content is
redundant. By separating out logical redundancy from the pedagogical rules,
we can simplify those rules and focus on the pedagogical issues more. However,
using disjunctions comes, as so often, with a price to pay. Finding redundant
units, or pages, is not easy, and to find all redundant units may be prohibitively
expensive.

We have presented an algorithm that initializes the prerequisite graph, so
that all redundant units that are only dependent on visited, but not on required,
units can be found efficiently. If there is enough time to compute all the required
units, for instance, if the goal is not going to change while the user is using the
system, then the algorithm is complete, i.e., it will find all redundant units.
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Abstract. Most web services take a “one size fits all” approach: all visi-
tors see the same generic content, formatted in the same generic manner.
But of course each visitor has her own information needs and preferences.
In contrast to most personalization systems, we are interested in how ef-
fective personalization can be with zero additional user input or feedback.
This paper describes PWW, an extensible suite of tools for personaliz-
ing web sites, and introduces RBPR, a novel zero-input recommendation
technique. RBPR uses information about a visitor’s browsing context
(specifically, the referrer URL provided by HTTP) to suggest pages that
might be relevant to the visitor’s underlying information need. Empiri-
cal results for an actual web site demonstrate that RBPR makes useful
suggestions even though it places no additional burden on web visitors.

1 Introduction

Most web services take a “one size fits all” approach: all visitors see the same
generic content, formatted in the same generic manner. But of course every visi-
tor has their own needs and preferences. Consider visitors to a computer science
department web site: a student might want course materials; a prospective stu-
dent might want application information; an employer might want lists of grad-
uating students; a journalist might want general background information about
the field of computer science. Personalized information services—delivering the
right information, at the right time, in the right format—represent the Holy
Grail of web design.

Personalized content requires access to a representation visitors’ information
needs and preferences. Much recent personalization research requires that visi-
tors explicitly describe their interests. Content-based systems (e.g. [5, 2]) require
that users explicitly provide a model of what they are looking for, such as a list
of query terms. Collaborative or social filtering systems (e.g. [8, 10]) require that
users rate items. While user-interface design can simplify the process of provid-
ing such information (e.g., [1]), a natural question arises: Can personalization be
effective with no explicit visitor input?

Web personalization can take many forms, from client-side browsing assis-
tants that help users find interesting web sites, to server-side tools for augmenting
an existing web site with personalization features, or automatically generating
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personalized web views. We focus on the intermediate goal of suggesting pages
within a web site that that visitors will find relevant or interesting. Specifically,
in this paper, we (1) describe PWW, a suite of personalization tools for rapidly
adding personalization features to an existing web site; and (2) use PWW to
investigate referrer-based page recommendation, a novel zero-input recommen-
dation technique.

The intuition behind referrer-based page recommendation is as follows. When
a visitor arrives at a web site, she carries with her a rich browsing context that
can illuminate her ultimate information needs and preferences. For example, sup-
pose a visitor arrives at a computer science department web by selecting a hy-
perlink on a page that contains word such as course, degree and application.
A referrer-based page recommendation system would notice that this referrer
page shares many words with web pages presenting information for prospec-
tive students. On the other hand, if the referring page contains terms such
as project and grant, the recommendation system would suggest pages re-
lated to the department’s research, since such pages would contain these terms.
Referrer-based page recommendation uses information retrieval techniques to
suggest pages based on their similarity to the visitor’s referrer page. The main
advantage of referrer-based recommendation over alternative approaches is that
it imposes no additional burden on site visitors. Finally, we observe that page
prediction has uses beyond personalization. For example, such predictions can
be used by browsers to improve caching, and by servers to prefetch requests.

The remainder of this paper is organization as follows. In Section 2, we for-
malize our approach to web personalization and describe the PWW system. In
Section 3, we describe our main technical contribution, the referrer-based page
recommendation technique. We then empirically demonstrate that this technique
makes useful suggestions, even though no explicit user input is needed (Section
4). We conclude with a discussion of related work (Section 5), and a summary
of our contributions and future plans (Section 6).

2 Personalizing Web Sites

Our personalization research is aimed at building server-side tools that help vis-
itors to a particular web site find interesting or relevant web pages. Specifically,
we assume that visitors browsing through the site have some particular informa-
tion need or goal, and we seek to provide assistance that is tailored or customized
to that need.

Our ultimate goal is to customize both layout and content based on a visitor’s
information needs. In the current implementation, PWW tackles one aspect of
this personalization process: PWW suggests which of a site’s web pages are likely
to be relevant. The recommendations are displayed in a personalization frame;
the original web site is left intact and displayed in its own frame.

As described in the introduction, recommender systems usually require that a
visitor states her information need, either explicitly (in the case of content-based
filtering) or implicitly (in the case of collaborative filtering). As an alternative,
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we are interested in inferring a visitor’s information need. To do so, we exploit
the fact that visitors do not simply read isolated web pages, but rather browsing
is an interactive process that generates a rich browsing context. Our zero-input
personalization techniques attempt to infer a visitors information needs from
this browsing context.

We formalize our intuitions below, but for now we can informally state the
page recommendation process as follows: given some representation C of a vis-
itors browsing context, and her current web location U , we want to compute a
set R(C, U) = [R1, R2, . . .] of personalized URL recommendations.

PWW operates by repeatedly offering personalized suggestions to each visi-
tor. When the visitor requests page U , PWW detects her context C, and then
displays page U as rendered by the original web site, as well as a separate frame
listing the recommendations R(C, U). The visitor then selects a new hyperlink
U ′—either one of the links on page U or some recommendations in the list
R(C, U). As a result of this additional browsing activity, the visitor’s context
becomes updated to C′ and the process repeats, with page U ′ being displayed
together with recommendations R(C′, U ′).

This high-level problem statement encompasses a vast space of approaches
to personalization. PWW is an extensible suite of tools for incorporating rec-
ommendation techniques that can be described in this manner into existing web
sites. Because PWW is extensible, we see it as a research platform for both devel-
oping new recommendation techniques, and for comparing existing techniques.
We have used PWW to develop our novel referrer-based page recommendation
technique, and are currently adding collaborative filtering techniques to PWW.

In the next section, we describe referrer-based recommendation in detail, but
first we show how PWW has been used to enhance the UCD/CS web site; see Fig-
ure 1. Suppose a visitor is interested in Kushmerick’s AdEater system that learns
to remove advertisements from web pages. To find a description of this research,
the visitor might reasonably submit the query terms “kushmerick adeater” to
a search engine such as Lycos; see Figure 1(a). Note that Lycos’ search results
include a hyperlink to page describing Kushmerick’s research. When selected,
this hyperlink leads to the page shown in Figure 1(b). The main frame of this
page is the original web page as it would be rendered without PWW. PWW
occupies the small frame at the bottom of the page. As we describe in the next
section, PWW uses referrer-based page recommendation to suggest a small set
of pages within the UCD/CS web. These suggestions are displayed in the menu
in the lower-left corner of Figure 1(b). Note that PWW’s top-ranking suggestion
describes the AdEater project. (The other suggestions, while not strictly rele-
vant, involve related research projects and lecture materials.) Note that PWW’s
suggestions are personalized (different visitors get different recommendations
based on their browsing context), and require no user input (the visitor need
not explicitly tell PWW anything about her needs and preferences).

PWW has been fully implemented as a distributed collection of Java servlets
and applets, and Javascript. Visitors are individuated and tracked with cookies,
and requests to the UCD/CS web are passed through PWW. PWW replaces the
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(a) (b)

Fig. 1. A visitor clicks on an external hyperlink into the UCD/CS web (a), and
PWW provides personalized suggestions for other UCD/CS pages that might be
relevant (b).

original page with the two-frame page as shown in Figure 1(b), and then invokes
the recommendation module to create the suggestion menus. PWW currently
uses referrer-based page recommendation, and we are currently implementing a
collaborative filtering module.

3 Referrer-Based Page Recommendation

Referrer-based page recommendation (RBPR) is a URL recommendation algo-
rithm as defined in the previous section: the input is a representation of the
visitor’s browsing context C and the visitor’s current URL U , and the output is
a ranked list of suggested URLs, R(C, U).

The intuition underlying RBPR is as follows. Suppose you are searching for
Alon Levy’s work on data integration, so you decide to submit the the query
“alon levy data integration” to a search engine. The output from this query
will probably include (among many others) a hyperlink to Levy’s home page in
the University of Washington Department of Computer Science & Engineering
(UW/CS&E) web, www.cs.washington.edu/homes/alon. If you decide to select
this link, then a personalized version of the UW/CS&E web might suggest you
go to data.cs.washington.edu/integration/tukwila, which describes Levy’s
Tukwila data integration system. (A particularly confident personalization sys-
tem might even override your request for Levy’s home page and take you directly
to its top suggestion.)
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How does PWW use your browsing context to infer that you are interested
in Tukwila? The page you were looking at when you requested Levy’s home
page (called the referrer URL, in HTTP parlance) contains numerous terms—
data, integration, names other researchers, etc.—that provide valuable clues
about your “true” information need. RBPR uses the terms from the referrer
URL as query against the entire UW/CS&E web, and then suggests the K
highest-ranking pages (we call K the retrieval window, and use K = 5 in the
implementation).

RBPR assumes that document that rank highly with respect to this query
are likely to be relevant to the visitor’s “true” information need. In terms of
the model described earlier, the browsing context C comprises the referrer URL,
and RBPR is a technique for inferring a visitor’s true information need from the
context C. Specifically, RBPR assumes that the visitor’s true information need
can be characterized by a list of query terms, and RBPR guesses these terms by
examining the page containing the hyperlink that lead the visitor to the site.

Since the referrer URL is standard HTTP header, the RBPR algorithm can
be implemented entirely on the server. We have explored two techniques for
constructing the query terms from the referrer URL. First, the URL itself of-
ten contains relevant terms. For example, the Levy example above the refer-
rer URL might be www.metacrawler.com/crawler?general=alon+levy+da-
ta+integration. In this first “URL only” mode, RBPR simply removes punctu-
ation from the referrer URL, and uses the resulting terms as the referrer query.
Alternatively, in “referrer contents” mode, RBPR extracts the query terms from
the actual contents of the referrer URL.

“URL only” mode has the advantage of being very fast, since RBPR can
start generating suggestions as soon as the original HTTP request arrives. The
disadvantage is that some referrer URLs do not contain indicative terms. Fur-
thermore, “URL only” mode is well suited to searchable web indices, but some
search engines use POST rather than GET forms, and the search terms are
simply not available in the HTTP request. However, we find that “URL only”
mode is appropriate not just for search engine output, but also for static pages.
For example, www.rulequest.com/see5-examples.html contains a hyperlink to
Kushmerick’s home page, because it mentions the AdEater system as one appli-
cation of the C4.5 machine learning algorithm. Presumably a visitor to UCD/CS
selecting this hyperlink would be interested in the AdEater description rather
than the home page. Fortunately for “URL only” mode, the referrer query and
the AdEater page both contain the term rulequest.

“Referrer contents” mode has the advantage of being more accurate, but
RBPR can not generate suggestions until the referrer URL has been retrieved.
In an attempt to get the best of both worlds, the PWW generates an initial
preliminary set of recommendations using “URL only” mode, and displays them
for the visitor. In parallel, RBPR operates in “referrer contents” mode. The
initial recommendations are invisibly replaced when the final recommendations
have been computed.
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RBPR uses standard information retrieval term-vector techniques for iden-
tifying pages relevant to the referrer query terms. In an off-line indexing phase,
RBPR indexes the entire web site to which PWW applies.

In the next section, we empirically demonstrate that RBPR makes reasonably
useful recommendations, despite the fact that RBPR requires no explicit input
about a visitor’s information needs. Before describing our experiments, we first
observe that there are certainly situations in which RBPR does not work. Though
standard, clients might not provide the Referrer HTTP header, either because
it is undefined (e.g., the visitor directs their browser at a URL directly rather
than selecting a hyperlink) or to maintain privacy. Furthermore, it is easy to
envision counterexamples that directly contradict RBPR’s heuristic assumption
that a visitor’s information needs can be approximated by the referrer terms.
For example, in the Levy example, the metacrawler term extracted in “URL
only” mode could lead RBPR to incorrectly suggest Selberg and Etzioni’s work
on meta-searching [9], which is also described in the UW/CS&E web.

4 Evaluation

Despite these complications and subtleties, our experiments demonstrate that
referrer-based page recommendation represents interesting progress toward the
goal of zero-input personalization.

Before we can describe our experiments, we must first define how we measure
the performance of PWW. We are interested in a numeric measure of how “use-
ful” are PWW’s recommendations. Ideally, PWW’s first recommendation would
be a page that satisfies their information need. Unfortunately, without intrusive
intervention, we can know neither a visitor’s true information need, nor whether
any particular page they they saw satisfied that need. That is, we have no way to
determine whether a visitor gave up in frustration after browsing though several
hyperlinks, or found exactly what they were looking for and left satisfied.

Our evaluation metric is therefore based not on whether visitors’ information
needs are satisfied, but rather whether RBPR would speed visitors’ navigation
through the site. Specifically, we will measure the fraction of selected hyperlinks
that are “anticipated” by RBPR in a previous recommendation. For visitors that
exit the site with their information need satisfied, optimizing navigation time is
equivalent to optimizing search for a “goal” page. For visitors that leave the site
dissatisfied, we expect that visitors would prefer to reach this decision as soon
as possible.

More precisely, consider a scenario in which a visitor enters a PWW-enabled
web site from page U0 by selecting a hyperlink to U1 (so that the referrer is
U0), and then goes on to request pages U2, U3, and so on, leaving the site
after visiting URL UN . PWW first calculates the best K recommendations
R(U0, U1) = [R1, R2, . . . , RK ], where K is the retrieval window. Then, when
the user requests page Ui, the page is displayed along with these K suggestions.
Note that all recommendations are based on the first referrer URL, since that is
most likely to contain useful hints regarding the visitor’s true interests.
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Fig. 2. Empirical results: percentage of useful suggestions as a function of the
retrieval window K.

To evaluate RBPR, we are interested in how many recommendations are
eventually selected by the visitor. Each such overlap represents an opportunity
for PWW to recommend a shorter trajectory through the site. Specifically, the
performance of PWW for a single visitor is measured in terms of effectiveness,
the fraction of URLs that were both recommended by PWW and visited by the
user:

effectivenessPWW =
|{1 ≤ i ≤ N : Ui ∈ [R1, R2, ..., RK ]}|

N

To evaluate PWW for a series of visitors we average this per-visitor effectiveness.
We evaluated RBPR using access logs from actual visitors to an indepen-

dently maintained web site. The Music Machines site [machines.hyperreal.org]
contains 4227 pages about electronic musical instruments. These access logs to
this site have been used by Mike Perkowitz and Oren Etzioni in their research
on adaptive web sites [6, 7]. (This dataset is not a standard server log; Perkowitz
and Etzioni used cookies and heuristics to partition the accesses according to
individual visitors.)

We evaluated three RBPR in the two modes, and measured the effectiveness
of RBPR as a function of the retrieval window K; we varied K from 1 to 20.

Our results are shown in Figure 2. Performance is poor with K = 1, though
since Music Machines contains more than four thousand pages performance is
still well above chance. As K reaches 20, performance asymptotically reaches
9.3% for the “referrer content” mode, and 6.8% for “URL only” mode. Our
choice of K = 5 is justified by these data: for K > 5, the increase in perfor-
mance is probably outweighed by the fact that visitors must examine long lists
of recommendations.
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While RBPR’s best performance of about 9% is hardly earth-shattering,
recall that these recommendations do not require the visitor to assist PWW in
any way. Visitors do not have to express their interests in terms of query terms,
and they do not need to rate web pages during browsing. Furthermore, note
that because the contents of the referrer URLs or Music Machines itself might
have changed substantially in the two years since the dataset was gathered, our
experiments probably underestimates PWW’s performance on live data.

We observe that hyperlink recommendation is notoriously difficult. For ex-
ample, [2] report that WebWatcher makes useful recommendations about 43%
of the time based on an explicit statement of the visitors interests, while expert
human performance on this task is about 48%. We do not claim that RBPR
outperforms alternative page recommendation algorithms, but rather that it
represents evidence that zero-input personalization can be effective.

Joachims et al also report that randomly guessing URLs is effective about
22% of the time, and thus WebWatcher is 1.95 times more useful than random
guessing. Note that WebWatcher recommends one of the current page’s URLs,
while PWW recommends URLs from the entire Web site. Suppose PWW is
deployed on a web site containing W pages, and a visitor examines N of these
pages during her visit. PWW tries to guess which pages the user will visit, and
thus the probability of guessing correctly is N/W . PWW makes K suggestions
per page, so over the course of the N pages visited PWW makes KN suggestions.
If we define Pr[i] to be the probability of making exactly i useful suggestions,
then effectiveness of random guessing is:

effectivenessrandom =
KN∑
i=1

i

KN
Pr[i].

Pr[i] obeys a Binomial distribution, where the probability of success (making a
useful recommendation) is N/W :

Pr[i] = (N/W )i(1 − N/W )KN−i

(
KN

i

)
.

In our experiments, K = 5 and W = 4227. If visitors examine N = 5 pages,
then we have effectivenessrandom = 0.12%, making PWW 9.3

0.12 = 77 times more
effective than random guessing.

5 Related Work

Most work on automatic personalization requires some form of user input. Con-
tent-based systems (e.g. [5, 2]) require that users describe what they are looking
for; when applied to web recommendation this corresponds either to lists of query
terms, or to page ratings from which query terms are derived automatically.
Collaborative or social filtering systems (e.g. [8, 10]) require that users explicitly
rate items, such as clicking a “thumbs up/down” button. There has also been
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some informal attempts to sidestep explicit user input by measuring quantities
thought to be correlated with interest [1].

Three recent systems are based on a zero-input customization model: Letizia
[4], Footprints [11], and Conceptual Cluster Mining [7].

Letizia is a browsing assistant that finds relevant web pages by searching in
the neighborhood of the current page for pages that are similar to recently-visited
pages. PWW and Letizia provide complementary functionality. As a server-
specific enhancement, PWW is designed to assist all visitors to a particular
site; as a client-side browsing assistant, Letizia helps a particular user wherever
they may be in hyperspace. One more substantial difference is that Letizia can
not offer suggestions until it has observed at least one request/response cycle,
which is arguably when the visitor needs the most assistance. In contrast, PWW
provides recommendations in all responses, and it’s first set of recommendations
are likely to be the most helpful. Letizia is the most similar to PWW of the sys-
tems described in this section, but [4] does not evaluate Letizia experimentally
and so the two can not be empirically compared.

Neither Footprints nor Conceptual Cluster Mining are aimed at web per-
sonalization, but rather optimization (to use the terminology in [6]): based on
an analysis of all user accesses, these systems make these modifications avail-
able to any subsequent visitor. Footprints identifies hyperlink paths that are
frequently traversed, and suggests these paths to visitors. While some paths will
inevitably be suboptimal, the intent is that eventually a set of useful paths will
naturally emerge. Conceptual Cluster Mining involves automatically builds new
index pages that contain hyperlinks to sets of documents that past visitors often
tended to access together.

These systems represent interesting progress in self-adaptive web sites, but
PWW and other personalization systems offer complementary services. While
some “personalized” recommendations may be so useful as to merit displaying
them to all visitors, we expect that other specialized recommendations will be
relevant only to relatively few visitors. One possibility is a hybrid approach that
mines lists of personalized recommendations rather than the server logs.

6 Conclusions

We are motivated by the problem of one-size-fits-all web design. Any non-trivial
web attracts a variety of different visitors, and could therefore serve those visitors
better if the information were tailored to their tastes and preferences.

This sort of automatic personalization is an ambitious goal, so (in common
with much on-going research) we have focused on the more modest goal of rec-
ommending hyperlinks. We have focused specifically on how effective such rec-
ommendations can be when provided with no feedback or input from the user.
We have describe a novel technique, referrer-based page recommendation, that
makes effective recommendations over 9% of the time, quite respectable given
the very little knowledge it has of visitors. RBPR estimates a visitor’s informa-
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tion need based on his browsing context (specifically, his HTTP referrer URL),
and uses standard information retrieval techniques to identify relevant pages.

We are currently extending PWW is several ways. We are interested in per-
sonalizing both web content and layout. Doing so will require a structured model
of the web site’s content; we are investigating the use of information extraction
techniques (e.g., [3]) to extract such structure. Using one page of browsing con-
text is clearly inadequate in some cases. We are considering ways to incorporate
additional evidence about a visitor’s information needs while maintaining the
zero-input constraint. Unfortunately, such extensions will require client-side co-
operation, and we may find that the requirement to download additional software
outweighs the benefits of better predictions. RBPR does not use any form of
query term selection, but the information retrieval community has investigated
this issue at length. While RBPR’s performance could probably be improved
substantially, we are currently investigating how to combine its recommenda-
tions with other techniques, such as collaborative filtering. As Joachims et al
observe for WebWatcher [2], we expect that there is no single best recommenda-
tion technique, and so the most fruitful approach is to integrate the suggestions
from multiple techniques. Finally, we are exploring the privacy issues related to
web personalization. While PWW guarantees visitors’ anonymity and uses only
information available to any HTTP server, we observe that web users tend to
react uncomfortably when “intelligent” user interfaces start behaving in unex-
pected ways.
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Abstract. Intermediaries are perfectly suited to customizing and an-
notating web pages, as they can stand in the flow of data between
web browser and web server, monitoring user behavior and modifying
page markup. In this paper, we present LiveInfo, an intermediary-based
framework for customizing and annotating web pages. LiveInfo breaks
customization and annotation into four steps: (a) splitting streaming
data into useful chunks, (b) identifying meaningful patterns of chunks,
(c) merging together overlapping patterns, and (d) adding markup to
customize and annotate. Each of these steps is easily replaced or config-
ured, making it simple to adapt web experience by customization and
annotation.

1 Introduction

The World Wide Web (WWW) presents users with a particular view of informa-
tion — the view that the information authors built into it. Systems for adapting
the web to individual users or to groups of users can present different views of
the available information. Many approaches for adapting the web are targeted
at applications such as education, modifying what links appear on pages based
on a user’s skill [1,2]. Other approaches adapt web pages to a user’s history of
interaction with the web by adding links to pages that have been repeatedly
visited [3,4]. A system for adapting web pages is a special case of an attentive
system [5], as adapting web pages involves monitoring what web users see and
modifying what web users see, effectively paying attention to what users do to
attend to users’ information needs. Intermediaries are particularly well-suited to
adapting web pages, as they sit between an information consumer and an infor-
mation producer, monitoring and modifying data that flow between them [6,7].

In this paper, we outline an intermediary-based approach for adapting a web
user’s experience through customization and annotation. In what follows, we
first discuss intermediary computation in general, and then describe LiveInfo,
our intermediary-based scheme for web page adaptation by customization and
annotation.

P. Brusilovsky, O. Stock, C. Strapparava (Eds.): AH2000, LNCS 1892, pp. 144–154, 2000.
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2 Intermediaries

Intermediaries are a general class of computational entities that act on data
flowing along an information stream [6,7]. In general, intermediaries sit along
a data flow, possibly affecting the data that flow from some origin to some
destination. In the case of TCP/IP computer networks, the abstract concept
“intermediary” might be instantiated as a hypertext transfer protocol (HTTP)
proxy server, which provides a specific point on the communication stream for
adding function. Many other application-layer protocols support the addition
of intermediary computation, including simple mail transfer protocol (SMTP),
which can incorporate mail exchangers at specific points along the flow, and
network news transfer protocol (NNTP), which involves peer-to-peer information
transfer and so servers themselves can act as intermediaries.

At a low level, there are a variety of ways in which an intermediary might
affect the flow of data (see Figure 1). In the simplest case, an intermediary might
tunnel data through without having any effect on the data at all. Another basic
intermediary function is filtering, which preserves the essential structure of the
origin data, but removes or adds information to the stream. An intermediary
can replace the origin data with data from a different source, or it can merge
data from several different sources.

Tunnel Data

Filter Data

Replace Data

Merge Data

Fig. 1.An intermediary can performmany operations on data flowing through it.

At a higher level, an intermediary can perform a variety of functions. For
HTTP streams, for instance, intermediary computation (e.g., by an HTTP proxy
server) might be used to (a) customize content based on history of interaction of
individual users [3,4], (b) annotate content with traffic lights to indicate network
delay [3,8], (c) add awareness and interaction to enable collaboration with other
users [9,10], (d) transcode data from one image type to another [11,12], (e) cache
content, and (f) aggregate content from several sources. Thus, we distinguish six
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broad applications of intermediary computation: customization, annotation, col-
laboration, transcoding, caching, and aggregation. More precisely, we distinguish
these intermediary functions by the kinds of information they take into account
when performing their transformations. Customization takes into account infor-
mation about the user or the user’s environment when modifying data on the
stream, for instance, adding links the user often visits. Annotation takes into
account information about the world outside the user or user’s environment, for
instance, by determining link speed. Collaboration takes into account informa-
tion about other users, for instance, what web page they are currently visiting.
Transcoding takes into account information about the data’s input and desired
output format, for instance, transforming a JPEG to a GIF image. Caching takes
into account when data were last stored or last changed. Aggregation takes into
account a second data stream, for instance, merging results from several engines
into a single page.

2.1 Customization and Annotation

Here, we focus on customization and annotation. As noted, these are distin-
guished from other sorts of intermediary functions by what the intermediary
process takes into account. Customization uses information about the user to
tailor the data flowing along the stream. For instance, the way many web-based
shopping sites automatically fill out forms based on stored user profiles is a kind
of customization (such as, Yahoo! Shopping1). In adaptive hypertext, one com-
mon customization is to incrementally add links to pages based on a student’s
familiarity with a course, for example, allowing the student access to more ad-
vanced material only after the student has a certain amount of experience with
less advanced material (e.g., [1]). In the case of automatic form-filling, the web
is customized based on an explicit profile provided by the user. In the case of
adaptive courseware, pages are customized based on a model of the user gathered
implicitly from user activities (see also [2]).

Annotation relies on information about the world outside the user to tai-
lor data flowing along the stream. For instance, many web systems have been
constructed to annotate hyperlinks on web pages with visual indications of how
popular or well-traveled the link is (e.g., [13,14]). Others have used auditory an-
notations to convey a link’s popularity [15] or how long it takes to download [16].
Still others have annotated links to network news articles with ratings [17] or
links to search results with visual indications of relevance along certain dimen-
sions [18]. In all cases, annotations are derived from information about the doc-
ument, its history of use, its server, and so on.

Of course, customization and annotation can be combined by an intermediary
process that takes account of both information about the user and information
about the world outside the user when tailoring the data stream. Taken together,
customization and annotation can do more than the two taken independently,

1 http://shopping.yahoo.com/
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as annotations can be customized and customizations can be annotated. For in-
stance, adaptive courseware might customize pages to users’ abilities, removing
and adding text and links as appropriate, and then added links might be an-
notated with information about the difficultly of the linked-to material (cf. [2]),
resulting in annotated customization.

2.2 Web Intermediaries (WBI)

TheWeb Intermediaries (WBI) Development Kit2 is an implemented Java frame-
work for adding intermediary functions to the WWW [6,7,3]. WBI is a pro-
grammable proxy server designed for easy development and deployment of in-
termediary applications. Using WBI, intermediary applications are constructed
from four basic building blocks: request editors, generators, document editors,
and monitors. We refer to these collectively as MEGs, for Monitors, Editors, Gen-
erators. Monitors observe transactions without affecting them. Editors modify
outgoing requests or incoming documents. Generators produce documents in re-
sponse to requests. WBI dynamically constructs a data path through the various
MEGs for each transaction. To configure the route for a particular request, WBI
has a rule associated with each MEG that specifies a boolean condition indicating
whether the MEG should be involved in a transaction based on header informa-
tion about the request or response. An application (WBI plugin) is composed of
a number of MEGs that operate in concert to produce a new function.

One way WBI can customize web pages is by adding links to pages frequently
visited by a particular user [4]. Because web users rely on routines and standard
behaviors to access information, WBI’s “Short Cuts” plugin adds links to pages
that a user routinely visits shortly after visiting the current page. This plugin
uses a monitor to build up a database of pages that a user visits, and a document
editor to add links when there are pages in the database that the user habitually
visits within some number of links from the current page.

One way WBI can annotate web pages is by adding extra information about
the hyperlinks on a page, such as the speed of downloading information from
a particular site [3]. WBI’s “Traffic Lights” plugin uses a document editor to
add green, yellow, and red images next to hyperlinks to inform the user that
responses from the server on the other end of that link is fast, slower, or slowest.
It turns out that people can effectively use these traffic images to help themselves
decide which links to follow [8].

3 LiveInfo Framework

LiveInfo is a WBI plugin for customizing and annotating hypertext markup
language (HTML) data. It provides a mechanism for transforming “interesting”
words or phrases into visually distinct hyperlinks. When followed, these LiveInfo
links pop up a non-disruptive, floating window that contains more information

2 http://www.almaden.ibm.com/cs/wbi/
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about the hyperlinked word or phrase. In one example, an IBM employee’s name
appearing in a web page from the ibm.com domain is transformed into a hyper-
link with a pale blue background. When clicked, this link will pop up summary
data for that person from the IBM-internal directory, including phone number,
email address, and so on (see Figure 2).

Pop up info

Annotated name

Fig. 2. Web page showing annotation of IBM employee name, and a pop up
window showing employee data.

Annotating web pages with hyperlinks is not new (see GuruNet3, flyswat4

and Wordbot5), but such previous systems were inflexible. For example, Gu-
ruNet and flyswat are tied to browser-specific plugins as well as proprietary
and non-extensible content sources. By contrast, LiveInfo was designed to be
client-neutral and to allow content to be extended. This flexibility is achieved
with an open, pluggable architecture built on the WBI application program-
ming interface (API)6. In particular, the logic for recognizing and annotating
items in a document can be loaded and unloaded dynamically, allowing a user
or organization to select and create custom data analyzers and annotaters.

3 http://www.gurunet.com/
4 http://www.flyswat.com/
5 http://www.wordbot.com/
6 http://www.almaden.ibm.com/cs/wbi/doc/
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3.1 Architecture and Implementation

LiveInfo’s annotation process is broken down into four steps: chunking, ana-
lyzing, coalescing, and marking up. Each of these steps constitutes a pluggable
component of the LiveInfo framework (see Figure 3). LiveInfo first breaks the in-
coming data stream into potentially useful pieces or chunks (e.g., words, phrases,
or paragraphs). These chunks are then analyzed to find relevant items (e.g.,
employee names or phone numbers). Overlapping items are then merged (or
coalesced) so that the document can be annotated and reconstructed. Finally,
markup is added to the document based on items that have been identified.

More precisely, processing in LiveInfo proceeds as follows: First, an HTML
document is split into discrete chunks based on the policy implemented in the
Chunker. Second, Analyzers are run to find interesting items within the chunks
(e.g., names are identified). Analyzers also associate metadata with items. In
this case, metadata for an item include the item’s type and a key that can be
used for subsequent lookups. The third step, the Coalescer, resolves overlapping
items by merging them into either a single item or groups of items. Finally,
the Markupper combines chunks with markup based on the items and their
metadata, and eventually the results are written onto the output stream.

HTML
Stream

HTML
Stream

AnalyzeChunk Coalesce

Chunks Items CItems
Chunker

Add Markup

Javascript

XML

HTML-
Structure

Pattern

Dictionary

Coalescer

Size, Type
Subtype

Analyzer Markupper

Fig. 3. Flow of processing in LiveInfo plugin.

Our design of the LiveInfo framework was motivated by concern for per-
formance and flexibility. Performance is essential because LiveInfo modifies the
data stream before returning to the user. To minimize response times, LiveInfo
(a) uses streaming rather than buffering of the data source, (b) communicates
with components through simple method calls, and (c) analyzes data in chunks
rather than term-by-term.

There are two dimensions of flexibility that our design addresses. First, we
wanted to allow programmers to create (and allow users to choose) different
algorithms for recognizing which terms and phrases are interesting. Second, we
wanted to experiment with various solutions to the following three problems:
(a) how to break up the document into meaningful blocks or chunks, (b) how
to produce a well-formed document in the case of overlapping items, (c) how to
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create an appropriate user experience. The four steps chosen—chunking, analyz-
ing, coalescing, and marking up—allow us to try out different solutions to these
problems rapidly and independently of one another.

We now discuss each of the four pluggable components in turn.

Chunker. The Chunker sits in the data stream, transforming bytes that flow
past it into “chunks” of data. Each chunk consists of a plain text portion, the cor-
responding node from the document structure tree, and an association between
the two. The Analyzers will process the plain text portion, and the Markupper
will ultimately combine the results of the Analyzers, the parsed document node,
and the association between the text and the node to construct the modified doc-
ument.

The simplest Chunker implementation flattens the parsed document tree and
returns chunks representing the text between HTML tags. This approach is sus-
ceptible to producing chunks that are too large (e.g., a large document with
little or no markup) or too small (e.g., a single sentence which contains several
tags, such as <b>...</b>). If chunks are too large, space-efficiency might suf-
fer, buffering the entire document in the worst case. If chunks are too small,
meaningful sets of terms (e.g., an address) might be split into multiple chunks,
precluding proper analysis. For example, one might write 19 <b>Bridge</b>
Road to emphasize the word “Bridge” in an address. An Analyzer might recog-
nize “19 Bridge Road” as a street address, but will not be able to infer the same
meaning from the three separate strings “19”, “Bridge” and “Road”.

A better approach might be to divide the document based on grammatical
structures, such as sentences and paragraphs. This technique is likely to preserve
meaningful term constructs (e.g., a date, address, name), as well as provide a
reasonable upper-bound on chunk size (e.g., the algorithm might count n para-
graphs, sentences, or words).

Analyzer. Analyzers do the interesting work of finding useful terms or phrases
within text. HTML markup is fully abstracted away from the analysis code:
analyzers are passed plain, untagged text, and later stages of the LiveInfo process
are responsible for reconstructing the markup. This design makes it easier to use
text analysis engines that may not have been designed with HTML data in mind.
Any text analysis engine (e.g., [19]) can be plugged into LiveInfo by writing a
wrapper for it that implements the Analyzer interface. Analyzers return their
result as a list of Items that contains the extents (where the item begins and
where the item ends) and metadata for each interesting portion of text.

Two useful specializations of the Analyzer interface are (a) pattern matching
and (b) multi-term dictionary. Generic code was written to simplify the writ-
ing these sorts of analyzers. For pattern matching, a regular expression library
detects items such as phone numbers, uniform resource locators (URLs), email
addresses, currency, and so on. Regular expression matching can also be used to
minimize the frequency of expensive operations. For example, our name recog-
nition algorithm for the employee directory example comprises three steps: (a)
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the regular expression engine searches for pairs of capitalized words, possibly
separated by a single capitalized letter and a period; (b) the first name is com-
pared against a list of known first names or the first and last name are compared
against a list of known non-name words; and (c) an LDAP query is issued to
confirm that the discovered pair of names is in fact in the directory.

An alternative to the pattern-matching specialization is the multi-term dic-
tionary. In contrast to a dynamic lookup scheme that relies on regular expres-
sions, the multi-term dictionary provides a way of building a set of key words
and phrases into the Analyzer.

Coalescer. The Coalescer implements the policy for handling overlapping
items. The problem with overlapping items is that only a single item can be
annotated or customized at a time. If several items overlap, it is not clear which
of the items should be treated as distinct. For example, the following string
contains overlapping items,

...send a note to Stephen Farrell/Almaden/IBM and...

including the name “Stephen Farrell”, the Lotus Notes address “Stephen Far-
rell/Almaden/IBM”, and the stock symbol “IBM”. Note that the first two are
the same kind of thing: a person. Given a choice, the user might prefer the more
specific match. However, the “IBM” symbol is a different kind of thing, and the
fact that it is located within another recognized item (a Lotus Notes address)
should not prevent the user from learning more about it.

There are several ways to handle overlapping items. The first might be called
“exclude-on-overlap”, in which a particular item dominates, presumably based
upon some prioritizing scheme or by the size of the match. The problem with this
approach is that the information gathered by the other items is lost. Another
possibility is “retain-overlaps”, in which all of the items are retained and the
work is passed to the next step of the process. One flaw of this approach is that
the resulting structure will not be a tree in the case of strict overlaps, and thus
the resulting document will be invalid. Another concern is that it is difficult to
represent the overlaps to the user; one might imagine blending colors or hatch
patterns.

Another approach, “coalesce-on-overlap”, merges all of the overlapping items
and their metadata into a single, coalesced item. This approach retains all of the
information while at the same time ensuring a proper tree structure. There are
still some problems, however. In the case of “Stephen Farrell” and “Stephen
Farrell/Almaden/IBM”, the user is handed both person identifiers, and in this
case one is definitely better than the other (as there are many Stephen Farrells
at IBM). Another problem is the case of the largest item being much larger than
the contained item. For example, if a whole paragraph of one hundred words
is matched as well as several individual words within that paragraph, then the
position of the words within the paragraph is lost.

A good policy might be a hybrid of exclude-on-overlap and coalesce-on-
overlap: If overlapping items are from the same analyzer (i.e., are the same kind
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of thing), the one with the largest extents is chosen. If items are from separate
analyzers, they are coalesced. In the current example, this means that of the
two items recognized by the Bluepages analyzer, the name “Stephen Farrell” is
discarded, but the Notes address is retained. Because the stock symbol “IBM”
came from a different analyzer, it is added to the coalesced item and can be
shown as another menu item in the user interface.

Markupper. The Markupper is responsible for generating begin and end tags
for each interesting item or coalesced set of items the system has encountered, as
well as for combining these tags with the original parsed document to produce a
well-formed result. To generate appropriate begin and end tags, a Markupper im-
plementation might use XML to produce machine readable content, or Javascript
to produce a floating-window user interface. To create the document written
onto the output stream, the Markupper merges the tags it has added with
the original parsed document nodes. Because overlaps can occur between rec-
ognized items and original document markup, the Markupper must be pre-
pared to split tags. For example, the HTML construct <b>not Stephen</b>
Farrell, but... might become <b>not</b> <liveinfo...><b>Stephen</b>
Farrell</liveinfo>, but....

If the Markupper produces a user interface that relies on a Javascript-based
interface like that shown in Figure 2, it must also provide a WBI generator to
render the contents of the floating window. As this content is only generated
on demand, this step can be more expensive than the initial annotation of the
document. In this case, the contents of the corporate directory entry can be
displayed.

3.2 Customization and Annotation

The LiveInfo framework can be used to customize or annotate web pages. The
corporate directory plugin (shown in Figure 2) is an example of annotating web
pages with information from the outside world, namely employee data. Another
example of annotation would be a LiveInfo plugin that turns ordinary words
on web pages into hyperlinks that point to their definitions as found in some
web-based dictionary. In this case, the DictionaryAnalyzer would use a list of
all terms found in some external dictionary, and the Markupper would add links
to this external definition to fill the pop up window with the definition.

The same approach can be used to customize web pages, for instance, by
relying on a user’s explicitly created profile when adding annotations to a page.
In this case, the user might create a list of words or phrases that he or she is
particularly interested in noticing on web pages. The Analyzer would use this
list as its basis for discovering terms, and the Markupper might simply highlight
these terms in a bright color. Another example of using LiveInfo to customize
web experience relies on analyzing term-frequencies of words encountered on
pages the user regularly visits. In this case, the Analyzer might use as input
high frequency terms, and the Markupper would link these terms to previously
encountered pages with similar term-frequency distributions.
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The LiveInfo framework can also be used to customize annotations. For ex-
ample, any of the annotations schemes we have described, such as the corporate
directory or the dictionary, can be customized so that the user can select how
the annotations are displayed. Our examples have focused on inline annotations,
but a user may prefer to see these in a pop up window or in the header or footer
of the page. In this way, users can customize how annotations are presented.

4 Summary

Customization and annotation are two broad methods for adapting web pages
beyond the structure and information that was designed or authored into them.
Intermediary-based computation provides one clear approach to adapting web
pages in these ways. In this paper, we have presented the LiveInfo framework, an
intermediary-based approach to web page customization and annotation. Live-
Info breaks the process into four easily replaceable steps: (a) splitting the input
data into chunks, (b) identifying patterns of chunks, (c) merging overlapping
patterns, and (d) adding markup that customizes and annotates.
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Abstract:  In this paper we discuss MetaLinks, a framework and
authoring tool for web-based adaptive hyper-books.  We focus on
how features of the system address the problem issues of
disorientation, cognitive overload, discontinuous flow (poor
narrative flow or poor conceptual flow), and content non-
readiness.

1 The Tension Between the Linear vs. Associative Natures of
Electronic Books

Innovations in computing have been altering the way that we author, access, and use
information for several decades.  Technologies such as hypermedia are blurring the
distinctions between textbooks, reference books, and databases, and are introducing
new forms of documents that are combinations of and extensions to these traditional
forms.  Specifically, three technological innovations are behind our reconceptu-
alization of "the book" and related artifacts: the random access provided by
hypermedia links and database storage, the universal access provided by the internet,
and the computer’s ability to customize content for each reader and situation.  These
innovations have allowed the creation of electronic textbooks, hypermedia
documents, highly useable data bases, and web sites (terms not exclusive of one
another).  All of these forms typically contain hyper-linking and searching features
that allow the user to immediately access any part (or many parts) of the information
space from any other part.  The various forms differ  in where they fall along the
spectrum of text-like narrative to database-like non-narrative information.  The focus
of this research is on quasi-narrative content authored for instructional or illustrative
purposes.

                                                          
§ This work was supported by the Office of Naval Research ASSERT grant no.

ONR/N00014-97-1-0815, and the National Science Foundation’s CCD program grant no. NSF
DUE-9652993.  We would like to thank Saunders College Publishing for the use of content
from their introductory geology text book  [1].
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It has become common belief that it is of little use to convert a textbook into
electronic form without taking advantage of the hypermedia and interactivity afforded
by the new medium.  The "electronic page turner" is an underachieving artifact, a
poor application of the technology and ignorant of its potential.  Electronic books (or
"hyper-books") can correctly be called a subset of hypermedia.  Our working
definition of hypermedia is the standard notion of chunks of content (nodes) with
hyperlinks between them  [2]. What distinguishes electronic textbooks from other
forms of hypermedia, including the world-wide web (WWW)?  Unlike heterogeneous
multi-authored collections of documents like the WWW, electronic textbooks are
designed (authored) with a coherent purpose in mind.1  They constitute a cohesive
information space or narrative space with a particular structure, focussing on a
conscripted subject area.  Electronic textbooks are designed for the purpose of
learning or studying a subject area, unlike fictional or entertainment hypermedia.  Our
concern is with any electronic document that has these properties.  Also, though
interactivity and feedback are key aspects of digital technology as applied to
educational material, our discussion is limited to the more passive reading, searching,
and browsing of educational material.  Though reading and browsing are mundane
activities compared to the possibilities inherent to electronic learning environments
such as intelligent tutors and simulations, there are important issues related to these
limited activities.  Reading and browsing currently comprise most of the time spent in
educational multimedia and in educational uses of the WWW.

Though this definition of electronic textbooks is simple, it highlights two aspects
whose divergent implications lead to our research issues: the purposeful structuring of
the material for multiple uses, and its educational or informative purpose.  Hyper-
books consist of quasi-independent units of material (pages) linked in ways which
allow multiple uses and perspectives.  In addition, hyper-books are not just reference
collections of information or knowledge, they are designed to move or encourage a
learner along a path toward increased understanding.  It is desirable for the learner’s
experience to have felicity in both narrative flow and conceptual flow.  Flow implies
linear motion.  The interplay between the necessarily linear acts of reading and
learning, and the associative (non-linear) nature of both electronic mediums and
human memory, provides a tension that is at the heart of our research concerns.
Luckin et al. ([3], page 1) observes that "the very nature of the medium�also results
in a deconstruction of the narrative which is normally present in [instructional]
media�The narrative can be suspended or altered and may thwart of confuse our
expectations."

A number of benefits have been identified in the shift from traditional to
electronic books.  Hyper-books can be authored to contain alternative structures,
content, and navigation paths that emphasize different goals, skill levels, or
perspectives ([4] [5] [6]) .  Learners have the ability to navigate through the content in
ways that match their goals, interests, and learning styles.  The learning experience
can be more learner-centered and interactive, as learners actively create their learning
trajectories in ways not easily done with traditional books.

Both the potential benefits and the known difficulties with hyper-books have
lead researchers to implement a number of adaptive and intelligent software features
                                                          

1 Of course hyper-books exist on the WWW.  But here WWW refers to heterogeneous,
organically structured collections of documents.
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([2] [7]).  Adaptive hypermedia documents are composed "on the fly," so that the
content, style, and/or sequencing of the pages is customized to the needs of the
particular learner and situation ([8] [9] [10]).  As mentioned, several potential
problems arise in the shift from traditional to electronic books, essentially stemming
from the ability to link (or "jump" or "go") from one "location" to another, and related
to the tension between the linear/narrative and non-linear/associative natures of
hyper-books.   Research has substantively documented the existence of three
problems for which adaptivity might provide a solution: disorientation, cognitive
overload, and discontinuous flow ([2] [3] [11] [12] [13]).  Disorientation refers to
users not knowing where they are, where they have been, or how to get to where they
want to go in hypermedia space. Cognitive overload refers to users being
overwhelmed or confused by the options available to them in multi-path, multi-tool
environments such as hypermedia documents.  We separate the problem of
discontinuous flow into two issues:  narrative flow and conceptual flow.  Narrative
flow refers to the didactic or dialogical flow of the text itself.  Conceptual flow refers
to the flow of ideas or concepts.2   To this list of issues we add content readiness,
which is the traditional intelligent tutoring systems goal of tailoring content so that the
student is neither bored because it is too easy, nor overwhelmed because it is too
difficult (i.e. remaining within the learner’s "zone of proximal development").3

In this paper we will describe the MetaLinks system, an adaptive hyper-book
architecture, web server, and authoring tool (see [14] for a more detailed description
of the architecture).  We will describe how the adaptive and non-adaptive features of
MetaLinks relate to the problems of disorientation, cognitive overload, discontinuous
flow (poor narrative flow or poor conceptual flow), and content non-readiness.  We
have used the MetaLinks framework to author a web based hyper-book called
Tectonica Interactive in the domain of introductory geology.  Tectonica Interactive,
with approximately 400 pages and 500 graphics, has undergone three rounds of
formative evaluation  [15].  Figure 1 shows a page from Tectonica Interactive.

Learner’s goals in navigating through hypermedia material vary along a
spectrum from convergent or "finding" goals through divergent or "exploratory" goals
[16] [17].  MetaLinks contains tools that support both types of user goals, but was
designed specifically to support behavior called inquiry-based, discovery, or
exploratory.  Exploratory navigation is appropriate for open-ended questions and/or
learning in ill-structured domains in which the richness of the content suggests
multiple themes, perspectives, or learning paths  [5].  Also, inquiry-based learning
methods involve initial stages of articulating and refining the driving question and
then exploring potential sources of information before narrowing down an
information search [18].  Both convergent and exploratory navigation behaviors can
result in disorientation, cognitive overload, discontinuous flow, and content non-

                                                          
2 To clarify the difference, one could imagine a text with a good conceptual flow which

was poorly written and choppy, thus having poor narrative flow.  Similarly one could imagine
text that seemed to read very smoothly but did not make rational sense, or in which prerequisite
concepts were not introduced sufficiently for understanding the text, and thus the text has poor
conceptual flow.

3 Conceptual flow and content readiness are closely related since adapting for both
involves reasoning with topic difficulties and prerequisites.
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readiness, but these problems are more severe for exploratory learning behaviors
because they tend to be less systematic and direct by nature.

Figure 1: Tectonica Interactive page T.2.4, with a picture showing two
geologists running from a lava flow.

2 MetaLinks System Description

MetaLinks content is stored in a relational database (using web-enabled FileMaker
Pro) and requires only a web browser for delivery (we make heavy use of JavaScript
and Dynamic HTML in the implementation).4  Because a MetaLinks hyper-book’s
content and all of its navigation tools are created and web-delivered on the fly, and
since we maintain a record of every student action (including page visits and tool
use), we have complete flexibility to adapt the content and its sequencing for each
user. To address the problem issues described above we considered a number of
                                                          

4 To author a MetaLinks document, only FileMaker (available cross-platform) is needed
(plus any graphics programs needed to prepare figures).



                                     Adaptivity for Conceptual and Narrative Flow in Hyperbooks           159

software features: Adaptive navigation support using history-based and prerequisite-
based link annotation (similar to [8]); Adaptive content, (using methods similar to
[19] [10]); Adaptive sequencing (as in  [20]); Adaptive navigation maps (as in [21]);
and Coached inquiry (supporting learner goals of broadening, breadth and coverage,
completeness, efficiency, and readiness, using path analysis methods similar to those
used in [22]).  Our initial implementation is aimed at providing powerful user
interface tools, with very modest adaptivity and intelligence.  We want to leave the
locus of control and locus of intelligence with the user as much as possible, and
supplement with machine control or intelligence if a need is demonstrated.

MetaLinks has a "full-featured" user interface.  Our primary grant funding is
through a curriculum development grant that requires us to aim toward creating web-
based Earth Science software that is usable and useful in high school and introductory
college classrooms.  We include many software features for reasons of usability or
because users might expect some features based on their use of other web-based
software or web sites.  Also, early observations (see [23]) indicated that students had
quite a variety of styles and needs, and that a similar variety of features was needed.
The software has a full range of features because of these pragmatic goals, even
though the inclusion of these features was not directly relevant to our main research
questions, and their inclusion made it more difficult to analyze the data.  Test subjects
were familiarized with the following navigation and orientation tools/features, and
data was collected about the use of each item in this "MetaLinks Navigation and
Orientation Feature List" (see Murray et al. 1999 for a description of the software
architecture).

• Table of Contents (TOC), Graphical TOC, Search
• Custom Depth Control (Explain More, Next Page/Return buttons)
• Go to parent, Go to child, Go to next/prev sibling, Direct to page number
• Glossary, Glossary base page
• Annotated History
• Go to Related Page (with a variety of typed links, as explained below)

In addition to the navigation and orientation features above, MetaLinks pages
are adapted using features called stretch-text and narrative smoothing.  Below we
explain those features that are relevant to the issues of disorientation, cognitive
overload, discontinuous flow, and content readiness.   Following this description we
will highlight which features are adaptive (vs. passive or canned).

1. Annotated Table of Contents.  Content in MetaLinks hyper-books has a
primarily hierarchical organization.  The disorientation issue is addressed by
providing a hierarchical TOC page that shows where students have visited, and where
the current page is ("you are here").  In addition each page lists its "children" pages at
the bottom.  Pages are also numbered to show their place in the hierarchy, for
example 4.5.6.2 is a sibling of 4.5.6.3.  We have also implemented a "pictorial table
of contents" feature that allows the use of an "image map" with hot spots to show a
graphical portrayal of a section of the hyper-book.
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2. Stretch Text.  Non-essential text and graphics such as examples and
footnotes can be hidden inside "stretch text" (really "stretch media").  Stretch text is
colored green, and when the user passes the mouse over stretch text the hidden text
(or graphics) pops up adjacent to the green text, and disappears when the mouse is
moved away from the green text.  We also use stretch-text to imbed the glossary
definitions of all glossary terms (see Figure 1).  Using this method the user can
choose whether to see additional detail.  It serves the same function as adaptive
content (Brusilovsky 1998) but lets the learner decide what will appear.  This feature
addresses the content readiness issue.  It also helps with the cognitive overload
issue by reducing the amount of content visible on the page.

3. Glossary base pages.  The terse definitions that pop up in the stretch text of
glossary terms may not be enough to alleviate the learner’s ignorance about a concept.
If the user clicks on a glossary term they navigate to its "base page," which is the page
in the hyper-book that best explains that concept. This feature addresses the content
readiness issue. It also addresses the conceptual flow issues by allowing learners to
easily learn about prerequisite concepts.  Base pages also address the cognitive
overload issue by anchoring starting points for exploration.

4. Horizontal reading. The default narrative flow (a linear navigation path for
which the reading or organization of the content is most natural or perspicuous) in
MetaLinks hyper-books differs from text books and other hyper-books --  it is
breadth-first rather than depth-first, and organized for "horizontal reading."  The
default "next" page is the sibling page.  Thus the default is to continue reading at the
same level of generality.  The children of any page cover the material at greater depth.
Horizontal reading addresses the narrative flow issue in providing a framework in
which the author can add more depth to any topic without having to rewrite the
narrative.  In contrast, in normal books adding more depth requires, in effect, inserting
pages into the narrative.

5. Custom Depth Control.  Horizontal reading sets the stage for an innovation
called "custom depth control," which addresses the problem of cognitive overload.
It has been shown that some users of hyper-books are overwhelmed by the navigation
options and are happy to navigate by limiting their navigation to pressing the Next
and Back buttons [20].  We call such users "two-button users."  Custom depth control
is a simple technique which gives two-button users (and all users) much greater
control while not significantly increasing the complexity of the interaction (it still
involves only two buttons). In MetaLinks the Next and Back buttons in traditional
hyper-books are replaced with Explain More and Next buttons.  "Next" goes to the
next page which, as explained above, continues at the same level of generality.
"Explain More" begins a path across the children of the current page.  When the last
child in a sibling sequence is reached the Next button becomes a Return button, and
the user is returned to the parent page where they originally pressed the Explain More
button.5  Thus, the user has continuous control over whether they want to continue at
the same level or delve into more detail on the current topic.

                                                          
5 Actually, Explain More pushes the children of the current page onto an agenda

mechanism and Next pops the top item from the agenda.  The agenda mechanism allows the
user to go off on tangential paths and return to where they left off, for instance mid-way
through viewing a sibling sequence.
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6. Narrative smoothing.  We have a simple but elegant partial solution to the
narrative flow problem. Each page has associated with it an "intro text" paragraph.
This paragraph eases the reader into the subject of the page, giving a little background
or introduction.  If the user jumps to that page in a non-standard way, the intro-text is
pre-pended to the main text of the page.  As explained above, MetaLinks is unusual in
that the standard flow of text is breadth first.

7. Typed Non-hierarchical Links.  As mentioned, the primary organizational
structure for MetaLinks hyper-books is the hierarchy, as reified by the TOC.
However, hierarchies do not capture the conceptual richness of most domains.  Each
concept is related to others in numerous ways.  There are multiple perspectives on the
material, suggesting multiple learning paths.  From a given topic or page the most
useful or interesting next topic will differ for different learners.  MetaLinks includes
(non-hierarchical) links called Related Links in addition to the hierarchical child and
parent links between pages.  Each page has a set of Related Links to other pages.
These links are "typed" or categorized to indicate the type of relationship they
represent.  The authoring tool  provides a list of possible link types, but the author can
create her own types for each hyper-book or domain.  Here are some of the
approximately 20 link types we use in Techtonica Interactive:  Where in the world?,
Are scientists sure?, Famous catastrophes!, Historical Background, How is it
measured? Related Links address the issue of Conceptual Flow.  They allow the
learner to maintain a path through the material that matches their curiosity and inquiry
goals.  Figure 2 shows the Related Links, group by link type, that appear in a pop-out
menu.

8. Annotated History.  The typed links allow us to provide an "annotated
navigation history" that helps with the "where have I been?" disorientation issue.
The list of visited links is annotated with the type of link, i.e. the "reason" they went
there.  This makes it easier for users to go back to where they left off after going
down one or a series of tangents to their main exploration goal.   They can visually
see the difference between going to a "next" page, vs. diving down for more
information, vs. jumping off on a tangential link.  When they want to go "back to
where I was" they may want to retrace to the last tangent or perhaps recover their path
back at an earlier tangent, and the annotated navigation history provides information
that allows them to make such decisions.

9. Inquisitory Page Titles.  To support our goal of inquiry based and
exploratory navigation, MetaLinks pages have an in inquisitory title in addition to the
regular title.  For example the page T.2.1.1.1, titled "Earth’s Layers: The Crust," has a
question title "What are the properties of the earth’s crust?".  Another page with a
related link to T.2.1.1.1 will have "What are the properties of the crust?" as the link
text (see Figure 2 for inquisitory links).  As mentioned above, the typed links
anticipate prototypical questions that might arise in the reader’s mind, and add
conceptual structure to the information space.  Using inquisitory titles gives the
navigational interaction a conversational feeling, adding to the Narrative Flow of the
experience.  Upon navigating to a page that addressees one question, new links
answering new questions are available, giving the interaction a feeling of a question
and answer dialog.
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Figure 2: The Related Links pop-out menu for Page T.2.4.

The following table summarizes how the features relate to the issues:

Disorien-
tation

Cognitv.
overload

Narrative
flow

Con.Flow/
readiness

Annotated TOC √
Stretch text √ √
Gloss. base pages √ √
Horizontal reading √
Custom depth √
Narrat. smoothing √
Related links √
Annotated history √
Inquisitory pg title √

Table 1: Features vs. Hypermedia issues

3 Relation to Previous Work

Our solutions to the issues of cognitive overload and disorientation are not
particularly innovative, as they are variations of techniques seen elsewhere.  The main
contributions of this architecture include horizontal reading, custom depth control,
narrative smoothing, and annotated history.  It is important to note that one of the
primary contributions of this work, one that is not the focus of this paper, is the
authoring tool.  We provide a highly usable graphical interface for authoring all
aspects of MetaLinks books, and tools which automate many features (such as the
creation of the TOC and glossary links).  Our representational framework has been
purposefully limited to features which can be easily portrayed in the GUI and



                                     Adaptivity for Conceptual and Narrative Flow in Hyperbooks           163

authored by anyone with minimal training (one hour).  All of the features mentioned
above come practically "for free" when the author enters the text and graphics, and
defines links between pages.

Innovative features of MetaLinks were described above, and here we relate
MetaLinks to other systems.  Using typed links that structure the information space
according to a fixed set of common issues, questions, or themes, was inspired by ASK
systems ([4]). Such conceptual structuring of the information space aides both user
and author in creating a mental model of the semantic space with appropriate
expectations for how things can be related.  The use of inquisitory page titles for
adding a conversational feeling to navigation was inspired by the inquisitory link
types used in ASK systems6.  ASK systems are not adaptive however, and have no
user history or model.

The MetaLinks design was also influenced by the designs of InterBook and
Elm-ART.  We have a similar goal of helping students find an optimal path through
content (i.e. maximize conceptual flow).  MetaLinks maintains a user history but
makes no inferences about student knowledge, and thus does not contain a working
"student model."  Actually, we have implemented a mechanism similar to InterBook’s
([8]) which uses glossary concepts with prerequisite links as a domain model/concept
network, and we have the ability to create an overlay student model using this
network.  However, unlike InterBook, for the time being we have decided not to
include user tasks or quizzes in our hyperbooks, and thus the only information we
have about the user is the navigation history.  Because we have typed links, our
navigation history tells us something about why  a user navigated as well as where 
she navigated to and how long she spent on each page.  We feel that this gives us
substantially more information about the user.  However, it is still not enough to make
sufficiently confident inferences about the user to create an overlay model of user
"knowledge."  Thus, we currently annotate pages according to whether they have been
visited, but not whether they are "known" or "ready to be learned."  We side with the
InterBook notion of giving users information and choices about where (and why) they
can/should navigate, rather than automatically sequencing pages for them.  In our
tests so far we have found that making glossary definition pop-ups and links to
glossary base pages allows users to acquire background and prerequisite information
as needed.

MetaLinks seems to be the only hypermedia system (adaptive or not) to have a
full featured GUI authoring system.  InterBook addresses authoring by allowing
tagged text to be imported from word processing files.  The AHA system ([10])
addresses authoring by using and HTML-compatible mark-up language for specifying
prerequisite and content requirement relationships through Boolean expressions.  This
makes authoring more powerful but it does not include an authoring tool, and thus
does not make authoring easier.  AHA also allows authors to adapt the content of each
page to include or not include information based on the users knowledge level.  In
MetaLinks we decided to use pop-up stretch text to give the user a choice to see
additional or parenthetical information, rather than have the system make that choice.

                                                          
6 However, MetaLinks is not based on a database of indexed expert story segments,

which is central to ASK systems.
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4 Conclusions Regarding Adaptivity

Several of the features mentioned above involve adaptivity.  Adaptivity here is
defined by those features that adapt to the user, content type, or navigation history.
The TOC is annotated to show which pages have been visited.  Each page also has an
indication of whether it has been visited before.  The narrative smoothing feature adds
the introductory paragraph to pages conditioned upon whether the navigation path
was "horizontal."  The function and availability of the Explain More, Next, and
Return buttons changes based on whether the user chooses custom depth control or
jumps to a tangential page.  Pages links are shown using the page title or the "question
title," based on the type of link.  The links in the annotated history page are annotated
with the link types, or "reasons" why the page was visited.7  We have also
implemented a perquisite overlay structure, using the glossary terms as a concept
map.  Our intention was to use this to indicate "learned" and "ready to learn" pages as
in the InterBook system (Brusilovsky et al 1996).  But we felt that just the page
visitation data (our system does not yet include quizzes or interrogative interactions)
was insufficient to infer concept knowledge, and we are looking for evidence to
support the need for this feature.

As mentioned, we took a conservative approach to adaptivity and intelligence,
by implementing a moderately adaptive version of the software and testing it for the
need for more sophistication.  Our formative evaluation (described in [15]) involved
19 subjects, and data was collected from navigation traces, a questionnaire, focus
group discussions, and think-aloud interviews.  What we discovered was that the
current set of features, which leave the locus of control and intelligence solidly with
the student, in general avoid all of these potential problem issues of disorientation,
cognitive overload, discontinuous flow (poor narrative flow or poor conceptual flow),
and content non-readiness.  Learners responded positively to questions regarding the
usability and usefulness of MetaLinks.  90% said they would prefer using the hyper-
book to a text book.  No individual feature stood out as being confusing, but the
Related (non-hierarchical) Links and the Custom Depth Control features did not get
as much use as we had intended.  At this point we have not found any strong evidence
for the need of additional adaptivity or intelligence.  These results are very limited,
due to the small sample size and the particular nature of the geology hyperbook and
the tasks given.  We are not generalizing to say that additional intelligence is not
needed in other contexts, but we do wish to use out results to advocate for testing
more minimalist versions of software before adding additional sophistication.   This
work supports the notion that good interface design and passive but powerful user
features can sometimes provide the benefits that are ascribed to more sophisticated or
intelligent features (which can be more presumptive, controlling, or intrusive than
passive features).  A corollary to this notion, which we did not test but has been
proven out in numerous projects, is that no matter how intelligent or sophisticated
educational software is, inadequacies in the interface or usability of the software will

                                                          
7 We intend to use this to implement an "adaptive back button" feature which infers what

a student means when they want to "return from where they left off."
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surely overshadow the benefits of the intelligence.8   We by no means intend to
indicate that sophisticated modeling and intelligence is of no benefit, but rather that
non-intelligent, yet full-featured, base-line software should be developed and
evaluated before adding intelligence, in order to determine the most effective
applications of intelligence.
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Abstract. In this paper, we discuss an approach that tries to blur  the distinction
between adaptive hypermedia and dynamic NLG-based hypermedia. The
approach aims at finding an optimal trade-off between resource reuse and
flexibility: existing atomic pieces of data are collected and properly annotated;
at the interaction time, the system dynamically builds the nodes of the
hypermedia composing different pieces together. The proposed annotation
formalism is illustrated and a rule-based system to compose hypermedia nodes
exploiting different knowledge sources is presented. Finally, the advantages of
this approach with respect to adaptation and dynamic generation are discussed.

1 Introduction

In the literature, a distinction is made between adaptive and dynamic hypermedia. The
former exist prior to their use and a user model is employed to hide part of the
structure (or to highlight another part) to better support a particular user in the
exploration of the content. Fully dynamic hypermedia, instead,  do not exist until the
very moment in which a user explores them: they are dynamically created on the fly
using automatic text generation techniques ([10], [3]).  The benefits and the
drawbacks of both approaches have been largely discussed elsewhere (among others,
[2]). In this paper, we propose an approach that tries to blur that distinction aiming at
finding an optimal trade-off between resource reuse and flexibility1: existing atomic
pieces of data are collected and properly annotated2  and the system dynamically
builds a node of the hypermedia composing different pieces together. Discourse
strategies and linguistic rules borrowed from the field of Natural Language
Generation (NLG) are exploited to reuse existing texts/audio/images introducing
flexible content selection and organization and control over the linguistic realization.
The MacroNode formalism presented in this paper is intended to supply a conceptual
tool to segment a repository of data into units of content and to annotate each of them
([9]). For each unit, the annotation encompasses the description of the information

                                                          
1 The MacroNode Approach presented in this paper has been developed within the HyperAudio

project ([8]) and the HIPS European project ([1]).
2 Porting to extremes the idea of annotating canned text mentioned in [5].



168           Elena Not and Massimo Zancanaro

contained, the relations with other units and the different ways in which the unit can
be presented to the user. In our formalism, an atomic piece of data is called a
macronode and, for textual information, it typically corresponds to a paragraph.
Indeed, a macronode can represent data in different media, for example text, audio,
images, or a combination of these.
At the interaction time, the annotated data is processed by a Composer Engine, a rule-
based system which encodes the strategies to dynamically assemble flexible
hypermedia presentations from macronodes. The rules can make reference to external
knowledge resources, like the user model, the domain model, and so on and work to
guarantee that the composed message displays (i) a coherent rhetorical structure,  (ii)
a topic flow compatible with discourse and interaction context, (iii) cross-references
to material already presented and to user interests and (iv) a linguistic realization
emphasizing cohesion.
As an example of the flexibility that can be achieved using the MacroNode approach,
let us compare the two sample texts below generated by the HIPS system, in a
scenario where the hypermedia is integrated in a portable electronic guide to a
museum. The two texts provide a description of  the same painting for two different
users. Example 1 is a description built using an «elaboration» strategy: there are a lot
of details and the description is quite long. Example 2 is a description built using a
«comparison» strategy: the text is rather short and the description is mainly given by
comparison with another fresco. You can note the slightly different beginning to the
two presentations («This is the great fresco�» and «In front of you, you can admire
the great fresco �») depending on two different realizations of the same macronode.

Example 1: «elaboration-based»
description of the La Maestà
This is the great fresco La Maesta‘,
depicted by Simone Martini in 1315. La
Maesta‘ was the first decoration piece of
Palazzo Pubblico, therefore it acquired
through the centuries a particular value
for
Sienese population. It’s not surprising that
the very first decoration of Palazzo
Pubblico (the site of political power) was a
religious artwork. Only four years before,
in fact, the ’Fabbrica del Duomo’ the other
civic power of Siena influenced by the
bishop, commissioned the famous ’Maestà’
to Duccio di Boninsegna. The traditional
spirit of competition between the two great
’factories’ of the city demanded an
adequate reply

Example 2: «comparison-based»
description of the La Maestà
In front of you, you can admire the great
fresco La Maesta‘, depicted by Simone
Martini in 1315. The fresco is located in the
main part of the hall, the central point that
gave the orientation of the Sala del
Mappamondo. On the contrary the
Guidoriccio fresco, on the opposite side of
the room, was a sort of great ’poster’,
glorifying the power of the Siena Republic. It
was a sort of historical documentation more
than an artwork to be judged for its artistic
value

2 Representing Content Potential: The MacroNode Formalism

As mentioned above, in the MacroNode formalism information presentations are built
concatenating material selected from a repository of information units (possibly
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derived from an existing multimedia database) which is designed so that its contents
and its structure can be used in an adaptive way. The information unit is the
macronode. Figure 1 graphically shows the information included in a sample
macronode.

Fig. 1. Sketch of the contents of a sample macronode for the artwork «Guidoriccio da
Fogliano»

Each macronode is a data structure consisting of several fields:
• The ID field is a unique identifier for identifying the macronode in the macronode

repository.
• The TITLE field is a string that may be used as mnemonics for the macronode and

possibly as title of a presentation.
• The TYPE field has to be filled by a keyword chosen from a given list. It describes

the status of the content of the macronode with respect to other macronodes
describing the same entities (that is, caption for the main information about an
object, additional_info for other less relevant information, welcome for short
messages describing minimal information on an object; see below).

• The CONCEPT  field is filled by the entity which represents the focus of the
information unit, that is the entity which the information unit is centrally about. For
example, a macronode describing an artwork in a museum has the artwork as
focus. The CONCEPT entity must  be an instance of  the concept category in the
domain taxonomy (see below).

• The PFL (Potential Focus List) field is possibly filled by a list of other entities
which are focal in the text and could become the focus of the following discourse.
For example, in a macronode discussing an artwork in relation to its author, the
author is a candidate for a possible focus shift in the following discourse. Each
entity in the PFL must  be an instance of  the concept category in the domain
taxonomy (see below).

• The PERSPECTIVE field describes how the content of a macronode is expressed
(that is, from an anecdotal/historical/generic point of view). The filler of this slot
has to be an entity chosen from the instances of the perspective category in
the domain taxonomy (see below).

• The RR field states the rhetorical relations between this macronode and the others.
The field may have multiple values, each one in the following form: [RR

generic.introduction

martini

"Guidoriccio da Fogliano"

macro1+

guidoriccio

caption

background

elaboration

elaboration.direct

elaboration.authorship

macro0

macro6

macro1

Martini_macro13

MESSAGE GRAPH:

The Guidoriccio 
da Fogliano is

It is

back to 1328.

a fresco of Simone
Martini, that dates

+new.Guidoriccio

-new.Guidoriccio

TITLE:

PERSPECTIVE:

CONCEPT:

TYPE:

RR:

RR:

RR:

RR:

PFL:

ID:
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relation id] where relation is a rhetorical relation (see below) and id is
the identifier of a macronode.

• The GRAPH field has to be filled with a graph of message nodes. Each message
node is an atomic piece of data (an audio file, a text file or an image). The links in
the graph are augmented with conditions. Each path through the graph represents a
way of expressing the content of the macronode.

In summary, TYPE, CONCEPT,  PFL,  and PERSPECTIVE   describe the content of
the macronode, RR describes the relations among the macronode and the other
macronodes in the repository and GRAPH represents the different ways in which the
content of the macronode can be realized. A graphical design environment, the
MacroNodeEditor, has been developed to support the user in authoring macronodes.
The tool also provides testing facilities that allow, at authoring time, an easy
verification of how macronodes� contents could be «glued» together. For more details
on this environment, see [11].
In the following subsections we describe in more detail the most crucial aspects of the
annotation required by the MacroNode formalism to allow the dynamic composition
of flexible hypermedia.

2.1 The Domain Taxonomy

Entities selected to specify CONCEPT, PFL and PERSPECTIVE of a macronode
have to be classified under a domain taxonomy. The taxonomy is organized
hierarchically and is divided in two main sub-hierarchies: concept and

perspective (see figure 2).

The concept hierarchy contains the main types
for the objects of the domain (in the HIPS domain:
person, artwork and symbol). The
perspective node is the concept which groups
together the instances which fill the
PERSPECTIVE field of macronodes. In the HIPS
domain they are currently: anecdotal,
generic, historical, and artistic.
The taxonomy supports the reasoning processes of
the Composer Engine and has to be manually
authored for each different application domain.
However, this authoring task  is simpler than
authoring of ontologies  for deep generation
systems, given that the MacroNode approach
requires less representation details about the
content of the message units, and no semantics and
syntactic structures are built from scratch. In the
HIPS project, the ontology is built using a simple
feature formalism that allows expressing ISA
relations as a tree.Fig. 2. Sketch of the domain

taxonomy hierarchy
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2.2 The Message Type

The purpose of the TYPE field is to describe the way in which a macronode talks
about its content. For some purposes, in fact, knowing what the macronode is about
(i.e. its focal entities) is not sufficient; for example, in ordering a set of macronodes
talking about the same artwork it is useful to distinguish between macronodes
containing essential information from those reporting ancillary information.
In more formal terms, the notion of message TYPE is inspired to the theory of global
text structuring from System Functional Linguistics called Generic Structure Theory
([4]). According to Halliday and Hasan, every text has a structure (expressing how the
sequence of topics/discourse elements evolve) and classes of texts (i.e. genres) can be
characterized by a common  Generic Structure Potential (GSP).  The GSP of a genre
specifies which elements are obligatory and which optional in the text structure, what
the preferred ordering of elements is and so on. For example, in the museum domain,
the description of an artwork for a first-time visitor typically contains a short object
introduction, followed by a bulk of essential information and possible deviations with
background or elaborating information, whose presence and length might be decided
according to the visitor�s interests or interaction history. The macronode�s TYPE
names the macronode�s function as structural element within a GSP. For example, the
macronode in figure 1 has TYPE caption to indicate that it reports essential
information for the related artwork. The discourse rules used by the Composer Engine
check macronodes� TYPE to guarantee that sequences of macronodes respect GSP
directives for text structuring.
Each genre is characterized by its own GSP(s) and, through force of circumstances, is
characterized by a different set of genre-dependent message TYPEs (e.g., the
structural elements for narrative texts are different from those for museum labels). In
the application domain of the HIPS project, for example, we extended the
classification proposed in [12] that identifies message types for the museum setting,
and we consider, among others, the following types:
• introductory labels: descriptions of exhibition goal and extent;
• welcome messages: indication of what the visitor is currently looking at;
• captions: object descriptions; when they are heard in front of the object, they

contain visual, concrete information and make use of deictic language;
• additional information to captions: information related to objects (for example,

general descriptions, anecdotes or similar); they are meant to elaborate information
in caption messages;

• linked information: similar to the previous item, but in this case the macronode
does not contain any further rhetorical link, nor can be presented alone, since it
contains complex references to the content of a previous macronode.

2.3 Rhetorical Links

The rhetorical links used to connect macronodes to each other express which (and
how) information units can be composed together to instantiate a text in the given
genre. A rhetorical link specifies the coherence relation existing between two portions
of discourse, e.g. whether text span B describes the event that caused state A to occur



172           Elena Not and Massimo Zancanaro

(CAUSE rhetorical relation), or whether text span B provides background information
useful for interpreting the assertion in text span A (BACKGROUND relation).
As a starting point for the identification of a set of relevant rhetorical relations, we
take as a reference the work by  Mann and Thompson ([6]). In HIPS, we exploit a set
of basic relations considered as the most relevant for our application task:
• elaboration: when text span B provides more details for what is discussed in text

span A; an additional domain-dependent refinement of the elaboration relation
(elaboration.authorship, elaboration.direct, elaboration.indirect,  elaboration.repre-
sented) was introduced to capture different ways to add details to an artwork
description.

• background: when text span B provides information useful for interpreting the
assertion in text span A;

• comparison: when text span B compares the object/concept described in A with
another relevant object/concept;

• navigation: when text span B provides suggestions about where to go/what to look
at next.

Figure 3 shows a sample fragment of macronode net, where rhetorical links signal the
coherence relations between different macronodes.

2.4 The Message Graph

The basic idea behind the message graph is that the same content can be realized in
different ways depending on the discourse and interaction context, and usually these
alternatives can be simply obtained by adding or skipping some small sentence parts.
In a macronode, the content is divided into small parts (sometimes as small as a
pronoun) and these parts are linked in a directed acyclic graph; each path in the graph
is a possible realization of the content of the macronode. In HIPS, the nodes of the

Fig. 3. A sample portion of macronode network displaying the rhetorical links (view
provided by the MacroNodeEditor  Tool)
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graph can be audio files, text files, and images. Each arc in the graph is labeled with a
condition over the discourse context that describes the situations for which the two
connected nodes can be played together in sequence. Figure 4 shows the internal
content structure of a sample macronode: for clarity, the transcription of the audio
files is shown inside the nodes.

 

Fig. 4. The internal structure of a sample macronode (the message graph).

The macronode audio file network in Figure 4 can be instantiated in the following
messages, where the same description of Piazza del Campo is adjusted taking into
account the visitor�s position:
• when the visitor is in front of the object being described (so the feature deictic

is selected) but he is not close to it (feature proximity not selected): «You are
entering Piazza del Campo, one of the most beautiful squares in the world because
of the wonderful buildings around it and because its worldwide fame»

• when the visitor is in front of the object being described (so the feature deictic
is selected) and close to it (feature proximity selected): «This is Piazza del
Campo, one of the most beautiful squares in the world because of the wonderful
buildings around it and because its worldwide fame »;

• when the visitor is not in front of the object described  (so the feature deictic is
not selected): «Piazza del Campo is one of the most beautiful squares in the world
because of the wonderful buildings around it and because its worldwide fame».

3 Composing Macronodes

The MacroNode formalism has been designed with the purpose of building a new
kind of flexible hypermedia systems which can overcome the limitations of the
current adaptive hypermedia and the difficulties/costs of the dynamic hypermedia.
The emphasis has been put in developing a formalism allowing a proper annotation of
data which can then be used both to reason on the semantic structure of the ongoing
presentation and to adjust its surface form (e.g. its linguistic realization).
When deciding what information to include in the presentation and the most suitable
discourse structure, the system takes into account different knowledge sources about
the user and the interaction. Discourse rules are encoded to avoid the presentation of
already known information, to choose the kind of information on which the user�s

one of the most beautiful squares in the world
because of the wonderful buildings around it
and because its worldwide fame

START
END

You�re entering
Piazza del Campo

This is Piazza del Campo

Piazza del Campo is
-deictic

+deictic

+deictic
-proximity

+proximity
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interest is high (for example, weighting the different perspectives), to present new
information when the user goes back to a previous topic.
Moreover, rules checking the rhetorical links between macronodes guarantee the
global coherence of a presentation,  controlling for example the length of an
elaboration chain or the inclusion of  background information to clarify a topic, and so
on.
New discourse rules can easily be written and added to the system, since a declarative
programming style was adopted to emphasize flexibility and extensibility. In the
following section, the working of the Composer Engine is introduced in more detail.

3.1 The Composer Engine

The Composer Engine is the module that, at each step, builds  a presentation (which
corresponds to a node in an hypermedia) accessing the macronodes repository, the
user model and the other knowledge sources. The output of the module is a

Presentation Structure in the following
form:
• user: the user for which the
presentation has been composed;
• title: the title of the presentation
(usually the title of the main macronode);
• content: an ordered list of macronodes
that compose the presentation (for each
macronode, a particular path in the
message graph is specified);
• links: a list of macronodes that can be
used to generate follow-up  presentations.
The Composer Engine can be activated
either specifying the object to be
presented or the macronode to start with.
The main part of the Composer Engine is
a rule-based engine with three clusters of
rules: the first cluster (select_starting)
aims at the selection of the main
macronode given the object to talk about
(of course, this step is skipped if the
module is activated specifying the starting
macronode); the second cluster
(traversal_repository) specifies how to
traverse the macronode repository
following the rhetorical relations to
collect other macronodes to enrich the
content of the current presentation; while
the third cluster (collect_followup)
specifies the rules to select hyperlinks to
further information.

Fig. 5. The Composer Engine
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Each rule of a cluster is composed by a condition (written in a declarative language
that resembles Prolog) and an output variable. When the condition is true, the value of
the output variable is returned and the cluster succeeds3. If the conditions of all rules
are not satisfied, the cluster fails.  Figure 5 shows how the three clusters are applied.

The select_starting is run once, the output is the starting macronode. A partial
presentation is then built using the starting macronode as the content (and its title as
the presentation title). The traversal_repository cluster is then run with the partial
                                                          
3 It is also possible to run a cluster in a inclusive modality, where the results of all applicable

rules are collected. At present, all the clusters are run in a exclusive modality.

defRule background_1 link_traversal
   inputVars: [ Id MN Pres]
                       # Id: user ID
                       # MN: macronode that originated the current
                         presentation #
                       # Pres: current presentation
   conditions: [
                 !um_last_presentation(Id,LastPres)
                       # there is no previous presentation #
                 presentation(Pres,macronodes,MNList)
                       # get the macronodes of current presentation #
                 head(MNList,StartMN)
                       # consider the first macronode of current
                         presentation #
                 macronode(StartMN,ttype,Type)
                       # get its message type #
                 !equal(top.macronode.ttype.welcome,Type)
                       # verify that it is not a welcome #
                 macronode_rr(MN,top.macronode.rr.background,MNs)
                       # get background material for macronode MN  #
                 head(MNs,WelcomeMN)
                       # take the first macronode of this background
                         material (it’s a welcome) #
                 head(MNList,WelcomeMN)
                       # add it in front of the current presentation
                 equal(WelcomeMN,Out)
                 ]
   priority: 0
   outputVar: Out

endRule

Fig. 6. Example of a rule
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presentation as input. This cluster is repeatedly run until it fails: at each step, a new
macronode is selected and added to the presentation. Note that the starting macronode
is not necessarily the first macronode in the content list: figure 6 shows an example of
rule to add a welcome macronode before a caption.

When the traversal_repository cluster cannot be applied any longer, the content field
of the presentation structure is considered complete. The last cluster of rules, the
collect_followup cluster, is then run to collect the list of macronodes that can be used
to generate follow-up presentations related to the current one. Note that in this
implementation, the links to further information do not have anchors inside the
presentation content. This was an explicit choice due to the fact that the macronode
formalism has been mainly used to produce audio-based presentations coupled with
links displayed on a screen. An extension of the MacroNode formalism and the
engine to deal with anchored link is in progress.
Finally, for each macronode selected to be played, a path in the message graph is
selected, checking the conditions against the Discourse Context. Recalling that the
message graph encodes only surface variations of the same content, this last step of
the presentation composition ensures the cohesion of the current presentation while
the former ensured its coherence.

3.2 A Note on User Modeling

At present, the user model encompasses different information about the user:
• a history of already presented macronodes
• a history of visited locations

defRule perspective_caption select_starting
   inputVars: [ Id Exhibits ]
   conditions: [

 length(Exhibits,1)
 head(Exhibits,Exhibit)
 um_preferred_perspective(Id,Perspective)
 macronodes(NULL,concept,Exhibit,MNs)
 macronodes(MNs,perspective,Perspective,MNs)
 macronodes(MNs,ttype,top.macronode.ttype.caption,MNs)
 um_not_already_heard(Id,MNs,MNs)
 head(MNs,MN)
 equal(Out,MN)
 ]

   priority: 1
   outputVar: Out
endRule

Fig. 7. A rule that exploits the user model
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• an estimated level of interest for each concept in the taxonomy
• a classification of the visiting behavior (only for HIPS, see [7]).

The information represented in the user model are accessed by appropriate tests in the
discourse rules. For example,  in figure 7 is depicted one of the rules used to select the
starting macronode of a presentation: here the user model is accessed to get the
visitor�s preferred perspective (using the test um_preferred_perspective); a
macronode with the selected perspective and type caption is then extracted from the
repository, provided that it has not been already heard (using another test on the user
model: um_not_already_heard).

4 Conclusion

The approach discussed in this paper aims at providing a conceptual tool to segment
existing information repositories into units of content which, once properly annotated,
allow the dynamic composition of flexible hypermedia. The approach tries to blur  the
distinction between adaptive hypermedia and dynamic NLG-based hypermedia by
finding a trade-off between resource reuse and flexibility. The table below
summarizes a comparison among the three approaches.

  Adaptive
hypermedia

 Macronode-based
hypermedia

 Dynamic
hypermedia using
NLG

 Pages generated on
demand

 no  yes  yes

 Reuse of existing
information

 substantial  substantial  limited

 Adaptation to user  limited content
adaptation

 enhanced content
adaptation
 

 sophisticated content
adaptation

 Granularity of
adaptation

 page  inter- and intra-
macronode

 sentence/phrase

 Cohesion
assurance

 no  partial  yes

The scalability of the MacroNode approach has yet to be proved. However,
preliminary results are encouraging: we started with the HyperAudio domain
encompassing 50 macronodes and easily ported the formalism to the HIPS domain,
with a net of more than 170 macronodes. In a new project on the Ercolano
archaeological site in Italy we expect to have more than 1000. The MacroNodeEditor
Tool already proved very useful in facilitating authors. Other semi-automatic
authoring tools  (e.g., to support text chunking) will facilitate scalability.
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Abstract. The main objective of the ECHOES1 project is to build a
distributed, adaptive, dynamic environment for educating and supporting
technicians in the use and maintenance of complex industrial artefacts. To
pursue this objective, Web Based Training, Virtual Reality and Multi-Agent
Systems are synthesised within the ECHOES environment. Users co-exist
within the virtual environment and with time social cohesion emerges
yielding a virtual community.  User profiling techniques facilitate adaptive
courseware presentation.

1 Introduction

This paper presents the ECHOES (EduCational Hypermedia OnlinE System) System,
a multi-user immersive training environment hosted across the internet delivered
using multi-agent techniques. ECHOES addresses the maintenance of complex
industrial artefacts specifically radar components. The ECHOES environment seeks
to provide a comfort zone which engineers will visit and revisit throughout the
lifetime of their career. This environment provides a single world within which
information relating to repair and diagnostic procedures can be placed.

ECHOES enables user immersion, within a virtual three dimensional world
together with the virtual community which utilises this space. Two parallel world
depictions are catered for, namely a two dimensional and three dimensional view. The
former will be invoked where user technology or preferences dictates. Users become
part of a community, however the individuality of each user is still preserved. User
profiling techniques enables personalisation of the user experience providing for
example courseware delivery mindful of individual achievement to date.

The remainder of this paper reviews the research landscape and describes the
ECHOES system.

                                                          
1 ECHOES (European Project Number MM1006) is partially funded by the Information

Technologies, Telematics Application and Leonardo da Vinci programmes in the framework
of Educational Multimedia Task Force.
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2 Background Research

Multi-user environments, multi-agent systems and web-based training are the three
technologies that combine to give us the ECHOES Collaborative Virtual
Environment. Stand alone virtual worlds that support only one user have limited
appeal to users and are restricted in their ability to perform as an effective training
environment. Multi-user environments are required in which users may interact and
collaborate as part of a virtual community. Research in this area includes
investigations of the architectures required to support such environments. The Living
Worlds Group [1] part of the Web 3D consortium define a conceptual framework and
specify a set of interfaces to support the creation and evolution of multi-user
applications based on Virtual Reality Modelling Language (VRML). One such
architecture is MASSIVE-3 [2], developed at the University of Nottingham.
MASSIVE-3 delivers a distributed multi-user virtual reality system based on a client
server architecture, together with support for real-time audio communication between
users and dynamic modification of virtual worlds. In contrast DIVE [3] uses
multicast, which is based on peer-to-peer communications without the use of servers.
NPSNET [4] uses an object and event based approach to implement its environment
where virtual worlds consist of objects that interact with each other by broadcasting a
series of events. A number of off the shelf multi-user servers are now available [5].
These include servers such as Deep-Matrix[6] and Blaxxun Community Server [7].

User embodiment is central to effective Collaborative Virtual Environments
(CVE). The Humanoid Animation Group [8] has developed a specification for VRML
avatars. Part of this specification deals with avatar animation. Gestures or facial
expressions can be an important means of nonverbal communication within virtual
worlds [9][10]. The use of user embodiment, through avatars, in virtual environments
provides a richer communication metaphor, providing perception, locating and
identification of other users.

Adaptive hypermedia has been delivered in a two dimensional context through the
use of agent technologies. Patient Advocate [11] was designed to be an intelligent
assistant for patient-centred health care. The system has to provide a user interface
according to the users� needs, expertise and abilities, and contains a monitoring and
consulting agent to guide user toward a reasonable explanation or solution. Based on
the RETSINA multi-agent infrastructure [12] have developed an implementation for
information retrieval and analysis in support of decision-making for aircraft
maintenance and repair. The system uses 3 agents: a form agent, a history agent and a
manuals agent. RoboTA  [13] is an architecture for a colony of distributed agents
aimed at supporting instructional tasks. It provides software coaches in educational
environments to supplement the restricted amount of time instructors can spend with
their students.  To date multi-agent systems have been used rarely in the delivery of
adaptive virtual environments. Notable among these is the Steve agent [14]. One
particular implementation of this architecture is to provide training for navy personnel
in the operation and maintenance of HPAC (High Pressure Air Compressors) on
board ships. Steve offers advice, answers questions and demonstrates tasks all within
an environment that is shared with students using Head-Mounted Displays (HMD).
The architecture used by Steve incorporates Partial Order Planning [15]. Another
such system is that of VETAF (Virtual Emergency Task Force) system [16], which
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introduces the use of intelligent agents into collaborative virtual environments as a
future conferencing system.

The ECHOES Training Environment comprises a collaborative virtual
environment, with user embodiment and an agent-oriented architecture design.
ECHOES adopts the client-server approach of the MASSIVE [2] and DeepMatrix [6]
systems. The user embodiments provided within ECHOES provide the means for the
user to feel part of the virtual community and the ability to personalise the avatars
further enhances the capability to recognize colleagues. The agents within the system
provide the user with an adaptive interface to ECHOES by dynamically personalising
the world view. User monitoring facilities provide the system with a relevant profile
of the user�s abilities and preferences. Systems such as VETAF [16] and Steve [14]
attempt to provide similar intelligence to their virtual environments, but they lack the
completeness of the ECHOES system which also provides individually tailored
courseware, trouble-shooting facilities for the technician in the field (similar to [12]),
and a virtual library, as well as the more common chat and whiteboard facilities.

3 ECHOES Motivation

The primary motivation for the ECHOES system is to provide technicians and
trainees with an intuitive, useable and enjoyable interface to access the information
they require. To this end, the provision of the ECHOES system can be defined as a set
of goals, which are:
• To strengthen the idea of a connected, collaborative virtual community.
• To deliver the core functionality through the adoption of a multi-agent paradigm.
• To provide a personalised and contextualised training experience.

Our approach seeks to enhance the user experience by presenting a familiar
environment that in many ways mirrors the real world to which they are accustomed.
Personalisation of the immersive environment augments user interaction through
careful manipulation of a users personal view.

 In pursuit of these objectives, it was decided to firstly view the overall system in
terms of a group of interacting components, each charged with providing one of the
core ECHOES services. Secondly, component decomposition to a set of collaborating
agents was achieved, before finally determining the precise functional responsibilities
of each agent. These components consist of the Co-Inhabited Virtual Training
Environment (CVTE), User Profile Management, Diagnostic Support, Training and
CSCW. The ECHOES components can be divided into two disparate layers; the
CVTE and User Profile Management are primarily charged with providing an
adaptive user interface, while the Training, CSCW and Diagnostic Support
components form a service layer.

In the remainder of this paper we convey a picture of how the ECHOES
environment provides a collaborative virtual community, before proceeding to outline
how adaptability is incorporated into the training experience through the adoption of a
multi-agent paradigm.
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4     Agent Oriented Design

Much research work has been commissioned on Multi-Agent Systems (MAS) and
Distributed Artificial Intelligence (DAI) [17][18]. In the delivery of computationally
tractable models of deliberative reasoning, one approach that has gained wide
acceptance is to represent the properties of an agent using mental attitudes such as
belief, desire, and intention.  In this terminology, an agent can be identified as having:
a set of beliefs about its environment and about itself; a set of desires which are
computational states which it wants to maintain, and a set of intentions which are
computational states which the agent is trying to achieve. Multi-agent architectures
that are based on these concepts are referred to as BDI-architectures (Belief-Desire-
Intention) [19][20][21]. The tool we commission to deliver the ECHOES agents is
Agent Factory (described in §4.1) which is a member of the class of systems that
embraces the BDI philosophy [19].

4.1 Agent Factory

In essence, Agent Factory [22][23] is a tool that facilitates the rapid prototyping of
intelligent agents. One of the key Agent Factory components is a generic agent model.
The agent is the base computational unit of Agent Factory whose mental state is
comprised of a set of beliefs. This mental state is augmented by a set of commitment
rules that define specific conditions for the adoption of particular commitments.

Central to the future directed behaviour of agents within Agent Factory, is the
adoption of commitments. Currently blind and single-minded commitment
management regimes are supported. The adoption of commitments is determined by
logical conditions expressed as commitment rules.

4.2 Commitments & Commitment Rules

Commitments are pledges, made by an agent to undertake a specific course of action
at some future point in time. Agents can make pledges about both actions and beliefs,
and these commitments may be conditional [18]. Within Agent Factory, commitments
are of the form:

COM <agent-name><time><action><persistence-condition>

Figure 1: EBNF Structure of Commitments.

Once an agent has decided to perform some behaviour, it needs to be able to
represent that decision. This representation is in the form of commitments.
Essentially, a commitment is comprised of: an agent name (to whom the commitment
was made), a time (when the commitment was made), and a capability name (what
was committed to). On completion of the action which has been committed to, the
commitment is dropped.
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If an agent is to adopt commitments, some form of rule is required to describe this
adoption process. Within Agent Factory a set of commitment rules associated with
each agent encode the criteria which must pertain in order that a given commitment
be adopted [18]. The structure of the commitment rules is described in Figure 2.

<commitment-rule> ::= <belief-sentence> => <commitment>
<belief-sentence> ::= < belief > {< operator >< belief >}

Figure 2: EBNF Structure of Commitment Rules and Beliefs.

5 ECHOES Architecture

At a purely functional level, the ECHOES system consists of a group of cooperating
agents that:

• Respond to user interaction.
• Manage and control access to services and ensure consistency of data stores.
• Provide personalisation through user-tracking and dynamic user profiling.

Figure 3 depicts an agent level view of the ECHOES Architecture. The architecture
is presented as a number of layers, where all of the agents in each layer are tasked
with specific roles. These layers deal with presentation, system management and
system services. The ECHOES environment delivers two primary representations of
the information space, those of 2D or 3D. Contingent upon user preferences and
hardware capabilities, the Interface Agent will select the appropriate view.

Figure 3: ECHOES Agent Architecture

It is the task of the Interface Agent to present the CVTE to the user, subject to their
personal requirements. This agent must also manage user requests and user profiling,
as well as make decisions on what other services it will need to employ to satisfy user
requests. The tasks of the remaining agents � the CSCW Agent, the Courseware
Agent, the First Aid Agent and the Media Agent are to manage the resources for
which they are responsible. Their secondary roles are to provide a set of services upon
which the Interface Agent may call on in response to the commitments it has accepted
on behalf of its clients.
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6  ECHOES Agents

To deliver this agent-oriented system a specific agent development tool, Agent
Factory (See §4.1) has been utilized to fabricate the agents contained within the
ECHOES system. The rest of our discussion will examine the adaptive hypermedia
properties of two agents described in §5, namely the Interface Agent and the
Courseware Delivery Agent.

6.1  The Interface Agent

The role of the Interface Agent is to deal solely with user interaction, and to pass
requests onwards to the correct service. To provide this level of service further
decomposition into a group of agents is performed, each assigned a specific function,
or service that it must provide. In essence, the Interface Agent can be sub-divided into
three functional subsets, which are:

• To listen for, analyse and forward on requests to the appropriate agent;
• To accept service data and format it in a presentable manner for the user;
• To manage user sessions and user-tracking;

Figure 4 outlines the functional composition and interrelationships between this
grouping of agents. Each of these agents handles part, or all of the requirements as
previously outlined. The numbers within the diagram highlight the ordering in which
events within the Interface Agent occur, which are referenced in subsequent sections.

Figure 4:  The Interface Agent.
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Listener Agent: gathers information about particular users behaviour within the
virtual world. The data captured  when the user interacts with the ECHOES virtual
space (1) will typically contain details of navigation paths through the activation of
proximity sensors, time spent in different VRML rooms through the activation of time
sensors and user activities through the activation of touch sensors.

Analysis Agent:  makes rational inferences based on the information provided by
the Listener Agent (2,3). The pivotal task is taking the quantative raw data and
converting this into added value qualitative data. A weighting algorithm is applied to
user interaction history data in order to extract relevant features which are then used
to characterise the users perceived preferences.  The user profile represents the
addition of added value to the raw user information (4).

UserProfile Management Agent: delivers a multi-user capability by providing
user management, session management and event management. User-tracking
capabilities are achieved by recording all user events and keeping consistent, concise
and recent information on all aspects of user involvement and interaction within the
ECHOES CVTE. The inclusion of this agent within the Interface Agent abstracts
away multi-user requirements from the underlying service-oriented architecture. This
reduces system complexity thus simplifying the underlying architecture, making it
easier to both maintain and extend.

Avatar Representation Agent: controls and manages all aspects of avatar
representation and interaction within the 3D embodiment of the CVTE. Avatars
provide a sense of immersion in both the virtual world and the virtual community by
enabling a user to perceive, identify and locate other members within the
environment.

An avatar selection page enables users to customize an avatar form, of their
choosing, which will subsequently be used to embody the user within the virtual
world. Component parts of this avatar are stored as URLs within the user profile.
Once inside the ECHOES world the user�s location information (translation and
orientation) is updated every time they move. This is achieved by remotely invoking
methods (setTranslation, setOrientation), using Java Romote Method Invokation
(RMI), which updates the user profile (6). This information along with the URLs for
the face and body are then used to display the avatar in the world of other users. This
avatar is dynamically created using a CreateFromString method from the External
Authoring Interface (EAI). The EAI allows the VRML browser window to
communicate with an applet on the same page. The avatar representation agent
implements a client server architecture. Clients obtain location information for their
avatar via the EAI and in turn communicate this to the server (7). Each client will thus
have it�s own copy of the virtual world. To monitor events in the virtual world we
created an object called an AvatarObserver. This AvatarObserver monitors a
connection to the server for any information on changes in location or orientation of
the other clients. If changes have occurred it will move the avatars representing those
clients to their new locations. The AvatarObserver will also monitor the orientation
and translation of it�s own avatar and when a change occurs it will instruct the server
to inform all the other clients of this event.
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Presentation Agent: provides a contextualised and personalised training
environment. As can be seen from Figure 5 below, the CVTE can have two
presentation forms, a 2D web-based environment, or a 3D immersive environment.
Each of these states must concurrently provide a set of users with consistent,
personalised views of the ECHOES system. Therefore the role of this agent is to take
raw ECHOES data (8), and through cooperation with the UserProfile Management
Agent (5), provide context, perspective and personalisation of each individual�s view
(9), regardless of their form. This agent�s primary objective is to ensure a co-
habitation of ECHOES environments by 2D and 3D users, whilst managing consistent
world content.

Figure 5: Correlation of 2D and 3D Environments.

ECHOES social cohesion is fostered by effective inter-user communication. Each
avatar is provided with a Personal Digital Assistant (PDA), which hosts functions
including mail, chat, shared whiteboard and other CSCW capabilities.

6.2 Courseware Delivery Agent

One of the major goals of the ECHOES system is to provide individually tailored
courseware to users in order to enhance their learning experience. This personalised
courseware is rendered by a Courseware Delivery Agent. The purpose of the
Courseware Delivery Agent (CDA) is to manage the presentation of courseware to the
user. Courseware is personalised to meet the needs of individual users based on
previous expertise and other relevant information stored in the user profile. The user
requests courseware and transparent to the user the CDA interrogates the UserProfile
Database and Courseware Database, and, based on this decides on the most
appropriate module of courseware to present to the user. Elements affecting this
decision-making process include previously viewed courseware, associated test
scores, and the user�s overall level of expertise.

As described in §4.2, the agents in the ECHOES system make their decisions based
on a set of beliefs and a set of commitment rules. The CDA is an instantiation of this
particular agent structure and hence contains such beliefs and commitment rules.
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The CDA provides the decision-making machinery for courseware delivery.
Commitment rules encode delivery criteria, examples are contained in Figure 6.
BEL(UserN = novice) AND BEL(score (UserN,MCQTestN,>60)) AND

BEL(completed(UserN,ModuleN))

⇒⇒⇒⇒ COM (course_del_agent,NOW,present (ModuleN+1,UserN),
NOT(completed(UserN,ModuleN+1)))

BEL (UserN=novice) AND BEL (completed (UserN,ModuleN)) AND BEL
(next(ModuleN, ModuleN+3)

⇒ COM courseware_del_agent, NOW,present(ModuleN+3,UserN),
NOT (completed(UserN,ModuleN+3))

Figure 6: Example Commitment Rules for CDA.

An aggregation of such rules provides a mechanism for selecting the appropriate
Blocks or Modules of courseware for presentation to the user. The Courseware
Delivery Agent evaluates all the commitment rules and identifies the possible set of
commitment rules that evaluate to true. It achieves this by inspecting its mental state.
It looks at its belief set to ascertain if any commitment rule evaluates to true, and then
adds this to the commitment set. A commitment set is a time ordered set of
commitments. Once the internal clock gets to integer N, the Courseware Delivery
Agent honours commitments whose timestamp delivery is that of the current time. In
the context of the examples shown above, this would mean that we would present
ModuleN+1 to UserN at the time when the other conditions held true, and not at some
future time.

7     Conclusions

This paper has presented the ECHOES system, which provides a collaborative,
adaptive virtual training environment. ECHOES supports multiple simultaneous
users, who are encouraged to become part of a virtual community. Personalisation of
the training environment is provided by comprehensive user-tracking and individual
user profiling. The overall objective of ECHOES is to provide a co-inhabited training
space that is intuitive, comprehensive and practical. This system has been delivered
through the medium of VRML and system intelligence provided through a collection
of intelligent collaborative agents.
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Abstract. The paper investigates the use of computational intelligence for
adaptive lesson presentation in a Web-based learning environment. A special-
ized connectionist architecture is developed and a formulation of the planning
strategy retrieval in the context of the network dynamics is proposed to select
the content of the lesson in a goal-oriented way of ’teaching’. The educational
material of the course is stored in a connectionist-based distributed information
storage system that provides capabilities for optimal selection of the educational
material according to the knowledge needs, abilities and preferences of each
learner. Low-level tests of the system have been performed to investigate how
the connectionist architecture and the learner model function together to create
an operational learning environment. Preliminary experiments indicate that per-
sonalized content delivery is provided in an educational effective way.

1 Introduction

An important characteristic of a Web-based Learning Environment (LE) in order to
succeed to its educational potential is the opportunities it offers for personalized
learning. It is well known that the appropriate match of the learners to the learning
experience significantly affects their achievement [3], as the order and the manner in
which topics are treated can produce very different learning experiences [16]. A re-
cently proposed approach, which aims to accommodate diversity in student learning
needs, abilities and preferred style of learning, is the adaptive LE [2]. Towards this
direction, this paper investigates the use of methods from computational intelligence
to support adaptation in a LE and focuses on the domain model and the lesson genera-
tion process that influence the educational effectiveness of personalized learning. A
connectionist-based structure for representing domain knowledge and facilitating a
goal-oriented way of ’teaching’ is proposed. The interactions between the connectionist
architecture and the learner assessment procedure, as well as the role undertaken by
the learner in the lesson generation process are described. Experiments and perform-
ance results are reported to evaluate the proposed approach.
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2 Goal-Oriented Connectionist Knowledge Representation

A main issue in the development of an educational system capable to support peda-
gogical decisions, is the domain knowledge to include multiple curricular viewpoints
on the same knowledge [16]. To this end, a layered curriculum representation has
been suggested with each layer providing a different type of pedagogical information
[6]. This distributed approach to subject matter representation emphasizes the notion
of lesson rather than that of model as a reservoir of domain knowledge, [16], and
formulates the basis of the three-layer connectionist architecture which is proposed in
this section for representing domain knowledge (see Fig. 1).

Concepts

Knowledge goals
Goal 2

Goal 3

Goal 1

Goal 1

Educational material

Goal 2 Goal 3

Fig. 1. The connectionist-based structure of the domain knowledge of a course.

In the first layer of the connectionist architecture the knowledge goals are defined.
Each goal is related to a subset of concepts of the domain knowledge that is located at
the second layer. Assigning qualitative characterizations provides interrelation among
the different concepts of a knowledge goal. The most important among them, named
outcome concepts, should be fully explained in the HTML pages using text, images,
examples, exercises and so on. Others, named prerequisite concepts, are less impor-
tant but essential for the learner to understand the outcome concepts of a goal. Finally,
there are concepts related to specific outcome concepts, named related concepts,
which are moderately important for the selected goal and they just complement the
presentation of the goal.

Table 1. Knowledge goal ’LAN topology’ (13 concepts). Each row contains an outcome con-
cept followed by its prerequisite and related concepts.

No Outcome concepts Prerequisite concepts Related concepts
1 LAN topology Network nodes, Types of connections, LAN Transmission means
2 Bus topology Multidrop connection Ethernet
3 Star topology Point to point connection, polling
4 Ring topology Error rate
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Table 1, above, presents a knowledge goal with its associated concepts, referred on
the chapter Computer Networks of a course entitled ’Introduction to Computer Science
and Telecommunications’, offered by the Department of Informatics, University of
Athens [15]. Note that the order of the outcome concepts corresponds to their se-
quencing in the lesson. Other examples of knowledge goals for this chapter: Transmis-
sion means, ISO Architecture, Internet services, etc.

The third layer of the connectionist architecture consists of different types of edu-
cational material related to each concept of a knowledge goal, i.e. text, videos, simu-
lations, examples, exercises and etc., named knowledge modules. The description of
the knowledge modules is based on the ARIADNE recommendation for educational
metadata [1]. Metadata specify the attributes that fully and adequately describe each
knowledge module of the educational material. In Table 2, a part of knowledge mod-
ule description is presented using three types of descriptors: (i) general information on
the resource itself, (ii) semantics of the resource, and (iii) pedagogical attributes.
Following the above-mentioned description: (i) the different types of the educational
material can be denoted by altering the values of the Pedagogical attributes� fields
{Doc_Format, Interactivity_Level}, (ii) the different learning outcomes of each
knowledge module are related to the values of the Pedagogical attributes’ field {Diffi-
culty_Level}, (iii) the concepts that are presented by each knowledge module are de-
fined in the fields {Main_Concepts, Other_Concepts} of the Semantics of the re-
source, and (iv) the knowledge goal that is related to each knowledge module is de-
fined in the field {Sub-discipline} of the Semantics of the resource.

Table 2. A sample of the metadata information of the knowledge module {Ed12} of the goal
’LAN topology’. It is a text-type module presenting the outcome concept ’Ring topology’

General Information Semantics of the resource Pedagogical attributes
Identifier: Ed12
Title: ’Ring topology’
Authors: ’K. Papanikolaou’
Date: ’09/01/1999’
Language: ’GR’
Publisher:
’Dept. of Informatics,
University of Athens.’
Sources: ’Computer Networks’,
A.S.Tanenbaum, 1992, 2nd Ed.

Discipline:
’Computer Networks’
Sub-discipline:
’LAN topology’
Main Concept:
’Ring topology’
Main Concept Synonyms:
Other Concepts:

End User Type: ’Learner’
Document Type: ’Expositive’
Doc. Format: ’Text’
Usage Remarks:
Didactical Context:
’University level’
Course Level:
Difficulty Level: ’Low’
Interactivity Level: ’Low’
Semantic Density: ’High’
Pedagogical Duration: 20

The proposed three-layer connectionist architecture allows to generate the content
of a lesson from knowledge modules based on a goal-oriented way of ’teaching’, which
is supposed to be more adequate to adults who are motivated to learn a specific
knowledge goal. Thus, a generated lesson should include: (i) complete presentation of
the outcome concepts, (ii) links to brief presentations of the prerequisite concepts, and
(iii) links to the related concepts in a glossary.
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2.1 The Connectionist Implementation

In this subsection, a technical description of the connectionist architecture is pre-
sented. Each knowledge goal in the first layer is associated with its corresponding
concepts in the second layer (see Fig. 1), where each concept corresponds to a single
Concept Node (CN) of a dynamic associative memory, named Relationships Storage
Network (RSN). An RSN is described by:

))(()1( ITxx +=+ ksatk , (1)

where x is a real n-dimensional vector with components xi,i=1,...,n, which denotes the
state or activity of the i-th concept node; T is a n ×n symmetric weight matrix with
real components T(i,j); I is a constant vector with real components I(i) representing
external inputs; sat is the saturation activation function (sat(t) = 1, if t ≥ 1; sat(t) = �1,
if t ≤ �1; sat(t) = t otherwise). The class of systems described by Eq. (1) retains the
basic structure of the Hopfield model [4], but possesses some special features as will
be explained below (see [9] for another application of the RSN).

Training each RSN is performed off-line using groups of patterns that establish re-
lationships among the concepts of a knowledge goal and are defined by an n-
dimensional vector x: { }{ ,} ( , ,..., ) | { ,},− = = ∈ ℜ ∈ − ∀ ≤ ≤11 11 1

1 2

n

n
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groups of m patterns are generated in accordance to particular strategies for planning
the content of the lesson, i.e. for selecting the appropriate concepts to be presented to
the learner. For example, the human instructional designer of the course [15] may
define the following strategies: (i) Strategy A. Learner has successfully studied all the
prerequisite concepts of a knowledge goal. Then, in order to achieve this goal, s/he
has to study only the outcome and the related concepts, (ii) Strategy B. Learner has
successfully studied several prerequisite or related concepts of a knowledge goal.
Then, in order to achieve this goal, s/he has to study the entire outcome concepts and
the rest of the prerequisite and related concepts, and (iii) Strategy C. Learner ’has
failed’ in a number of outcome concepts. Then in order to achieve this goal, s/he has to
study only these outcome concepts and their prerequisite and related ones. The overall
strategy that guides the interaction of the system with the learner supposes (or implies)
that a learner achieves a knowledge goal when s/he studies successfully all the out-
come concepts of this goal.

A storage algorithm that utilizes the eigenstructure method [8] is used for specify-
ing the appropriate T and I parameter values that guarantee that patterns of concepts’
combinations are stored as equilibrium points of the RSN (see [8] for a description of
the algorithm). When two or more concepts are active in a pattern, i.e. the corre-
sponding components of the pattern are {1}, this indicates that a relationship among
these concepts has to be established. Relationships among concepts are represented by
the network parameters (the matrix T and vector I). Note that during operation, the
node inputs, which formulate the initial states of the nodes, are supplied after evaluat-
ing the learner’s knowledge on the concepts of a knowledge goal. The patterns pro-
vided at the input of the network are created according to the level of understanding of
the learner on the concepts of the specified goal (see [7][11] for details on the assess-
ment procedure). Depending on the pattern applied to the input, the state vector of the
RSN is forced to move toward a stored pattern, i.e. an equilibrium point. Thus, the
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RSN performs associate inference depending on the input pattern and, unlike the gen-
eral use of an associative memory, it operates synchronously: (i) it updates the states
of its nodes simultaneously, and (ii) the input pattern is kept unchanged until conver-
gence of the network (see [8] for details on the network operation).

It is worth noticing the advantages of the proposed method for designing the RSN
over alternative methods, such as the outer product method [4], or the projection
learning rule [12]. For example, the outer product method does not guarantee that
networks will store all desired vectors as equilibrium points. In addition, experience
has shown that the storage ability of networks designed by the outer product method is
up to 0.15n, where n denotes the order of the network [4]. On the other hand, the ei-
genstructure method possesses the following features: (i) the designed networks have
the ability to store more patterns than corresponding discrete-time networks designed
by other methods, (ii) all the desired patterns are stored as asymptotically stable equi-
librium points, and (iii) guidelines are provided for reducing the number of spurious
states and for estimating the extent of the domains of attraction for the stored patterns.
Comparative results among several design methods for this Hopfield-type class of
systems, described by Eq. (1), have been reported in [8].

2.2 The Educational Material

Several RSNs construct the third layer, each one corresponding to a different knowl-
edge goal (see Fig.1 � the layer of educational material). RSNs function in this layer is
analogous to the storage of information in an associative memory [5]. An associative
memory is able to recall a full set of the information of the memory when the network
is excited with a sufficiently large portion of this information. Note that in conven-
tional forms of information storage, such as dictionaries or telephone catalogues, the
only way to access information is by the address of the place where it is stored, usually
called the ’key’, e.g. Id field in Table 3.

Table 3. A sample of the educational material of the goal ’LAN topology’. Each line describes a
knowledge module of the goal.

Id M_concept Other_concept Dif_level Doc_format Inter_level
Ed1 LAN topology 01 Text Low
Ed2 -||- 01 Example Low
Ed3 -||- 02 Exercise Low
Ed4 -||- 02 Exercise Medium

.... ........ ....... ...... ........ ......
Ed12 Ring topology 01 Text Low
Ed13 -||- {Star, Bus} Top. 01 Example Medium
Ed14 -||- 03 Exercise Medium

Note that Table 3 shows how the information about the educational material, i.e.
the knowledge modules, of the goal ’LAN topology’ might be stored in a conventional
information system. Following [1], the different columns of Table 3: Id (identifier) is a
unique identifier for the resource; M-concept (main concept) is the main concept that
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is covered by the educational resource; Other_concepts is a list of domain concepts,
other than the main concept, that is covered by the resource; Dif_level (difficulty
level) denotes how hard is for the typical user to work through the resource; scale
adopted {01, 02, 03}; Doc_format (document format) is a field that takes value from a
list whose content depends on the doc type, i.e. {text, exercise, example, simulation,
case study}; Inter_level (interactivity level) is the level of activity between the re-
source and the end-user, i.e. {low, medium, high}. Obviously, multiple classes of
information should be developed, so that the educational material presenting a concept
of the subject matter takes into consideration different learning styles. Furthermore,
multiple levels of difficulty should be introduced aiming at different learning out-
comes, so that the different learners� educational needs are fulfilled.

In order to store the information shown in Table 3 in a distributed connectionist
network, such as the RSN, the different instances of the features {Identifier,
M_concept/Other__concept, Doc_format, Dif_level and Inter_Level} need to be rep-
resented as nodes of the network. For example, each of the different instances of the
M_concept feature, i.e. the outcome concepts of the knowledge goal ’LAN topology’:
{Net topology, Bus topology, Star topology, Ring topology}, is represented by a sin-
gle node and so on (see Fig. 2, description A).

In each RSN, a memory is formed by setting up a link between two nodes corre-
sponding to the same knowledge module. Thus, in order to store all the information
about a knowledge module, e.g. {Ed2}, positive links between all the possible pair-
wise combinations in the different feature-areas will be set during the training phase
(see Fig. 2, description B). To this end, the RSN is trained off-line using patterns that
establish relationships among the different instances of the feature-areas for each
knowledge module of the goal and are defined on n}1,1{− . The groups of patterns that
are stored to the network are generated in accordance to the knowledge modules of the
educational material, as shown in Table 3.

During RSN’s operation, the state vector of the network is forced by the pattern ap-
plied to the input to excite or inhibit certain links between the different instances of
the feature-areas and, thus, satisfy the constraints that the input pattern poses; for
example, deliver educational material of certain format and difficulty level, etc.. Actu-
ally, what is retrieved is the information, which corresponds to the most active node(s)
once this flow of activity has established. Thus, the RSN’s input pattern assigns values
on the features of the educational material and it can be seen as setting constraints on
the final state that the network can settle into. Following this approach, the system�s
response to the selection of a knowledge goal will be different under different condi-
tions, i.e. input patterns. It is worth noting that, the RSNs operate as distributed infor-
mation storage systems providing capabilities such as: (i) retrieval on the basis of
partial information, and (ii) fault tolerance. For example, a full set of information
regarding a knowledge module can be easily retrieved from the content-addressable
database (RSN) by simply providing partial information about it, such as the name of
the main concept related to it, the difficulty level etc. (see Table 3). Therefore, the
connectionist approach to a content-addressable database provides the
learner/educator/system with an effective way of retrieving data for different uses,
such as (i) the evaluation of the level of understanding of the learner through the con-
struction of tests that correspond to certain concepts and level of difficulty, or (ii) the
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generation of a lesson that meets the learner�s needs according to his/her level of un-
derstanding and preferences.

 M_Concept / Other_Concepts  Dif_level

 LAN Topol.          Star   01     02
 Bus   Ring           LAN                        03

Inter_Level Identifier

Low    Medium                 Ed1  Ed2 Ed3�..
High

Ed12  ... Ed14

Doc_format

Texts Videos
Examples Exercises
Simulations Case-Studies

12

2

n

Fig. 2. The architecture of an RSN of the third layer that stores information about the educa-
tional material of a knowledge goal, i.e. about its different knowledge modules. (A) Each area
represents a certain feature of the knowledge modules with the nodes within an area represent-
ing possible instances. (B) The information about a knowledge module, e.g. the 13th knowledge
module corresponding to the 13th line in Table 3, is represented by setting up excitatory con-
nections between the facts that are known about it. In this figure, this is done by setting up a
knowledge module node (the gray nodes in the middle of the figure, e.g. ’2’ corresponds to the
2nd, ’12’ corresponds to the 12th and ’n’ to the 14th knowledge module) and linking this to all the
instance nodes that represent its properties in Table 3. This form of representation is used for
illustration purposes, as it reduces the number of connections required to set up the model and
makes the operation of the model easier to follow. The excitatory connections necessary to
represent all the information about 3 knowledge modules of the knowledge goal ’LAN topol-
ogy’ have been entered, for illustration purpose, using three different line types.

3 Implementing Personalized Learning

Didactic decisions are made by references to the evaluation of the learner’s knowledge
/ preferences and to the domain knowledge. They are responsible for deciding how to
sequence knowledge in order to achieve the instructional goals of the learning envi-
ronment and they are concerned with both the content and the delivery of instruction
[13]. Therefore, the lesson generation process is realized in two stages: (i) planning
the content, that is, selecting the appropriate concepts of the lesson by making use of
learner�s background knowledge and educational needs, and (ii) planning the delivery
of the educational material. The planning of delivery is responsible for the optimal
selection of the educational material. Note that the development of the educational
material, in this approach, is of major importance, as it should address different edu-
cational needs, learning styles and capabilities.

As shown in Fig. 3 below, the Learner’s Evaluation module influences the operation
of the connectionist architecture. Following the learner evaluation procedure de-
scribed in [7][11], six categories are used to classify the level of understanding of the
learner with respect to each concept of the selected goal: {EI, I, RI, RS, AS, S} = {Ex-
tremely Insufficient, Insufficient, Rather Insufficient, Rather Sufficient, Almost Suffi-
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cient, Sufficient}. This scale has been experimentally found to provide evaluation
results closer to human teachers’ evaluation performance, when compared with previ-
ous work in the area [13].

Connectionist
Architecture

Learner Model

Learner�s Evaluation Learner�s Preferences

Learner

1st Stage:
Selection of
knowledge goal:
The Knowledge Goal Layer

2nd Stage:
Content Planning on
knowledge goal:
The Concepts Layer

3rd Stage:
Planning Delivery on
knowledge goal:
The Ed. .Material Layer

1st mode

2nd mode

Fig. 3. Diagram of the interactions for the lesson generation process. The input of the 3rd Stage
can be formulated either by the system (1st mode) or by the learner (2nd mode)

Note that, when the learner’s knowledge with respect to a concept is characterized
as Extremely Insufficient, a value of approximately 1 is assigned to the corresponding
component of the input pattern, which means that the learner certainly has to study
this concept. On the other hand, a value of approximately 0.1 is assigned when the
learner’s knowledge on a concept is evaluated as Sufficient. The magnitude of the
assigned value depends on the importance of the concept in achieving the knowledge
goal and on the concept’s characterization (outcome, related, prerequisite). For exam-
ple, the degree of membership of the learner’s knowledge on the outcome concept
LAN topology in each of the 6 above-mentioned categories is given by the set:

}6|2.05|49.04|69.03|89.02|99.01|1{)( +++++=xµ ,
where an integer value 1,2, ...,6 is mapped to a linguistic term {EI, I, RI, RS, AS, S}
and the symbols ’|’ and ’+’ are used only as syntactical constructors. Similarly, the set

}6|1.05|27.04|37.03|67.02|87.01|97.0{)( +++++=xµ
is an example of learner’s knowledge on the related concept Transmission means

The results of the evaluation formulate the input patterns of the RSN of the second
layer and thus affect the content planning process for the selected knowledge goal.
Note that different strategies for planning the content are implemented by means of the
dynamics of the RSN. As mentioned in Sect. 2.1: a strategy is stored in the RSN, as a
collection of m patterns defined on n}1,1{− . The results of the Learner’s Evaluation
module are further used to specify the difficulty_level feature, which is a part of the
input pattern of the third layer. To simplify the practical implementation, the following
conventions are used: educational material of difficulty level {01} should be selected
for learners characterized EI or I with respect to a specific concept; educational mate-
rial of difficulty level {02} should be presented to learners characterized RS or RI.
Finally, learners characterized as AS are supported by educational material of diffi-
culty level {03}. Additionally, the output of the second layer, i.e. the concepts that the
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learner has to see next, specifies the Main_concept/Other_concept feature, which is
another part of the input pattern of the third layer. The learner�s preferences, which are
provided by the Learner Preferences module, formulate several parts of the input pat-
tern of the third layer, such as the inter_level, and the doc_format.

The proposed approach supports two modes of personalized learning: (i) the
learner selects a knowledge goal in Stage 1 of Fig. 3 and the system generates a lesson
of difficulty level {01}. Next, the learner studies the educational material provided
and submits the included tests. During the learner-system interaction, the Learner’s
Evaluation and Learner Preferences modules evaluate or keep data about the learner
performance and preferences and estimate his/her level of understanding, preferences,
learning style, etc. The results of the evaluation procedure influence the lesson gen-
eration process that takes place, as previously described (see also Fig. 3 � the 1st mode
of personalized learning), in Stages 2 and 3 and help the educational environment to
generate a lesson according to learner’s knowledge needs, abilities and preferences.
Alternatively, end-user modifiability can be supported: (ii) the learner by-passes the
Learner Evaluation and guides the lesson generation process by selecting the concepts
to be included in the lesson and the different features of the educational material, i.e.
the input pattern of the 3rd layer (see Fig. 3 � the 2nd mode of personalized learning).
During this type of lesson generation the Learner’s Evaluation module is only used to
keep a record of the learner’s attitude and performance.

4 Experiments

The proposed connectionist model has been tested under various learner performances
on the chapter ’Computer Networks’ of the Web-based course ’Introduction to Com-
puter Science and Telecommunications’ [15]. In this chapter adult learners have to
study 25 knowledge goals, each one containing 10-26 concepts. The response of the
system has been evaluated by teachers-experts in Computer Networks and has been
characterised as predictable, reliable and educationally effective.

4.1 Planning the Content: Selecting Concepts for Presentation

The content planning process is realized by the 2nd Stage of the connectionist archi-
tecture (see Fig. 3) and is mainly affected by the selection of the knowledge goal by
the learner in the 1st Stage, and the estimations of the Learner’s Evaluation module.
Depending on the knowledge goal, the input pattern of the corresponding RSN is
formulated and the final state vector of the network (the nodes’ activities) determines
the concepts that need to be included in the generated lesson. In the example described
below, the learner has selected the goal ’LAN topology’ and his/her performance with
respect to the various concepts s/he already studied has been evaluated as ’Rather
Sufficient’ with respect to the outcome concepts {LAN_topology, Star_topology} and
to the prerequisite concept �LAN�, and ’Almost Sufficient’ with respect to the rest of
the prerequisites and related concepts.

In Fig. 4 below, it is shown that the activity of the concept node that represents the
prerequisite concept Transmission means, i.e. related to the outcome LAN topology,
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goes to �1, which means that the node is deactivated and this concept will not be pre-
sented. On the other hand, the activity level of the concept LAN, which is a prerequi-
site to the outcome LAN topology, goes to +1 and thus it will be presented. Note that,
the nodes’ activity level at cycle=0, when transformed to the interval (0,1), is related to
the result of the learner�s knowledge evaluation procedure. For example, the learner
has been evaluated as ’0.27|Almost Sufficient’ on the concept Transmission means (cf.
with this concept’s set in Sect. 3). Similarly, the concept nodes LAN topology and Star
topology are activated since the learner has been evaluated as ’0.69|Rather Sufficient’
and ’0.68|Rather Sufficient’ respectively. Thus, following the recalled planning strat-
egy B, the generated lesson includes all the concepts of the knowledge goal apart from
the successfully studied prerequisite and related ones. The performance of the system
with 40 learner profiles has been significantly high, almost reaching 100%. Similar
performance on planning the content of a lesson has been achieved in the experiments
reported in [7][10].
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star; Star topology (C6): o-mark; Point to point connection (C7): +-mark; Polling (C8): line
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4.2 Planning the Delivery: Selecting the Educational Material for Presentation

The planning of delivery is based on the results of the recall operation of the RSN in
the third layer. RSNs input patterns consist of three parts: (i) the output of the 2nd
Stage, (ii) the estimations of the Learner’s Evaluation module that suggests the appro-
priate difficulty level of the educational material, and (iii) the output of the Learner’s
Preferences module that provides information with respect to the type, format and
interactivity level of the educational material. In addition, the relevant importance for
each of the selected concepts on achieving a knowledge goal is considered, as at this
stage of implementation only outcome concepts are represented in the third layer. The
selection of specific knowledge modules for different educational uses, such as lesson
generation or learner assessment, is obtained by means of the retrieval of the educa-
tional material using specific parts of the information that describes it, which formu-
lates the input pattern of the RSN. The following examples illustrate this approach.
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target the generation of a lesson
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In the first case, the target is to generate a lesson suitable to the learner needs and
preferences. Expanding the example described in Sect. 4.1, planning the delivery has
to do with selecting the appropriate educational material for presenting the outcome
concepts {LAN_topology, Star_topology}. This process is guided by the results of the
Learner�s Evaluation module concerning the level of difficulty of the knowledge mod-
ules to be presented, and of the Learner�s Preferences module concerning their type
and/or format. As the learner�s level of understanding on these concepts has been
evaluated as {RS}, the corresponding level of difficulty should be {02} (see Sect. 3),
while it is estimated that learner should be motivated to undertake a more active role
(Medium interactivity). Note that in Figs. 5 and 6 the knowledge modules of the con-
cepts LAN topology and Star topology are: {Ed1, Ed2, Ed3, Ed4, Ed5} and {Ed9,
Ed10, Ed11} respectively. The RSN, taking this input pattern, results after some cy-
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cles in activating the nodes: {Ed4} (line in Fig. 5) and {Ed11} (square in Fig. 5).
Actually, these are the only knowledge modules of the two concepts that satisfy the
above-mentioned constraints (cf. with their features in Table 3); {Ed3} is a knowledge
module of type ’Exercise’, but it is not activated since its Interactivity level is Low.

In the second case, the target is to assess the learner on the concepts
{LAN_topology, Star_topology}, i.e. to construct an assessment test of difficulty level
{02}. The RSN, taking this input pattern, results in activating the knowledge modules
{Ed3} {Ed4} and {Ed11} (see Fig. 6). Actually, these are the only knowledge mod-
ules that satisfy the above constraints (cf. with their features in Table 3). The RSN
performed retrieval on the basis of partial information and achieved an overall per-
formance of 90% in 40 different input conditions. Performance mainly depends on the
size of the partial information provided to the network.

5 Conclusions

This paper has described some important parts of a personalized learning environ-
ment, how they are designed and interact. Α formulation of the planning strategy re-
trieval for generating the content of a lesson in the context of the dynamics of the
connectionist network has been proposed. This approach seems to accommodate the
goal of improving learners’ learning process by matching the lesson to their level of
understanding and educational needs. At the same time the system has the potential to
provide learners with control over the lesson generation process, in the sense of
learner’s preferences. It also supports end-user modifiability offering opportunities to
the learner to intervene on the selection of the educational material by defining the
values of the different features of the educational material.
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Abstract. This paper discusses the design of a tool for authoring adaptive hy-
pertext. First we describe the task of adaptive hypertext design. The network
editing task as well as the testing phase are explored showing the importance of
a design environment for authors and developers of hypertext adaptive systems.
Then the required support such environment has to provide are presented. Fi-
nally we describe how principles can be translated into practice by illustrating
the implementation of a design environment for developing and testing a very
flexible adaptive hypertext.

1   Introduction

In standard hypertext there are two playing actors: the author and the reader. What the
author composes, the reader receives. Pages, links and net structure are the author’s
responsibility. Instead in adaptive hypertext applications, an "autonomous" entity
enters into play between the author and the reader. Such entity, the system, tailors the
final page by interpreting the data the author wrote. In principle, this could bring un-
certainty, in practice this simply complicates the scenario. As a matter of fact, given a
specific set of conditions (the context in which the user action takes place), the be-
havior of the system is fixed: given a context the system behaves always in the same
way.

Designing standard hypertexts means in general to re-organize pre-existing infor-
mation in a structured way. In adaptive hypertext, besides creating a structure there is
the not trivial task of enriching it with decorations (on nodes and links) that allow the
system to dynamically select (or hide) the parts that will compose the final page.
When editing "standard" hypertext, authors are in full control of the final result,
whereas when editing adaptive hypertext they can not directly see by themselves what
the result of their work is, i.e. what content and links the page presented to the user
will include. In this scenario, a support to foresee the result is mandatory if the author
is not an expert of the adaptive system. This is the purpose of a tool for adaptive hy-
pertext design: make it possible for authors to do their work being experts in the do-
main and not in the adaptive system.

In this paper, we discuss the most crucial issues of editing adaptive hypertexts and
present a design environment that was developed to support authoring and testing of a
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flexible hypermedia. Such environment was developed within the HIPS project1 [1].
HIPS aims at developing a portable electronic guide that dynamically composes pres-
entation taking into account a mixed context of physical model and user models2. The
original flexible hypermedia used is based on the concept of macronode, a piece of
information (of whatever combination of media) that describes a single concept in a
certain way; macronodes are connected by typed links (see [9] this proceedings for a
full description). The MacroNodeEditor (MNE) was built for supporting the develop-
ment and testing of macronode networks.

2   Adaptive Hypertext Design Task: Which Support?

Authoring is a crucial task in adaptive hypertext (AH). As it is well known [3], an
adaptive hypertext system consist of a hypertext and a user model. It is adaptive in the
sense that it adapts the hypertext by using the model. The quality of the output de-
pends on both the quality of the user model and its adaptation methods. But these are
system requirements (architectural matters). From the point of view of the develop-
ment of new applications, the quality of data (hypertext) becomes crucial. The pres-
entation effectiveness of AH depends on the careful and precise work of authors:
selecting a certain content or hiding some links cannot be done if authors fail in prop-
erly marking either of them. As a consequence, authoring has to be properly sup-
ported.

As stated by J. Nanard and M. Nanard (in [7]), hypertext design activity does not
consist simply in following some formal technique; it is a recursive process with
backtracking and erratic switching among thinking, production, reorganization, modi-
fication, and evaluation. In their view, "hypertext design environments should support
both formal tools for reasoning and experimental feedback for checking design
choices." A design environment has to give formal support in the early steps, while
support for testing is valuable when the hypertext structure is almost consolidated.

Formal tools or methods are essential when the focus is on elicitation of concepts
and on the general organization of the hypertext network. A model to follow speeds up
the start up process: a formal description and a suggested sequence of steps are of
great help. Formal design models have been proposed and used in non-adaptive hy-
pertext (as the HDM - Hypertext Design Model [5]). A general, common, formal
model has not yet been proposed for adaptive hypertext. Nevertheless it is important
for each system intended to leave the lab for the applicative world to develop a proper
model of itself easily understandable by non-technical but nonetheless professional
users. It really does not matter if the model for AH design is a formal one, a collection
of useful patterns, a set of rules, or a mix of them [2,8]. In our view, what really mat-
ters is that the model has to be effective in supporting the initial design stage: the

                                                
1 HIPS is a EC founded project in the Esprit i3 initiative. Partners are: University of Siena

(coordinator, Italy), Alcatel-SIETTE (Italy), CB&J (France), GMD (Germany), ITC-Irst (It-
aly), SINTEF (Norway), University College Dublin  (Eire), University of Edinburgh (Scot-
land).

2 HIPS allows also the user to mark with spots space and objects.
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problem of how to communicate to authors the concept of run-time composition has to
be carefully considered because this is the core of adaptive systems. Thus the goal of
the formal definition is to let authors clearly know what are their best options: what
type of content has to be considered persistent and which is optional, when and how it
is better to use one or the other of them, how to categorize the links, and so on.

Supports for testing are equally important. For non-adaptive hypertext "testing"
means to see the appearance of the structure under construction as presented to the
user, in a word, its look-and-feel3. In our opinion, testing an AH has a broader sense: it
includes also testing the final selection the system will perform at run time. So the
goals are two: testing the content and evaluating the appearance. They can be profita-
bly separated since they require different subjects (authors vs. users), set up (the de-
sign environment vs. the final system), and methods (lab evaluation vs. in-the-field
evaluation). The evaluation of the look-and-feel (the appearance) can be postponed
until the data structure (the content) is optimal. Thus, the first goal of the testing phase
is to create the best network given the adaptation methods available, or possibly to
realize the best synergy between data and adaptation methods allowing authoring of
both. Here we focus only on this evaluation step. In this case, the testing means to be
able to simulate all the conditions that the system will use at run time. In other words,
it has to be possible to compose a kind of snapshot of the context that could plausibly
occur at run time and then run the adaptive engine on the AH authored so far.

3   Adaptive Hypertext Design Environments: Some Principles

Support authors of AH with editing and testing facilities requires creating a sophisti-
cated environment composed of pieces of the adaptive system and simulated parts. In
this section, we discuss the main issues involved in developing such environments. A
tool we realized to support authoring flexible hypermedia is used as example.

3.1 Supports for Conceptualization and Editing

Authors must have enough knowledge to predict the type of presentation the system
will compose on the bases of the current net and context conditions and have to inherit
part of the control over the adaptive system. Only this knowledge allows finding out
what has to be modified when a problem occur (i.e. bad output). Thus authors� under-
standing of the system is the first goal. In the concept elicitation phase, help is given
by formal methods (an analytic description of both structure and process) as well as by
other less demanding supports: golden rules, patterns and templates can be effective in
making the adaptive mechanism easily understandable.

In the design environment we implemented, the MacroNodeEditor (MNE), formal
tools are a simplified version of the formalism, a set of design rules, and templates.

                                                
3 In human-computer interaction "look and feel" denotes the concrete sensory experience of

using an artifact -what the user looks at, feels, and hears while using it.
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Each of them serves to a different purpose and all of them are essential parts of the
user manual:
• formalism: the formal model provides a systematic and motivated analysis of  the

structure and how it is used by the system. As support to the design phase, the es-
sential part of the macronode formalism is coupled with a set of examples to clar-
ify the function of each item in the marker set in order to let authors assimilate the
type of annotation required. This is fundamental, since authors maintain a strong
decision power that affects system effectiveness. For example, the granularity of a
macronode is totally under author responsibility: it might be one phrase or a long
paragraph. Authors have to decide what is the most appropriate depending on the
situation (type of user, function of the text, content).

• rules: a set of design rules supports a better understanding of the formalism as
well as a fast start up phase. They are valuable in the early steps of data structur-
ing, when, for example, text has to be split into pieces that have to be properly
classified. MNE has rules for composing groups of nodes out of split text (e.g.
how to identify macronode chains) and others at the level of the single macronode
(e.g. how to mark a node of type �direction�). Some these rules can be encoded in
the tool as automatic checking of the correctness of the net under construction.

• templates: templates are an empty, prototypical scaffolds defined as the most
representative of certain desired data configurations4. Templates are fundamental
to support adaptive mechanism understanding: test sections can be described on
the bases of templates showing the effect changes in the net have on results. Dif-
ferent templates were defined in MNE to capture the ideal shape of sub-networks
devoted to describe objects of museum domain, such as halls, collections, and
artworks. The implicit purpose is to push as much as possible authors to fit the
best structure for a certain goal. Of course, authors can autonomously decide to
modify the template, to use it only partially or to ignore it completely, but they
have to bear in mind that the suggested one is optimal for the adaptive methods.

The design environment has to complement the described formal tools with editing
facilities. As a matter of fact providing only the theory does not guarantee authors to
be able to easily and effectively come to optimal data organization or succeed in prop-
erly marking. Moreover the finer the adaptation is the richer annotations must be.
Authoring task ranges from introducing tags into HTML files (as in AHA [4]) to build
a knowledge base for complex fact-representation (as in ILEX [10]). While writing
annotated HTML files can be done using standard text editors [6], editing more so-
phisticated structures requires ad-hoc tools. MNE provides graphical editing facilities
discussed in 4.1.

                                                
4 This idea of templates is different from the one expressed in [8]. We consider only the content

and completely ignore the layout of the final page. Secondly, our constructive mechanisms
are in the adaptive methods and not in the templates. Finally our templates concern only op-
timization of data annotation respect to adaptivity, something that is not relevant for standard
hypertext.
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3.2  Supports for Testing

The second important phase in AH design task is testing. An essential feature of a
design environment is to give authors the possibility of evaluating the current network
against the final adaptive system: they will learn how it works by testing. Therefore
the design environment has to include modules coming from the adaptive system.
Which ones are appropriate to import depends on the purpose of the final design envi-
ronment. If the final goal is to better support the composition of data structures, then it
is probably enough to include the adaptive core and the data management. Another
perspective is to use the design environment as test-bench for the adaptive system
itself. In this case, the user model module has to be included too in order to monitor its
evolution while the interaction is going on. While in the first case the focus is on the
data optimization, in the second the main purpose is to test adaptive modules in an
extensive and easy way. The design environment will of course reflect these different
purpose and the different users, i.e. authors vs. developers.

Modules of the adaptive system that do not need to be tested or that are insignifi-
cant in respect to the adaptive mechanism can be simulated through an appropriate
graphical interface in the design environment. Authors will be required to set the cur-
rent condition of the simulated modules by clicking on it (see user models simulation
in MNE described below and in 4.2).

As an example, let consider the architecture of the HIPS system against the one of
the MNE (Figure 1). In general, HIPS analyses both visitor�s movements and explicit
selections and, when appropriate, reacts by dynamically creating presentations. A
presentation is composed by: i) an audio message (derived by the content of a set of
selected macronodes), ii) an image relevant for the described object, and iii) a set of
links related to other macronodes. To create a presentation, HIPS traverses the macro-
node network (recorded in the Macronode Repository) and decides which nodes will
be part of the presentation by taking into account a mixed context of physical model
(the Physical Organization Knowledge Base) and user models (Visitors Models and
Interaction History in figure).

Testing the AH of HIPS means to apply the adaptive core, the Composer Engine, to
the net under construction held in the Macronode Repository. Therefore both modules
are included in the MNE without making any modification.

Since the Composer Engine evaluates the current context, it is necessary to simulate
the work of the modules that contribute to it, namely the Interaction History, the
Physical Organization Knowledge Base, and the Visitor Models. The Interaction His-
tory (the sequence of visitor�s stops and presentations heard) was simulated collecting
the output of test sections, while the Visitor Models values were directly set by
authors at the interface.
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Fig. 1. A simplified view of the HIPS architecture (left) compared with the on of MNE (right).
The boxes in gray are the data structure (the hypermedia) and the adaptive core, essential parts
of the testing. MNE panels are presented and discussed in the next section.

The Physical Organization Knowledge Base (POKB) was not essential, but it was
of great help in setting the physical context: given a certain position in the space it
automatically sets many variables such as the current room and area the visitor is in,
and the exhibits in sight. So the POKB was included in the MNE for the only purpose
of helping in the task of setting the current context.

The Visitor Models were simulated at the interface level since the focus was on the
correctness of macronodes networks with respect to the adaptive mechanisms5. Nev-
ertheless, these modules can be easily interfaced with the environment since the func-
tional interfaces were not changed at all: they run in the same way in HIPS and in
MNE. In this way, MNE will become a full test-bed allowing for both user model and
adaptation testing.

The MNE was intended as a tool for supporting macronode networks composition.
As a consequence, modules like the localization subsystem and the user interface were
not considered relevant, thus they were not included nor simulated. Leaving out the
user interface might sound strange. However, since the same adaptive core is used to
generate web pages as well as HIPS screens, there is not a single appearance of the
hypertext, so look-and-feel evaluation was left for a specific user evaluation section.

4    A Closer Look at the MacroNodeEditor

Properly defined tools accommodate task sharing between users and systems. In AH
design, tasks humans have to be in charge of are: selection, classification and marking

                                                
5 Visitor Models (namely Visiting Style and User Model Application) are under other HIPS

partners responsibility.
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of contents and relations; run testing and judge the result. The system has to support:
data organization and overviews, abstraction from internal format, network consis-
tence checking, and test-revise cycle.

4.1    Abstraction, Views, and Editing

One of the duties of a tool for authors is to hidden the syntactic details of the system
internal formalism. MNE realizes a high level abstraction from the data internal form.
Very briefly, a macronode is an annotated unit composed of  (i) a marker set that has
the purpose of fully describe (ii) the content part. Marker items are among the others
([9] in this proceedings reports an exhaustive description):
• type to express the role the node has in the broader view of a potential presenta-

tion; e.g. welcome marks an introduction, caption marks a primary information,
additional and liked signals secondary and ancillary contents and direction indi-
cates orientation information towards other related objects;

• concept to describe what the node is about, e.g. an artwork, the person portrayed,
the author;

• perspective to make clear the particular view over the concept, its flavor, e.g.
generic, artistic, historical, anecdotal;

• rhetorical relations to connect macronodes by explicitly showing text relations.

The marker set is used by the system at run time for deciding, on the basis of the
current context, which macronodes will compose the presentation. Figure 2-left shows
the panel used to compose the marker set.

The content of a certain macronode is a bulk of information that can be presented
in different circumstances changing only partially its form. How the content is realized
depends on the current value of the discourse context. The discourse context contains
both the communicative context (the world around speaker and hearer) and the textual
context (the text that surrounds a certain utterance). A reference to an object in the
physical space like "this is the great fresco La Maestà" concerns the communicative
context since a correct interpretation is given only merging the utterance with the
environment. An example of co-textualization occurs when a pronoun substitutes the
subject like in "It is one of the absolute masterpiece of the European gothic painting.":
the comprehension of this sentence requires to know the previous utterance. To realize
such a different form of the same content, the text is split into steps that are points of
choice. Each step has mutually exclusive messages each activated by features. Fea-
tures refer to each variable of the discourse context (Figure 2-right displays the panel
used to edit macronodes steps).

The macronode model is an articulated formalism that supports very flexible ad-
aptations, but that requires a careful annotation. To avoid mistakes, typing is never
required (authors can add in the message panel personal comments as they see fit,
which are never used by the system). The filling-in is done by properly selecting the
desired item out of displayed lists. For example adding a concept means selecting it
from the �concept tree� displayed when the corresponding add button is pressed.
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Fig. 2. A macronode as presented by MNE: the marker set on the left, the content on the

right.

A tool for editing hypertext has to support personal data organization and view
over the hundreds nodes that easily populate the net. MNE supports data organization
allowing recording into many files: authors can focus only on part of the network by
opening just some files (through the browser in Figure 3 left). Views and overviews on
data are supported by displaying essential information in the browser and in the graph.
The macronode type is visually coded by a shape and is coupled with the title at the
browser level. The graph has the main purpose of showing relations among nodes;
node content is summarized by the shape (the macronode type), by the title and by
other user chosen slots (concept and perspective in the figure). Thus the essential part
of the macronode formalism is used consistently throughout the whole tool.

  
Fig. 3. The MNE browser (left) and the graph viewer (right).
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Another support for data organization are templates (introduced in section 3), i.e.
skeletons for organizing data in a new design process. A template is defined for each
of the relevant items of the domain. The one for exhibits is illustrated in Figure 4. It
suggests to provide a short object introduction (welcome node in the figure), a bulks
of essential information for each flavor (captions with generic, historical, artistic or
anecdotal perspective), and possible deviations with elaborating information (addi-
tional and linked nodes).

Fig. 4. The exhibit template as instantiated by the MNE.

This configuration is optimal since the more diverse the information is the richer
the final presentation will be. In fact the Interest Models (one of the HIPS Visitor
Models) allow the adaptive mechanism to choose at run time the most appropriate
content; thus the user interested in art will receive artistic descriptions, while for curi-
ous visitors an anecdotal perspective is preferred. Moreover chains of macronodes
(connected additional nodes following a caption) will allow to vary the presentation
length depending on the Visiting Style (an estimation of user�s attitude towards the
exhibition, part of HIPS Visitor Models).

4.2    Test-Revise Cycle

The design environment has to adequately support typical user actions at testing time,
such as simple check, quick identification of problems, and immediate revision. For
this purpose MNE provides the author with a couple of panels to set the hypothetical
context, run the system and collect the produced output (Figure 5); these panels are
integrated with the previously discussed editing ones.

The test panel, on the left in Figure 5, allows setting context conditions on which
HIPS adaptive methods are applied. Very briefly HIPS uses clusters of rules applied
in sequence to detect the exhibit on sight, select the most salient macronode (the one
to start with), collect the macronodes that follow, and finally select the related macro-
nodes to be presented as links (a wider description of the mechanism is reported in
[9]).  Through the test panel the author sets the current context for the next run.
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Fig. 5. The two panels used during testing for setting the context and presenting the output.

The upper part, Starting Macronode, can be used to skip the first step to make a
very punctual evaluation since it allows setting the macronode to start with. The area
below is the Location Area that represents the physical context. Filling is done by
MNE (through the POKB) that, as visitor�s Position and Orientation change, auto-
matically updates the Area and the Room, displays the Exhibits on sight, and sets the
Concept of the presentation to the default value (first object in the Exhibits list). The
last section simulates the current user models values (Visiting Style, Preferred Per-
spective, Preferred Concept).

The author sets the context and runs the adaptive engine by clicking on the inter-
face. The test outputs are recorded in the output panel (Figure 5 right). In its upper
part,the list of Known Concepts and the list of Macronodes heard is displayed. To-
gether with the sequence of positions, these two lists simulate the Interaction History,
the last important component of the context. This mechanism allows articulated tests
that emulate a sequence of interactions by a hypothetical user.

The test-revise cycle is very fast: the context is set by few clicks and the result of
the adaptive process is immediately displayed; if the output is not satisfactory, the
author just turns attention to the editing facilities for updating, switching then back for
another test turn. Generally the problems that can occur are few and with practice it is
easy to identify the key points. Let us consider some examples. By setting the vari-
ables in the Location Area the visitor is supposed facing the fresco of the Bernardinian
Monogram. Since only three nodes are available on this artwork, the system selects all
of them: a welcome and a caption to introduce the painting and a direction node to-
wards the portrait of San Bernardino. If the system fails in selecting one of the macro-
nodes, then a missing link can be supposed. A look at the editing graph (Figure 3) will
easily confirm the hypothesys.
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Supposing the selection succeeded, then the output should be6: �This is the Ber-
nardinian Monogram + Batista di Niccolo da Padova painted the fresco in 1425. +
The portrait of San Bernardino is located behind you.�. If something goes wrong here,
a problem at the step level can be supposed. Using the macronode editor panel (Figure
2) the author can see if a step is missing (e.g. no breaks for the pronoun was intro-
duced as in �This is the Bernardinian Monogram + Batista di Niccolo da Padova
painted the Bernardinian Monogram in 1425.�), or if a feature was wrongly set (e.g.
ignoring the user�s position as in �This is the Bernardinian Monogram + Batista di
Niccolo da Padova painted the fresco in 1425. + The portrait of San Bernardino is
located on the opposite wall of the Sala del Mappamondo.�).

It is also possible to check all the other output of the same content by changing the
setting in the test panel. A visitor who is browsing the exhibition by using HIPS floor
map is simulated by setting a different Location Area but leaving the Concept un-
changed. Then the welcome node is ignored and the presentation will be: �Batista di
Niccolo da Padova painted the Bernardinian Monogram in 1425. + The portrait of
San Bernardino is located on the opposite wall.�. Note that no pronoun as well as no
reference to the physical space is used here.

Through MNE it is possible to simulate sequences of interactions, i.e. a full tour.
Suppose that the visitor is in the middle of a tour (previous runs) and already saw the
portrait of San Bernardino: �This is the Bernardinian Monogram + Batista di Niccolo
da Padova painted the fresco in 1425. + You already saw the portrait of San
Bernardino on the opposite wall.�

Finally another different form is realized when the visitor is coming back later to
the same object. Only the welcome is proposed since no other new information are
available: �You are back to the Bernardinian Monogram.�

Conclusions

The need for an environment for supporting the design of adaptive hypertexts was
discussed. This task is crucial when sophisticated AH have to be written. From our
experience such a type of environments are valuable also for testing extensively the
behavior of an adaptive system against the possible context conditions. It helps in
checking if adaptation methods were correctly stated and to verify the quality of the
adaptive process thus providing designers with a full control over the system.

An improvement will allow authoring the adaptive methods in an easy way. This of
course would mean to think the adaptive system as an architecture for producing
adaptive applications. Authors could then be in full control of the final production by
tuning adaptive methods and data.

                                                
6 In these examples �+ � shows the connection between macronodes, while text in box empha-

sizes the steps regulated by features.
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Abstract.   ECSAIWeb is a variant of ECSAI, an environment for designing
intelligent tutoring systems. The tutoring knowledge contained in a tutor agent
designed to run in a non-networked environment is reused and updated for the
World Wide Web. We concentrate on a flexible architecture that allows
teachers or authors to modify and add their knowledge in the domain. We apply
adaptive techniques: adaptive presentations and adaptive navigation to present
the domain knowledge to learners.

1 Introduction

The World Wide Web is becoming an important tool to increase the possibility for
delivering on-line learning courses. The advantages of this tool are clear: classroom
independence and platform independence.  The users, in any place of the world, can
access to a learning centre with any kind of Internet-connected computers.

On the one hand, [9] point out that hypertext allows instructional designers to
create documents with embedded links to provide learners with opportunities to
follow sequences that can be predetermined according to individualised needs of the
learners. However, one of the hypertext disadvantages in instruction is the following:
it is nearly impossible to predetermine strictly a link for all students because we
cannot predetermine exactly how or at what point in the sequence a student can and
will enter an instructional environment or leave it.

On the other hand, one of the most important characteristics of some existing
advanced learning environment is their ability to evaluate the knowledge acquisition
and retention rate of their users, and to adapt to their needs. Consequently, it is not
surprising that many systems have been moving into the World Wide Web, they
shifted from an individual delivery system to collective distribution. For example
Ritter passed from PATAlgebratutor to PAT Online [10], we have MANIC [12] to
allow teacher-author to take some existing courses and to convert them to on-line
courses. Generally, most systems support only the learners without supporting enough
the teachers. This means that most systems don�t allow these teachers who are the
best teachers in the domain in any part of the world to add their knowledge in the
system.
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In this context our objectives are the following: First, we aim at producing an
environment for designing courses for the Web starting from the existing environment
ECSAI [5]. Then we aim at studying the process of adaptation of the environment on
the one hand and of teaching materials on the other hand, we also aim at drawing the
possible benefits introduced by the use of the Web. Lastly, we hope to propose some
recommendations usable for the authors who have to adapt existing courses or
environments.

In this article we describe ECSAIWeb, an environment for designing learning
systems for the Web. The second section presents the underlying principles, the
dynamic creation of a learning path starting from a universe of learning units and the
subjacent models. The functions available in the author mode and in the student mode
are the subject of the third section. Finally, we compare the functions established in
our system with those, which are proposed in several widespread platforms.

2 Environment for Designing Learning Systems for the Web

A majority of intelligent tutoring systems do not allow teachers - authors to add their
knowledge in the system. In certain cases the author part is limited to the instructional
designers, in other cases it is difficult for teachers to understand the underlying
models and to manage to enrich the contents indeed.

2.1 An Environment Opens to the Author

E. Gavignet proposed in ECSAI [5], a generator of learning systems open to teachers
bringing their teaching materials. ECSAI relies on a set of physical learning units
provided by teachers. This set is represented within the system in a model from which
ECSAI proposes learning paths according to the learning objectives of each learner.
We took again the principles of ECSAI to build ECSAIWeb. We preserve a set of
independent units, domain model and the generation of a learning path dynamically
adapted to the learner. We introduce the adaptive techniques [2] related to the use of
navigators (annotation, hiding, etc). The authors also have increased possibilities
remote updating of teaching materials.

2.2 Models of ECSAIWeb

Faculties of opening to the teachers and of adapting to the students rely mainly on the
used models, in particular on the domain models and the user models. We describe in
this section the domain models used in ECSAIWeb and the student model is present
thereafter.

2.2.1 Domain Models
The simplest form of domain model is a set of domain concepts. For the concepts to
be taught, our system proposes the idea of evaluation items [5], [6] and [8]. A list of
concepts can be associated easily with pedagogical objectives and evaluation
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processes. Of course, the learning units may deal with many concepts, but only the
evaluation items are included in the domain model. By concepts we mean elementary
pieces of knowledge for the given domain. Depending on the domain and the
application area, concepts can represent bigger or smaller pieces of domain
knowledge.

Fig. 1. The co-operation between several formal models and a database of learning units in
ECSAIWeb

A more advanced form of the domain model is a network with nodes
corresponding to domain concepts and with links reflecting relationships between
concepts. We use two types of relationships. The first type represents the hierarchical
organisation of the domain. The second type represents pedagogical constraints for
example «item i1 must be learned before item i2». This type of network represents the
domain structure to be taught in ECSAIWeb (Fig 1). The same domain model
provides also a structure for the representation of the student�s knowledge about the
taught subject. For each concept of the domain model, the knowledge model of an
individual student records a certain value, which is an evaluation of the student’s
knowledge level about this concept. This type of model, which is called an overlay
model, is powerful and flexible: it can measure independently the student’s knowledge
of different topics.

2.2.2 Universe of Logical Learning Units
In this model, a learning unit is presented by its description. A description of unit
includes three parts, represented on Fig 2. Firstly, prerequisites or preconditions
including constraints, which must be satisfied in order to carry out the unit. Secondly,
the contents are composed of several parameters: identifier, type, referenced items,
filename, title and number of pages. And thirdly, the post-actions describe the
changes to be carried out in the student model when the unit is finished and other
actions, which the system will carry out. These descriptions of units allow the
construction of learning units’ network, represented in the right hand side of the
formal models of Fig 1. With the models provided by the teacher in our example, the
unit U3 precedes obligatorily the unit U6 (represented the access-directly-to link).
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Fig. 2.  A learning unit description

2.2.3 Base of Physical Learning Units
The physical learning units provided by the teachers can have very diverse forms,
simple presentations, animations, tests by QMC, exercises to be solved, etc and thus
allow the use of existing modules. However we propose to privilege the principle of
the hypermedia on-line handbooks to represent the human in presenting concepts to
the students. We will describe in the third section the functions available for creating
the physical learning units.

2.3 Dynamic Presentation of Teaching Materials

The teaching materials can be presented in a static and in a dynamic way. In the static
way, the presentation of teaching materials is fixed once for all and is thus always the
same. In the dynamic way, the presentation of teaching materials can vary according
to the used models: domain model and student model that we will describe this later
in the section 3.2.1.

3 Implementation of ECSAIWeb

ECSAI was initially written in C for PCs, it was entirely rewritten in Perl and was
adapted for the Web environment. The keys of this version are an independence of
platform, an independence of domain and the adaptability of the contents. This system
is composed of two environments: the authoring environment and the learning
environment.

3.1 Authoring Environment

This environment is employed by authors to define the pedagogical objectives, the
universe of learning units (course materials), and includes tools to check pedagogical
objectives and to simulate the learning path.  To develop pedagogical materials, we
chose the electric circuit analysis for the directed current as a test domain. We
propose a course development process in 5 steps: definition of the evaluation items,
determination of the pedagogical objectives, description of the learning universe,
edition of physical learning units, and validation of the coherence of the learning
universe. Steps 1, 2 and 3 are dealing with the models, step 4 is about Web-based
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module design, and step 5 is about checking consistency and adequacy between the
models and the database. Our environment offers tools to help the teacher-authors to
create easily their course on the Web according to this process.

3.1.1 Definition of the Evaluation Items
The first phase of the development is to define the evaluation items.  They represent
the domain concepts. In the current version, the order of the items in the list is
important because the learning environment will employ this criterion among others
to choose the next unit to be presented. These items are always accompanied with two
values. These values represent the aptitudes of the student, which will be called
"competence" related to the evaluation items. The first value is a quantitative value,
called total measurement. It lets us know if the item was the subject of any
presentation during the learning sequence. The second is a qualitative value, called
acquisition degree. This value specifies the way in which the student controls the
ability to apply or the know-how related to an item. The acquisition degree is in fact a
couple of integers, depending on the student�s knowledge level and which are updated
at the end of execution of each exercise. The first of them corresponds to the
application - restitution aspect and the other corresponds to the manipulation -
utilisation aspect.

3.1.2 Determination of the Pedagogical Objectives
The pedagogical objectives describe the knowledge level that the student must
approach. Each objective is represented by a set of items. The learning environment
uses pedagogical objectives to select the next activity for the learner. The
determination of the pedagogical objectives constitutes a central part of the definition
of the learning system and it is made in an interactive way like shown on Fig 3 (right
screen).

  

Fig. 3. Definition of the evaluation items (on the left) and of the pedagogical objectives (on the
right)

3.1.3 Description of the Logical Learning Units
The data entry of the various elements composing a learning logical unit (pre-
conditions, contents and post-conditions) is also controlled by the system. Fig. 4
shows how the teachers or the instructional designer can regulate parameters for the
unit U9. This unit is of presentation type. It is associated with concept i9 and linked to
the physical learning unit pi1090 that includes 6 pages.
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Fig. 4. Description of the logical learning unit U9

3.1.4 Edition of the Physical Learning Units
For editing the physical learning units, we propose frameworks that allow authors to
create various types of units. The physical learning units are divided into 2 categories
according to their nature: presentation and exercise. Fig 5, on the left-hand side shows
how to edit a presentation unit with recall type and on the right hand side presents the
result page that will be displayed to the student.

 

Fig. 5. Edition of unit U9 (left hand) and the result page (right hand).

3.1.5 Validation of the Coherence of the Learning Universe
The possible inconsistencies inside the learning universe or between it and the
pedagogical objectives are detected and presented to the author who can reconsider a
particular point and introduce modifications. Moreover, this method is also used to
assure that a student does not get lost in the hyperspace and to verify that all
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pedagogical objectives can be archived. So this step is a mandatory one to continue
the system design.

3.2 Learning Environment

After the student was identified by the system, he must choose a learning method,
either free mode or guided mode. In both modes, adaptive techniques are used in
order to fulfil student’s needs as much as possible.

3.2.1 Adaptation of Learning Materials
In this section we aim at characterising two complementary aspects in the
presentation of learning material: contents itself and navigation. Navigation presents
the list of paths which can be borrowed by a learner, how to traverse the learning
universe or the set of the activities to be realised in the course.

The learning materials can be presented in a static way and in a dynamic way.
When the presentation is dynamic, we will distinguish the following concepts relating
to this point. Firstly, an Adaptive Contents, the information displayed in the user�s
screen can vary dynamically and automatically according to predefined criteria such
as for example the rate of success to exercises, the time spent on a section, etc.
Secondly, an Adapted Contents means that students follow a same course with
different profiles to obtain different formations. Thirdly, an Adaptive Navigation, the
set of activities, which can be carried out starting from one point of the course, is
calculated dynamically according to predefined criteria. And finally, an Adapted
Navigation, just like the contents, the path to be traversed in the subject can vary
according to the learner’s profile.

In addition, navigation can be of two types: forced and free or open navigation.
Forced navigation in a course can completely be controlled by the system or not. A
linear navigation is a typical example of strict control of navigation: the data elements
are then presented the ones following the others as the pages of a book, which we
turn. In the case of free or open navigation, the learner is free to pass from one node
to the other without any constraint coming from the system.

In our system, we employed the adaptive contents and the adaptive navigation:
forced navigation and half-open navigation with using an adaptive annotation
technique [2] in both modes: free mode and guided mode. The adaptive annotation
means that the system employs visual selections like icons, font, and colours, which
are dynamically calculated by using the individual student model to show the type and
the teaching role of each link.

3.2.2 Free Mode
In the free mode, the student chooses the subject from a menu. Then the system
proposes a predetermined list of pedagogical objectives. For each chosen pedagogical
objective, the system determines the learning units to present. To follow each unit, a
list of concepts associated with this unit is given but the system will propose only the
units, which contain at least the selected objective, known concepts and the required
concepts (or pre-requisite list). The units are ordered according to the nature of unit,
first the presentation then the exercise. As the student is progressing through the unit,
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an adaptive menu reminds him what has been activated, with which results and what
remains to be done as represented in Fig 6. The navigation used in this mode is half-
open navigation that the decision made from both the student and the system. The
student chooses the pedagogical objective to learn, so the system finds in domain
model the learning unit according to the student�s needs.

3.2.3 Guided Mode
In the guided mode, the system proposes a menu, which is the list of subjects. When
the student has selected the subject, the system takes the hand and generates the
learning path for each student. The system decides the next unit to present by using
the parameters of the current unit, the student model and additional criteria.

Fig. 6. Adaptive navigation for student X (on the left) compared to the result (on the right).

After the current unit is accomplished, the student model is updated according to post-
actions in the unit, and the next unit to be presented is calculated. These units
constitute the nodes of a semantic network whose arcs are created during learning to
supplement the network and to form the learning universe. This characteristic confers
a dynamic learning aspect since the orientation of learner is carried out in real time
according to its progression. The system creates links between current unit and
candidate units. Then the system selects one of the candidate units by applying the
additional criteria. The system stops when all of pedagogical objectives are achieved
or when no other unit can be carried out. Fig 7 shows the candidate units after
execution of U1, so several types of links are employed to bind the current unit to
candidate units, which can be selected as the next unit. In this case we employed
forced navigation to show only the next unit.

For a more detailed description of the algorithm for calculating dynamic links, the
reader can refer to [5].
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Fig. 7. Links between current unit (dark) and candidate units (clear) for student X

3.2.4 Multiple-Layered Overlay Student Model
The student model in our system is related to the declaratory conceptual domain
knowledge. It can be presented as a "multiple-layered overlay model" within the
meaning of [14]. We explain now how the multiple-layered model allows the adaptive
annotation. Firstly, a concept is annotated as "already studied" if the exercises related
to this concept were solved successfully. Secondly, the concept can be annotated as
"implied" if the concept is not already studied but it is deduced as learned through
another concept. Thirdly, the concept is annotated as "indicated as known by the
student" if the student would mark this concept as known and if there is no
independent information that the concept is "already studied" or "implied". Fourthly,
the concept is annotated as "ready and suggested to be visited" if it is not assigned
with one of the first three cases and all pre-requisites with this concept are satisfied.
Finally fifthly, a concept is annotated as "not ready to be visited" if no previous case
apply.

The current version of ECSAIWeb employs only three cases: "already studied",
"ready and suggested to be visited" and "not ready to be visited". In free mode, if the
student can solve successfully the exercises corresponding to the chosen pedagogical
objective, then we mark this objective as "already studied", otherwise we mark it as
"not ready to be visited". In guided mode, the next unit to be visited is computed
dynamically according to the general learning goal and the learning state of the
concepts. The next suggested unit would belong to the concept that is not assigned to
one of the first three cases and that is the next one ready to be learned.

4 Comparison with Existing Systems

There currently exist many platforms for developing and distributing courses on the
Web, for example non-adaptive or less adaptive systems like WebCT [7], and
adaptive systems like InterBook [3], and ACE [11]. We use the criteria of CEDITI [4]
study that produces an interesting comparative study of WEDS (Web-based
Education Delivery System) system. We use the two following criteria: entities
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generated by the platforms and functions offered to the various users to compare
ECSAIWeb with the systems mentioned above.

4.1 Entities Generated by the Platform

Several types of entities are taken into account by the WEDS.  We distinguish the
entities playing a primordial role in the distributed learning environments. But we will
detail only objects that constitute teaching material.

4.1.1 The Teaching Materials
All four systems handle various types of materials in order to constitute teaching
materials for learners. These teaching materials are thus the raison of being of the
WEDS.  Among these materials in general handled by the systems, we find courses,
learning units, smaller entities (concept, themes, notions), exercises and evaluation,
resources and syntheses. We also find in WebCT the following complementary
objects: a glossary, an index, helps and a library, in InterBook a glossary. This
criterion thus makes it possible to establish the nature of the objects which constitute
teaching materials generated by the WEDS.

All the exploitable formats by the Web navigator can be used to carry out teaching
material: indeed, the access to ECSAIWeb is done through standard Web navigator
since the Web approach was privileged at the beginning of the project. In our system,
we add special tags to mark physical learning units such as the tag PRESENTATION
or QUESTION, and other tags to classify categories of presentation or question. We
add the same tags in the formal model the logical learning units. InterBook uses the
structure of the document through the use of headers to tell the system which concepts
stand behind each section. ACE system divides the learning materials into several
categories such as an introduction, texts, playgrounds, examples, tests, and summary.
The special formats can thus be also used when plug-in is exploited by the navigator
used on the station of learners.

4.1.2 Presentation of Objects
All of four environments chose the dynamic presentation of contents. In WebCT, the
contents of a course can be adapted for a learner from a class, by the tutor. InterBook
uses the domain model as a basis for structuring the content of an adaptive electronic
textbook (ET), which uses the student model to adapt its behaviour to each particular
user. The contents in ACE can be adapted depending on rules defined with each
teaching strategy on each concept. ECSAIWeb exploits the static presentation
corresponding to the number of pages of a learning unit which is fixed for all and then
the dynamic presentation (adapted contents) of a sequence of learning units.

The possibilities of navigation in WebCT, which exploit opened navigation, allow
constantly learners to reach freely the table of contents. InterBook and ACE exploit
half-open navigation that allows constantly learners to reach freely the table of
contents. Of course this type of navigation requires some handling because learners
themselves never have a complete and simultaneous view of all the learning units.
ECSAIWeb exploits two types of navigation. Static navigation to indicate the next
page in the set of pages of the learning unit. Dynamic navigation: forced navigation to
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indicate the next learning unit calculated by the system, precisely in the guided mode,
half-open navigation in free mode and open navigation for the table of contents.

4.2 Functions Offered to the Users

This criterion deals with the various services that we can obtain from a WEDS.  We
chose to organise them according to the roles played by the various users.  In this part
we will describe the point of view of learners and the authors.

4.2.1 Learners Viewpoint
The learner is at the heart of any WEDS. The criteria of description and/or
comparison related to the range of tools and the possibilities offered by its learning
environment are examined in this section. The course followed through WEDS leaves
in general a great degree of freedom to learners on the time schedule. A table of
contents is available to access to teaching materials for any course integrated into the
seven systems.  In an optional way, in the pages of the course we find buttons of
navigation (back/next/up to the higher level) and hyperlinks between the pages of the
course and the table of contents. The presentation of the content, in all systems, is
dynamic in the sense that these tables are folded up and unfolded automatically
according to the section of the consulted course or by means of a small mobile cursor
which points on the consulted section.  In other words, the support with navigation
can reflect or not the learner’s progression in the course or give a visual indication on
the localisation in the course of consulted information. The four systems visualise the
learner’s progression through assessments, which are the personal assessments of the
pedagogical objectives, practical work and the obtained notes. Moreover WebCT
exploit also personal assessments of the used tools (banner page, contents, posted
articles, reading articles, etc) and the comparative assessments of the obtained notes.

4.2.2 Authors Viewpoint
The role of the author relates to the creation of contents: it is a question of integrating
into the WEDS, the multimedia version of the objects, which constitute pedagogical
materials.  The construction of the contents, its integration under the WEDS as well as
the creation of a course is done typically during the same phase.  Nevertheless, the
development of the contents of the teaching objects "pages" can be made outside the
WEDS and be integrated afterwards. Lack of authoring tool gives some difficulties to
create or modify the content of learning unit.

WebCT offer tools for developing the contents such as tools for editing the
pedagogical objectives, practical works, the contents of library and glossary and tools
for integrating the external objects to it. InterBook use the regular way of structuring
an MS Word file. It uses a pre-defined header text style then involves concept-based
annotation of ET. ACE offers an editor that the author can define a curriculum
structure, enrich the learning units with learning materials, specify relations between
the learning units, and specify the instructional parameters. ECSAIWeb offers tools
for defining the evaluation items, pedagogical objectives, logical learning units, tools
for creating or modifying the physical learning units, and tools for checking the
universe of learning units.
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5 Conclusion

This system, like many systems based on the Web, provides a good illustration of the
flexibility of the architecture. This architecture allowed us to redirect the tutoring
knowledge contained in a tutor agent designed to run in a non-networked environment
and to use it on the World Wide Web.  However, the system would draw benefit from
a better interaction. The use of the Perl programs for interfaces would allow the kind
of interaction realised in this version, but the system was still blocked by the potential
delay to send messages between the tool and the translator through internet. A more
satisfactory solution but in the long term would be to re-write some components in
Java likes the AIDS [13] and AlgeBrain [1].  This would allow a fast interaction
between all the segments of the system.  The strong point of this system is authoring
mode, which allows the teacher-authors to modify and add the contents of physical
units without modifying the links in the learning universe.  Another advantage is that
we can reuse physical units in the same subject or in related subjects.

Distance learning and the lifelong learning take an increasing importance.
Environments for collaboration supported by computers receive a growing interest
from the researchers. New models and architectures are necessary to be applied to
such environments including or understanding the human companions as well as
software agents. We are currently extending ECSAIWeb to include collaborative and
co-operative supported learning.
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Abstract. This paper discusses techniques for adapting the content in an online
lecture system for a specific user. A two pass method is used: 1) determine the
appropriate level of difficulty for the student and 2) consider the student’s learning
style preferences. A simple grading scheme is used to determine the student’s
knowledge and a Naı̈ve Bayes Classifier is used to reason about the student’s
preferences in terms of explanations, examples, and graphics. A technique for
gathering and using population data is also discussed.

1 Introduction

The World Wide Web, as it currently exists, is not very adaptable to user-specific needs
and wants. Although this is changing with web-assistants like personal shoppers, the
technology is still moving very slowly.

On the other hand, adaptive hypermedia systems [3] not specifically web based, do
claim to be adaptive and adaptable. These systems are able to provide adaptive naviga-
tion (help guide the user through the hyperspace) and adaptive content (actually change
the content of the pages according to some kind of user model).

Adaptive content can take on many different forms. One technique is to have a hard
coded page that has some conditional text, or fragments. This text is included if a cer-
tain condition is met. The AHA system [5] uses such a technique. Another technique is
hotword adaptation, such as that done in KN-AHS [6]. How the hotword is presented is
based on whether the student is familiar with the concept. Another technique is stretch-
text, which allows certain parts of the page to be opened or closed. Specifically, this
technique allows a keyword or phrase to be clicked on by the user, and that action pro-
vides more information about that phrase. This information is not shown until the user
requests it. MetaDoc [2] is an example of a system that uses this technique.

This paper focuses on adaptive content, specifically for instructional on-line mate-
rial (see [11] for a discussion of our adaptive navigation techniques). De Bra [4] claims
that no web-based adaptive hypermedia system is capable of implementing stretchtext.
In this paper, we present MANIC, a web-based system that does implement a kind of
stretchtext. A two pass approach is used to determine what to show and what to hide.
The first considers the student’s level of understanding and thus tries to present infor-
mation that is not too hard nor too easy. The second analyzes the way students like to
learn, and incorporates students’ preferences.

P. Brusilovsky, O. Stock, C. Strapparava (Eds.): AH 2000, LNCS 1892, pp. 227–238, 2000.
c© Springer-Verlag Berlin Heidelberg 2000
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Fig. 1. MANIC system architecture

The rest of the paper is organized as follows. The MANIC structure, including the
architecture and the domain organization, which allows for adaptive content, is de-
scribed. Reasoning about what pieces of stretchtext to include is then discussed. How
the user model is updated based on the user’s actions is then described. We then describe
how population data can be used to increase the accuracy of the tutor. We conclude with
a discussion of the techniques presented and of future work.

2 Introduction to MANIC

MANIC is a web-based instructional system which provides lecture-based material
[10][11]. Each course consists of “slides” which the instructor of the course designs
and audio from the lecture. Although the initial versions of MANIC used static slides
[9], i.e. the content was the same for every student, the current version does not. Rather,
the slides are constructed dynamically based on a student model. How those slides are
dynamically constructed is the main focus of this paper.

2.1 MANIC System Architecture

Because the system models and reasons about actions taken by the students, an archi-
tecture is needed that can record each action in a permanent record. Furthermore, the
student’s state must be kept in memory, rather than being rebuilt each time an action is
made. In this section, we discuss how our architecture accomplishes these tasks.

The architecture consists of five parts: the client, the HTTP server, the port server,
the student model servers, and the population server (see Figure 1). In this section, we
discuss the first four parts of the architecture.

The client consists of a web browser (Netscape Navigator is the preferred browser)
and a control applet that allows the student to traverse the course material. The applet
contains buttons such as “next” and “table of contents.”
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The HTTP server uses Common Gateway Interface (CGI) scripts to interact with
the port server and with the student model servers. The port server controls the creation
of the student model servers; one server is created for each student using the system.
When a student first logs on to the system, the port server is contacted to choose a port
and to spawn a student model server on that designated port.

The main communication link is between the HTTP server and the student model
servers. The HTTP server uses “cookies” to maintain state with a given client. The
cookie stores the student’s name, the server’s IP address, and the port on which the
student’s server is listening.

Every action taken by the student is first reported to a CGI script. This CGI script
contacts the student model server with the action taken (e.g. start topic) and any other
pertinent info (e.g. the name of the topic to start).

The student model servers are the elements of the system that perform all of the
“reasoning” and dynamic construction of course content. These servers run continu-
ously, thus maintaining state. It is for this reason that this architecture was chosen; we
did not want to have to rebuild state each time the HTTP server was contacted.

The student model server performs different actions depending on the message re-
ceived from the HTTP server. The messages include “display the next slide” or “hide
some stretchtext.” Each time the student makes an action, his student model server is
connected both to log that action and to generate the content as a consequence of the
action. All of the HTML that the student eventually sees is generated dynamically by
his student model server. The CGI scripts simply output this HTML without alteration.

2.2 Domain Organization

The domain for the lecture course is organized as a semantic network of topics, linked
together by descriptive links, such as prerequisite, corequisite, remedial, etc. In [11] we
describe how the system selects topics for the student to study.

Each topic itself is the root of a tree of subtopics, which are also topics. The leaves of
these trees are content objects - either pieces of text or pictures. The trees are structured
so that the leftmost and rightmost sets of children are content objects and the middle
children are subtopics. However, it is possible that one or two of these sets of children
may not exist for a given topic. A topic is presented by performing a depth-first traversal
of its tree. Therefore, the same basic information teaching a topic is presented to all
students. However, the presentation of the content objects can be altered, which allows
for the adaptation of the course. More or less supplemental information can be included,
based on the student model.

Adaptation is accomplished through concepts, which can also be thought of as key-
words. Each concept is a collection of related content objects which describe that con-
cept. Whenever one of these keywords appears in a leaf content object, the tutor decides
whether to include any of the content objects associated with that keyword. How the tu-
tor makes this decision will be discussed in section 3.

The technique being used is called stretchtext [3]. The technique is modified by
allowing graphics, as well as text, to be used as supplemental information. Furthermore,
the keyword that is being “stretched” is not actually removed; rather the supplemental
material is added after the sentence in which the keyword appears. We color code the
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Table 1. Features in MANIC

Features Values
Media Type Graphic, Text

Instructional Type Explanation, Example, Description, Definition, Analogy
Abstractness Abstract, Concrete
Place in topic Beginning, End

Place in concept Beginning, Middle, End
Wanted Yes, No

keyword and the supplemental information so the student knows which supplemental
material goes with which keyword (see Figure 2 for a pictorial example).

When a supplemental content object is shown to the user, a link is given allowing the
user to hide that information. Similarly, if an object is not shown, the user is given the
option of revealing the information. Thus, decisions made by the tutor are changeable
by the student, and these student actions help the tutor “learn” to make better decisions.

The adaptive content in MANIC is a recursive process. When a content object is
chosen to be used as stretchtext, the text of that content object itself may contain other
concepts. Therefore, those concepts must themselves be analyzed to determine if con-
tent objects from that concept should be included as stretchtext.

As a result of the adaptive content, slide breaks are no longer static. The tutor dy-
namically decides where the slide breaks should occur, based on how much supple-
mental information needs to be shown. The tutor constructs a slide by adding content
objects until the length of the slide is around 25 lines (or one screen, without scrolling,
using 12pt font). When this length is reached, the tutor forces a slide break.

3 Reasoning about Additional Information

A two pass method is used to determine what supplemental information should be given
to each student. The first determines, from a concept, what content objects are at the
correct “hardness” or level of difficulty (LOD), taking into consideration how much
a student knows about a concept. The second determines what the student wants, and
takes into consideration how the student likes to learn. There are enough content objects
within a concept that the student can be presented just those objects that are appropriate
for his mastery level and learning style.

3.1 Determining Correct Level of Difficulty

Supplemental content objects have a “level of difficulty” ranging from 0 to 3 (corre-
sponding to easiest, easy, medium, and hard), which describes how hard they are to
understand. This level of difficulty measurement is important for being able to adapt
the content based on the student’s knowledge.

When deciding what supplemental content objects are at the correct level of diffi-
culty, the tutor must analyze how well it thinks the student knows the concept. Each
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concept has four different mastery values, one for each level of difficulty. These mas-
tery values are determined by a pretest. Thus students with differing abilities start the
course with different a priori mastery values.

To decide which content objects are at the correct level of difficulty, the tutor simply
determines the highest level of difficulty the student has mastered. A level of difficulty
is said to be mastered if its score is greater than 0.85 (on a 0 to 1 scale). The tutor then
chooses those content objects that are one level of difficulty higher than the student’s
highest mastered level of difficulty. Of course, if the student has not mastered level 0,
then level 0 is chosen as the correct level of difficulty. Also, if level 3 is mastered, then
level 3 is the chosen level of difficulty.

3.2 Reasoning about What a Student Wants

The goal in MANIC is to provide a presentation that reflects the student’s preferred
learning style without him having to take many actions to change the presentation to re-
flect his preferences. The tutor attempts to learn the student’s preferences by observing
his interactions with the system.

Content objects at the same level of difficulty have different qualities that the tu-
tor can differentiate between in order to adapt the content on an individual basis. For
example, one student may prefer pictures over textual explanations. Another may like
concrete, graphical examples early in a concept presentation but prefer more abstract
textual descriptions later on. Yet another student may prefer the opposite ordering. The
tutor uses these qualities, or features to choose what a student wants to see. The features
the tutor uses are given in Table 1. The features were chosen by domain experts and take
into consideration different ways students can learn.

Some features are set a priori, such as media type, instructional type, and abstract-
ness. However, place in topic and place in concept are computed as the object is being
considered. The place in topic refers to whether it is in the leftmost or rightmost set of
children of a topic. The place in concept refers to how many times the concept has been
shown. If it is less than one third of the possible times it could be shown, it is at the
beginning. If it is between one third and two third, it is in the middle. Otherwise, it is at
the end. These two features are used to reflect the ordering preferences of the student.
The wanted feature is what is being predicted.

The tutor “learns” what a student’s preferences are via machine learning. To do this,
a Naı̈ve Bayes Classifier [8] is used as the machine learning technique. A Naı̈ve Bayes
Classifier applies to certain kinds of problems where each instance x can be described by
a conjunction of attribute values and where the target function f(x) can take on any value
from a finite set V. The list of sets of attribute values and its corresponding category are
given to the machine learner, and these constitute the training set (or example space in
MANIC terminology). When a new example is presented, a value for the target function
can be predicted based on the training instances. The learner chooses the value for the
target function that has the highest probability, based on the training set.

The formula for the Naı̈ve Bayes Classifier is, given attribute values < a1, ..., an >:

vNB = argmax
vjεV

P (vj)
∏

i

P (ai|vj). (1)
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A Naı̈ve Bayes Classifier is the chosen learning method because it is fast and has
been proven to be very accurate for user modeling tasks [1]. It also works well with
little data [7], which is a consideration with a user modeling application. We want the
machine learner to be able to start learning about the student after very few interactions.

Since the goal of the adaptive content is to provide a presentation that does not
require any changes by the student, the Naı̈ve Bayes Classifier is used to predict if an
object will be wanted or not, based on the other features of that object. Those objects
that are predicted to be wanted will be shown to the user, while the others will not be
shown.

In order to determine which content objects to show, the tutor first groups all content
objects at the correct level of difficulty, as described in the last section, with the same
features into a feature class. If these objects are shown, they will be shown as a group,
in order to simplify the interface for the student. Using this grouping technique, the
student does not have to ask, for example, to see all abstract picture examples at level
of difficulty 2 to find the one he wants.1

After this grouping has been done, the tutor examines each content object in ques-
tion, and uses the Naı̈ve Bayes Classifier to predict if the object will be wanted. The
Naı̈ve Bayes Classifier works by essentially comparing the features of the current con-
tent object to the features of content objects in its example space. The example space
consists of content objects that, in the past, were either wanted or not wanted by the
student. Section 4.2 describes how the tutor determines if an object was in fact wanted
or not.

3.3 An Example

Let us now consider an example of how the MANIC adaptive content engine works. For
the sake of this example, we will consider a student who has the example space given in
Table 2. The student also has the following mastery levels on the concept switch: Level
0 = 0.92, Level 1 = 0.46, Level 2 = 0.33, Level 3 = 0.1

While planning the next slide, the system comes across the text object that consists
of the phrase “a set of computers and/or switches connected by communication links.”
In this phrase, the word “switch” refers to the concept switch. Therefore, the system
must decide what content objects that are associated with that concept to include for the
student. The possible content object features are given in Table 3.

The first pass of the algorithm determines which content objects are at the correct
level of difficulty. Based on the algorithm given in section 3.1, the correct level of
difficulty is 1. Therefore, Switch3 can be eliminated, but both Switch1 and Switch2
are at the correct level of difficulty. The system then uses the Naı̈ve Bayes Classifier to
determine if either of those objects is wanted.

The Naı̈ve Bayes Classifier uses the following formulas to determine if an object is
wanted or not. The value x in our application is either Yes or No.

1 For the remainder of this paper, however, we will use the term content object when referring
to feature classes. All the objects in a feature class can be considered to be combined into one
content object.
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Table 2. A sample example space

Instructional Type Media Type Place in Topic Place in Concept Abstractness Wanted
Example Picture Beginning Beginning Abstract Yes

Definition Picture Beginning End Concrete Yes
Definition Picture End End Concrete Yes

Description Picture Beginning Beginning Concrete Yes
Explanation Text Beginning Middle Abstract Yes
Definition Picture End Middle Abstract No

Description Text End Middle Abstract No
Explanation Text End End Abstract No

Example Text Beginning Beginning Concrete No

Table 3. Content objects in concept switch

Name Instructional Type Media Type Place in Topic Place in Concept Abstractness LOD
Switch1 Explanation Text Beginning Beginning Concrete 1
Switch2 Description Text Beginning Beginning Abstract 1
Switch3 Explanation Text Beginning Beginning Abstract 2

P (Wanted = x) ∗ P (InstructionalT ype = Definition|Wanted = x)
∗ P (MediaType = Picture|Wanted = x)
∗ P (PlaceinTopic = End|Wanted = x)
∗ P (PlaceinConcept = Middle|Wanted = x)
∗ P (Abstractness = Abstract|Wanted = x).

(2)

Therefore, when evaluating whether Switch1 or Switch2 should be shown, the tutor
performs the following calculations:

– The probability that Switch1 is wanted is 5
9 * 1

5 * 1
5 * 4

5 * 2
5 * 3

5 = 0.004266

– The probability that Switch1 is not wanted is 4
9 * 1

4 * 3
4 * 1

4 * 1
4 * 1

4 = 0.0013

Normalizing these values, we get P(Switch1 Wanted = Yes) = 0.004266
0.004266+0.0013 =

0.7664 and P(Switch1 Wanted = No) = 0.0013
0.004266+0.0013 = 0.23356. Therefore, Switch1

would be shown. Similarly:

– The probability that Switch2 is wanted is 5
9 * 1

5 * 1
5 * 4

5 * 2
5 * 2

5 = 0.002844

– The probability that Switch2 is not wanted is 4
9 * 1

4 * 3
4 * 1

4 * 1
4 * 3

4 = 0.0039

Normalizing these values, we get P(Switch2 Wanted=Yes)=0.42136 and P(Switch2
Wanted = No) = 0.57863. Therefore, Switch2 would not be shown. Figure 2 illustrates
what the slide would look like to the student, given that only Switch1 was chosen to be
shown. There are links to hide Switch1 and to show Switch2 and Switch3.
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Fig. 2. Sample slide generated by MANIC

4 Grading a Concept

This section discusses how a concept is graded, based on what content objects the stu-
dent has either seen or not seen.

4.1 Mastery Level

For each content object the student has seen, the mastered values of the associated con-
cept are updated for each level of difficulty. For example, say a student sees a text object
of level of difficulty 2. This fact affects the probability that each level of difficulty is
mastered. Specifically, there is considerably more evidence that the student has mas-
tered levels of difficulty 0 and 1, some evidence that level of difficulty 2 is mastered,
but little evidence that level of difficulty 3 is mastered. Thus all four level of difficulty
values need to be updated.

We also consider how much time the student spent studying the object. This measure
is used even though time is an inherently inexact measure. However, we feel that it is
sufficient for our purposes. The goal is to judge a student’s ability partially by the way
he studies the material. If he is spending not enough time, he may not be able to learn the
material well enough. If he is spending too much time, he may not be comprehending
what he is studying.

In order to apply this scheme, we need to determine how much time is too little, how
much is optimal, and how much is too much (this terminology refers most accurately
to how much time the student should study an object of the same level of difficulty
as the level he should be studying, as decided by the tutor). “Optimal” time to spend
studying a content object is calculated in a general way. The author of the course decides
how much time per line the student should spend studying an object. This value is then
multiplied by the number of lines in the object (the author also supplies the approximate
number of lines for pictures). The tutor observes how much time has passed since an
object was first shown to when it is no longer shown, either due to changing slides or
asking to have the object hidden. It then compares this time to the optimal time. If it is
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Fig. 3. Regression equations for updating the level 2 mastery when objects seen for too
much time

1/3 less than the optimal time, then it is considered to be not enough time. If it is 1/3
more than the optimal time, it is too much time. Otherwise, it is the optimal time.

We use regression equations to determine the how the concept grades should be
updated. Each regression equation determines a new value for the probability that the
level is mastered, based on the old value. Furthermore, each equation is responsible
for calculating new values for a single level of difficulty and for a single event. For
example, to update the student’s level 0 mastery, equations are needed that represent
whether a level 0 , 1, 2, or 3 object was seen and whether too little time, optimal time,
or too much time was spent on the object. Thus for each level to update, a total of 48
equations are needed: 16 for too little time, 16 for optimal time, and 16 for too much
time. Figure 3 shows the regression equations used to update the level 2 mastery values
for too much time spent.

The general plan for updating concept grades is based on both the level of difficulty
of the content objects viewed and the time spent studying those objects. To update the
level of difficulty x mastery score, the system asks whether the level of difficulty is:

– greater than or equal to x. In this case, the score is increased more when the optimal
time is spent on the object and increased less when the object is seen for too little
or too much time

– less than x. In this case, the score is decreased some for an object seen for not
enough time, more for an object seen for optimal time, and even more for an object
seen for too much time.

The reasoning for the first rule is that if the student sees something harder than
what he has mastered, he should be rewarded for that. The reasoning for the second
rule is that if the student sees something easier than what he has mastered, the tutor has
misjudged his knowledge. However, if he only briefly looks at the object, he should not
be penalized the same as if he had studied the object for a longer time.

The regression equations were obtained using the help of an expert in the subject.
An expert was asked, given prior values, what the next values should be under the
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various circumstances. For example, if the student’s level 0 mastery value is x, and a
level 2 object has been seen for the optimal time, what should the student’s new level
0 mastery be? For each such circumstance, the expert provided 5 pre- post-action pairs.
We then used polynomial regression to fit a curve to those points.

4.2 Wanted or Not Wanted

In section 3.2, we discussed how the Naı̈ve Bayes Classifier predicts whether an object
is wanted or not. In this section, we discuss how the actual wanted values of content
objects are determined.

When a student leaves a slide, either to see another slide or to take a quiz, the
tutor analyzes which supplemental content objects were shown and which were hidden.
Objects which were shown were either originally shown and not hidden or originally
hidden and asked to be shown. Objects that were hidden either remain hidden the whole
time or were shown and then hidden by the user.

Those objects that were shown are considered wanted, while those that were hidden
are considered not wanted. The tutor sets the wanted feature value of the objects to Yes
if they were shown and to No if they were hidden. These objects are then added to the
example space of the Naı̈ve Bayes Classifier, thus increasing the size of the training set.

We do not want to penalize the student for not viewing objects that are at the
“wrong” level of difficulty. Therefore, objects that were at a level of difficulty other
than the one chosen by the tutor that were not seen are not added to the feature space.
However, if the student elects to see objects at a different level of difficulty, those ob-
jects are considered wanted, and are therefore added to the example space with their
wanted feature value set to Yes.

It is important to note that the Naı̈ve Bayes Classifier initially predicts the wanted
value, but it is not that prediction that is added to the example space. Rather, it is the
actual value of the student’s desires that is added to the example space. It is this growing
example space that the classifier will use for future predictions.

5 Population Server

One of the benefits of a web-based system is the ability to gather and analyze data from
all users of the system. This data can be used to improve a machine learning system
for a number of reasons. First, a student may not see a diverse enough set of objects
for the predictions to be accurate. However, if other students have a similar pattern of
behavior as this student, and they have seen a wider array of objects, their models can
be used to predict objects for this student. Second, there may be no discernible pattern
based on a student’s examples alone. A pattern may emerge, though, when comparing
this student’s examples to other students who have already used the system.

The goal of using population data is to improve the accuracy of predictions. To do
this, population example spaces are created and maintained by the population server
(see Figure 1). These spaces can be composed of examples from more than one student.

When a student logs on for a session, the first 10 objects he encounters are collected
and classified using the population example spaces. Whichever population space has
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the highest accuracy rate (i.e. it classified the objects the same category as they actually
were) above a certain threshold (75%) is returned as the space to use for this student. If
no space qualifies, the user’s own space is used. This returned space is then used by the
Naı̈ve Bayes Classifier during the user’s session.

At the end of the session, all of the user’s examples from that session are classified
using the existing population spaces. If there is a space that has a high accuracy above
the threshold, the student’s examples are merged into that space, and the population
example space is grown. If not, then a new population example space is created from
this user’s examples. It is in this way that new population spaces are created.

6 Conclusions

In this paper we have presented techniques for adaptive content in a web-based adap-
tive hypermedia system. The technique we use has two passes: the first determines the
correct level of difficulty of the content and the second considers the student’s learning
style preferences. The first pass ensures that the material is not too hard nor too easy. We
use mastery scores to make this determination. These mastery scores are then updated
based on what supplemental material the student has seen and for how much time.

However, our current method for using time as a measure of understanding does not
take into consideration individual differences in learning. For example, some students
may read slower than others, but still comprehend just as much. Others may need more
time studying pictures than reading text. Our future work will include designing the
tutor to “learn” appropriate optimal time values for each individual student interacting
with each kind of object.

The second pass of the algorithm ensures that the student will like the presentation,
and will thus learn better from it. We use a Naı̈ve Bayes Classifier to learn the student’s
preferences by watching which supplemental objects he shows or hides. We also use
population data to improve the accuracy of the predictions.

The system currently in use is for Unix network programming. However, the tech-
niques we have discussed are not domain specific and could therefore be applied to any
other lecture style course. We will in the future be applying these techniques to other
courses from many different areas of study.
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Abstract. Socratic dialogues has been widely uses as a way of implement an
ITS. The idea behind it is that the teaching and learning process should be
based upon a personal reflection that can be obtained posing the right question
on a guided dialogue. This methodology assumes that the knowledge
acquisition is a discovering process in which both the teacher and the student
plays an active role. This tutorial strategy has been developed as a part of a web
based ITS architecture for declarative domains and it has been applied to the
botanical domain. In this paper we describe this component, the knowledge
representation that support it and the web interface used.

1 Introduction

This work arose as a part of the TREE project (TRaining of European Environmental
trainers and technicians in order to disseminate multinational skills between European
countries). The TREE project was included in the EU Leonardo da Vinci Program,
and its main goal was the development of an ITS for the classification and
identification of different European forestry species. Together with the ITS the TREE
project covered the development of a Knowledge Base about the forestry domain [1],
an Expert System and an Adaptive Tests Generation System [2]. Each one of these
components has an independent Web-based interface that allows the whole system to
be used as a learning tool or as an independent consultation tool.
The idea of creating a generic ITS architecture for declarative domains arose parallel
to the TREE ITS development. This architecture, which will be briefly described in
the next section, has among other modules a set of tutorial components that are tasks
that a student can do to learn something  (to read a text, make a summary, take a
test...).
The goal of this paper is to describe one of those components: the Socratic Tutor.
Socratic teaching consists of maintaining a dialogue with the student by asking him
questions about the subject domain (forestry morphology in the case of the TREE
Tutor). If the student fails, the system will infer the possible causes of this wrong
answer so it will assist the student in teaching the correct solution by himself.
Socratic dialogues has been widely uses as a way of implement an ITS. Back in the
early days of ITS, the idea of teaching by using a Socratic dialogue was first used by
Collins and Stevens in the classical system WHY [3] and also by Brown and Burton
in BLOCK [4]. The idea behind the Socratic dialogue strategy is that the teaching and
learning process should be based upon a personal reflection that can be obtained
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posing the right question on a guided dialogue. The Socratic method assumes that the
knowledge acquisition is a discovering process in which both the teacher and the
student plays an active role. These features are especially interesting for web-based
tutorials because a web session can be conceptually thought as a kind of dialogue.
The following dialogue is a very trivial example of this tutorial methodology in the
domain of botany. It is supposed to be held between a botany professor and a student
during a field visit:
S> Could you tell me what is this tree?
P> I think you already know it, what do you think it is?
S> Isn�t it a birch?
P> No, no, this tree has a conic crown and a birch doesn�t.
S> All right, I didn�t notice that, so it should be a cypress.
P> No, it isn�t it. Have you noted that the arrangement of leaves in this tree is
helicoidal and the cypresses have them opposite?
S> is that a fir?
P> You�re right! It is Abies pinsapo, you may also note that it has cones, dark
bark,....
Note that the professor do not give the answer to the student directly, because he
thinks it is something that has been explained sometime before, instead of that he
poses an initial open question just to know how much the student knows. After the
initial answer the professor already knows that the student hasn�t the faintest idea of
what it is the tree is. But instead of giving him the answer right away, he gives the
student a valuable hint, he points out that the questioned tree has a conic crown, that
is something evident, but that has been possibly ignored by the student. He also fails
the question, but now the answer can be considered better because both are
Gimnospermae. The professor happily impressed by the progress made, gives more
data to the student, he indicates the main differences between the cypress and the fir.
Finally the student solves the question partially. The professor considers enough the
answer and gives to the student the rest of the information.
One of the main problems in Socratic tutors has been the knowledge representation.
This is, the component that allows the tutor to pose the right question to the student.
Most systems deal with non-finite domains, that is, they can not assume that the tutor
has all the answer beforehand. They normally use IF-THEN rules and tactical
metarules to guide the dialogue and keep it coherent [5]. Another classical problem in
Socratic dialogue systems is the natural language interaction. In our case we are
dealing with a large (but finite), number of species and with a large (but finite)
number of attributes, and we avoid the natural language problem by using a form-
based dialogue. The problem that remains is the knowledge representation and the
inference mechanism that implements the tutorial strategy. The tutorial knowledge
itself has been elicited from heuristic expertise of a human tutor in the domain.
In the following section we describe the general architecture in which the Socratic
tutor is embedded. After that, the structure and the behavior of the Socratic tutor are
described and a brief example is presented.
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2 ITS Architecture

During his academic life, a student must learn many domains in different knowledge
areas as geography, natural sciences, biology, language etc. A generic architecture to
build Web based ITSs to teach this sort of domains has been designed (see Fig. 1).
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Fig. 1. Generic ITS architecture for declarative domains.

In order to place the Socratic Tutor into this architecture a general view of it is given
below.
In this architecture there are some modules that contain data and knowledge and
another functional modules that use this information to carry out their tasks.
The firsts ones are:
− Conceptual Domain Model, a description of the domain to be taught,
− Student Knowledge, a sub-set of the domain model representing what the student

knows,
− Historical Student Record, that stores all the information of student sessions

(number of sessions, session duration, connection address, sessions trace, pages
visited, etc.),

− Tutorial Strategies, a set of rules and session configuration parameters given by the
ITS designer.

The functional systems modules are:
− Definition and Configuration module, that is formed by a set of tools that allow to

the experts and teachers to define the Conceptual Domain Model and the Tutorial
Strategies,

− Student Model Manager, that actualizes the Student Model depending on the
student�s actions results,

− Access Control / Administration / Reports, that manages the student system access
(login, passwords, the courses that he/she is allowed to connect to, etc.), all the
administrative tasks and makes reports about the students,

− Instruction Planner, that takes the tutorial decisions during the learning process. It
must to decide depending on the Student Model state wich is the next tutorial goal
(what domain concepts would the student learn now) and then the best tutorial
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strategy to teach this to a particular student. The Instruction Planner is the module
that brings to the ITS the capability of adapting the learning to each student,

− Tutorial Components Library, that implements a set of tasks that a student can do
as a part of the tutorial/learning process. All the components have the structure
shown in Fig 2.
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Fig. 2. Tutorial Component structure.

The Control is the module in charge of carrying out the component task interacting
with the student through the Student Interface using the partial knowledge included
by the teachers through the Development Interface. The nature of the Contents
module information will depend on the specific component task. For example, a test
component will contain questions; a reading-text component will have HTML pages,
etc. All components in the Component Library have its own development and student
interfaces that are designed to be used through Internet.
The instruction is based upon a main cycle that can be repeated: The Instruction
Planner first selects a set of concepts to be learned and then it selects the way of
teaching them by choosing a Tutorial Component in the Library. When the
component is selected, the part of the Student Model related with the tutorial goal
designed by the Instruction Planner is copied to the component Temporary Student
Model, that will evolve with the student�s actions. When the student finished his task
inside the component, the Student Model Manager actualizes the Student Model with
the contents of the Temporary Student Model.

3 Socratic Tutor

The Socratic Tutor is a Tutorial Component that teaches by posing a problem to the
student and, by maintaining a dialogue, guides him towards the correct solution. This
component has been designed to teach declarative domains organized hierarchically
as for example the botanical domain taxonomy of the TREE ITS (see Fig. 4).
The Tutorial Components in a tutorial session are selected by the planner based on the
current state of the student model. The planner should identify the students needs and
configures a partial tutorial goal. Then it selects the most appropriate tutorial strategy
to achieve that goal taking into account student�s background. From the Socratic
Tutor point of view, the tutorial goal is just to teach the student how to differentiate
between two sets of concepts (A and B) of the same level in the hierarchy. Selecting
these sets concerns to the Instruction Planner that has access to the global student
model.
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3.1 Operating Schema of the Socratic Tutor

A session with the Socratic Tutor is divided in several proposals. Each of them will
finish in a determined state that is stored by the Tutor. Each time a student finishes a
proposal, the Tutor analyses his trajectory and decides if the session in the Socratic
Tutor has to finish or must continue with another proposal. In the section bellow, we
have represented a proposal example. The tutorial knowledge that guides the Socratic
dialogue of a single proposal is represented by a finite state automaton. The input
alphabet of this automaton is taken from student possible answers:
− r: right answer,
− f : failure,
− f+: failure more serious than the previous failure, that is, the failure has been

increased,
f-: failure less serious than the previous failure, that is, the failure has been decreased,
− f=: failure with the same importance than the previous failure,
− u: unknown
The system proposal starts in the state 1 asking the student to recognize a concept
(what is that...?) by presenting a photo or an image, and progress according to the Fig.
3 diagram depending on the student answer. Each proposal finishes with one of the
following states: Bi or M, where Bi indicates passing the proposal successfully by
doing i failures and M not passing.
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The initial question is reformulated each time that the student fails, including a new
hint to help him to obtain the right answer. This hint takes into account the wrong
answer given. The proposal continues until the student finds out the right answer or
the instruction is considered unfruitful.
The system gives more opportunities and help to the student that is decreasing his
failures because that means that the student is improving with the Tutor hints, so is
probably that he/she reaches the right solution. Whereas if the student increase his
failures the system detects that the student is not learning and must give him the
opportunity to start another proposal at which he/she would learn better.
Two criterions have been established to classify the student�s error into f +, f-, or f=:
1. The main goal of a Socratic Tutor proposal is that the student differentiates

between sets of concepts (of the same level in the hierarchy): A and B. C represents
the rest of concepts in the knowledge base. So the first criterion to classify the error
is the set to which the students answer belongs to. Let us suppose that the proposal
concept is Aj ∈ A . Then the possible failures ordered from greater to minor are: Bi
∈ B, Ci ∈ C and Ai ∈ A.

2. The second criterion of error classification is the domain hierarchy. A student error
will decrease if the hierarchy level of the first predecessor non-coincident of the
proposal and student response is lower than the one in the previous error. (It is not
the same to confuse one concept with another with the same parent in the hierarchy
that to confuse it with another that has a completely different predecessor.)

A proposal starts when the system presents to the student a photo or an image of one
element of the input sets. From that moment, the Tutor analyzes the student answers
and acts in consequence. The Tutor has some tasks that are common to all the states
represented in the Fig. 3:
1. Finding non-coincident predecessors of the proposal and the student answer.
2. Extracting the list of differences to be presented to the student as a hint.
3. Finding two photos or images that show as many differences of the list as possible.
4. If there are some features in the list of differences that can not be shown, the Tutor

will remove them from the list.
The amount of help is increased each time a student makes an error. As the tutorial
goal is learning to distinguish two set elements, the hints given to students are the list
of differences between the right answer and the student answer.
The differences are classified in two categories: the important differences (those that
are necessaries to differentiate two concepts, clearly observable and substantially
significant); and the additional differences (those that are not key features in order to
distinguish them but can help in this task).
The hints presented to the student start with the important differences of the higher
pair of nodes non-coincident in the hierarchy and advance in two ways: first going
down in the hierarchy and then adding additional differences to the list.
Until now we have considered that the student answers the proposal question, but it
can occur that the student is not be sure of the answer and he decides not to give any
answer. Then the system takes the input unknown and tries to discover why the
student doesn�t know the answer; that is, it tries to find out the hierarchy level in
which he has confused. In TREE example (Fig. 4), if the proposal is a species, the
system will try to check if the student is not sure about the division, the family or the
gender of this specie. This task will be carried out by a subsystem. In order to do that,
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this subsystem would propose to the student a new question that asks for a simpler
task, that is, select among classes in a higher level of the hierarchy. It will ask the
students to choose a class that is the predecessor of the proposal question concept. If
the student fails then the error level of the student has been detected and a hint to
repair can be presented. The subsystem can follow two strategies: (1) Top-Down,
asking first for the highest level in the hierarchy and going on with the following
levels. For instance, if the proposal level is species, it will ask the student to choose
among the highest level. So the next question will be to select among the divisions
(Angiosperme/Gimnosperme) of the species in the question, and then the family and
finally the gender. (2) Bottom-Up, asking first for the level immediately superior to
the proposal level. Following with the example above, the subsystem will ask first for
the gender, then for the family and finally for the division.

3.2 Tutor Sessions

A session is composed by several proposals. Each proposal presents to the student a
concept of any set of the tutorial goal (Ai ∈ A or Bi ∈ B). During a session the same
proposal will be presented to he student in order to confirm the previous results. The
session finalization criterion will be maximum numbers of proposals for any possible
finalization state (M or Bi). These factors will be configurable by the teachers and are
the following:
− Maximum number total of proposal presented to the student.
− Maximum number of consecutive proposals finished in the state M.
− Maximum number of consecutive proposals finished in the state B0.
− Maximum number of equals proposals (about the same domain concept) finished

in the state Bi (i > 0).
The finalization criterion is local to the Socratic Tutor, which is just a component of a
complex system. The role of the finalization criterion is to decide whether or not this
instruction is being useful to the student. In the worst case, the objective previously
decided by the Instruction Planner might be too difficult, or perhaps the teaching
style is not well suited for him. The Socratic Tutor estimates the fulfillment of the
goal and passes this information to the Student Model Manager that modifies the
Global Student Model and lets the Instruction Planner to act accordingly. The next
task proposed to the student may be any other component of the system.

4 Proposal Example

In what follows we will use the TREE tutor and its hierarchically structured domain
as an example, in order to make the explanations clearer.
The forestry species domain is structured hierarchically in several levels: divisions,
classes, families, genera, and species. We have developed a knowledge acquisition
tool for domain experts to complete the domain Knowledge Base (KB) through a web-
interface [1]. Fig. 4. shows a partial view of the domain hierarchical structure. Each
node in the hierarchy has its own set of attributes that describes it.
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Divisions

Families

Genders

Species

TsugaAbies Picea Larix Cedrus Pinus

PINACEAE

Gymnospermae

Abies lasiocarpa
Abies nebrodensis
Abies pinsapo

Tsuga canadensis Picea asperata
Picea engelmannii
Picea mariana
Picea orientalis
Picea rubens

Larix eurolepis
Larix russica

Cedrus libani Pinus aristata
Pinus banksiana
Pinus brutia
Pinus canariensis
Pinus halepensis
Pinus jeffreyi
Pinus nigra dalmatica
Pinus nigra salzmannii
Pinus peuce
Pinus pinaster
Pinus pinaster atlantica
Pinus pinea
Pinus ponderosa
Pinus sabiniana
Pinus sibirica
Pinus sylvestris
Pinus sylvestris rigensis
Pinus uncinata

AlnusBetula

BETULACEAE

Angiospermae

Betula pendula
Betula pubescens

Alnus glutinosa
Alnus incana
Alnus cordata

Fig. 4. Partial taxonomy of the TREE KB

In the example of the forestry domain, we can say that a student has learned the
European trees if he is able to recognize any given specie from a set of photographs.
In order to help in this task, the Domain Model contains the main differences and
similarities between the nodes in the hierarchy. All the differences are extracted
automatically of the KB and the botanical experts mark those that are more helpful to
differentiate two species. To complete the Domain Model there are a set of
photographs that are introduced by experts through the Web interface. Each photo has
associated information about what is pictured in it.
A session with the Socratic Tutor is divided in several proposals. In order to explain
the interaction between the system and the student, we are going to develop a tutorial
proposal example with the Socratic Tutor. Let us suppose that the tutorial goal is that
the student distinguishes the sets of genera A ={Abies} and B={Betula}. The partial
taxonomy corresponding to those genera is shown in the Fig. 4.
The goal of this tutor is to teach by practicing with photos. The system will show a
photo to the student and he/she will have to classify the genera in the photo.
In the example in the Fig. 5, the Tutor asks the student for the genera Abies and he/she
answers Betula. The first time the student fails (state 2 in Fig. 3), the Tutor looks for
the first non-coincident predecessors between the proposal and the answer, and makes
the list of important differences between both. In the example, the non-coincident
predecessors of the pair Abies-Betula (proposal-student answer) are divisions,
Gimnospermae-Angiospermae and families, Pinaceae-Betulaceae (see Fig. 4). So the
system presents to the student the main differences between the divisions (first non-
coincident predecessors) Gimnospermae and Angiospermae (see table 1).
The next student answer is Cupressus and the system must determine if the student
failure has been increased or decreased with regard to the previous error. The first
criterion was the set to which the students answer belongs to. Both failures are genera
of  the  same  set  (C = {All the genera in the KB} � A � B), so the system analyzes the
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Fig. 5. Example of a proposal
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second criterion: the domain hierarchy. In the first failure, the genera Abies and
Betula are from a different division. In the next failure the genera Abies and
Cuppressus are from the same division (Gimnospermae) but from different families
(Pinaceae and Cuppresaceae respectively), so the system concludes that the failure
has been decreased. The next system action is to decide the hints to be presented and
go to the state 4.
The hints advance in two ways during the proposal: first going down in the hierarchy
and then adding additional differences to the list. As the hierarchy level of the failure
has changed the system presents to the student the main differences between the
families Pinaceae and Cuppresaceae. The next answer is correct so the system
progress to the final state B2. If the student would answer another Cuppressus species
instead of giving the correct answer, the system would present the additional
differences between the families Cuppresaceae and Pinaceae. If the student makes
the same mistake again, the system would present the main differences between the
genera Abies and Cupressus.

Table 1. Differences between Gimnospermae and Angiospermae

IMPORTANT DIFFERENCES
IT HAS FRUIT OR HAS NOT REAL FRUIT

It has cone, strobilus or aril It has real fruit
CROWN TYPE

Conic crown Without a characteristic form

FLOWER�S PERIANTH
Flower without perianth Flower with petaloid perianth

Flower with sepaloid perianth
Flower with calyx and with corolla

ADDITIONAL DIFFERENCES
APPEARENCE OF FLOWERS

Not apparent flowers, hardly visible Apparent flowers, easily visible

Table 2. Differences between Pinaceae and Cuppresaceae

IMPORTANT DIFFERENCES
FLOWER�S PERIANTH

Helicoidal Opposite

Verticillate

5 Conclusions

There are several tasks that have to be done as a part of an instructional process. The
instruction over the Internet requires that all of these tasks would have a web
interface. We can benefit from the web structure if we could design each component
separately. To make it possible a new architecture has been proposed. This
architecture is modular and has a library of tutorial components that can be generic
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(used for any domain as for example test component, reading-text component...) or
designed specifically for a particular domain.
In this paper we have described one of these particular components: the Socratic
Tutor. This component is based on the Socratic methodology where the teaching and
learning process are based upon the personal reflection that can be obtained posing
the right question on a guided dialogue. A finite state automaton conducts the Socratic
dialogue. This tactical knowledge representation can be easily defined and/or
redefined by the human domain experts. This component have been developed for the
TREE ITS, that teaches to recognize different European forestry species. The
morphological botanical domain is a hierarchically structured domain, the Socratic
component can be reused for domains of similar features.
The Socratic Tutor has been completely designed and now we are taking care of the
implementation phase. New research lines are open to study the impact that this
dialogue has on the student general performance, and to automatic learn while
teaching what are the hits that better solve the student impasse.
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Abstract. A hypermedia application offers its users a lot of freedom to navigate
through a large hyperspace, described by a domain model.  Adaptive hyperme-
dia systems (AHS) aim at overcoming possible navigation and comprehension
problems by providing adaptive navigation support and adaptive content.  The
adaptation is based on a user model that represents relevant aspects about the
user. In this paper, we concentrate on the adaptation engine (AE) that is respon-
sible for performing the adaptation according to the adaptation rules specified
in the adaptation model.  We analyze the dependencies between the authoring
process and the functionality of the adaptation engine.  From this we conclude
how the authoring process can be simplified by a more powerful AE.  In par-
ticular, a well-designed AE should be general purpose (i.e., not application do-
main specific) and should guarantee that the interpretation of the rules is
deterministic, always terminates and produces the results desired by the author.

Keywords: adaptive hypermedia, user modeling, adaptive presentation, adap-
tive navigation, hypermedia reference model, adaptation rules.

1. Introduction

Hypermedia systems (including the Web) are becoming increasingly popular as tools
for user-driven access to information.  They typically offer users a lot of freedom to
navigate through a large hyperspace.  Unfortunately, this rich link structure of the hy-
permedia applications causes some serious usability problems:
• A typical hypermedia system presents the same links on a page to all users.  To

eliminate navigation problems the system should offer each user (some) personal-
ized links or navigation tools (such as a table of contents or a map).  The system
should thereby take into account what the user read before, and possibly what the
user�s interests are.

• Navigation in ways the author did not anticipate also causes comprehension prob-
lems for the user: for every page the author makes an assumption about what fore-
knowledge the user has when accessing that page.  However, this is an impossible
authoring task because there are more ways to reach a page than any (human)
author can foresee.  A page is always presented in the same way.  This may result
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in users visiting pages containing redundant information and pages that they cannot
fully understand because they lack some expected foreknowledge.

Adaptive hypermedia systems (or AHS for short) aim at overcoming these problems
by providing adaptive navigation support and adaptive content.  The adaptation (or
personalization) is based on a user model that represents relevant aspects of the user
such as preferences, knowledge and interests.  The system gathers information about
the user by observing the use of the application, and in particular by observing the
browsing behavior of the user.

Many adaptive hypermedia systems exist to date.  The majority of them are used in
educational applications, but some are used, for example, for on-line information
systems or information retrieval systems.  An overview of systems, methods and
techniques for adaptive hypermedia can be found in [B96].  We have developed a ref-
erence model for the architecture of adaptive hypermedia applications: AHAM (for
Adaptive Hypermedia Application Model) [DHW99], which is an extension of the
Dexter hypermedia reference model [HS90, HS94].  AHAM acknowledges that doing
�useful� and �usable� adaptation in a given application depends on three factors:
• The application must be based on a domain model, describing how the information

content of the application or �hyper-document� is structured (using concept).
• The system must construct and maintain a fine-grained user model that represents a

user�s preferences, knowledge, goals, navigation history and other relevant aspects.
• The system must be able to adapt the presentation (of both content and link struc-

ture) to the reading and navigation style the user prefers and to the user�s knowl-
edge level.  In order to do so the author must provide an adaptation model
consisting of adaptation rules.  An AHS itself may offer built-in rules for common
adaptation aspects.  This reduces the author�s task of providing such rules.

The division into a domain model (DM), user model (UM) and adaptation model
(AM) provides a clear separation of concerns when developing an adaptive hyperme-
dia application.  The main shortcoming in many current AHS is that these three fac-
tors or components are not clearly separated [WHD00].

In this paper we focus on the adaptation engine (AE) that provides the implemen-
tation dependent aspects of AHAM.  We divide the adaptive control in AHS into two
levels, the author level and the system level.  On the author level an author writes ad-
aptation rules; on the system level the system designers build an adaptation engine
(AE) to apply the rules. These two parts work together to control the adaptation in the
AHS.  In this paper we consider three main design goals for the AE:
• Authoring should be simplified as much as possible.  The author should not have to

include in the adaptation rules any aspects that a (smart) AE can handle automati-
cally.  The author should take care of the domain dependent aspects, and the AE
should take care of the domain independent aspects.

• The interpretation (or execution) of adaptation rules by the AE should always ter-
minate.  Furthermore, the adaptation should not cause noticeable delays.

• The interpretation of the adaptation rules by the AE should be deterministic.
This paper is organized as follows. In Section 2 we briefly recall the AHAM reference
model for adaptive hypermedia applications and propose two general constraints on
(generic) adaptation rules.  In Section 3 we define some terms and discuss system
transition issues.  In Section 4 we discuss termination and determinism of the AE, and
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ways to make authoring easier by making the AE smarter.  Section 5 presents our
conclusions and short-term research agenda.

2. AHAM, a Dexter-Based Reference Model

In hypermedia applications the emphasis is always on the information nodes and on
the link structure connecting these nodes.  The Dexter model [HS90,HS94] captures
this in what it calls the Storage Layer.  It represents a domain model DM, i.e. the
author’s view on the application domain expressed in terms of concepts (and content).
In adaptive hypermedia applications the central role of DM is shared with a user
model UM.  UM represents the relationship between the user and the domain model
by keeping track of how much the user knows about each of the concepts in the appli-
cation domain.

In order to perform adaptation based on DM and UM an author needs to specify
how the user’s knowledge influences the presentation of the information from DM.  In
AHAM [DHW99], this is done by means of an adaptation model (AM) consisting of
adaptation rules. ([DHW99] uses slightly different terms.) An adaptation engine (AE)
uses these rules to manipulate link anchors (from the Dexter model’s anchoring) and
to generate what the Dexter model calls the presentation specifications.  In this sec-
tion we only present the elements of AHAM that we will need in the following sec-
tions when we discuss the implementation aspects of the AHAM.

2.1 The Domain Model

The domain model of an adaptive hypermedia application consists of concepts and
concept relationships.  Concepts are objects with a unique object identifier, and a
structure that includes attribute-value pairs and link anchors. (The remainder of the
structure is not relevant for this paper.)

A concept represents an abstract information item from the application domain.  It
can be either an atomic concept or a composite concept.
• An atomic concept corresponds to a fragment of information.  It is primitive in the

model (and can thus not be adapted).  Its attribute and anchor values belong to the
�Within-component layer� and are thus implementation dependent and not de-
scribed in the model.

• A composite concept has a sequence of children (sub-concepts) and a constructor
function that describes how the children belong together.  The children of a com-
posite concept are either all atomic concepts or all composite concepts.  A com-
posite concept with (only) atomic children is called a page.

The composite concept hierarchy must be a DAG (directed acyclic graph).  Also,
every atomic concept must be included in some composite concept.  Figure 1 illus-
trates a part of a concept hierarchy.
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Fig. 1. : Part of a concept hierarchy.

A concept relationship is an object (with a unique identifier and attribute-value
pairs) that relates a sequence of two or more concepts.  Each concept relationship has
a type.  The most common type is the hypertext link. In AHAM we consider other
types of relationships as well, which play a role in the adaptation, e.g. the type pre-
requisite.  When a concept C1 is a prerequisite for C2 it means that the user should
read C1 before C2.  It does not mean that there must be a link from C1 to C2.  It only
means that the system somehow takes into account that reading about C2 is not de-
sired before some (enough) knowledge about C1 has been acquired.  Through link ad-
aptation the �desirability� of a link will be made clear to the user.

The atomic concepts, composite concepts and concept relationships together form
the domain model DM of an adaptive hypermedia application.

2.2 The User Model

A user model consists of named entities for which we store a number of attribute-
value pairs.  For each user the AHS maintains a table-like structure, in which for each
concept in the DM the attribute values for that concept are stored.  Because of the re-
lationships between abstract concepts and concrete content elements like fragments
and pages, a user model may contain other attributes than simply a knowledge level
(typical in educational applications).  For instance, the user model may also store in-
formation about what a user has actually read about a concept or whether a concept is
considered relevant for the user.  Concepts can furthermore be used (some might say
abused) to represent other user aspects such as preferences, goals, background, hyper-
space experience, or a (stereotypical) classification like student, employee, visitor,
etc.  For the AHS or the AHAM model the true meaning of concepts is irrelevant.

In the sequel we will always consider UM as being the user model for a single
user.  In this paper we do not discuss adaptation to group behavior.

2.3 The Adaptation (Teaching) Model

The adaptation of the information content of a hyper-document and of the link struc-
ture is based on a set of adaptation rules.  A rule is typically of the form:

if <condition> then <action>.
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Here condition may specify the occurrence of an external event, such as �page ac-
cess� (or �click� for short), conjugated with Boolean expressions referring to attrib-
ute-values from the DM or UM.  The action may be an update to an attribute-value in
UM, or be an assignment to a presentation specification for an object: it may specify
that a fragment will be shown, or that a link should be treated as being desirable. For
example, consider the rule:

if access(C) and F IN C.children and F.relevant = true then F.pres := show.
This rule specifies that when a page concept C is accessed (by clicking on a link to
this page) and that page contains a fragment F that is relevant for the user, then that
fragment should become visible in the presentation of the page.  The consequence of
this rule is that all relevant fragments of this page will be shown to the user.  Instead
of hiding undesired fragments the AHS may gray them out, as described in [HH98].

Adaptation rules form the connection between DM, UM and the presentation
(specification) to be generated, and their syntax is AHS-dependent.  In fact, in many
AHS a number of rules will be hard-coded into the system and not visible or accessi-
ble to authors.  We partition the rules into four groups according to the adaptation
�steps� to which they belong.  These steps are IU (initialize user model), UU-Pre
(update user model before generating the page), GA (generate adaptation), and UU-
Post (update user model after generating the page). The rules in these groups are ap-
plied in the order specified.  [WHD99]

In a generic adaptation rule (bound) variables are used that represent concepts and
concept relationships. A specific adaptation rule uses concrete concepts from DM in-
stead of variables. Other than that both types of rules look the same. Specific rules
always take precedence over generic ones. The syntax of the permissible rules de-
pends on the AHS and is irrelevant for this paper.

The adaptation model AM of an AHS is the set of (generic and specific) adaptation
rules.

2.4 The Adaptation Engine

An AHS does not only have a domain model, user model and adaptation model, but
also an adaptation engine, which is a software environment that performs the follow-
ing functions:
• It offers generic page selectors and constructors.  For each composite concept the

constructor is used to determine which page to display when the user follows a link
to that composite concept.  For each page the constructor is used for building the
adaptive presentation of that page.

• It optionally offers a (very simple programming) language for describing new page
selectors and constructors.  For instance, in AHA [DC98] a page constructor con-
sists of simple commands for the conditional inclusion of fragments.

• It performs adaptation by executing the page selectors and constructors.  This
means selecting a page, selecting fragments, organizing and presenting them in a
specific way, etc.  It also means performing adaptation to links by manipulating
link anchors depending on the state of the link (like enabled, disabled and hidden.).

• It updates the user model (instance) each time the user visits a page.  It does so by
triggering the necessary adaptation rules in UU-pre or UU-post.  The engine will
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thus set some attribute values for each atomic concept of displayed fragments of a
page, of the page as a whole and possibly of some other (composite) concepts as
well (all depending on the adaptation rules).

The adaptation engine thus provides the implementation-dependent aspects, while
DM, UM, and AM describe the information and adaptation at the conceptual, imple-
mentation independent level.  An adaptive hypermedia application is a 4-tuple (DM,
UM, AM, AE), where DM is a domain model, UM is a user model, AM is an adapta-
tion model, and AE is an adaptation engine. The challenge, of course, is to design an
AE that is not specific to a particular application, but that can handle a wide range of
hypermedia applications.

2.5 General Constraints

Performance is a frequently neglected aspect of adaptive hypermedia applications.
However, when the execution of the adaptation rules takes a long time there will be a
very noticeable delay between the click on a link anchor and the appearance of the
link destination page.  An easy way to ensure fast response is to require all adaptation
rules to be mutually independent.  This means that all rules are triggered by an event
(such as a �click�) and the result of a rule cannot be a trigger for other rules.  This is a
severe restriction.  For instance, it does not allow �knowledge� to be propagated bot-
tom-up through the concept hierarchy automatically.

In this paper we explicitly allow cascades of rule executions.  The purpose is to
lighten the burden on the author of the adaptive application.  For instance, we allow
an author to specify that in Figure 1 reading page P1 or P2 contributes 50% towards
the knowledge of C1 and that C1 contributes e.g. 40% towards the knowledge of C.
When the user accesses P1 an adaptation rule will set the knowledge of P1 to 100%.
This rule will trigger another rule (instance) that adds 50% to the knowledge of C1
and this will trigger yet another rule (instance) that will add 20% (or 40% of 50%) to
the knowledge of C.  The (current version of the) AHA system for instance allows
such cascades of rules.  It will be obvious that this recursive definition of user model
updates is easier for an author than specifying explicitly that reading P1 contributes
50% to C1 and 20% to C, and that reading P2 also contributes 50% to C1 and also 20%
to C.  (It is easier when the author need not explicitly specify directly for each page
how much reading that page contributes towards the knowledge of C.)

While we allow cascading rule execution we do propose the following restrictions
on the propagation between rules:
• If the <condition> and <action> of a rule contain an attribute of the same concept

then the <condition> must include an event.  The propagation of attribute values
within one concept and without an event indicates bad design and is forbidden.

• If the <condition> and <action> of a generic adaptation rule contain different con-
cepts, then the <condition> must also include a concept relationship linking these
concepts.  Thus, propagation of user model updates between different concepts is
only allowed through concept relationships.

An example of a rule that illustrates and satisfies the first constraint (for page P) is:
 if access(P) and P.ready-to-read = true then P.knowledge := ’known’.
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The update to the knowledge (attribute) of P depends on the ready-to-read attribute of
the same P, and therefore must be triggered by an event such as access(P).
An example of a rule that illustrates the second constraint is:

if ∀P�, prerequisite(P�, P): P�.knowledge = �known� then P.ready-to-read := true

3. System Transitions

In this section we describe how an AHS works using triggers and rules. However, this
does not imply that only rule and trigger based AHS�s can be described in AHAM.
Triggers and rules are just our means for describing the system behavior.

An event in the system means that something outside the system triggers the sys-
tem to change its state. The user or external programs can only observe the following:

UMs 
    event

 UMf

Here UMs and UMf are two states of the system.  In general these states must differ in
at least one attribute value.  UMs is the start-state and UMf is the final-state.  �Inside�
the AHS the transition is, for instance, realized by sequentially executing a number of
rules:

UMs 
    R1

 UM2 
    R2

 �  UMi 
    Ri

 �  
    Rm

UMf

Here Ri is an instance of a generic or a specific rule, i is in [1..m], m must be finite.
Thus, internally the system applies a finite sequence of rules (or actually rule in-
stances) to arrive at UMf.  Each step in this transition is called an update.  When an
event occurs, it triggers some rules that deal with that event.  These rules will change
some values in the UM, and these changes will propagate to other rules.  The order in
which rules are applied is called the execution order.

When a rule�s condition changes from false to true, it becomes an active rule.  The
system only executes active rules in the transition.  After execution of an active rule,
that rule becomes inactive.  The execution of a rule may make other inactive rules be-
come active.  If there is no active rule anymore, then the transition terminates.  In
Section 4.1 we will consider the detection of potential infinite loops that would cause
a transition to never terminate.

Apart from termination of a transition, also the predictability of its final state is an
issue.  If the execution order of the rules doesn�t affect the final state, we call the tran-
sition an order independent transition (OIT).  If the execution order does affect the
final state, we call this transition an order dependent transition (ODT).  Order de-
pendent transitions are not desirable because they make the result (the final state) un-
predictable.  Order-dependence arises, when there is a choice as to which rule to
execute first.  For instance, an event may activate more than one rule.  In the sequen-
tial procedure presented above, we select one rule and execute it.  This will produce a
new (intermediate) state of the UM in which some other rules may have become ac-
tive.  In the course of the process of rule execution more rules may become active, but
also some active rules may become inactive because other rule executions have made
their condition become false again.  The final result may also depend on the order in
which subsequent updates of the same concept attribute take place.  To provide a de-
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terministic AE behavior, we have to resolve the order dependence.  This issue is dealt
with in Section 4.2.

4. Issues in Building the AE

As indicated in the introduction, we consider three design goals. We try to make the
burden on the author lighter by providing simple rules, while at the same time pro-
viding an adaptation engine that generates predictable results and that executes rules
in such a way that termination is guaranteed.

4.1 Termination

There are different ways to ensure that a transition terminates. One way is to write
rules in such a way that infinite (triggering) loops are impossible and that long (deep)
recursions are avoided.  In order to ensure that the rules are written in this way one
needs the authoring tool to check for potential (direct or indirect) loops each time an
author adds rules to the AM.  The added rule can either be rejected or the system may
simply warn the author and give advice on how to break the loop in the rules.
Whether a rule may lead to infinite loops also depends on whether the concept rela-
tionships used in the rule are allowed to be cyclic or not.  E.g., link relationships can
be cyclic, whereas prerequisite relationships must not be cyclic.

Another way is to have an adaptation engine (AE) that ensures that the transition
will stop after some time, even when the rule definitions (together with cycles in DM)
cause loops.  This approach is easier for the author, because the author need not know
or be informed about (potential) loops.  There are three easy (and also simplistic)
ways to make an AE ensure termination of transitions:
1. The system changes the attribute value of a concept at most once in one transition.

Because UM has only a finite number of concepts and each concept a finite num-
ber of attributes, the number of possible update steps that do not change a previ-
ously updated attribute value is finite.  Unfortunately this method inhibits some
possibly interesting ways to update the UM. For example, if concept A contributes
knowledge towards B and C, and B and C both contribute (a possibly different
amount of) knowledge towards D, D�s knowledge value can only be updated in a
predictable way if knowledge propagation from B and from C are both allowed to
happen during one transition.  One can easily come up with similar examples using
concept relationships instead of the concept hierarchy, and also leading to �pre-
mature� termination of parts of a transition.

2. Each rule instance (either an instance of a generic rule or a specific rule) is exe-
cuted at most once in one transition.  A generic rule may be used several times, but
with different bindings of its (concept) variables to actual concepts.  This method
again guarantees termination.  In the above example the knowledge value of D can
be updated twice because both updates are different rule instances.  Unfortunately,
if in this example D also contributes knowledge to E, the resulting two knowledge
contributions cannot both be propagated to E because that would be done through
the same rule instance.
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3. The AE can make use of properties of the value domain for each attribute (of con-
cepts) to determine whether repeated updates to a concept or repeated execution of
the same rule instance are potential sources of infinite loops.  The AE of the AHA
system for instance allows repeated monotonic updates to a concept�s knowledge
value.  This poses no danger because the value domain consists of integers between
0 and 100.  (All monotonic update loops terminate when the value reaches 100 or
0, depending on whether the value monotonically increases or decreases.)

The first two methods can be modified so that they allow not one but a larger (fixed or
variable) number of updates or instances of rules to be executed.  This may eliminate
some of the negative side effects, but it also slows the AE down in case of an infinite
loop that must be terminated.  The third method is preferable, but for some value do-
mains it may be difficult to come up with a property that provides a good basis for
terminating potential infinite loops.  More research on termination is needed, but re-
search on active databases has already shown that termination quickly becomes unde-
cidable.

4.2 Determinism

A single event may activate several rules, and each rule execution may activate some
more rules.  In the sequential model we presented in Section 3, active rules are exe-
cuted one by one.  The order in which rule instances are executed may influence the
final result UMf.  Also, when a potential infinite loop is cut short by one of the meth-
ods described in Section 4.1, the order in which rules are executed may influence
which rules are executed and which rules are discarded.  The problem of non-
deterministic results is a direct consequence of our desire to make authoring easier.
The easiest way to guarantee deterministic behavior of AE is to define the rule lan-
guage in such a way that the author has to indicate when a rule must be executed, and
not only under which conditions a rule may be executed.  We have chosen an inter-
mediate approach: the author must assign rules to the four categories IU, UU-pre, GA
and UU-post, but within each category the author does not indicate execution order.

While we do not have a general solution, an AE can find out potential sources of
non-determinism by searching for conflicting user model updates that result from ac-
tive rules.  For instance, consider the following three rules:

if access(A) and A.ready-to-read = true then A.knowledge :=  ’known’.
if A.knowledge = ’known’  and prerequisite(A,B) then B.ready-to-read := true.
if A.knowledge = ’known’  and inhibit(A,B) then B.ready-to-read := false.

What these rules actually imply is that there cannot simultaneously be a prerequisite
and an inhibit relationship between A and B.  If these relationships would exist how-
ever then whether B.ready-to-read becomes true or false depends on the order in
which the rules are executed.  A smart authoring tool can detect that the rules have a
conflicting outcome, and thus warn the author of the error in either the given relation-
ships or the supplied rules.  There may be cases where conflicting updates are not
easily detected during the authoring phase.  Such undesirable, ambiguous situations
can still be detected by the AE, by not simply executing rules but by first examining
all active rules and checking them for a conflicting outcome.  What is needed then is a
conflict resolution strategy that must be specified by the author or the system and that
can be used to eliminate the conflict.  Once all conflicts between the active rules have
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been resolved, the order of execution is not important any more and the transition
terminates in a well-determined state.  In the case of the prerequisite and inhibit rela-
tionships one might for instance state that prerequisites take precedence and that in
case of conflict the rule for the inhibit relationship is not executed.  In the case of a
conflicting generic and specific rule, the specific rule always has precedence.

5. Conclusion and Future Work

We have analyzed several ways to build an AE that is deterministic and produces re-
sults in an acceptable number of steps. A viable approach is to assign adaptation rules
to groups and specify some general precedence relationships, which will constitute
the AE default behavior. This will leave a number of situations in which the author
has to provide some mechanism of choice for the order dependent transitions. An at-
tractive option appears to be the collective application of all rules that are active in a
particular state and provide a conflict resolution strategy. This way, we can build gen-
eral AE’s that provide a clear separation of responsibilities between the system and the
author. The input of the author will, of course, always be required and is best put in
the form of overruling general AE behavior with specific, domain dependent choices.

The next research step is to experiment with the various design alternatives for the
AE, and to design an appropriate rule language for the author to write the application.
The rule language should provide a general way to specify rules for desirable applica-
tion behavior.
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Abstract. This paper describes an approach to adaptive hypermedia by
incorporating linkbases into an agent-based system (PAADS). The agents are
built on top of an agent framework developed at Southampton University.
Personal agents keep a local user model and provide adaptive navigation
support. This is accomplished by extracting keywords found in the user model
and through the user�s browsing history, and by then replacing occurrences of
those words with URL�s supplied by a linkbase agent. A third agent provides
the ability to query these user models through a web browser.

1. Introduction

The term Adaptive Hypermedia means personalizing a user�s browsing experience.
There are a number of different methods for providing this adaptivity in existing
hypermedia systems. Brusilovsky [2] describes two main types: adaptive presentation,
which means changing the information conveyed on individual pages, and adaptive
navigation support where the appearance and order of the links are manipulated to
influence a user when they come to select the next page to visit. To facilitate these
techniques, a user model is kept by the system, which contains simple personal
information, and any concepts and goals the user has acquired while browsing.

Agent technologies can be used to create adaptive systems as they are quickly
becoming popular as a means of building modular systems. It is their inherent
flexibility that makes them ideal components for multi-disciplinary tasks. In the IAM
research group we have designed our own multi agent system, SoFar (Southampton
Framework for Agent Research) [5], which is a Java-implemented platform designed
for rapid agent development. These agents communicate using a pre-defined set of
methods (performatives, such as inform, subscribe and request) that can be invoked
on any agent. To aid communication between agents, SoFar incorporates the idea of
using ontologies (the semantic structure of data) [7], as a means of specifying
particular data domains. Mobility is also provided by SoFar, allowing agents to
migrate to new platforms as and when they desire.

The work described in this paper involves introducing the concept of linkbases to
this agent domain to provide adaptive hypermedia. A (distributed) linkbase is a means
of separating link information from the body of a hypermedia document. Linkbases,
first developed as part of the Microcosm system [4], allow authors to manage web
sites with greater efficiency. These links reside in a database where they can be
maintained by a link service, such as the DLS [3], which provides link functionality to



                 An Agent-Based Approach to Adaptive Hypermedia Using a Link Service           261

other programs. The following system uses such a linkbase to add links to the web
page that match a user model. One advantage of such a technique is that the structure
of the existing web page is left unaltered and the user just sees more links to sites they
are interested in.

2. PAADS Implementation

For this work, a collection of agents have been built on top of SoFar that all recognize
a pre-defined group of ontologies. PAADS (Personal Agent information Acquisition
and Delivery System) is a web-centred approach, written entirely in Java 2, to record
user details, provide adaptive navigation support to users and present this information
to others who can query the data. The system is shown in Fig. 1.

Fig. 1. A diagram showing the interaction between agents in PAADS. The user�s agent supplies
keyword & URL pairs from the linkbase agent to the proxy. The user model is sent to the
knowledge base agent and can be accessed through user queries

2.1 The Agents

There are three types of agents running in PAADS. There are Personal User Agents,
Knowledgebase Agents and Linkbase Agents, each of which has a specific purpose.
The Personal User and Knowledgebase agents are active agents - they interact with
other agents in the system to accomplish their goals, whereas the Linkbase agent is
passive - it supplies services to other agents but has no goal itself.

Personal User Agent. In principle, Personal User agents follow a single user,
accumulating information about their interests and expertise and storing this data in a
user model. At present, this model is simply made up of key value pairs entered
manually by the user. Agents also add keywords to the model that have been extracted
from web pages visited by the user. This model is then sent to the Knowledge Base
Agent.
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Knowledgebase Agent. The Knowledgebase agent acts as a central repository for
data accumulated by personal agents. The knowledge base agent provides an interface
to this data allowing other users to query the information via a web browser. The
agent can respond to questions such as �Who is J. Bloggs?� or �Who can help me with
my Java program?�

Linkbase Agent. Acting as a distributed link service, the linkbase agent maintains a
local linkbase and provides performatives to other agents allowing them to query the
linkbase and add or remove links. At present, the Linkbase Agent only responds to
requests from Personal Agents for URLs.  The linkbase used by this agent conforms
to the XML standard set out by the DLS [3], where a link is defined with, amongst
other things, a type, a destination URL, keyword(s) and the title of the web page.

Users can enter data directly into their personal agent, or allow their agent to
acquire knowledge about them implicitly. This is achieved by recording the user�s
trails (or paths) as they browse through the WWW and then keywords are extracted
from these web pages. A frequency count is performed and the highest occurring
words are stored in the user model as an interests field. PAADS provides a web
interface giving the user a view of all the data acquired about them and allowing them
to configure their agent. To provide adaptive navigation support for the user, the
personal agent requests links from the linkbase agent that match the keywords found
in the user model. The linkbase agent returns a set of matching links, which are then
sent to a proxy. This proxy replaces all occurrences of the keywords in a web
document with the corresponding URL�s. Two different methods of presenting the
links have been implemented. The keyword can either become a link or have the
links, if there are more then one, tagged onto the end of it (e.g. a standard style, or a
bibliographic [x,y] style).

3. Conclusions and Future Work

Due to the dynamic nature of agents, PAADS continues to work even if some or all of
the agents are unable to be found. This makes PAADS fault tolerant, and the web
front end allows it to be easily configured by users. Personal agents can refine their
user models over time so that as the user moves around the web, the agent slowly
gains more information about their interests, which is then fed back to provide more
personalized link adaptivity. A further advantage is that the adaptivity does not
destroy the original structure of the web page as links are only ever added. This
means well designed web sites will remain intact and the user benefits from both their
structure and the additional links PAADS provide.

However, more work needs to be done to improve the control and presentation of
the links. Because there could be several URL�s associated with a given keyword, the
system would benefit from weighting each URL. This would give the agent a means
of selecting one URL over all the others, or allow the links to be presented in an
ordered list based on some criteria (adaptive link sorting). The next step is to build a
more advanced learning algorithm into the system. Any improvements to automate
acquisition of the user model would be beneficial to the user; reducing the time they
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spend interacting with the personal agent, thereby freeing them up to focus on their
own tasks. This could be done by extending the link definition to calculate the
frequency of page hits or include ratings for web pages. From this new information,
favourite pages (bookmarks) could be inferred by the agent and thereby given
stronger weights.

This agent-based approach to the provision of distributed link services and adaptive
navigation support is a good example of how agent technology can be applied to new
areas. The linkbase agent can offer its services not just to these personal agents but
also to any agents interested in link manipulation. Although not implemented at the
moment, more linkbases need to be introduced to give the agents a better choice when
finding relevant URL�s. Examples could include general linkbases for a wide range of
topics, linkbases that cover a specific domain (such as a corporate web site, or a
technical subject) and individual user linkbases formed from a user�s web trails.

Finally, by giving personal agents the ability to query other agents, possible links
could be suggested to the user by comparing their trails against those of other users,
creating a trail-based recommender system [1,6].

This work shows that agent technology is a viable means of providing adaptive
navigation support. Maintaining separate linkbases allows greater flexibility for
adaptive hypermedia systems and intergration with the personal user agents provides
an ideal platform for future experimentation.
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Abstract. We present the adaptive features of Test++, an adaptive
system for training and teaching on the Internet. The system integrates
an adaptive training environment for personalized training and a cooper-
ative environment for exams both accessible via Internet and a standard
Java-enabled browser.

1 Introduction

TheWorld Wide Web [1] explosion has strongly influenced everyday life of almost
everybody in the industrialized world. Particularly it changed many things for
people that, in a way or in another, are involved in the educational field. In fact,
WWW now is able to efficiently deliver true e-learning to user by a variety of
tools to support [7,8], integrate [6] and, sometimes, substitute the traditional
methodologies used in schools of any kind [5,10].

Adaptive hypermedia [2,3] is one of the most effective disciplines to help
tailor e-learning to each student’s needs. Techniques for adaptive hypermedia,
that were developed for local systems before the advent of WWW, have proven
themselves extremely useful to provide an interactive and personal environment.
Several systems are developed in Computer Adaptive Tests (CATs) and Item
Response Theory fields (see [4] for comprehensive survey and [9] for SIETTE, an
Intelligent Evaluation System). Their goal, in general, is to accurately estimate
students knowledge by user-tailored systems.

We describe, here, the adaptive features of a system to support and integrate
traditional teaching: Test++. The system goals are to provide supplementary
personal self-training sessions and synchronous exercitations/exams to the tra-
ditional classroom and laboratory activities. The goal of the project (whose first
part we describe here) is to interleave in a single session personalized testing and
training. Questions are selected according to the performances of the student but
they also lead to supplementary reading material.

In this paper, we focus on the adaptive training policy that is proposed to
the student. We describe the strategy that is followed by the system to propose
the questions, adapting the number of questions in each topic to the results
� Current affiliation: Finmatica s.p.a.
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obtained by the student so that his/her preparation is accurately tested. In a
certain way, since testing system is coupled with presentation of support and
reading material related to questions/answers, the system will offer two-level
adaptivity: a first level, described in this paper, offers a mechanism to adapt
questionnaires to students so that they are challenged and (implicitely) shown
their weaknesses by reiterating and insisting on some topics. A second level, not
described here, will offer, on the basis of the interactions with questions, access
to adapted and personalized course material.

2 Adaptivity in Test++

The system is designed to work in two different, complementary modes. The first
one is the self-training mode that is treated throughout the rest of the paper. The
system can only work in a second mode, named virtual classroom: students are
connected through clients (Java applets or applications) and are synchronously
given a whole (static) questionnaire to answer. Questionnaires appear differently
to each student and the teacher is able to monitor the behaviour of students by
real-time statistics (by single student and collectively).

Test++ architecture is client-server: a “fat” client (a Java applet) implements
the adaptive strategy and asks server a new question to present. In this way,
first, the system is more efficient than usual server-side systems (one round-trip
is avoided for checking correctness of answers); moreover, it is also possible to
implement the synchronous mode within the same system and, finally, the XML
questions archive is safely stored on the server and not directly accessible (as a
whole) by the students.

In self-training mode, Test++ offers a personalized questionnaire to the stu-
dent. The questionnaire is built randomly from a sample of questions contained
in an XML archive but according to a set of configuration rules that specify how
many questions for each topic are placed into the questionnaire. The objective
of the whole system is to interleave questions and material (that will also be
adapted in the next phase of the project) so that the student is interactively
presented material according to his/her needs.

The system offers to the teacher a wide choice of behaviours ranging from
absolutely static (i.e. non adaptive at all) to absolutely “mean” (ask all the
questions on the topic that is less known by the student).

We expected that the strategy could be helpful for students: their needs
should be addressed and shown implicitely. If they do not study homogenously
the topics then it is not possible to get high scores. Moreover, sometimes, it can
be difficult for students to recognize what topics are the ones that “the teacher
really care about”: we expect that, in this case also, the questionnaire can be
helpful since adaptive behaviour can be accurately tuned by the teacher. Some
experiments (not reported here) show positive feedbacks by students.

Now we describe the adaptive mechanism for the self-training session. The
goal of the mechanism is to force the student to a thorough study of all the topics
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of the course. In fact, the strategy is, in a way, designed to find weaknesses of
student’s preparation for the exam.

We identify the knowledge domain of the adaptive strategy as consisting
of T disjoint topics. The mechanism is aimed at ensuring that good scores are
associated with a complete preparation of the student. In a way, the system wants
to avoid that a student can score 15/20 (15 right answers over 20 questions) when
the five wrong answers all belong to the same topic.

The questionnaire is built interactively according to configuration parame-
ters: each time the student is presented a single question; when the answer is
provided by the student the system selects the next topic and asks the server to
randomly pick a test in that topic, ensuring, at the same time, that questions
are not repeated in the same session.

It is well recognized that one of the problems in adaptive systems is authoring
and configuring systems. To provide the teacher with a versatile mechanism, we
model the self-training session with a number of configuration parameters :

– the total number N of questions (tests) in the session;
– for each topic i of the knowledge domain:

• Di the number of tests in the topic that should be presented in the
session;

• Mini the minimum number of right answers that the student must pro-
vide in order to pass to a different topic;

• Maxi the maximum number of tests that can be shown to the student
about the topic (regardless of right answers).

– breadth-first round width w (more details follow).

The policy of the mechanism can be seen as a game played by the student
against an adversary (Test++) that tries to understand the topics where the
student has studied/understood the least. The system starts with a (randomly
ordered) breadth-first round of the topics by asking w questions for each topic (w
is the width parameter). Then, once identified “weak” topics (i.e. topics where
student has shown some deficiency) the system keeps asking questions in “weak”
topic i until either the student reaches the minimum number of right answers
(Mini) or the total number of questions in topic i exceeds the maximum allowed
Maxi. Once all the “weak” topics are passed, then questions are picked in the
topics whose Di was not reached. It should be noticed that the role of Di is
simply to ensure that successful questionnaires (i.e. when the student is almost
always correct according to the configuration) are well-balanced, anyway. The
tie-breaking rule (for the choices above) was to pick topics in the definition order.

It can be seen that, assuming given N , T and w, the parameters are T triplets
of integers (Di,Mini,Maxi). The parameters allow a wide variety of behaviours
(including a totally static, a-priori fixed questionnaire).

For example, assume that there are T = 4 topics and N = 10 questions. Then
a static, non adaptive, random questionnaire Q1 is built by specifying parame-
ters (3, 3, 3), (3, 3, 3), (2, 2, 2), (2, 2, 2). On the other hand, an adaptive question-
naire Q2 with configuration parameters (3, 2, 4), (3, 2, 3), (2, 1, 3), (2, 1, 2) shows
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a behaviour that gives a certain relevance (in this order) to each topic, by dif-
ferentiating between the first and the second topic, and the third and the fourth
topic by the maximum number of questions. Finally, a stronger bias toward
the first topic is shown by a questionnaire Q3 with the following configuration
(3, 2, 6), (3, 2, 3), (2, 1, 3), (2, 1, 2) that allows up to the 60% of the total number
of questions to be about the first topic if the student does not correctly answer
at least 2 questions. Notice that, given the algorithm followed by the system to
challenge the student, correct configurations are such that N =

∑T
i=1 Di.

It is helpful to represent configurations as surfaces in the 3D space by inter-
polating the points represented by the triplets. In this way static questionnaires
(i.e. no adaptive behaviour) are represented by a line since triplets of the form
Di = Mini = Maxi adequately describe the static questionnaire1 while adaptive
questionnaires are represented by “large” surfaces that correspond to “stretch-
ing” the original (static) line into surfaces.
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Abstract. mirador aims to create tailored descriptions which assist
users in selecting relevant resources on the Web. In this paper, we dis-
tinguish between the processes of searching with a query and selection
among the results of the query, and we describe a user model for meta-
data which supports selection. We outline how we may combine the user
model with aspects of tailoring to the query, so as to produce concise
and useful descriptions of resources.

1 Background

An increasing amount of information is available on the Web, and increasing
numbers of documents include multimedia material. It is becoming difficult to
track down the material most relevant to an individual’s needs and it is becoming
expensive to download a resource just to see if it is relevant [2]. Some responses
to this problem have been in the form of improved tools for search and retrieval
[5], but it has also been shown to be beneficial to provide mechanisms through
which users are supported in assessing for themselves the potential relevance of
an interesting resource.

Techniques such as sentence selection [7] and natural language generation [4]
are being used to generate summaries of documents for information retrieval.
However, they cannot present multimedia content nor information about the re-
source. An alternative is the use of rich metadata to describe a resource, i.e.
separate information such as the title, topic, author and date of last modifica-
tion. There is now considerable progress towards standards for the syntax and
semantics of metadata to describe resources (e.g. [8]) and increasing numbers of
Web-based resources now include metadata. Metadata has primarily been used
to enhance search, and we believe it should also be used to support selection.

The mirador project has developed different methods to produce tabular
or text descriptions of resources from metadata [1]. We focus on educational
resources, for which specialised metadata sets are being developed and used. A
simple table is illustrated in Table 1. A text descriptions of (a subset of) that
data, produced using language generation techniques, might be:
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Table 1. Simple Educational Metadata for a Resource

Title The Moon and Stars Type Lesson plan

Subject Astronomy Age 10–12

Price Free Resources Star chart, dictionary

“The Moon and Stars” is an astronomy lesson plan for 10–12 year olds.

An alternative description of the same resource, which we can generate by spec-
ifying a different set of elements, is:

“The Moon and Stars” is a free astronomy lesson plan which requires
the use of a star chart and a dictionary.

In the rest of this paper, we show how user models may be built which help
to present information from metadata, information that is tailored to the user’s
needs and so assist the user in selecting relevant resources. More detailed infor-
mation about this project is given in [1].

2 A User Model for Resource Selection

We view the process of choosing relevant resources as having two stages. First,
the user poses a query to a search engine. A long list of resources may be returned,
perhaps with a title and some other summary information, and then the user
must (somehow) choose a few of those resources to download. Summaries may
usefully be tailored to the user’s query [7], but the query is not the whole story.
To help with selection we need to distinguish between the user’s search criteria,
which are expressed in the initial query, and the user’s selection criteria, which
are the means by which the user decides which of the resources to download.
Users typically do not express all of their selection criteria in the query.

The mirador model allows users to express their selection criteria in terms
of the metadata that is of most interest. A user can set up a profile which
specifies the user’s degree of interest in the contents of different metadata fields.
We use a four point scale: for example, the user profile will contain information
on whether the metadata element price is important to the user, interesting,
dull, or of no interest. Such a scale is useful to determine whether information
from that metadata field should appear in a description at all. If including all the
interesting information would make the description too long, then less important
information can be omitted.

Occasional users may find that the effort in specifying a detailed profile is not
worth the benefit in more concise or relevant descriptions. We therefore specify
a number of stereotypes for typical categories of user (e.g. teacher, student, par-
ent). We first created a basis for our stereotypes by presenting different search
scenarios (e.g. a teacher searching for classroom material, or a researcher wish-
ing to do an overview of web-based resources) to a group of users and asking
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them which items of metadata they found most useful in each scenario. Our
group of users was small (six users) but it included teachers, lecturers and uni-
versity researchers who were able to give detailed comments based on their own
experience. These initial stereotypes can easily be refined following actual use
of the system [6]. Users may adapt their own profiles, adjusting the elements
that interest them (or not). We intend to gather information about the adjusted
profiles during testing, so as to create improved stereotypes which are more
representative of actual users.

3 Tailoring the Response to the User’s Query

We have so far used two sources of information to create summaries: the meta-
data returned from the search and the user model. We now intend to include a
third source of information, tailoring to the query itself. The user model enables
us to present information that is generally relevant to the user, while taking the
query into account will enable us to highlight how closely a resource matches
the user’s specific requirements [7] and produce explicit comparisons [3] such as

Constellations is broadly aimed at ages 11-18, while you specifically re-
quested material for 14 year olds.

We have implemented a demonstration query engine to support query tai-
loring, based on a search engine that supports metadata (such as GEM1). An
example of such a query and the data gathered for tailoring to it, are shown in
Table 2.

Table 2. Information for Tailoring to the Query

Query: any field = astronomy or subject = space sciences and ages = 8,9,10

Representation 1

Resource Matching Metadata Field Field Value
Resource 1 Title Astronomy

Subject Space Sciences
Age 5,6,7,8,9,10

Resource 2 Description Astronomy is seldom taught. . .
Age 9,10

Representation 2

Query Component Matching Resources
Any Field = astronomy Resource 1, 2
Subject = space sciences Resource 1
Age = 9,10 Resource 1, 2

1 The Gateway to Educational Resources, http://www.thegateway.org/
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Table 3. Metadata Table for Multiple Resources with User Model and Query
Tailoring

Title Subject Description Age Price

Astronomy space sciences This lesson plan shows students. . . 6 7 8 9 10 Free
Constellations general science Astronomy is seldom taught. . . 9 10 Free

We have used these representations to tailor a tabular metadata display (see
Table 3). Values that match the query values are highlighted, and we may also
display metadata that is not captured in the user model. If the user model
indicates that a metadata field is unimportant to the user (e.g. Description),
but this field has matched the user’s query, then the field will also be included in
the display for this query. We now intend to explore how these representations
may produce text descriptions that are tailored to the query and include explicit
comparisons [3]. We will then evaluate the effects of user– and query–tailored
responses. We expect that combining all three information sources — metadata,
user model and query — will allow us to provide concise descriptions that enable
users to assess quickly which resources are relevant to their needs.
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Abstract. This paper presents research work in progress that aims to desgin a
Web educative information retrieval system in a Distance Education (DE)
context. In order to adapt it to trainers features, experimental information
searches were performed with trainers involved in a DE course. These
experiments allow us to express several assumptions about trainers needs. Thus,
we propose a data model and a treatment model which take into account
trainers features in the Web information retrieval process.

1. Introduction

This paper presents research work in progress that aims to conceptualize an
information retrieval system in a DE context. This system is dedicated to trainers,
who want to design distant hypermedia courses with Web documents. Indeed, the
Web represents a privileged environment for trainers who want to obtain information
in order to product hypermedia courses for DE [1]. However, it is difficult for the
trainers to express their needs, to extract and to select relevant Web documents with
the search engines available on the Web, because they aren�t adapted to educational
context. So, our system seeks to give an assistance for the expression of their specific
needs, the extraction and the analysis of Web documents. In order to identify the
features of trainers, we performed experimental searches of educative information
with trainers, who would like to use educative resources provided by the Web for
their courses. These experiments are described in the next paragraph.

2. The Context

The trainers were involved in the DESS Multimedia Information System1 (MIS), that
is a post graduate diploma which provides, via the Web, a 800 hours specialized
course in multimedia. Information searches took place in three principal stages. The
first stage aims to identify trainers needs. A questionnaire, which was concerned the

                                                          
1 opened in September 1999 at the University of Picardie in France, http://www. dep.u-

picardie.fr
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description of the trainers features and the DE context (subject, progression of the
course, intended use of information,... ), was given to the trainers. The second stage
intended to extract Web documents according to an experimental information
retrieval process described in [2]. Finally, the third stage planed the presentation of
the retrieved information to trainers and the evaluation of their relevance.

These experiments have allowed for two different types of search to be
distinguished. The first type of search generally occurs when the course plan is
precise and unambiguous. Thus, the trainer will search for documents that allow for a
notion to be studied in more depth, for a concept to be illustrated, or for a lesson to be
made interactive through the inclusion of multimedia elements. The second type of
search, takes place when the course plan is imprecise and ambiguous. The trainer will
have, at the most, identified the structure of the course by general topic headings and
will use searches to gather ideas on the areas about which he or she plans to teach, or
to discover how other people have dealt with a particular subject. At the end of this
first experiment, it turns out that the trainer uses four types of �indicator� to express
the specific information that he or she requires, indicators concerned with : concepts
within the course, the media he or she requires, metadata2, and educational aims.
Information concerned with the context of Distance Training and with the structure of
the distance training course may also be required and expressed by the trainer.

These reports let us to assume that it necessary to take into account the state of the
hypermedia course, the indicators given by the trainers and the features of the DE
course, in order to describe trainers needs. So, we present in the paragraph 3 a data
model, which aims to link the particular needs of a trainer to features of relevant Web
documents. In order to organize effectively a method of processing for constituting a
corpus of relevant Web documents, we have defined a model called the �treatment
model�. This model describes in the paragraph 3 an information retrieval process that
allows documents having properties specified by the data model to be taken from the
Web.

3. The Data Model

The data model is composed of two distinct levels : the "description level� and the
"knowledge level". The description level brings together items pertaining to the
trainer�s work and to the search session3 that he or she carries out. Thus, we have
defined a Distance Formation class that is concerned with prerequisites and training
objectives. The Distance Formation class is linked to a list of Rules class, in which
limits to be respected by trainers are described. The development of the course is
modeled with the help of three other classes : the General Section class, the Section
class and the Pedagogical Segment class. These classes are concerned with different
parts of the course, from the most general level, for example a chapter, to the most
specific, for example a paragraph. Thus, each search can be associated with a part of

                                                          
2 The type of documents (tutorial, glossary, research article, etc.) or the type of information

(historic, news, biography, etc.), are very important for the selection of relevant documents.
3 A Search Session is represented by the performing of the information retrieval process for a

particular trainer.
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the course, that is particularly useful in the case of a Pedagogical Segment, which
could be described by concepts, educational aims and multimedia elements used in
that part of the course. Moreover, as has been stated above, the trainer is able to
provide specific indicators (of subject, media, educational aims, metadata), which
characterize each search session. Thus, we have specified a Search Session class,
who_is_decomposed4 in a Conceptual Entity class, a Media Entity class, a Meta Entity
class and a Pedagogical Entity class. The Conceptual Entity class is characterized by
a label, that describes a concept, and linguistic information, in other words derived
forms and semantic related terms. The Media Entity class, the Meta Entity class and
the Pedagogical Entity class are respectively characterized by a label deriving form a
limited list of terms, and by a Web definition. The latter is a group of features
belonging to documents determines each label. The figure 1 presents the description
level:

 

PEDAGOGICAL SEGMENT  
 
  media used in the segment 
  pedagogical aims used in the segment 
  concepts used in the segment 

DISTANCE COURSE 
 
 

SECTION  
 

DISTANCE FORMATION 
 
 

RULES 
 
 

GENERIC SECTION 
 

 
List of entities 
Could be described by 

Is included in 

Is composed by 

Is composed by 

Is composed by Is composed by 

PEDAGOGICAL ENTITY 
 

CONCEPTUAL ENTITY 
 

QUERY 
 

META ENTITY 
 

SESSION 
 
 
 
 

RESULT 
 

MEDIA ENTITY 
 Label 

Web definition 
Label 
Web definition 

Label 
Web definition 

Label 
Linguistic properties 

Is composed by 

Is composed by 
Is composed by 

Fig. 1. The description level

The linguistic information of the Conceptual Entity class, (the derived forms and
the semantic related terms), as well as Web definitions linked respectively to the
Media Entity class, the Meta Entity class and the Pedagogical Entity class, are
modeled at the second level of the data model. Thus, the knowledge level is
comprised of a lexicon, a thesaurus and a dictionary. The lexicon allows for derived
forms of the labels belonging to the Conceptual Entity class to be obtained. The
thesaurus lets for semantic related terms to be obtained. The dictionary is composed
of a collection of Web site or page features that respectively indicate the occurrence
of a particular medium, of a specific type of document or a precise educational aims.

The data model represents one of the components of our Web Educational
information retrieval system. The other one is the treatment model, which is described
in the next paragraph.

                                                          
4 Who_is_decomposed symbolizes a meronomy. A meronomy is a hierarchical relationship that

allows an entity to be defined through its components.
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4. The Treatment Model

The treatment model describes our system�s information search process and
comprises several modules: the queries generation module, the results extraction
module, the filtering module the results presentation module. The queries generation
module takes an instance of trainer needs given by the level description and produces
a set of search queries formulated with the help of Boolean expressions that combine
labels from the Conceptual Entity class, the Media Entity class, the Meta Entity class
and the Pedagogical Entity class. The results extraction level takes all the queries
generated in the previous stage and produces a corpus of Web page URLs. These are
gathered by means of a set of information retrieval tools available on the Web. This
module, which currently is implemented in Java language, interfaces with several
services, such as Altavista, HotBot, and Lycos. The tools return the first twenty
results of each search query. The results are gathered in corpus C1 and filtered in
order to discard clones5 and invalid URLs6. The filtering module takes and processes
C1 and delivers a filtered corpus C2. This filtering process aims to discard all the
results that are not � reasonably relevant �. The filtering process constitutes, in fact,
the setting of a relevance threshold by imposing a minimum number of conditions
elements within the Rule class and by the Web definition of the Conceptual Entity
class, the Media Entity class, the Meta Entity class and the Pedagogical Entity class.
Those pages that do not meet these conditions are discarded. The results presentation
module takes corpus C2 and produces the results with which the trainer is provided.
These results are accompanied by information describing particular features of the
pages to which those results refer. Furthermore, it is the Web definition of the Media
Entity class, the Meta Entity class and the Pedagogical Entity class.

5. Areas for Future Research

The trainers needs have been identified by observing and searching for information in
an experimental context with DESS MIS trainers. It is now appropriate to apply the
description level to the informational needs of other trainers in order to confirm or
invalidate the original hypotheses. To that end, we are going to perform a series of
experiments with another distance training course from the University of Picardy,
namely MOCI. Furthermore, it will be necessary to determine how the information
retrieval process described in the paragraph 3 could be automated. This work would
be reported in future communications.
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Abstract. The paper presents the results of a formative evaluation con-
cerning an on-line adaptive system to learn Italian. The purpose of this
evaluation was to verify the validity of the chosen design methodology
and to decide on the system’s future development. The design method-
ology that we have adopted consisted in the use of adaptive disabling
of links for a Web-based courseware. This was checked against two al-
ternative versions of the same courseware, i.e., a static version and an
adaptive version with removal of links.

1 Introduction

There is an extensive literature reporting empirical studies on the use of link
annotation in educational hypermedia, as discussed by Brusilovsky and Eklund
[1] and by Eklund and Brusilovsky [6]. There is nonetheless a more general lack of
information when it comes to considering alternative methods. One such method
is link disabling. Link disabling consists in showing users since the beginning
of their interaction session all the links present in the system. Among them,
only those links which are appropriate for the learner are enabled. Such an
appropriateness feature is determined on the basis of the user’s proficiency level
in the particular content domain the system covers and on the basis of the user’s
learning history. In our application [3], the visible (and disabled) links are those
which identify main modules within the system and are listed into an index
node. Here, they are enabled gradually, as the learner advances in the learning
process, from the top until the bottom of the list.

Link disabling, however, poses a number of important questions from the
point of view of the interaction modality it fosters: it may indeed cause what
Thüring [8] calls a cognitive overload, especially when the system is relatively
large, by providing learners with all the existing links in the system; conversely,
it seems to help learners orient themselves, as proven by Specht [7], since they
immediately have a clear view of the number of links the system contains and
can therefore build an adequate mental model of it: much like in a book, where
its thickness denotes the probable number of pages, here the amount of links
represents the system’s structural complexity.

In order to answer these questions, a system was built using link disabling
[3]. To evaluate it, different versions of the same applications were developed. In

P. Brusilovsky, O. Stock, C. Strapparava (Eds.): AH2000, LNCS 1892, pp. 276–279, 2000.
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particular, we compared the system with an application using link removal and
with a static version of it.

2 Rationale and Background

All three versions of the system were developed using a framework to update the
information presented to users depending on the knowledge mastery they have
gained as described in [2]. This framework assumes the existence of a correlation
between every user’s knowledge level (which is, in its turn, associated with a
knowledge stereotype such as novice, beginner, and advanced), and the informa-
tion the system progressively supplies. Such a progressive revealing is actually
performed by modifying the system link structure: the more the student learns,
the more links are revealed. As such, this framework therefore supports link
removal because a number of other links are progressively disabled and made
invisible, i.e., removed, in order to balance the number of links newly enabled.
And in this way, the total number of visible links is maintained within a cogni-
tively manageable size range and the interface has modified itself depending on
the user’s changing profile.

The above formalism was later improved and extended to support link dis-
abling [4].

3 Formative Evaluation

The evaluation procedure was build following Draper’s guidelines as in [5].
Twenty-four students took part in this formative evaluation. They were all

university students in Romance languages with Italian as a major. After a prun-
ing based on their number of total hits (as in [1], but in our case the threshold was
put at 20 hits), only eighteen log files were retained as valid for this experiment.

Our application [3] is completely written in Italian and aims at providing
students with a knowledge of both the Italian economy and the Italian business
language. Although our students do speak Italian at a good level, they do not
have any knowledge of either the economic notions or the economic language. The
application features a set concepts from the economic and financial world, such as
the preliminary notions of property, the different types of goods, and the notion
of enterprise. Then, it extends to more specialized issues such as the stock market
or the economic legislation. The system is structured hierarchically. There is a
main starting page, the index page, which mirrors the system organization. It is
already at this level that the different interface designs can be perceived. Each
item in the list identifies a module of the courseware, each of which can then
further branch into several ramifications. Students in the experiment could access
all parts of the courseware. They were given a questionnaire at the beginning of
the session, consisting of open questions. In order to answer them, they had to
navigate, to locate and to retrieve specific data, and ultimately to understand
how the system is structured. As final questions, they were asked to evaluate the
system qualitatively, on the basis of their impression and of their experience.
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Students were randomly assigned to one of the following three groups: one
third of them was assigned to a version of the courseware with link disabling,
i.e, with links always visible but disabled and only progressively enabled (DIS-
students); one third was given a version with link removal, i.e., with links always
invisible and disabled but progressively enabled (REM-students); and the last
third a version with a static link topology, i.e., links always visible and enabled
(STA-students). The results discussed in the next section are drawn from the
students’ answers in the questionnaire and from the analysis of their log files.

4 Results and Discussion

What emerged from analyzing the students’ log files shows that there is no
difference between the STA- and the DIS-version students in terms of success
rate: in both cases, the same average of correct answers is obtained. Instead,
the difference of both versions with the REM-version students is statistically
more remarkable. We could also observe that the resort to the initial index page
as an orientation device is kept small. This may suggest that most students
did use the functionality provided at interface level to browse the material. A
more focused analysis revealed the students’ navigation behaviour, i.e., which
interface functionality was mainly used, in particular, whether the one enabling
the three main modalities or others. Since in all versions the presence of two
link lists provides learners with a simple and straightforward way to circumvent
the navigation guidelines and to access nodes freely, it became necessary to
determine what Brusilovsky and Eklund [1] call an “agreement rate”, i.e., a
value indicating the degree of reliability learners were assigning to the interface
design and therefore their degree of acceptance. If students manage to achieve
a high success rate in gathering data and answering questions by ignoring the
system suggestions, this result can indeed not be used as a positive indicator for
the efficiency of the interface design. In our case, because the possible interface
functionality is clearly separated (one per system version), the agreement rate
is computed by dividing the number of suggested link hits (either removed or
disabled) by the total number of hits performed by each student. Clearly, only
the performance of those students accepting the interface functionality can be
advocated when assessing the ultimate validity of the three interface designs.
Students’ performance demonstrated a very high agreement rate.

As mentioned above, the analysis of the success rate in retrieving correct
information shows that, as average, DIS-version students and STA-version stu-
dents score similarly and relatively high, whereas REM-version students score
lower. This fact may be caused by the default structure given to the informa-
tion, which exploits a Western culture way of accessing data: from the top to
the bottom, from left to right. In the DIS-version system, indeed, the links that
are progressively enabled are gradually unveiled by proceeding from the top to
the bottom. And the STA-version application mimics the DIS-version one and
it is as intuitive. Ultimately, from a usability standpoint, learners seem to ex-
perience the DIS- and STA-versions similarly. It is the REM-version which may
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be perceived as less learnable and user-friendly. It is indeed not consistent, since
link visibility changes abruptly (from the learner’s point of view, at least) and
without any notice. In their qualitative analysis, the learners who were assigned
to this version of the system indeed complained about the difficulty in under-
standing the principle behind this design option.

5 Conclusion

These results are different to what we had expected and are, in a way, disap-
pointing. We had predicted a statistically significant outcome for the DIS-version
design compared to the other two. Instead, we found no (statistically relevant)
difference at all with the STA-version and students also did not out-perform in
comparison with the REM-version.

But if we consider all the various pieces of evidence, it is nevertheless appro-
priate to conclude that the link disabling option proved to be a good interaction
modality since it entails some positive features in the interaction it enables (e.g.,
lower number of total hits necessity for learners to locate the desired information;
high correctness rate; high agreement rate). Still, due to some limitations, the
reported evaluation can not inform in general about which interaction modality
to adopt at a loss of others.
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Abstract. In this paper we describe those aspects a designer has to take into ac-
count when designing Web-based adaptive courses with TANGOW. The dis-
cussion is specifically focused on the adaptivity issues, which are not covered
by any standard design methodology. The first section describes the decisions
that need to be made in order to create adaptive courses by using TANGOW.
Work done on some approaches to facilitate the design of Web courses is pre-
sented next. The paper finishes with some conclusions and work in progress.

1   Adaptivity and the Design Process in TANGOW1

TANGOW (Task-based Adaptive learNer Guidance On the Web)[1] is a system for
Internet-based learning where adaptivity is achieved by establishing a clear distinction
between course structure and course contents. The design of a course about �The
HTML Language� is presented and will be used as example along the paper. A first
content schema for this course can be the following: (1) Introduction, (2) How to
create HTML pages and (3) Advanced HTML issues.

This structure should be somehow mapped into Web pages that effectively explain
the contents associated to each concept. However, there is no need to directly associ-
ate a page, or even a set of linked pages to any of the subjects above. The subjects to
explain, sequencing among them and associated contents, will be considered at each
step of the design process. In TANGOW terms, the subjects to be explained are un-
derstood as Teaching Tasks, TTs, which can have a set of HTML fragments associ-
ated, whilst the order in which TTs will be presented is implemented as Teaching
Rules. From that point of view, the initial course structure can be specified as a rule,
rI, with task t0 representing the whole course.

Fig. 1 depicts the set of rules for our example. The information provided for each
rule is the following: the name of the rule, the tasks involved, and the selected se-
quencing mode (the meaning of �AND� and �OR� will be explained below). In some
cases, a dependency field is filled in with �*� followed by a task name(s). It means
that those rules will not activate and, consequently, the composed task will not be
performed, unless the referred task(s) are performed.

                                                          
1 This paper has been sponsored by the Spanish Interdepartmental Commission of Science and

Technology (CICYT), project number TEL97-0306.
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Composed
Task

Tasks Rule Name &
Sequencing

Dependencies

t0 t1: Introduction rI (AND)
t2: How to create HTML pages
t3: Advanced HTML issues

t2 t21: Document Structure rII (OR)
t22: Basic HTML Tags

t22 t221: Basic Text Formatting rIII (OR) *t21
...
t224: Images
t225: Links

t225 t2251: Text-based Links rIV (OR) *t221, *t224
t2252: Image-based Links
t2253: Anchors

Fig. 1. Some rules of �The HTML Language� course.

A Web-based tool to help designers to develop adaptive courses with TANGOW
has been implemented. A first version of this tool can be accessed at
http://eneas.ii.uam.es/designer/principal.html (see Fig. 2).

In order to establish a structure for a course by using this tool, the designer has to
specify the set of tasks the student is required to perform. A good starting point for
this is a content schema. Starting from this schema, each concept corresponds, in gen-
eral, to a task. A task is tagged as atomic if it corresponds to a concept with no sub-
concepts in the conceptual schema. Otherwise, it is tagged as composed. For each
composed task t a rule must be specified. The left-hand-side of this rule is t, and the
right-hand-side is composed by the tasks corresponding to t subconcepts in the content
schema. Also, for each composed task the following questions must be answered:

• can the task be decomposed in different ways depending on student profiles?
• which subtasks and in which order may be performed by the student to consider the

composed task as achieved?
• how the actions performed by the student when performing a task will affect

him/her accessing other tasks?

The first issue a designer must consider is whether significant student profiles exist,
which make it convenient to present the student with different contents, or with the
same concepts in different ways. A special student feature is the language that, if de-
signing multilingual courses, can be used to present the course in the students mother
tongue. As for subtask ordering, different options are available, though in this course
only two sequencing modes have been used: �AND� and �OR�. In the �AND� se-
quencing cases, the tasks involved have to be achieved consecutively, and students are
not required to make any choice. With �OR� sequencing, the achievement of one of
the subtasks is enough in order to achieve the composed task.

Finally, it can also be stated that a concept must be assimilated by the student be-
fore being presented with others. This is the case of task t225, �Links�, that is not
accessible unless tasks t221,�Basic Text Formatting�, and t224, �Images�, have al-
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ready been achieved. However, the description of the �Links� task, though not acces-
sible, is presented together with the list of all the other �Basic HTML tags�. This cor-
responds to the �dependencies� field in Fig. 1.

Besides the course structure, the designer has also to decide which the proper con-
tents are for each task. In general, this work is simpler than that of deciding on course
structure, but some reflections are convenient in order to make a good content distri-
bution.

When a designer is first faced with this task, s/he tends to associate a unique HTML
piece to each task, so that the content distribution �copies� the course structure. This
approach might be valid, but in most cases it does not take advantage of the system
possibilities. For the maintenance tasks to benefit from the facilities offered, it is use-
ful to provide a set of HTML fragments instead of a unique HTML document. Some
questions should be answered before deciding on the concrete HTML fragments to
include. These questions have to do with the relation among course structure and
contents, contents that can be reused in different places of the same course, and the
convenience of creating a specific glossary to be used all along the course.

Fig. 2. The initial page of the Web-based designer tool.

2   Approaches to the Design Process of Web-Based Courses

Work has been done on some approaches to facilitate the design of Web courses. In
ISIS-Tutor [2], it is suggested to design the main part of the hypermedia network
resembling the corresponding domain network, representing each node of the domain
network by a node of the hyperspace, and taking the links between domain network as
links between hyperspace nodes.
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MANIC [3] is a tool for transforming existing multimedia-based courses consisting
of a set of slides into one that can be accessed through the Web. In the current version,
adaptivity is implemented by allowing students to skip full slides.

In ANATOM-TUTOR [4], a teaching aid for medical students, knowledge is pre-
sented in a manner suited to the users� level of knowledge. A hypertext tool is pro-
vided although no reference is made to any tool that facilitates the design task.

Web-CT [5] is an easy-to-use environment for creating Web-based courses, that
makes use of a Web browser as the interface for the course development. The envi-
ronment does not include any facility for the development of adaptive courses and the
Web pages are the same for every student that accesses to the environment.

3   Conclusions

This paper discusses some issues about the design of adaptive Web-based courses.
The analysis is based on the experience gained from developing courses with
TANGOW, a system for adaptive Internet-based learning. In TANGOW, adaptivity is
achieved by separating course structure and course contents.

Although a variety of tools exist that facilitate the creation of course contents, if
adaptiveness is a priority the number of available tools decreases considerably. A
designer tool whose aim is to provide support in the specification of the course struc-
ture has been implemented. It is our intention to develop other components of this
tool, which would assist in the rest of the design process.
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Abstract.  The desktop-centric design of most of the current web contents pose
many difficulties for pervasive browsing. In this paper, we present our study on
the problem to support pervasive browsing in the heterogeneous environment of
today�s Internet. A system solution � Adaptive Web Content Delivery
(AWCD), is presented to overcome the problems existed in present web infra-
structure. The system designed is extensible for the further development of
Internet. The two major subsystems of AWCD, client profile learning and ad-
aptation, are described in detail. Experiment results of our system are also
shown.

1   Introduction

Today, a variety of appliances are emerging into mainstream Internet appliances,
which has brought a large variety in users� preferences in browsing even the same web
page. In addition, network connections are also quite different. All these variations
require that web pages be prepared suitable for the client. However, most of the cur-
rent Internet servers still provide the same content to all the clients without consider-
ing the variations of client environment, which has caused frustration to many users.
Many people have addressed this problem and presented solutions. SpyGlass [1],
OnlineAnywhere [2], QuickWeb [3], FastLane [4], TranSend [5], ProxyNet [6], Di-
gestor [7], and Mobiware [8] are commercial products that adapt web content. How-
ever, most of them only make adaptation under special conditions due to the lack of
structural information of HTML content, and many of them focus on image conver-
sion. Some projects [9] tried to extract structural information from HTML tag. How-
ever, this does not work effective because HTML was designed for content presenta-
tion.
In this paper, we present a new approach, Adaptive Web Content Delivery (AWCD),
to provide a customized and adaptive Web service for clients. With AWCD, a web
user can get content most appropriate to one�s device and preference. And the band-
width consumption can also be minimized. AWCD provides an overall solution to the
existing problems of web content delivery.
In Section 2, we present the design of our prototype of AWCD system.  This is fol-
lowed by discussions on the client profile learning subsystem and adaptation subsys-
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tem in Section 3 and Section 4 respectively.  In Section 5, we present some experi-
mental results of our system. And conclusions are given in Section 6.

2   System Architecture of AWCD

The basic system architecture of AWCD is shown as Fig. 1.The Client profile learning
subsystem discovers the client environment. Adaptation subsystem makes adaptation
decisions and generates new web content according to the decision results and various
adaptation components.
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URL Log
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Layout &
Format

Content
Parser

Original
Content

Client Profile
Transmission

Fig. 1. Basic system architecture of AWCD

Browsing Tracking module tracks users� behavior and obtains user�s browsing paths
and times. This is realized by embedding a tracking component in the browser. User
Feedback module gets user preference by implementing an embedded component of
the browser. Preference Analysis module analyzes users� preferences according to
the browsing tracking results and users� feedback. Device Discovery module discov-
ers the hardware and software environments of the client device. Client Profile
Transmission module transmits user preference and device capability to the server by
extending the client-specific web services [11]. Network Discovery module discovers
network-related parameters, including effective bandwidth, latency, error rate, etc. In
our system, we have implemented a TCP level network discovery module. Content
Parser module parses the requested contents and builds the structural representations
of them. Decision Engine module collects client profile information from discovery
module and contents� data from content parser to determine adaptation instructions
and layout rules that will generate the most user-satisfying results in most efficient
ways. Content Adaptation module consists of filters to perform conversion, summa-
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rization and substitution of contents according to the instructions given by the decision
engine. Layout & Format module reorganizes and generates the final contents to be
delivered to end-users.

 3   Client Profile Learning

 Although many papers [5][10] have discussed the variations of client environment, no
one can provide an effective and self-contained way in describing the client environ-
ments. Concerning this, we have studied the variations of client environment accord-
ing to the system framework of Internet, and try to give a logic and systematic de-
scription, which focuses on the following dimensions:
Network Characteristics include network bandwidth, latency, error rate, and con-
gestion rate. Processor Module includes Hardware capability and software type. User
Interface includes input/output device and browser information. User Preference
includes accept waiting time, content preference, media preference, delivery prefer-
ence, presentation preference, accessibility factor.
 We transmit client profiles by extending the client-specific web services, which take
client properties as "User Agent Attributes". In our approach we extend "User Agent
Attributes" to "Client Attributes" which describe client. Client Attributes are sent
through the HTTP User-Agent header. They are added to the normal User-Agent
header using a comment field.

 4   Adaptation

 The kernel of adaptation is Decision Engine. It first retrieves and compares content
attributes against client profile to decide what possible operations could be done. It
then evaluates the cost of an adaptation process. Quality is evaluated by the quality of
content and the user waiting time. Let mX  be media object m, m

iX  be the ith version

of mX , S ( m
iX ) be the size of m

iX , the size of the delivered contents is

∑=
mi

m
iT XSS

, selectedFor 

)(                                                         (1)

Currently we define a simple cost function: a service is acceptable when all contents
can be delivered within maximum waiting time specified by users or else the service is
not acceptable. Let AB  be the average network bandwidth, RTTD  be the network
roundtrip time. Assume that transcoding processes and fetching contents to the server
could be done in negligible time. The user waiting time for the delivered contents is

A

T
RTTT B

SDW +⋅= 2                                                          (2)

The goal of optimization is then

tMaximumWaiT TW ≤                                                            (3)
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Where TmaxWait is the maximum waiting time that a user can accept. We choose a bot-
tom-up approach to do the optimization because the HTML contents could not be well
structured.
The optimization starts from a whole collection of detected objects within the docu-
ment and the first step is to estimate starting WT. The following step is an iterative
checking and trimming procedure and its stop condition is either (3) is satisfied or
there does not have any content we can trim.

5   Experimental Results

We have implemented an experimental system to test our ideas. Our client devices
include Windows CE based Palm-size PC, Hand-held PC, Laptop, Desktop. Network
connections range from 19.2k wire-line modem to 100M LAN. The experimental data
are real web pages from popular Web sites such as MSN. Our demonstration results
can be accessed at  http://www.research.microsoft.com/mcomputing/acd.
In an average, the transferring time consumed by an adapted page is only about 30
percent of that of the original one. And the layout of the new web page is also more
suitable to client device.

6   Conclusion

In this paper we have presented AWCD, an overall adaptation system for delivering
Web contents. AWCD can effectively overcome the existing problems in Web content
delivery. Compared to other systems, our approach is more robust and extensible.
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Abstract. The ultimate aim of our research is a free, evolutionary, Internet-
based, agent-based, long-distance teaching environment for academic English.
For this purpose, we are building 2 environments: student learning and teacher
courseware design environment. Here we focus on the second research direc-
tion, on constructing the teacher authorware environment (courseware man-
agement), and especially on a new method of automatic, knowledge computing-
based courseware indexing that uses the AI paradigm of Concept Mapping.

1   Introduction

We are building a system to help academicians learn to exchange meaningful infor-
mation with their peers in English. The system is WWW hypermedia based. The de-
tailed rationale of the research, the system modules and the student environment de-
sign were shown in [3]. The system is also a remote authoring system, for teachers
designing the courseware. With the growth and spread of the Internet, and at the same
time, the constantly increasing transmission bandwidth, many applications are moving
towards the net. Benefits are, among others, the wider reach compared to stand-alone
applications. For educational applications, another benefit is the extension of the time
concept. WWW courses can be accessed at any time, from anywhere, not only when
the teacher is in the classroom. However, recently, the rigidity of the existent Web
course material has been noticed. The research community generally agrees that
knowledge processing and adaptive indexing benefit the end-user. The end goal of this
line of research is to design courses which offer the study material in the best way
possible for the current student, adapt to his/her needs, knowledge, misunderstandings,
representations, and so on. One type of adaptation is via automatic, adaptive course-
ware indexing.  Courseware indexing has been studied by many researchers [2], who
have discussed the benefits and dangers of automatic indexing. To decrease system
complexity for teacher and student user, and offer correct automatic guidance, we
propose indexing as a trade-off between complete automation, and complete teacher
input.
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2   Information, Organization, and Linking

The information exchange from tutor to system contains input of lessons, texts, links
between them, etc., but also requests for help in editing. The data from the tutor is
stored in 6 different structured databases, including a library of expressions that ap-
pear in the text, a Video-on-Demand (VOD) database, a background image database,
an audio database of listening examples, a full text database and a link database.

A.   Structuring Information into Knowledge

The information that the teacher inputs is restricted from start to small units of build-
ing blocks, called texts, that can have a complete audio or video version. These texts
can be grouped in lessons. Each text/lesson has the following attributes: main text (for
text units only), a short title, keywords, explanation, patterns to learn, conclusion, and
finally, exercises. We established this structure, as a first step towards efficient in-
dexing, so that we obtain an easy retrieval by a search of information from titles and
keywords, as is natural, but also in explanation and conclusion files.

B.   Test Points

Fig. 1. The subject link database.

The teacher should mark test points, at which it is necessary to pass a test in order
to proceed with the course. If the student wants to jump one or more subjects, s/he can
proceed with only one test, made of a random combination of tests from the previous
test points, in a proportional relation. In this way, the teacher can make sure that the
student will not pass any level without having actually understood the subject. In this
way, aimless searching through the html pages is avoided. Next to these obligatory
tests, there can also a number of optional tests.
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C.   Priority and Relatedness Connections

When introducing one or more subjects (fig.1), the teacher has to specify the Priority
Connections of the learning order, by building a directed graph (of pointed arrows).
When there is no order, subjects will have the same priority, and build a set. Priorities
among the texts of a lesson are set implicitly according to the order of the texts, but
can be modified, if necessary. The teacher can also add connections between related
subjects, with indirect links, called Relatedness Connections, for subjects, among
which no specific learning order exists, but which are related. These relations are
useful, e.g., during tests: if one of the subjects is considered known, the other one
should be also tested. The main differences between the priority connections and the
relatedness connections is that the first ones are directional, weightless connections,
whereas the latter are non-directional, weighted connections.

D.   Concept Mapping

Fig. 2. Labeling example

Concept mapping [1,4] can be applied in two ways in order to improve the connec-
tivity and information content of the subject linking. The teacher inputs more trans-
versal links via concept mapping techniques: (1) The system offers a keyword list and
a title list, and the teacher can select concepts, and link them in a graphical editing
window. In this way, brainstorming and free generation of related concepts is sup-
ported. (2) The system automatically links concepts, then presents the map(s) to the
teacher, for inspection. The teacher can add, delete links, and, more important, can
label links. When labeling, the teacher can introduce also labeling directions, as
shown in fig.2. The teacher is only responsible to link his/her own course to the exist-
ing courses created by him/her or some of the other courseware designers.
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E.   Subject Relatedness Weight Computation

The relatedness connections have weights that change interactively, reflecting how
connected� two subjects are:

  wA,B
0=1: teacher selection; 0.5: system generation; 0: rest;} . (1)

wA,B 
t+tconst = α wA,B 

t + f1(no. of times connection A,B  activated)                         +
           + f2(no. of times connection A,B  was accepted, when
                   proposed in relation to unknown subject)                  +
           + f3(no. of times connection A,B  was accepted, when
                   proposed in relation to query)                                  +
           + f4(no. of times tests related to connection A,B were

                                     solved satisfactorily or not); .

(2)

  wA,B
0=1: teacher selection; 0.5: system generation; 0: rest;} .

where:  α∈(0,1): forgetting rate; f1~f4: linear functions; wA,B>0: weight between subjects A and B; t: time;
tconst: period for weight update.

3   Conclusion

We showed here in short the adaptive indexing and connection mechanisms of our
evolutionary, Web-based, academic English teaching tool, MyEnglishTeacher�. We
focused on courseware subject connection optimization design, for easy, efficient
retrieval of relevant course information, based on teacher input, and on Concept Map-
ping techniques for the subject-link generator. From system courseware design re-
quirements, we enforce the generation of structured content databases, as a basis to
knowledge bases for concept mapping. We showed the weight update function com-
putation for the relatedness links. With the priority graph built by the teacher, the
relatedness graph automatically built by the system, and the concept mapping based
linking and labeling, student guidance in the multimedia web courseware is possible.
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Abstract. The paper presents a framework for interface adaptation to style of
user-computer interaction by implicit retrieval of apriori defined independent
measures of graphical, verbal, procedural and dynamic cognitive characteristics.
A neural network is proposed that samples and classifies patterns of style repre-
senting data into sets of paired relations among scores for further distinct sup-
port. The approach is currently being implemented into a database system for a
community mental health center.

1   Introduction

Current interface systems have been mostly oriented towards capturing and employing
intentionality-based user-computer interactive behaviors. In the era of the web-based
computer systems it may become helpful to view the process of user-computer com-
munication as accounting for more than just the intentional level, but to the �inciden-
tal� level of communication, too [2]. Perhaps future interface systems will behave in
resemblance to some processes of social support like, for example, computer �empa-
thy� to the current user. This can provide additional help for solutions of problems in
the rational domain that is in the end the main goal of any communication � social or
with artificial intelligent agents.

�Unintentional � behaviors as patterns of style can be found in terms of preferences
for graphical vs. verbal representation [3], principle-based vs. �anticipative� reasoning
and explanation [7], dynamical vs. �rigid� adaptation [6], customization of the inter-
face on one�s own or with external help [4], etc.

Recent research has revealed �style-dependent� factors influencing the mathemati-
cal modeling of the interaction itself [6]. Neural networks have proven to be a flexible
and convenient tool for capturing the characteristics and dynamics of the interaction
[1], [4]. However, efficient algorithms for feature extraction in neural networks to give
fast and correct classification are still under investigation [5]. One promising approach
to interface design of widely usable applications is parallel development of feature
extraction algorithms suitable to the currently developed application.
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2   An Approach to User Characterization by a Neural Network

The following �relativity-coding� approach to represent the style of the individual user
has been applied � �The current user prefers GRAPHICAL, rather than VERBAL
presentation of information; PROCEDURAL, rather than DECLARATIVE coaching,
etc.� For a set of independent features (represented by normalized values), for exam-
ple, A, B, C, D, E and F, a class is be defined as a combination of paired relations
(e.g. A>B C<D E>F). The number of classes is 2n where n is the number of pairs of
features to be encoded. It has been shown that input-output correlation correspon-
dence influences neural network performance [8]. The prediction here has been that
learning and classification can be enhanced if �relativity� correspondence between the
input and the output matrices is introduced.

The relativity-coding approach was tested on an empirical sample of data from 16
subjects who had responded to different computer-generated tasks from a standardized
job-selection diagnostic tool as well as on simulational data (larger sample) with
similar standard deviation. The scores on four uncorrelated tasks from the tool (nor-
malized in the interval [-1, +1]) were selected to form a user profile � dynamic (i.e.
multiple-choice) tasks, visual tasks, spatial tasks and verbal tasks. The features were
encoded successively � �more/less successful on task A than B and more/less success-
ful on task C than D�. Two output matrices were composed. The first is �relational�
where any paired relation of the input is associated with plus one for the bigger value
and minus one for the smaller value. The second is a standard pattern recognition
target matrix of plus ones on the main diagonal and minus ones everywhere else with
arbitrary assignment of column vectors to each class (for a hyperbolic tangent as the
activation function of the neurons). The network with �relational� output performed
faster and with no misclassifications whereas misclassifications were observed in the
case of standard (arbitrarily formed) output matrix. The utility of the proposed ap-
proach is in that the neural network can be pre-trained on small samples of �real� data
plus added simulated samples with similar standard deviation. There is no limitation
on the dimensionality of the input samples, the network can be probed with any set of
measurements of style, and it gives readily interpretable output.

3   Application

The framework is currently being employed in an interface for users of a mini-
database system for clients of a mental health community center (Figure 1). Users of
the system are mental health professionals, students or social work trainees, busy with
their current work, who use the system in the meantime, very often in a hurry, after
work or whenever there is available time. The interface has to be as much as possible
simple, self-explanatory and helpful because very often neither the staff nor the stu-
dents have time to spare on explaining or learning how to use the system.
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Fig. 1. Structure of the Van Gogh Center database

Table 1. Summary of user comments of the interface

General comments Style-related comments
About system functionalities:
    �to collect client data�,
    �produce monthly reports�, etc.

Declarative � procedural dimension:
    �would like to have a Help menu� vs.

�prefer trial and error�
About system objectives:
    �feedback on session atten-

dance�,
    �recording participation in differ-

ent programs�,
    �keeping records of individual
     progress�,    etc.

Graphical � verbal dimension:
     �what I like most is the colours/
      paintings of Van Gogh� vs. �what I

like most is the possibility to  keep my
own records�

About �fitting in� time for work
with the database:
    �every day/week�,
    �in my computer time�,
    �when my client doesn�t turn

up�, etc.

Static � dynamic dimension:
    �it helps me prepare my monthly re-

port�
     vs. �to see how others are doing and
     where I am�

At present the interface is being designed to adapt to graphical, verbal, procedural
and dynamic cognitive characteristics and serve as a simple �prompt and advise� sys-
tem. An initial usability assessment of the system was performed via delivering an
especially designed questionnaire. It did not direct the attention of the users to the
interface but rather oriented them to assessing and expressing opinions on how the
newly introduced system helps them work with clients. This was done on purpose for
implicit off-line assessment of the interface. Table 1 summarizes the comments that
were given by the 8 currently employed members of the staff of the center.

The basic finding is that there are style-related comments supporting in general the
initial assumptions of the approach. Currently data is being collected from the fre-
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quency of opening respective pages or reports. Features in terms of �more frequently
using the STATIC, rather than the DYNAMIC presentation�, etc. will be further re-
trieved automatically to define style and offer support. In general, the introduction of
the database helps organize activities of staff and clients of the center and is a con-
venient platform for testing approaches to incorporating adaptivity in user-computer
interfaces.

4   Conclusions

The paper presents a currently developed approach to incorporating adaptivity to style
of work in interface systems. The interface can infer style characteristics in relational
terms for implicitly monitoring, classification and provision of prompts and advice to
users of different background and expert level. A neural network with enhanced �in-
terpretability� of output is employed and revealed simplicity and efficiency of per-
formance. The approach is currently being implemented into a database system for a
community mental health center and seems applicable to web based data access sys-
tems as well from a user style perspective.
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National Research Fund of the Bulgarian Ministry of Education and Science.
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Abstract. This paper presents an aspect of a tool which will be devel-
oped to help teachers in the task of teaching basic Lisp programming.
The paper focuses onto the problem generator module.

1 LispTutor2

When teaching programming languages, it is desirable to have (1) a comprehen-
sive and structured collection of problems and (2) an automatic procedure to
check inmediatly the solution given by the student (in order to avoid harmful re-
inforcement effects). Moreover, it is also desirable to have (3) information about
students’ problem solving activity (in order to improve the elaboration of course
materials and organization).
Goals (1) and (2) can be achieved by means of curriculum theory and gen-

erative programs. Curriculum theory structures a course in lessons (or items)
between which some links are established (prerequisites, for instance). This in-
formation is summarized in a graph (learning strategy) designed by the teacher
and then coded into the system. The learning strategy will give the necessary
information for the system to decide which type of problems will be proposed to
the student according to his/her current state of knowledge.
Generative programs are based on an educational philosophy [2], [3] in which

it is considered that student learning can be improved if he/she faces problems
of appropriate difficulty instead of listening to theoretical explanations. Koffman
and Blount appleid this method to the problem of teaching machine language
programming. The general schema of a generative system is:

1. A suitable problem schema is selected according to the learning strategy and
the student model.

2. A problem of this type is generated and presented to the student.
3. The student solves the problem.
4. The solution is compared to the one given by the system. According to
the result, the student’s model is modified and the next type of problem is
selected, that is, we return to step 1.

However, goal (3) demands an additional feature: an easy, decentralized ac-
cess to the same set of problems. WWW technology can provide this feature.
LispTutor2, that can be found in
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http://alcor.lcc.uma.es/lisptutor2/
is an example of a generative system implemented in the Web. The domain of
LispTutor2 is elementary Lisp programming. Currently only exercises concerning
the evaluation of Lisp expressions are present in the system; in later stages we
hope to implement a more complete set of exercises.

Fig. 1. A screen in LispTutor2

Let us describe the functioning of the system from the student’s point of view
(figure 1). When the student starts the session, the system asks for his personal
data (name, surname and identification number). In this way, the system can
create and afterwards handle the student model. If it is the first time that the
pupil uses the tutorial, the course will start from the beginning, and if the system
has already information about the student the course will start from the level
reached in the last session (that information will be in the student model). In
both cases, the system will pose a problem, and then the student can solve it,
ask for a clue or give it up. Every time he/she asks for a clue the system shows
one evaluation rule that has to be used in the resolution of the problem. When
all the available clues have been presented, the system informs the student. After
asking for each clue the student has the opportunity to solve the problem or to
give it up. When the student gives up a problem (either after asking for a clue
or not) the tutorial shows him the solution and proposes a new problem of the
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same type. The students are not penalized when they ask for a clue or fail to
solve a question. Problems will be posed till the pupil wants to finish the session
or completes the course.

2 Problem Generator

When generating a Lisp expression E for tutorial purposes, several issues must
be taken into account:

– the evaluation of E will require the application of the evaluation rule which
is the current instructional focus.

– the evaluation of E will not require the application of evaluation rules which
have not been taught.

– the level of complexity (nesting) of E will be bounded by some “suitable”
value.

– some non-evaluable expressions must be generated, since negative examples
are at least as useful as positive ones.

On the other hand, the system must be flexible enough to allow modifications
and customizations from different instructors or for different classes.
To fulfill these requirements, a generator of Lisp expressions has been imple-

mented based upon the concept of attribute constrained probabilistic context-free
grammar. The concepts of attribute grammar and probabilistic grammar are stan-
dard in theoretical computer science and compiler construction; the underlying
ideas in an attribute grammar are to define a set of attributes and to assign
attribute values to every symbol in a given derivation. On the other hand, in a
probabilistic grammar every production in the grammar has a certain weight or
degree, and the higher the weight of the rule, the most frequent the use of the
rule when generating expressions. We call an attributed grammar constrained if
there are some constraints on the values of the attributes.
The main attribute is the type of a grammar symbol. Three types have been

considered: (Lisp) symbol, number and list. In fact, the list type is the union of
infinite disjoint types given by the length and the type of the elements. These
features can be described in our generator. For example, the constraint (L > 3
((1 S))) expresses that the (grammar) symbol must become finally a list (L)
of four or more elements (> 3) whose first element is a (Lisp) symbol (((1 S)))
For example, let us consider the derivation of the CDR form (CDR(CDR’(KK)))

(table 1).
In the column string we show the (non-)terminal string that the grammar

is generating, beginning from the initial symbol expr. In the column production,
the number of the applied production is given. Notice that a special procedure
is needed at the last step in order to generate the terminal KK. At each step,
several productions have been considered, with probabilities proportional to their
weights. For instance, expr-cdr could yield with equal probability either expr-cdr-
list (constraint (L > 0)) or expr-cdr-sym (constraint (L = 0)). In this case, the
former derivation has been followed.
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In the column constraints, we show the type constraints imposed to non-
terminal symbols occurring in the string. Additional constraints (nesting level,
. . . ) are not shown in the table.

string constraints production

expr⇒
expr-cdr⇒ (L) 86
(CDR expr-cdr-lista)⇒ (L > 0) 88
(CDR (CDR expr))⇒ (L > 0) 90
(CDR (CDR expr-quote))⇒ (L) 8
(CDR (CDR (QUOTE expr-in-quote)))⇒ (L) 9
(CDR (CDR (QUOTE (atom-q))))⇒ (S) 10
(CDR (CDR (QUOTE (atom))))⇒ (S) 13
(CDR (CDR (QUOTE (symbol))))⇒ (S) 21
(CDR (CDR (QUOTE (KK)))) terminal generation

Table 1. A derivation in LispTutor2

Currently 323 productions have been coded to implement the generation of
35 items, ranging from numbers to DO forms. Elementary list functions, condi-
tional and iterative constructs like COND, IF, MAPCAR or DOTIMES, and functional
constructs like FUNCALL or lambda expressions are covered by the courseware.

3 Conclusions

In this paper we have described problem generation in LispTutor2, a web-based
tool for helping instructors in the task of teaching some aspects of basic Lisp
Programming. We think that the generator has successfully met the initial goals
fixed: concerning evaluation of Lisp expressions, it provides an unlimited source
of problems. Moreover, the design of the generator module has been carried out
at an abstraction level such that adaptation to other domains will be possible.
In relation to future work, it is clear that much more is needed in order

to achieve a complete Lisp tutor such as ELM-ART [1]: for example, a set of
programming design problems, an on line description of the language, etc.
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Abstract. Maintaining large-scale content repositories is a challenging issue. In
this paper we describe collaborative maintenance, a novel framework to
intelligently support a distributed user-driven maintenance strategy here
implemented in the Ulysses online entertainment planner.

1 Introduction

The World-Wide Web represents a vast and growing information space but suffers
from a number of shortcomings in relation to its ability to efficiently service the
information needs of individual users [6]. Adaptive hypermedia techniques have been
forwarded as a solution to this problem by providing a means to learn automatically
[4, 5] about the likes and dislikes of individual users in order to serve these users with
relevant and timely information.

In this paper we introduce an adaptive hypermedia project called Ulysses designed
to provide a Web-based entertainment planner for Dublin. The system employs user
profiling, case-based reasoning, and collaborative filtering technologies to deliver
personalised plans that reflect the explicit and implicit preferences of individual users.
One of the most difficult issues in relation to systems like Ulysses has to do with the
maintenance and update of the back-end content databases. The main focus of this
paper is to describe collaborative maintenance (CM), a novel solution to this
problem. Briefly, collaborative maintenance provides an intelligent support
framework to allow users to freely update the Ulysses content repository. It manages
the review and acceptance of new content items by selecting trusted and reliable
reviewers, and collating and analysing their review results.

2 Collaborative Maintenance in Ulysses

Ulysses is an online, personalised entertainment planner for Dublin (see Fig.1). One
of the driving motivations behind Ulysses is the production of a personalised
environment for like-minded individuals. As such Ulysses uses automatic user
modelling techniques to construct detailed profiles on individual users. This is
achieved by tracking their online activity including page requests, click-streams,
content rating, and content updates [5]. One of Ulysses� core features is the generation
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of a personalised home page for
each user to display information
items selected by a collaborative
filtering recommendation engine [4,
6]. New items are recommended
along with links to the personal
home pages of similar users and the
community that the user belongs to
(due to space restrictions the
interested reader is referred to [1],
http://boffin.ucd.ie/ulysses2000 for
more information).

To facilitate content-update
Ulysses allows users to add and
edit content items, but this
introduces problems when it

comes to ensuring content correctness and consistency. Collaborative maintenance
(CM) helps to address these problems by providing a support framework in which
updates are reviewed and analysed by trusted and reliable reviewers [1, 2]. These
reviewers are automatically chosen by the CM system, according to their browsing
behaviours and profiled expertise [5].
The CM process comprises a
number of steps as shown in
Fig. 2. When a user adds a
content item to the content
case-base, the system first
selects a set of special users
(information mediators) which
have been found to be reliable
and trusted sources of
information. Reviewers are
chosen from this set according
to their suitability to the
current content item, and the
review request is posted to
their personal pages. The
review results (submitted by
each reviewer) are auto-
matically collated and a decision is made to either reject of accept (with or without
changes) the new content item.

Content Update. To add or update a content item a user fills out an HTML form
providing values for each of the fixed features associated with the new content item.

Review Posting and Analysis. Once suitable reviewers have been identified (see
last paragraph) the content item is posted to their personal home page on Ulysses and
presented in an HTML form similar to the one used to add the content item itself. In
this case the fields are instantiated with relevant information. The reviewer can
disagree with the content item (target content item) by changing any one of the form
fields. The result is a modified version of the target content item (reviewed content

Fig 2. Collaborative Maintenance Cycle
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item) together with a review score for this item. The review score is computed
according to equation (1) by calculating the similarity between the target content item
and the reviewed content item. The similarity equation used is shown in (2) and is a
standard weighted sum similarity metric which computes the similarity between two
items, x and y, by calculating the similarity between corresponding features xi and yi.

( ) ( )IIrsimilarityIrvScore ,,Re ⊗=    (1); ( ) ( )∑
=

•=
ni

iii yxsimwyxsimilarity
..1

,,    (2)

A typical review cycle for some new items will involve the opinions of a number
of reviewers. At any time during the review process a user can view the partial review
results collected so far. These results are presented as feature-value histograms for
each the descriptive features of the item under review.

Case Base Update. At the end of the review process we use a number of strategies
to collate the results and make a decision about the status of the target item. For
example we compute an agreement score between pairs of reviewers as shown in (3).
This metric computes the similarity between the reviewed content items, using the
same similarity metric shown in (2), note that r ⊗ I refers to the modified version of
content item I generated by reviewer r.

( ) ( )IrIrsimilarityIrrcoreAgreementS ⊗⊗= 2121 ,,,       (3)

We then make our reject/accept decision based on a judgement score, which is the
product of the mean review score and the mean agreement score (4); items that
receive a judgement score below a set threshold are rejected.
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   An accepted content item may still need to be modified according to the changes
suggested by the reviewers. Currently, collaborative maintenance automatically
modifies each content item by changing individual features so that they reflect the
majority reviewer decision.

Reviewer Selection. Reviewers must be knowledgeable about the target content
item, and they must be trusted. Reviewers should be also selected to represent a broad
cross-section of opinions.  A user is a reliable source of information (an information
mediator) if there is a general agreement that the information she provide is correct;
in other words, we calculate the reliability of a user as the mean value of all the
judgment scores that a user has received for any content items she has added.

Two techniques are used to select reviewers from the information mediator pool.
First, a collaborative selection is used to select users (u) that are related to the
original contributor (c) � related in the sense that there is a significant overlap
between their profile items (6). As it stands we select users that have looked at the
some of the same items as the target user, but that may have differed in their opinions
of these items.

( ) cu
cucuOverlap ∪

∩=, (6)
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    The second selection technique is a content-based method. Reviewers are chosen
because they have reviewed or rated similar content items to the current target item.
This selection is based on the similarity (2) between the target item and the items
listed in the profile of an information mediator. The similarity between the contributor
and the potential reviewer (u) with respect to the target content item (I) is the maximal
similarity between the new content item (added by the target user) and an item in the
mediator�s profile. We select the top n information mediators with the highest
similarity to the contributor�s target item.

3 Conclusions

One of the most challenging problems facing Internet and Intranet content
applications has to do with managing and maintaining a large content repository.
Many traditional strategies have focused on the use of designated editors to oversee
the update process. This is often not a practical option. Recent advances in artificial
intelligence and adaptive hypermedia make it possible to develop new systems that
provide intelligent support for a distributed, user-driven maintenance and update
policy. CM is one such approach, which we have described in this paper. We have
explained how new content items can be reviewed by specially selected users, and
how the resulting data is analysed to inform an accept/reject decision. Furthermore,
we have described how high quality reviewers can be identified, and how content
items can be adapted after review and before they are added to the content database.

Future work will focus on the large-scale evaluation of the CM technique in
Ulysses. We also plan to investigate links between users� behavioural patterns and
their motivations to collaborate, in order to better identify the most suitable reward
schemes (implicit or explicit) for knowledge-sharing activities.
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Abstract. A prototype of an open and adaptive hypertext learning environment
on the Web is presented. The nodes of the hypertext system are sorted in
clusters which are ordered on a map by a self organizing neural network. This
map represents the Information Domain Model on which an overlay model of
the learning goal and of the user knowledge is built up. The User Model is
made up of a user knowledge model and a preference model that takes into
account the user�s attitude to approaching the information necessary to achieve
the learning goal. The Information Domain Model allows users to add new
documents to the system that are ordered by the neural network in the
appropriate clusters. This maintains the consistency of the User Model and of
the learning goal when the number of documents grows.

1 Introduction

The work we present in this paper is based on the integration of two design strategies
that are proving increasingly effective as solutions to creating ICT-based learning
environments: Adaptive Hypermedia [4], [10] and Open Hypermedia [7], [2]. In
particular, we are mainly concerned with the possibility of adaptive hypermedia
systems to support students in the choice of the links to be followed at each moment
of the navigational path. This choice is extremely difficult in Open Hypermedia
systems, since the number of nodes and link anchors on each node tends to become
bigger and bigger over time and may be overwhelming [13]. On the other hand,
making an open hypermedia system adaptive is not an easy task, since the adaptation
must be based on a dynamic information domain.

In this paper, we propose an adaptation solution for Open Hypermedia systems,
based on an adaptive navigation support [3] or link adaptation [6], and the technique
used for it is Link Annotation [6], [1]. The proposed system uses a composite user
model, which takes into account the user’s knowledge and navigational preferences.
The information domain model is obtained through two independent classifications:
the first one, performed by the experts who build the information network of the
hypermedia system, concerns different navigational approaches to information nodes;
the second one, which is automatically generated by a Neural Network, is based on
the semantic value of the hypermedia nodes. We have applied this solution to DAWN
-Designing in Architecture Working on the Net� a Web-Based Instruction system
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aimed at supporting new didactic approaches to the subjects of Urban Planning and
Architecture. DAWN is an Open Hypermedia system: authorized users can
interactively add nodes and links to the informative part, named the Analysis Area;
this organizes -in a hypertextual way- the �external� information necessary for design
activities in Architecture. New links can point to nodes inside or outside the Analysis
Area (on the Web). New added pages and links are made available to all the system
users. For the purpose of this paper, we will focus on the extension mechanism of the
system; further information on the DAWN system can be found in [5].

In order to guarantee the consistent growth of an on-line informative hypertextual
network, an a-priori organization of information has been imposed. The logical model
of the information domain has been structured in such a way as to provide three
access paths to the Analysis Area, according to chronological, topographical, and
typological criteria. The three criteria correspond to the different approaches students
can take in order to solve an assignment in the subjects of Architecture and Urban
Planning. Each node in DAWN is classified according to the access criteria through
which the node can be reached. Precisely, we can identify three classes of nodes:
− chronologically accessible nodes: nodes containing a reference to a specific period

of the town development; nodes in this class can be sorted in a chronological way;
− topographically accessible nodes: nodes describing an architectural element or an

urban setting with a reference to the specific area of the town where it is located;
− typologically accessible nodes: nodes whose content focuses on the type of object

being described: a building, a square, a monument, and so on.
Each node can be classified according to multiple access criteria and, as a

consequence, it can belong to more than one class. For example, a web page
describing the Cala Square in the 15th century could be classified as belonging to the
class of the chronologically accessible nodes (because of its reference to the 15th

century), to the class of the topographically accessible nodes (because of its
reference to the area of the town where the square is found) and to the class of the
typologically accessible nodes (because of its reference to the type of information: a
square). In addition, the three classes are transversally linked through the hypertext
linking mechanism. When users create a new page, the system asks them to identify
the class (or classes) the new page belongs to, so that it will be listed in the
corresponding navigational indexes. New links are created by selecting the link
anchor through a �click and drag� interaction directly in the text of the page,
choosing a �Link button� of the system interface and, finally, by navigating to the
destination node through the classes of the information model.

2 Self Organizing Maps (SOMs) to Represent the Information
Domain in DAWN System

The SOM network [8] is a neural network constituted by a set of simple processing
units (the neurons) organized in a grid (that is visualized as a map if it has two
dimensions). This neural network is capable of organizing the given inputs on the
map in clusters that share the same characteristics. Moreover similar clusters are near
each other on the map. Many papers report the SOM application to organize
documents in maps, using an appropriate document representation as the TFIDF [12]:
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documents concerning the same topic are in the same cluster or in clusters near each
other on the document maps; these maps have been used to find information using
the explorative search [9]. Using the SOM algorithm it is possible to build a
completely automatic system of document clustering and the obtained map is a useful
visualization tool and an effective help for browsing if the SOM lattice is translated
in an HTML table [11].

Fig. 1. The three models based on SOM maps

In the DAWN system the hypertext nodes are sorted in a SOM document map
according to their semantic content; this map, which is part of the Information
Domain Model, is shown in the upper left side of fig. 1. The new documents added to
the system are automatically sorted by the SOM network, so that the expert is not
forced to check all the documents at the time when they are introduced into the
system, rather they can be checked periodically in order to correct the
misclassifications of the SOM algorithm. By classifying the user�s answers to an entry
test, the system builds up an overlay model of the user�s knowledge, with reference to
the clusters identified by the SOM map and not to single nodes in the hypertext (in the
middle of fig.1). An important consequence of this approach is that the model will
remain consistent even if new documents are added to the system. The knowledge
needed to accomplish the assignment is mapped to the Information Domain map thus
producing the Assignment Matrix represented lower left in fig. 1. The system allows
the expert to map the assignment by directly inspecting the Information Domain Map
(represented as an HTML table) and deciding what knowledge level is required to
reach the learning goal (knowledge levels are represented as levels of gray in fig. 1).
However, this solution has a drawback: if the mapping of the assignment is left
entirely to the system then the misclassification errors should be the same in the
Information Domain mapping, and in the User Knowledge mapping. So that the three
models will remain consistent.
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3 Adaptive Navigation Support in DAWN

The solution we propose is based on an adaptive link annotation technique that marks
all the links on the page and suggests which page an user should visit next according
to the learning goal, the semantic value of each node that can be reached, the student’s
knowledge and the user preferences for approaching the information. To be more
precise, we have combined, in a composite model, two user models:
− the user preference model: it is based on the user’s attitude to approaching

information in Architecture. As stated before, nodes can be classified according to
the access criteria through which they can be reached: chronologically,
topographically and typologically accessible nodes. So, choosing a link to a node
corresponds to moving amongst information in accordance to the preferred access
criteria. On entering the Analysis Area of DAWN, the user has to choose one of
the three main entry points (or indexes) to the information network, corresponding
to the three access criteria mentioned above. The selection of one of the three
indexes gives the system the initial information on the user’s preferred access
criterion. During the navigation, the preference model is updated as follows: when
a link is selected, the system examines the destination node and the relative access
criteria, and increases the value associated to the number of nodes explored
according to these criteria. At any one moment, the user’s preferred access criterion
will be the one which has received more hits.

− the user knowledge model: it is based on the student�s background knowledge and
the knowledge s/he acquires during the navigation towards the learning goal. As
stated above the first time an user enters DAWN, s/he is asked to complete an entry
test to assess his/her knowledge related to the course subjects. To be more precise
the entry test introduces a certain number of questions for every document cluster
as identified in the Information Domain Model by the SOM. According to the
answers, an automatic procedure produces a representative matrix of the student�s
background knowledge on the course subjects (�knowledge matrix� in fig. 1). The
value in each cell (which represents a cluster in the information domain model) is a
number corresponding to the level of knowledge for that subject. Updates to the
user knowledge model are as follows: when the teacher posts the assignment for a
given on-line course, each document in the SOM map is given a "knowledge
value" corresponding to the knowledge contribution (in percentage) to the overall
knowledge of the concept represented by the cluster which contains the document.
Therefore, if a cluster contains N documents at the assignment posting time, then
the Knowledge value of each document in the cluster will be: 100 /N. Even though
this mechanism does not distinguish between documents in the cluster, it can be
considered a good approximation when there is a large number of documents in the
cluster. When a student visits a document, s/he acquires knowledge on the topic
corresponding to the cluster in the Information Domain Model containing the
document. In the User Knowledge Model the value in the corresponding cell is
increased according to the knowledge value of the document. The system keeps
track of the visited nodes, so that no change to the knowledge matrix occurs when
the user revisits a document. As regards the addition of new pages after the posting
of the assignment, since we assume that the assignment is based on the knowledge
in the system at the moment of its posting, the system does not attribute any
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knowledge value to the new pages, that will be evaluated after the posting of a new
assignment.

Link Dot color
fully greenrecommended partially yellow

non recommended red
unclassifiable white

a) b)

Fig. 2. a) The combination of the Knowledge Matrix and of the Assignment Matrix to annotate
links in the DAWN system; b) the correspondence between link type and dot color

In addition to the well-known problems of the totally automatically inferred
models in AHS and ITS, in our system more errors in the models can be introduced:
firstly the updating of the knowledge model does not take into account the pages
added after the posting of the assignment neither the pages external to the system;
secondly, the knowledge value attribution mechanism does not distinguish between
different pages in the clusters. In order to control these factors, an evaluation test is
submitted to the students during the work sessions in order to have an important
feedback on their actual level of knowledge and, consequently, to adjust the user
knowledge matrix.

3.1 Link Annotation

In order to annotate the links on each page visited by the user, the system applies a
two-phase procedure. During the first phase the system distinguishes between the
links that point to documents which are related to the assignment and the links
pointing to documents which are not related to. This first classification of the links is
based on the difference between the elements of the �Knowledge Matrix� and the
�Assignment Matrix�: the system evaluates the level of student knowledge for each
cluster in the �Knowledge Matrix� (for example expressed in percentages as shown in
the upper section of fig. 2) and the level of knowledge for each cluster that the student
has to acquire to achieve the learning goal, as reported in the �Assignment Matrix� (as
shown in fig.2). Therefore the system evaluates the links pointing to the pages in the
clusters A and B as recommended (because they increase the knowledge of the
concepts required by the learning goal); then it marks the links to the pages on the
cluster C as not recommended. A second distinction, amongst the recommended links,
is made by using the Preference Model: recommended links that point to documents
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in accordance to the access criteria preferred by the user are evaluated as fully
recommended; links to documents that are recommended but do not belong to the
preferred access criteria are considered as partially recommended. Finally it should be
noted that the system is not able to classify links to documents external to the system
and links to pages that have been added after the posting of the assignment;
consequently these links are considered unclassifiable. Each link is therefore labeled,
by drawing a colored dot before it, according to the schema in fig.2 b.

4 Conclusions

The DAWN system, as an open hypertext system, allows the user to extend the
information network thus improving learning through the construction of knowledge.
This feature makes difficult to have an overlay model of the knowledge of the user
and of the learning goal. The Information Domain Model, obtained by using the SOM
map, can be considered as a new layer that allows the building up of an overlay model
of the user knowledge and of the learning goal even if new documents and links are
added by the users. The SOM neural network makes this layer �intelligent� enough to
automatically place the new documents in the right place on the map. It should be
noted that, although the system was conceived for the Architectural field, the
strategies behind it can be easily generalized to other sectors.
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Abstract. This paper presents an ongoing research project about the
development of an electronic learners’ dictionary for the German and
the Italian language (ELDIT). Modern psycholinguistic methods for lan-
guage acquisition will be applied together with technologies for hyper-
media and adaptive systems in order to ensure maximum effectiveness.

1 Introduction

Vocabulary acquisition is an important part of foreign language learning. For
the learner the main difficulty thereby is the use of the acquired vocabulary
in the right way. So-called learners’ dictionaries [6] have been developed to
support this task. They differ from ordinary dictionaries in several ways: The
vocabulary coverage is limited, word definitions are simpler and supported by
pictures, examples and typical lexico-grammatical patterns, etc. Most learners’
dictionaries today are monolingual and are available as textbooks. An exception
is the Cobuild English Dictionary which is available on-line as well [8].

Multimedia and hypermedia technologies offer completely new possibilities
for the preparation and distribution of teaching/learning material [3, 5, 10]. Even
complex information units can be broken down into small units which are linked
together yielding a clear and concise presentation. The integration of different
media (sound, pictures, etc.) provides a better understanding of the content.
Adaptation techniques support an individual and autonomous learning process
by providing individually designed pages for each user.

This paper presents a learners’ dictionary which is currently being developed
at the European Academy Bolzano (2). First ideas for adaptation are discussed
in section 3. In section 4 we compare our dictionary to related systems.

2 The ELDIT Project

At the European Academy Bolzano we are currently developing an electronic
learners’ dictionary called ELDIT (Elektronisches Lern(er)wörterbuch Deutsch
ITalienisch). It will contain about 3,000 word entries for both the Italian and
the German language.

Figure 1 shows a sample screenshot for the German word ”Haus”. The infor-
mation for a word entry is presented in two different frames. The left-hand frame
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shows the lemma (”Haus”) together with morphological information and differ-
ent word meanings. In figure 1 the first meaning is selected. The loudspeaker-icon
activates a sound file with the pronunciation of the word.

Depending on the selected word meaning, the learner gets access to various
pieces of information in the right-hand frame: the semantic field (group of se-
mantically related words), collocations, idiomatic expressions, etc. In figure 1
the collocation tab is selected, which presents a list of the most frequently used
collocations together with their respective translation and illustrating examples.

Fig. 1. ELDIT screenshot for the German word ”Haus”.

In the design of ELDIT several psycho-linguistic theories have been con-
sidered. Wittgenstein claims that a word gets its meaning by its use. ELDIT
contains a large number of patterns for word usage (collocations, idiomatic ex-
pressions) in combination with illustrative examples. According to Aitchinson [2],
people not only remember words in a possible context, but group the words in
their minds. Two different word groups are distinguished in ELDIT: the semantic
field (grouping words by synonymy, hyperonymy, antonymy, etc.) and the asso-
ciative field (grouping words by topics). For more information on the linguistic
part of ELDIT see [1].
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The core part of the ELDIT dictionary presented above will be extended in
several ways: The vocabulary will be extended to different subject fields; exten-
sive grammar units will provide grammatical background knowledge; text mate-
rial, exercises, and tests will allow the learner to practice the acquired knowledge
and to train both reading and writing skills.

3 Adaptation in ELDIT

This section presents some ideas about adaptation possibilities in the ELDIT
dictionary in order to ensure maximum effectiveness in vocabulary learning. Our
main focus will be on what aspects of the system can be adapted and which user
features can be used as a source for adaptation. In the current stage adaptation
is not yet implemented and evaluated.

We identify various user features to which the ELDIT dictionary should
adapt. First of all, the user’s language skills and knowledge should be consid-
ered. Information overflow and the presentation of irrelevant information may
have a negative impact on the learning progress. A novice should not be faced
with many different word meanings and complex definitions, but with colloca-
tions and difficulties with specific words. An advanced learner wishes a more
comprehensive picture of the language and, hence, needs more word meanings,
precise definitions, free combinations, and lots of idiomatic expressions.

A second class of user features which should be considered for adaptation
are user preferences. A learner might be interested to focus on the vocabulary
covering specific topics or acts, e.g. traveling, going to a restaurant, etc. While
the current version of ELDIT covers standard German and Italian, we plan to
extend the dictionary to cover different subject fields. Depending on the user’s
interest the system could help to systematically acquire the core vocabulary
of a given subject field. There might also be users who prefer a monolingual
dictionary, while others prefer a bilingual dictionary.

Unlike in other hypermedia systems, in a dictionary predefined paths through
the hyperspace are not so obvious. The word entries, which form the core part
of the dictionary, act quite autonomously and can be accessed independently.
Depending on the user’s current needs and preferences, exercises or grammatical
units could be proposed and individually linked by the system. A possible and
we think meaningful way to come up with paths through the dictionary is to
group the words by topics. Accordingly, the dictionary could propose a path for
each specific topic, which covers the core vocabulary together with supporting
text material and possibly grammatical units.

4 Related Work

A huge number of systems for language learning is available today, but only few
systems explore and integrate modern hypermedia technologies in a meaningful
way. Rather close to our work are two programs for vocabulary acquisition:
PET 2000 [4] for the English language and Alexia [9] for the French language.
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Apart from the different languages covered, ELDIT applies a more systematic
approach of vocabulary acquisition than PET 2000 and it contains far more
dictionary entries than Alexia, which has about 200 entries. Moreover, ELDIT
is planned to provide an adaptive component for the adaptation of the system
to the individual user.

CASTLE [7] is one of the few adaptive language learning systems. The tradi-
tional grammatical approach is combined with a more functional communicative
approach. ELDIT mainly differs from other systems in its systematic approach
to vocabulary acquisition. Communicative components are provided as short
dialogs which are included in the form of illustrative examples.

5 Conclusion

ELDIT is an ongoing research project at the European Academy Bolzano about
the development of an electronic learners’ dictionary for the standard Italian
and German languages. The core part will contain about 3,000 word entries per
language. Modern hypermedia and multimedia technologies will be explored in
order to provide a clear and concise presentation of the rather complex dictionary
entries. Combined with an adaptation component, the dictionary will adapt to
the individual user to ensure maximum effectiveness in the learning process.
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Abstract. Adaptive on-line information systems are able to adapt or
to personalize the hyper-document overall structure and content, the
navigation help and the layout according to a user’s model. SWAN aims
at designing an adaptive web server for on-line information systems about
nautical publications. According to a task model, concept filtering and
spatial filtering are used to select the relevant information space and to
sort its content.

1 Introduction

Adaptive on-line information systems are able to adapt or to personalize their
content, the navigation help and the layout according to a user’s model. Such
a model can help in assisting the user for information retrieval by providing
navigation help instead of writing queries. The SWAN project aims at designing
an adaptive on-line information system about nautical publications. It provides
nautical information for different classes of sailors and vessels to prepare a mar-
itime navigation or to navigate on oceans [1]. In this framework, users used
to only access a fragment of information space according to their current goal.
Then, user’s goals can provide navigation help and strategies for information
filtering [2], [3], [4], [5].

At present, sailors have to find out the relevant pieces of information in dif-
ferent categories of publications (sailing directions, lists of lights and fog signals,
tide and streams publications, radio-signals publications, ...). For some cate-
gories, there are dozen of volumes - around five hundred pages per volume -
which are geographically organized. It can be found in different publications,
volumes and non neighboring pages. For these reasons, they prepare a kind of
“road book” consisting of copies of printed pages of publications sorted according
to the vessel’s route - around twenty pages. In our framework, filtering informa-
tion and sorting properly the views of information is one of the main issues. In
printed publications, information order never fits the user’s needs. On the con-
trary, adaptive hypermedia are able to compute dynamically information views
that fit well users’s goals and to provide new features.

Free and directed interviews showed that sailors have five common goals
which are stable and achieved in a very similar way. They are represented by
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hierarchical task models. We developed a task-based on-line information system
to support browsing and to restrict views of information. The task model rep-
resents a problem solving method according to a user’s goal which determines a
relevant information space and arranges dynamically the access to it according to
the vessel’s route and position. We assume the information space is represented
by a domain model. It is composed of information units and nautical objects
which are indexed by the domain model. Information views are computed by
two different filtering processes: a concept filtering and a spatial filtering. The
concept filtering restricts the domain model to relevant concepts according to
the current task. The spatial filtering selects all information units or objects
present in a geographical area and sorts them according to the current task and
concept.

2 User Modeling

Stereotypes, introduced by Rich [6], are an important element of user modeling
and it has been extensively used because they give a simple but powerful way
for adaptation [7], [8]. The user’s model is composed of stereotypes - a user’s
class and a task model - and an individual model. The user’s class consists of
a sailor’s class and a vessel’s class. The former has only one category feature:
professional or yachtsman. The vessel’s class features are the following: length,
breadth, height, tonnage, draught, navigation category, vessel type. The mar-
itime navigation context consists of a set of navigation condition features: tide,
time, weather forecast, general inference, GPS position (Lat/Long). The user’s
individual model enables the sailor to choose an adaptation method for a par-
ticular task or to specify its parameters and to choose the minimal depth of a
route.

According to Brusilovsky, content-level and link-level, called respectively
adaptive presentation and adaptive navigation support, are the two main classes
of hypermedia adaptation [4]. Adaptive presentation is computed from the sailor’s
class. The task model supplies with adaptive navigation support. The task hi-
erarchies are organized with respect to abstraction and aggregation links. We
have two kinds of tasks: abstract and atomic. Abstract tasks - or aggregation
task - are used to introduce some order in executing its sub-tasks. A control
structure using standard operators - the sequence (and) and the selection (or) -
determines the sub-tasks ordering. Among atomic tasks, an information retrieval
task computes a information view allowing the user to browse freely in a small
hyper-space. It determines a filtering process to compute an information view
and an adaptive navigation method according to the current task and the user’s
model.

3 Filtering for Adaptation

The domain model is composed of two looses sub-domains - aids to navigation
and the content of the sailing directions. Each one represents a specific infor-
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mation type, the first one describes a set of nautical objects such as buoys and
seamarks, and the second concerns a set of multimedia information units - texts,
photos, drawing, tables and plans. The filtering is composed of two parts: the
concept filtering and the spatial filtering. For concept filtering, the user chooses
one of the two sub-domains, then the system displays the graph of annotated
relevant concepts related to the current information retrieval task. Two states
are used relevant and non-relevant. Concept annotation is based on the weather
and time features: fog or not -, day or night. Relevant concepts are computed
as follows: fog: fog’s signals are relevant; night: lights and lights’ alignments are
relevant; night and fog: lights, fog’s signals and lights’ alignments are relevant;
day and no fog: these are buoys, seamarks and alignments are relevant.

The information space related to a chosen concept contains lots of irrelevant
information units or objects. The system applies a spatial strategy according to
the current route section type and the selected concept to compute a spatial
view and to sort all data, dynamically - the adaptive method is sorting for
each route section. A spatial view is composed of objects and information units
present in a geographical area represented by a polygon on a chart. A polygon
refers to a paragraph for the sailing direction content and to a nautical area
computed according to the vessel position and the route section type - inshore
traffic area, landfall or port entry - for the aids to navigation. The computation of
the geographical area uses the notion of visibility. It takes into account the range
and the angular sector of the navigation’s aid - angular sector where the object
is visible regardless of its range. We focus on the aids to navigation category
to highlight spatial filtering. Aids to navigation are divided into two classes:
first class: aids close to the route section, second class: those far from the route
section. The first class consists of buoyage, lights on buoys and fog’s signals. The
second class is composed of seamarks and alignments (with or without lights).
The system must consider the three following cases:

1. Port Entry: all first class objects visible from the vessel are selected. They are
arranged according to the course section: the nearest is in first, the furthest
in last.

2. Landfall: all second class objects visible from the offshore traffic area are
selected 1. They are sorted by direction: North, North-West, North-East,
South, South-East, West, East.

3. Inshore traffic area: for first class objects, a polygon around the route section
is considered - a rectangle with the length of the section and a user defined
width (by default 3 nautical miles). All objects in this polygon are visible
from the vessel and they are ordered according to the course section: the
nearest is in first, the furthest in last. For second class objects, those visible
from the vessel are selected. They are sorted by direction: North, North-
West, North-East, South, South-East, West, East.

Comparing to the ”road book”, the information order is given by the sub-
tasks ordering - one per route section - and the corresponding adaptive method
1 there is a specific chapter in sailing directions for landfall
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(sorting). The information views are more relevant and provide more accurate
information ordering. The role plays by the sub-task ordering in the task model
is very different from that of Hynecosum [2] which focuses on the inclusion of
information views of subtasks.

4 Conclusion and Perspectives

We have presented an adaptive on-line information system based on a hierarchi-
cal task approach which uses a concept filtering and a spatial filtering. It has
been applied successfully on SWAN project. The current version of the system is
evaluated. A first step in the evaluation process has been done with some sailors
and the french naval hydrographic and oceanographic service. Our approach
could be reused and refined to use an electronic chart - ECDIS - to access the
sailing direction content according to the sailor’s task and maritime navigation
context. Our two filtering processes could reused in other domains. For instance,
more and more web sites presenting a city guide are available. We could imagine
that there is a stereotype task for users wanting to go to a theater, a restaurant
and pubs on night. Temporal and spatial constraints could be used to select the
relevant theaters, restaurant and pubs according to some user preferences. We
could also apply our approach for medical information systems. For example,
neurosurgeons need to label cortical structures before a surgery. Then, spatial
constraints are accurate to filter the possible anatomical structures which have
some specific spatial relationships with a previously labeled structure.
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Abstract. Incremental learning approaches based on user search activ-
ities provide a means of building adaptive information retrieval systems.
To develop more effective user-oriented learning techniques for the Web,
we need to be able to identify a meaningful session unit from which we
can learn. Without this, we run a high risk of grouping together ac-
tivities that are unrelated or perhaps not from the same user. We are
interested in detecting boundaries of sequences between related activ-
ities (sessions) that would group the activities for a learning purpose.
Session boundaries, in Reuters transaction logs, were detected automati-
cally. The generated boundaries were compared with human judgements.
The comparison confirmed that a meaningful session threshold for estab-
lishing these session boundaries was confined to a 11-15 minute range.

1 Introduction

Given the increased use of the Web, the amount of information available, and
greater variety of regular users, it is imperative to have adaptive techniques for
Web-based Information Retrieval Systems (IRSs) which meet individual users’
needs more effectively. To this end, research has included work in user profiles,
automated browsing and suggesting hyperlinks [1, 5].

Recurring patterns in users’ search activities (queries, judgements and nav-
igation) can be exploited with learning techniques to enable user-adaptability.
This paper focuses on the temporal ordering of activities clustered according to
close proximity in time. Although, other forms of activity clustering (i.e., top-
icality, browsing patterns) are possible, initially we use time information, and
investigate the extent to which this alone is effective. We group activities and
refer to the resulting unit as a session. If we view a user with an interest in a
specific topic as acting in a particular role, then it is not unreasonable to assume
that the activities in the same session are likely to correspond to one role. We
argue that there are contextual connections between activities if we view the
retrieval process as an interactive problem solving task with a goal [3]. Hence,
our aim is to specify a session so that it contains data pertaining to one role.

In Web Transaction Log (TL) analyses, studies often group all activities for
one user or IP number into a unit referred to as a session [4]. The appropriate-
ness of this grouping is debatable [3], particularly where the time span is large.
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Additionally, the final cut-off point for the TLs is usually arbitrary. This presents
us with the risk of grouping together activities that are unrelated. Researchers
focusing on Web navigation activities have used the time between two adjacent
page accesses to help cut sessions [2]. However, their work focuses on users’ nav-
igation behaviour, and does not include activities of using Web search engines.
This paper describes an automatic method for detecting session boundaries and
then presents the results of the comparison with human judgements.

2 The Method and Data

Due to a lack of adequate information about Web users, our empirical method
of detecting session boundaries currently uses only time information. Our aim is
to examine the effectiveness of using reliable and easily obtainable information,
like time, in detecting session boundaries. A time span called session interval
could be defined in advance to be used as a threshold. Two adjacent activities are
assigned to two different sessions if the time between them exceeds this threshold.
The identification of session boundaries then becomes a process of examining the
time gap between activities and comparing with the set session interval. Each
session has a number of activities in a sequence and within the context of the
experiments, we refer to this number as the iteration of the session,1 e.g. if a
session has three activities, its iteration number is three.

The experiments were based on a set of transaction records of searches by
Reuters Intranet users, referred to as the Reuters logs (Reuters Ltd.). The search
engine used is a local version of AltaVista. The time range of the logs extends
seven days from 30th March 1999. There are 9,534 activities from 1,440 unique
IP addresses. Each record contains: Time stamp, IP address, and CGI command.
This command includes information about the query terms, the search method
(simple/advanced) and the subsequent page numbers for the same search.

3 The Experiments

Our experiments consisted of two stages: automatically detecting session bound-
aries then comparing them with human judgements.

3.1 The Automatic Detection of Session Boundaries

We first cut the logs with a large session interval and grouped the sessions
with the same iteration number together in order to see the distribution of
various sessions. Then, gradually we decreased the session interval and obtained
the corresponding distributions, which show the percentage of sessions with a
particular iteration in relation to the total number of sessions.

Ideally, a session should contain only those activities from one role. An op-
timal session interval that enables this should not be too large in order to
1 We have chosen this terminology to emphasise the sequence in the activities within
the session and their likelihood of being related to the same role.
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avoid the risk of grouping activities from different roles together. Also, it should
not be too small as there would be less information available on the role.
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Fig. 1. The frequency of sessions given different session intervals

We monitored distributions of sessions with 6 iterations or less as their total
covers the majority (81%) of sessions [3]. The results (Fig. 1) show that most
short sessions are not affected when the session interval is larger than 15 mins.
When the session interval is shorter than 10 mins, the percentage of sessions with
1 iteration increases dramatically, whereas the percentages of sessions with 3-6
iterations decrease. So, the optimal session interval with regard to the likelihood
of grouping activities from the same role together is within 10-15 mins.

3.2 The Human Identification of Session Boundaries

The automatic detection process may result in the following errors: Type A
errors occur when two adjacent activities for related search statements are
allocated into different sessions; Type B errors occur when unrelated activities
are allocated into the same session. The former is the result of selecting a too
tight session interval, whereas the latter is the result of a too loose interval. We
view Type B errors as potentially the most damaging to our learning purpose
as it could make the role prediction invalid. Hence, we give it a higher weight
(nominally twice that of Type A) in this experiment.

Two experts in query formulation worked through the logs and marked the
places of a context/role change. Their judgements were compared and anomalies
due to oversight or lack of knowledge of domain-specific vocabulary were reduced
to a minimum. These judgements were taken as the basis of comparison with the
automatic detection method. Resulting types of errors are shown in Fig. 2, which
shows that Type A errors decrease sharply until about 15 mins, then continue
dropping slowly. Type B errors, on the other hand, increase steadily between 5-15
mins, but do so at a slower rate thereafter. The total percentage of errors (Type
A and B) decrease dramatically until about 15 mins. For our learning purpose,
we prefer low percentages of total and Type B errors. Hence, the results indicate
that the optimal session interval for the logs in this experiment is between 11-15
mins. This confirms the results of Sect. 3.1.
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4 Conclusion and Future Work

In this paper, we have presented a method for detecting session boundaries by
using a minimal amount of user information that is typically available in Web
logs. Our results, after comparing with human judgements, indicate that an
optimal session interval should be within the range of 11-15 minutes. In future
work, we intend to explore methods of improving automatic session boundary
detection by reducing both the percentages of total errors and Type B errors. We
envisage using topic information and a statistical model of activity sequence to
adjust the automatically generated session boundaries. Additionally, it may be
possible to refine the session boundaries by examining the statistical distributions
of the intervals between activities within a session.
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Abstract. NAUTILUS is a Web recommender system that exploits a
new approach to learn user profiles. The novelty consists of using a struc-
tured representation of HTML documents that allows us to split the page
into logical contexts (lists, headers, paragraphs, ...). The learning algo-
rithm is based on a new neural computational model particularly suited
to process structured objects.

1 Introduction

The increase and the rapid changes of the information available on the Internet
make it difficult to provide the user with complete and up-to-date indexes to
retrieve documents satisfying his/her information needs. For these reasons, re-
cently, new approaches [1, 2, 4, 5] have been studied in order to overcome the
limitations of the general purpose search engines. These systems, called Web rec-
ommender systems, try to model the user’s behavior and infer his/her interests
to suggest which links may be interesting.

In this article, we describe the architecture and the underlying learning
algorithms of a recommender system we called NAUTILUS (NAvigate AU-
tonomously and Target Interesting Links for USers). It mainly differs from other
recommender systems for the novel approaches used both in the representation
of the HTML pages and in the page ranking algorithm. The basic idea is to take
advantage of the structure of the page defined by the HTML tags, thus going
beyond the simple bag-of-words representation that is used in most of the other
recommender systems.

2 The NAUTILUS Architecture

The NAUTILUS architecture consists of a graphical interface running on the
client and a server module. The NAUTILUS server implements the fundamental
activities of the system. It keeps a separate profile for each user and it is able to
update the profiles with the relevance feedback provided by the users. The user’s
profiles are employed to perform a focused autonomous navigation by following
only the hyperlinks that were evaluated as more promising. Moreover, the server
selects the pages to recommend using the stored profiles.
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The graphical interface is implemented as a JAVA applet or a plug-in which,
attached to a browser, allows the user to control the NAUTILUS operation. By
this interface the user can ask NAUTILUS to start the autonomous navigation
from a given page, he/she can give his/her feedback specifying whether the cur-
rent page is interesting, and he/she retrieves the NAUTILUS recommendations.

2.1 Representation of HTML Documents as Graphs

NAUTILUS executes two basic tasks: the first task is to search the web for
interesting pages; the second one is to select those documents that are more
promising for each user. Both of these functionalities require the development
of a proper scoring technique. While scoring is obviously needed for the page
selection task, it is also useful for defining a good crawling policy, since the
scoring of the hyperlinks allows to prune the less promising paths.

In both cases, a user profile is employed in order to evaluate both the page
and the links it contains. The profile is constructed using a learning algorithm
that adapts a set of parameters with the relevance feedback provided by the user
on some pages. When a page is retrieved, it is preprocessed in order to extract a
set of features to be used as input to the scoring and/or the learning algorithm.

In fact, the representation of a HTML document is obtained by parsing the
HTML tags, subdividing consequently the document into smaller contexts. The
result of this procedure is a graph whose nodes represent the different contexts.
Figure 1 shows an example of an HTML document and its representation. The
root of the graph corresponds to the context defined by the tags <BODY></BODY>,
and stands for the whole page. The two children of the root represent the prin-
cipal sections which are opened by the two headings <H1>, and so on. Thus,
each node denotes a context and the arcs represent the inclusion relationship.
Moreover, the anchors correspond to arcs that connect the hyperlink location to
the referred point (e.g. the hyperlink “Introduction” in Figure 1).

In the proposed graphical representation of the document, each node has a
label which “sums up” the text that is contained in the part of the document the
node refers to. More precisely, each label is a vector V = [w1, w2, . . .], where wi is
a real value measuring the importance of the i-th word of the user dictionary for
the document. NAUTILUS uses a combination of the TF-IDF (Term Frequency
Inverse Document Frequency) and the expected information gain [5] in order to
compute wi. Such a particular combination adds a measure of the importance
given to a word by user feedback to the weight provided by TF-IDF. In fact,
let TF and IDF be the term frequency and the inverse document frequency,
respectively, and let E(wi) be the information gain of the word wi given the set
of the documents classified by the user. In NAUTILUS, wi is

wi = TF · (IDF + E(wi)) ,

It must be pointed out that the user’s dictionary consists of a small subset of
all words which are found in the documents visited by the user. In fact, using too
many words usually leads to poor predicting performance since the classification
is based on many irrelevant components.
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<BODY>
<H1>The NAUTILUS Project Home</H1>
This page describes the project.
<OL>
<LI> <A href=’’#1’’>Introduction</A>
<LI> <A href=’’#2’’>Architecture</A>
</OL>
<H2 id=’’1’’>Introduction</H2>
Some introductory stuff.
<A href=’’http://nautilus’’>Related link</A>
<H2 id=’’2’’>Architecture</H2>
System architecture.
<IMG src=’’nautilus.gif’’ alt=’’the proxy
connection’’>
<H1>The AI group</H1>
<P> Marco Maggini
<P> Marco Gori
</BODY>

H2

H1

P P H2

H1

H2 LI OL

LI

BODY

A

A

A

HTML source Graphical representation

Fig. 1. An example of an HTML page and its representation as a graph.

The reduction of the number of words is done at two different levels. The
first level reduction is simply based on a stop-word list and on an elementary
stemmer. Finally, words are ordered on the base of the weights and only the t top
ranked words for each document are selected. Thus, the set of words considered
for a given user dictionary is the union of the all t top ranked words of all the
document that were visited and evaluated.

2.2 Adaptive Processing of Graphs

Recursive neural networks (RNNs) [3] are a generalization of recurrent networks
particularly suited to process graphs. Fig. 2 shows a recursive network and its
computation on a small graph. In order to process a graph G, the recursive
network is unfolded through the structure of the graph, yielding the encoding
network. At each node v of the graph, a state Xv is computed using a parametric
function f of the input label Uv and the state of its children Xch[v]. Finally, at
the root node an output function g is evaluated on the root state Xr, i.e.

Xv = f(Xch[v],Uv, θf) (1)

Yr = g(Xr, θg). (2)

The nodes of the input graph are processed in an order such that the state of each
child of node v has already been computed when the node is being processed.
Thus the computation starts from the nodes without descendants. The states of
the null children are assumed to be a fixed value X0. Then, the recursive equation
(1) is applied recursively to all the nodes following the ordering obtained by the
topological sorting of the nodes. Finally, the state of the root is available, and
equation (2) can be applied to calculate the output.

The functions f and g can be realized by any feedforward neural network
[3]. The parameters of the recursive network (i.e. θf and θg) can be learned by
examples. According to the classical connectionist learning optimization-based
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Fig. 2. Encoding and output network associated to a graph. The recursive network is
unfolded through the structure of the graph.

approach, the output-target data fitting is measured by means of a cost function.
For each graph in the example set a target output can be specified. The parame-
ters that optimize the cost function for the given learning set may be computed
using an extension of backpropagation, BackPropagation Through Structure [3].

The proposed recursive model can be used both to compute the score for
the links contained in the page, and to score the whole page. These scores can
be computed with a two-phase procedure. In the former phase, the states are
propagated by a RNN from the leaves to the root following the frontier to root
scheme. At the root level the state is used to compute the page score.

In the second phase, a state propagation in a root to frontier direction is
performed. Then, the hyperlink scores are computed by applying the output
function g to the states of the hyperlink nodes. With such an approach, the leaf
nodes corresponding to the hyperlinks will have a state that summarizes the
relevant information from all the contexts that contain the link. Thus, the link
relevance is computed making use of the context located around it.
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Abstract. This paper discusses a system for online new event detection in the
domain of news articles on the web. This area is related to the Topic Detection
and Tracking initiative. We evaluate two benchmark systems: The first like
most current web retrieval systems, relies on term repetition to calculate
document relatedness. The second attempts to perform conceptual indexing
through the use of the WordNet thesaurus software. We propose a novel
approach for the identification of breaking news stories, which uses a technique
called lexical chaining. We believe that this technique will improve the overall
performance of our web retrieval system by allowing us to encapsulate the
context surrounding a word and disambiguate its senses.

1 Introduction

This research project aims to develop new techniques to attack the event detection
problem based on the use of lexical chains and conceptual indexing. Existing TDT
research has focused on the improvement of text-based ranked retrieval techniques
previously used for filtering and clustering tasks [1]. We aim to take advantage of
these retrieval techniques and to augment them with conceptual indexing. Conceptual
indexing requires the identification of the concepts underlying the terms that occur in
texts and the construction of a conceptual index of the identified concepts. The
conceptual index is made up of lexical chains derived from the documents in the
corpus. Lexical chaining has only recently been applied to information retrieval
problems with promising results [2, 4]. We aim to investigate whether lexical
chaining can be used in the area of TDT specifically for online new event detection of
stories within a news domain.

 With the boom in the use of the Web and the rapidly-growing amount of
electronic information which it provides, new more effective and efficient means of
information exploration and organisation are needed. The TDT initiative aims to
address these concerns, in particular we are interested in types of electronic
information that occur in the form of streams. A stream is a set of time-stamped
tokens that arrive in a fixed order, e.g. news corpora and email. In this paper we use
the TDT1 corpus containing news sources from CNN and Reuters.
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The initiative hopes to provide an alternative to traditional query based retrieval,
by providing the user with a set of documents stemming from a generic question like,
�What has happened in the news today/ this week/ the past month? �.  There are
several practical Web applications that would benefit from an effective solution to the
TDT problem. For example:

• A content summary of a corpus in terms of the clusters and topics generated
could be given to the user, answering the question �What is this corpus about? �.

• The possibility of following the evolution of a news story from the time it was
broken to the present time frame.

• The automatic retrieval and listing of all breaking news stories within a certain
user specified time frame as described in this paper.

2 The Experiment

The domain of the experiment lies in the TDT task of online detection. This involves
deciding as each document arrives on the stream of broadcast news (without looking
at any subsequent documents on the input stream), whether or not the current
document discusses some new event. In order to evaluate the effects of using a more
sophisticated document representation we have built two benchmark systems, TRAD
and SYN [5]. TRAD uses the traditional IR method of representing documents using
a �bag of words� approach where terms are weighted according to their frequency
within a document. SYN attempts to improve on this representation by solving the
problem of synonymy. This is accomplished through the use of WordNet, an online
lexical knowledge database, where synset numbers are used to represent groups of
synonymous words, e.g. synset no = 0023432 describes the synonymous set =
{automobile, car, auto}. Both systems use a single-pass clustering algorithm to
perform detection. So for each incoming document if the story does not exhibit an
appropriate degree of similarity to an existing cluster then it is declared to be about a
new event and hence a new event is detected. The results for the benchmark systems
are presented in Figure 1.

Figure 1 shows a decision error trade-off (DET) graph, which plots misses
(the percentage of new events not detected by the system) against false-alarms (the
percentage of falsely detected new events). Both the SYN and TRAD systems are
evaluated based on this graph, where points closer to the origin indicate better overall
performance. Clearly TRAD performs better than SYN even though as stated
previously SYN addresses the problem of synonymy. This surprising decline in
system performance can be attributed to the fact that the SYN system fails to address
the problem of polysemy, where a word has more than one meaning. So in the case of
the word �bank� the WordNet synset numbers for both the �river� and financial senses
of bank are included in the document representation. The effect of this is that
documents and clusters that use the same word in a different sense are considered
more related than they actually are. This problem however can be overcome by using
a method of sense disambiguation, such as lexical chaining which we describe in the
following section.
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Figure 1. Comparison of Benchmark Systems

3 Lexical Chaining for Improved Story Representation

A lexical chain is a sequence of semantically related words in a text that creates a
context and contributes to the continuity of meaning. This method of representing
lexical cohesion using lexical chains was first formulated by Hasan [6, 7], and then
used by Morris and Hirst [8] who designed an algorithm that automatically built these
chains. Our lexical chaining algorithm is described as follows. Using the WordNet
thesaurus software [9] each candidate word of a text is expanded to find the
synonyms, hypernyms (is-a), hyponyms (kind-of), holonyms (has-part) and
meronyms (part-of) of each of its senses. This word, its senses and all its related
words are then looked for in each lexical chain of the current document. The word is
then added to an appropriate chain if the word is sufficiently related to the words in
that chain. If no appropriate chain is found then the word is used to start a new chain.

When a new candidate word is added to a chain the ambiguity of both the
candidate word and the chain is resolved. The other senses of the candidate word are
rejected and the sense of each word in the chain is clarified. Thus, we have
automatically disambiguated the sense of a word and in addition solved both the
problem of synonymy, and polysemy. We believe that this is the key to improved
classification of stories.  So once a document has been represented as above, this new
document representation based on lexical chains is then incorporated into the same
single-pass clustering algorithm used in the benchmark systems.
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4 Summary

In this paper we propose a novel use for lexical chains as document representations
within the Topic Detection domain. We anticipate a significant improvement in
system performance for our online detection system when lexical chains are used to
represent documents rather than a traditional �bag of terms� representation as was
used in both our benchmark systems SYN and TRAD. If this hypothesis proves true
we would then envisage incorporating our lexical chaining algorithm into a web-
based system for the retrieval of breaking news stories.
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Abstract.  Social navigation has been proposed as a means to aid users to find
their way through information spaces. We present an on-line grocery store that
implements several different aspects of social navigation. In an initial study, we
found that social trails seem to appeal to one group of users while they alienate
another group of users. We discuss the implications for design of social
navigation.

1 Introduction

In a typical on-line grocery store, there will be 10.000 different products to choose
from. Navigating such a space is not only time-consuming but can also be boring and
tedious [1]. We have designed an alternative store, based on ideas from social
navigation [2]. In a social navigation design other users� actions are visualised in the
interface. It can be through direct contact with other users, as in chatting. It can be
through trails or footprints, that is, the object bears signs of how it has been used by
others. Or, finally, through how the information space is structured, as in
recommender systems. Much in the same way as we consult or follow the trails of
other people in the real world for solving different tasks, we also try to support this in
the virtual world.
But does social navigation �work�? What are appropriate designs that are not
perceived as intrusive or unhelpful? We conducted a small-scale study where we tried
to determine whether users are influenced by the actions of others (as visualised in
our on-line grocery store), and how they feel about this �intrusion�.

2 On-Line Grocery Store

We decided to base our on-line store on recipes rather than having to search for each
product separately. Through choosing a set of recipes the user gets all the ingredients
from the recipes added to a shopping list. This list can then be edited and new items
added prior to the actual purchase.
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The store has been enriched with a number of different functionalities that enhance
social navigation. First and foremost, the recipes themselves are ordered by
collaborative filtering methods [3]. Recipes are recommended to customers based on
what other customers have chosen. In addition to recommending individual recipes,
recipes are grouped into recipe clubs. A recipe club is a place with a special theme,
for example �vegetarian food�. Users can move around between clubs to get different
recommendations. The selection and ordering of recipes available in a club are also
maintained by collaborative filtering methods, and reflect which recipes visitors of the
club have liked. On top of the recommendation functionality, users have a virtual
presence in the store through avatars representing them in an overview map of the
clubs. As the user moves from one club to another, the user�s avatar will be shown in
the map as moving from one club to another (see fig. 1). Users can also chat with
other users who presently are visiting the same recipe club. Finally, we provide social
annotations in the recipes themselves: each recipe bears signs of who authored it and
how many times it has been downloaded.

UsersOverview  m ap Chat Area

RecipeRanked Recipe ListCart

Figure 1. A screen dump from the on-line grocery store.
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3 Study

We believe that social navigation can contribute to the efficiency of the interface from
the user�s point of view, but that is not the only important metric. Social navigation is
also useful if it leads to a more pleasurable or entertaining experience, or if it
increases users� sense of satisfaction and comfort with the work they have performed.
In a study of our on-line grocery store, we tried to capture some of these issues. Here,
we focus on results concerning to what extent users felt that they were influenced by
what others did, and whether this was intrusive or not.

Subjects. There were 12 subjects, 5 females and 7 males, between 23 and 30 years
old, average 24.5. They were students from computer linguistics and computer
science. None of the subjects had any experience of online food shopping.

Task and procedure. The subjects used the system on two different occasions. They
were asked to choose five recipes each time. Their actions were logged, and we
provided them with a questionnaire on age, gender, education, a set of Likert-scale
questions, and a set of open-ended questions on the functionality of the system. They
were given a food cheque of 300:- SEK and encouraged to buy the food needed for
the recipes.

4 Results

Overall, subjects made use of several of the social navigation indicators. They chatted
(in average 6.5 statements per user during the second occasion), and they looked at
which recipe clubs other users visited and moved to those clubs. Afterwards they
answered the question �Do you think that it adds anything to see what others do in
this kind of system? What in such a case? If not, what bothers you?� One subject said:
�It think it is positive. One can see what others are doing and the chat functionality
makes it more social. One could get new ideas�. Not everyone was as positive: �No! I
cannot see the point of it, I have never been interested in chat-functions�.
In investigating this difference, we found that the subjects could be divided into two
groups. 7 subjects claim not to be influenced by what others do, while 5 claim that
they are. We asked if the subjects would use the system again. The ones who did not
want to use it were the ones who claimed not to be influenced by the actions of others.
Thus, it seems to be a correlation between people claiming to be influenced by social
navigation and their willingness to use the system again. Interestingly enough, more
or less all participants found the system fun to use even the ones claiming they did not
want to use it again. One of our participants said: �the system became more alive and
fun to use when you could see the other users�.
Looking further into how they answered other questions, only 2 subjects were
consistently claiming not to be influenced by the social annotations. The larger part of
the group, 10 subjects, was positive towards the different social annotations. The logs
also backed up their claims: they chatted, and they all moved between clubs without
hesitation. In their comments, they also stated that visible activity in recipe clubs
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influenced them: they were attracted to clubs where there were other users and they
became curious about what the other users were doing in those clubs.
The remaining two subjects were consistently negative towards social trails. They did
not chat, they disliked being logged, they did not want more social functions added to
the system, and they could not see an added value in being able to see other users in
the system.
When investigating subjects� answers to the open-ended questions, certain aspects of
social trails in the interface do not seem intrusive at all, while others are more
problematic to some users. The fact that the recipes show how many times they have
been downloaded is not a problem. Neither is the fact that choosing a recipe will
affect the recommender system. Seeing the avatar moving between recipe clubs is
more intrusive, and, of course, the chatting is even more so. In general, being logged
does not bother users � they know that this happens all the time anyway, and they do
not feel very secret about their food choice. It is when their actions are not
anonymous and other users can �see them� that some users react negatively.

5 Discussion

The main result of our study is that many users do in fact appreciate social navigation
tools in the shopping scenario. In our study, the majority of subjects liked the social
tools, used them, and was influenced by the behaviour of other users.
However, an equally important result is that not everyone was. We need to make the
design of Social Navigation interfaces allow for privacy. We must appreciate that
there are individual differences between users in this respect, as well as in many
others that affect interface design.
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Abstract: The experiment discussed in this paper was designed to investigate
the usability of combining two adaptive hypermedia (AH) techniques; shading
fragments of text and adaptive navigation support (ANS) by means of link
annotation, within the educational paradigm. The empirical study required the
implementation of three prototype applications, Application A; supported ANS
and  shading, Application B; supported ANS and Application C; was a non-
adaptive version. An in-depth evaluation showed that ANS alone was not as
useful as combining it with adaptive presentation i.e. the shading method of
AH. It also showed that shading reduced the effects of cognitive overload by
reducing the number of highlighted links on documents.

1. Introduction

AH is a new area of research within the field of hypermedia. AH adapts the
presentation of content or links, based on the goals and characteristics held in the user
model [3]. Adaptive presentation adapts either the content of a document or the style
of the text. Stretch-text is a method used in MetaDoc [1] KN-AHS [12] and PUSH [8]
where the related text can replace the activated hotword or the text can be collapsed
back to a hotword. Shading sections of text is a method used in the work on SaDy [9],
where fragments of information are shaded out but left in the document. Shading can
be viewed as a form of stretch text without highlighted links i.e. a form of adaptable
hypermedia. ANS concentrates on changing the presentation of links. There are
various ANS techniques, some examples are, direct guidance, as used by ISIS-Tutor
[2], where the next best link may be visually outlined or dynamically added. Pure link
hiding, colours the button in the same colour of the text i.e. black, but maintains the
functionality of the link as in AHA [7]. Sorting or ordering, presents a list of links
with the most relevant first [11]. Link removal, removes the link completely. Link
disabling, retains the visible link (one example is by dimming), but its functionality is
removed so it cannot be activated as in KN-AHS [12]. Link annotation, annotates the
link by changing the colour, font or placing different types of bullet points next to it
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[4]. This short paper discusses the design, implementation and results of the empirical
study. This study also investigated if users were more likely to view the information if
it was available on the current screen than to follow links to it. Details of this
experiment and other related work can be found in the PhD Thesis.

2. Implementing the Applications

The open hypermedia system, Microcosm [6] was used to develop the applications.
The filter architecture provides the ideal mechanism to build AH techniques and
experiments. To support the ANS in this experiment a new filter for Microcosm was
implemented. Although implemented in Microcosm, the AH techniques used could be
applied to any hypermedia system. Another advantage of using Microcosm is that it
presents a standard windows style interface for text and image files.

The domain model covered six main topics in Dating Techniques in Archaeology.
Each topic was split into four main concepts ranging from an introduction to the topic
to more in-depth information or text. To test the usability of combining ANS and
shading it was decided to implement and compare 3 different applications, A, B and
C.

Fig. 1. Screen shot of Shaded Text Method of Adaptive Presentation

For Application A, the shading of text was implemented statically at design time.
Each document had between zero and 3 sections of shaded text, which included
information such as formulae and other such details (This information was not the
same as the in-depth concepts but was complex text within that particular concept).
Expert users were told to read the shaded text as they would be ready to understand
the content and the novice users were told to ignore it as it would be too detailed for
their current knowledge levels. However, they could read it if they so wished. Figure
1 shows a screen shot of the interface used for each application. In Applications B and
C this complex information was presented in separate short documents. Users could
reach these documents by following a link, which read, �More information on concept
X can be found by following this link�. In Application B these links were given the
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same status as the ready-to-be-learned links and in Application C these links were
presented in the default colour i.e. blue. Within Applications B and C each node
contained between zero and four of these types of links.

The content in Figure 1 shows a document from the shaded text and ANS
application. Users were not required to use the interface functionality as all the
navigation was carried out by following the highlighted links. For Applications A and
B, ANS was provided in the form of link annotation by dynamically changing the
colour of links presented to each user. The method of ANS used within this study was
adapted from Brusilovsky�s study [3], which used the traffic light metaphor for
colouring the links depending on one of four states. Table 1 shows the various
annotations used in the study to provide ANS. The ready-to-be-learned highlighted
links were links to other documents within the same concept or topic. Generic links (a
Microcosm term) were links to reference or glossary terms and to images.

Table 1. Link Annotation Used in Application A and B

Link types Status of the Link Colour of the Link
Not visited and
relevant  link

Ready-to-be-learned Dark blue

Visited links Learnt Dark blue and
underlined

Not relevant links Not-ready-to-be-
learnt

Magenta

Not visited generic
links

(always ready) Ready Light blue

Visited generic links Learnt generic links Light blue and
underlined

The system decided that a user was ready to visit the next concept if they had
visited all the documents within the previous concept. In most studies to date,
knowledge in AHS is assumed when a document is read (or visited) [5] (or by passing
a test) i.e. most authors use the fact that the user has visited a particular page to
assume that learning has taken place. Although this method is simplistic it was ideal
for experimentation purposes for this study. All visited links were annotated by
underling them.

In each application all the hyperlinks within the hypertext network were functional
and users could follow any hyperlink. Applications A and B users were advised to
traverse only the dark blue links. The idea behind the AH was only to support and aid
users, it was entirely down to individual users if they followed the advice provided by
the system. For Applications A and B, if a not-ready-to-be-learnt link was followed
the system would pop up a dialogue box reminding the user that they are not ready for
this particular document and should therefore return to the previous document. Once
the user clicked �OK� on this dialogue box the document would still be displayed and
it would be up to the user�s discretion if they closed the document and returned to the
previous one or continued to read the new document.  At this point the ANS was
disabled until the user returned to the source document, i.e. the states of the links
remain static but the links could still be followed. Each document within each
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application also contained a hyperlinked contents list, which provided the users with
some idea of the domain model.

3. The Evaluation Study

 The evaluation techniques used in this study ranged from pre- and post-study
questionnaires, observation using video and performance logging. In all, 32
participants took part in the study, all were from the Archaeology or Computer
Science Departments at the University of Southampton. Each participant was
randomly allocated to one of the three applications. This resulted in 11 of the subjects
using Application A, 11 using Application B and 10 using Application C. All the
participants were also given a pre-test questionnaire as well as a knowledge test to
answer  before the start of the session. The questionnaire covered questions on the
participants personality characteristics, computing experience and their current
knowledge levels on each dating technique. The test was set on paper in a multiple-
choice format so that the answers could be assessed easily.  Prior to the first session
both groups of participants were given a brief introduction to Microcosm and AH.

Each participant arranged a time when they could visit the lab and carry out their
individual session, which was carried out in a live working lab environment without
any interruptions. It was possible to videotape each subject. At the start of the session
the participants were given another set of tasks which were the same for each
application. These tasks were the same as the knowledge tasks, however, this time the
aim was to use the application to help answer them. At the end of the evaluation
session each participant was given a post-test questionnaire (relating to the specific
application they used). Some questions were included to test if attitudes had shifted
after the evaluation session. The rest of the questions concentrated on the attitudes
towards the application itself.

4. Results of User�s Subjective Views

These results are presented in percentages as they involve responses from all the
evaluators. The participants were asked in the pre- and post-evaluation questionnaire
if they felt that AH could be beneficial in supporting CAL (computer assisted
learning) applications. Out of the total number of participants 57.6% agreed in the pre
test questionnaire and this increased to 66.7% in the post session questionnaire. The
percentage who were not sure if AH could be useful was 33%. This percentage
decreased to 15.2% in the post test questionnaire. Respondents were also asked if they
preferred lectures because they were only exposed to information that they were ready
for 21% agreed, 24% were not sure and 54% disagreed.

The following results are presented by the number of users from each application,
due to the small number which took part in the study. Users who used Application A
were asked if the shading disrupted their flow of reading, only 1 user agreed. All users
were asked if the guidance provided by their particular application was useful, 9
Application A users agreed compared to only 4 Application B users and 2 Application
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C users. All users were asked if they felt, in control of the application they used 8
Application A, 9 Application B and 6 Application C users felt they had control. Users
of Applications A and B were also asked if they could easily understand the
adaptability of the system, a high percentage from both Applications agreed. All users
were asked if they knew which links to follow next. All of the Application A user�s
agreed, interestingly only 8 Application B users agreed and only 2 users of
Application C agreed but this was expected.

5. Analysis of Performance Logs

Table 2 presents some of the significant results from the study. The Anova test was
also used to test the significance of the results are presented at the 5% significance
level. Participants were asked if the table of contents was a useful navigation tool,
they had a choice from 1 agree to 5 disagree. The ANOVA test (P=0.042) found this
result significant. The mean number of tasks answered correctly was found to be
similar for each application group, the Anova test also showed that these results were
not significant.

Table 2. Results

Mean S.D Min
Val

Max
Val

P=

App. A 1.7 0.4
App. B 2.6 1.0

Table of contents was
useful in navigation

App. C 2.2 0.6

0.04

App. A 13
App. B 12.2

Mean number of
tasks answered
correctly App. C 12.9

App. A 4 3 1 11
App. B 6.6 5 1 16

The mean number of
documents re-visited

App. C 5.3 1.5 3 7

0.2

App. B 3.8 - 0 16The mean number of
�more information�
type links followed

App. C 2.9 - 0 7
0.08

App. A 6 5.6 0 21
App. B 5.8 3.7 0 11

The mean number of
generic type links
followed. App. C 2.8 1.9 0 6

App. A 24 7.2 17 40
App. B 33 12.7 18 50

Mean number of
documents visited

App. C 26 4.2 23 37

0.05

Application A users re-visited the least no of documents compared with the other
two groups. Application B had the highest mean for users re-visiting documents. The
mean was slightly less for Application C, however it had the lowest SD (standard
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deviation). It is interesting to note that the minimum number of documents re-visited
by Application C users was 3 as opposed to 1 each for the other two applications.
Also for Application C the highest number of re-visits was 7 as opposed to the much
higher values for the AH applications. However, the Anova test (P=0.2) showed that
this result was not significant.

For users of Applications B and C the documents were designed to encourage users
to follow links to �more information� type documents. The table shows that the
maximum number of �more information� links followed by Application B users is far
greater at 16 than those for Application C. This shows that Application C users were
apprehensive in following these links, probably because they could not easily
distinguish them. The Anova test (P=0.08) showed that this result was significant at
the 10% level.

The table clearly indicates that the Application C user group followed a much
lower number of generic links compared with users of Applications A and B, which
have a similar mean. The reason for this again, could be due to the fact that
Application C users could not distinguish these types of links and therefore users
tended not to attempt to follow links by guessing what may lie at the destination.
However, Application A and B users who could distinguish the different types of
links were more inclined to follow them as and when they required that information.
Although, however, the Anova test (P=0.16) showed that this result was not
significant. Some of the generic links led to a brief explanation of the current topic on
Dating Techniques in Archaeology. The Anova test (P=0.001) showed that the
differences were significant. The mean number of documents visited (including
glossary type documents) by each application group ranged from 24 for Application
A to 33 for Application B. The Anova test (P=0.051) showed that these differences
were significant. The time spent viewing reference type documents was also
significant with the Anova test (P=0.001).

6. Discussion

The analysis highlights three distinct types of navigational patterns followed by the
users. Type 1: Followers, Type 2: Repeaters and Type 3: Roamers. Type 1 users
followed the advice most of the time either from the start of the session or soon after
realising they were getting lost. Type 2 users, the �Repeaters�; were users who
followed the advice given by the system, they then either repeated this process from
the first document or tried random access. The last type 3 the �Roamers�; did not
follow the advice provided by the system and chose random access. This type of user
was more prominent within the Application C user group compared with Application
A and B users..

It was found that a very high percentage of users tended to run the mouse over the
lines that they were reading. A very high percentage of the novice knowledge level
group read the shaded text within each topic, even though they were told they were
not required to. It was very interesting to find that a very high percentage of
Application A users felt that the guidance provided by the application was useful
compared with a low percentage of Application B. This illustrates that ANS alone is
not beneficial to users compared to combining the two methods of AH. The fact that
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Application A users spent a greater amount of time per document could be interpreted
as users reading or viewing the shaded text. Again even though Application A users
had more to concentrate on they followed more generic links than the users of the
other two applications.

It was interesting to find that experts on the subject domain tended to spend a
greater amount of time viewing images/ figures compared to novice users. It was also
interesting to find that Application C users did not re-visit documents frequently,
which could be because they became too cautious.

It was also found that a higher number of novice users read the shaded text in
Application A, than the number of novice users who followed the �more information�
type links in Applications B or C. This maybe because the required information was
on the current screen/ document and they did not have to search for it. The analysis
also showed that a fewer number of Application A users attempted to follow not-
ready-to-be-learned links compared to Application B users, to visit a document
directly. This may be because they had the shaded text to consider, and they therefore
followed the adaptation advice from the system.

7. Conclusion and Future Work

The main problem with this study was the limited number of subjects involved in the
evaluation. Also, it would have been beneficial to carry out further investigations into
the retention of knowledge, with respect to the various applications over a period of
time. The system also lacks support for colour blind users, which can be overcome by
using ANS in the form of changing the font of the links. Although it is felt that this
experiment brought to light some important and exciting issues, the shading method
of AH requires refinement and further experimentation before it can be used in
educational applications. The next step would be to experiment with dynamic shading
and to investigate the implications of the length of shaded text within documents. It
would also be advantageous to apply a more detailed user model incorporating the
time variable and on-line tests.
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Abstract. In this paper we address the evaluation of adaptive applications and
services. We propose a layered evaluation approach, where the success of
adaptation � the major factor affecting the acceptability of adaptive
applications � is addressed at two separate layers: (i) interaction assessment and
(ii) adaptation decision making. We argue that the proposed framework
constitutes an effective means for the evaluation of adaptive applications and
services, providing useful information for their improvement, and facilitating
generalisation of evaluation results and re-use of successful design practices.

1 Introduction and Background
Evaluation is widely considered as an important and challenging research issue in the
area of adaptive applications and services. In fact, the lack of evaluation data, as well
as the difficulty in their generalisation, when available, and the resulting difficulty in
the re-use of successful design practices constitutes, among others, one of the main
barriers for adaptive applications and services to become mainstream technology [1].

The current practice in the evaluation of adaptive applications and services usually
adopts a �with or without adaptation� approach, where experiments are conducted
between two groups of users, one working with the adaptive application, the other
with its �non-adaptive version� � presuming, of course, that an adaptive application
can be easily decomposed into its �adaptive� and �non-adaptive� components [2]. In
this sense, adaptive applications and services are usually evaluated �as a whole�, i.e.
the evaluation process focuses on the overall user's performance, according to
selected quantitative and/or qualitative criteria, such as task completion time, number
of visited nodes, accuracy of tasks, user's satisfaction, etc [3], [4].

While this is reasonable, since the overall criterion for evaluating interactive
systems is � or should be � the user's satisfaction, or the user's performance based on
selected, measurable criteria, it can be argued that these approaches cannot provide
adequate information concerning the improvement of an adaptive system that is not
found to be satisfactory. This is mainly due to the fact that they do not reflect the fact
that the success of adaptation is affected by two distinct phases/processes: (i)
interaction assessment; and (ii) adaptation decision making [5]. In this context, when
adaptation is found to be successful, one can reasonably conclude that both phases
have been successful (except for the unlikely situation when adaptation is successful
and both assessment and decision making phases are not � the �minus times minus
equals positive� effect!). When adaptation is found to be unsuccessful, however, it is
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not evident whether one, or both of the above phases has been unsuccessful: it could be
the case that the adaptation decisions are reasonable, but they are based on incorrect
assessment results; or that the assessment results are correct, but the adaptation
decisions are not meaningful. In this sense, it can be argued that current approaches do
not provide adequate support concerning what, and how to modify adaptive systems in
order to improve them. Moreover, they do not support the generalisation of evaluation
results, and the re-use of successful design practices.

In this context, the paper presents a layered evaluation framework, where the
success of adaptation is decomposed into, and evaluated at, different layers, reflecting
the main processes/phases of adaptation. It is argued that the proposed framework
provides useful insight in the success of each of the phases of adaptation, thus
facilitating the improvement of adaptive applications and services, when required, as
well as the generalisation and re-use of the evaluation results across different
applications and services.

2 Layered Evaluation of the Success of Adaptation

2.1 Layer 1 � Interaction Assessment Evaluation

In this layer, only the assessment process is being evaluated. That is, the question here
can be stated as: �are the conclusions drawn by the system concerning the
characteristics of the user-computer interaction valid?�; or �are the user's
characteristics being successfully detected by the system and maintained in the user
model?�.
low-level monitoring
information, e.g.:
− keystrokes
− tasks initiated, completed,

or cancelled

− answers to quizzes

interaction
assessment

high-level assessment
conclusions, e.g.:
− user is disoriented
− user is unable to complete

task

− student has not understood
the concept

For instance, in the case of adaptive hypermedia systems, and following the
classification found in [6], this layer addresses the following issues: does the system
detect the real user goals, as they are continuously changing? is the user's actual
knowledge of the system being successfully detected? is the user's background
actually detected by the system? is the user's experience with respect to the
hyperspace structure successfully reflected in the user model? are the user's
preferences successfully represented in the user model?

This phase can be evaluated, for example, through user tests, where experts can
monitor users as they work with the system, comparing their expert opinion on the
user's characteristics versus the assessment conclusions that are maintained in the user
model. Additionally, the users can also themselves evaluate whether the conclusions
drawn by the system at any particular instance reflect their real needs: �the system
detected that my goal, at a particular instance, had been to know more about this
subject; was this really the case?�. Moreover, this evaluation layer does not require
that the adaptation decision making phase has been developed, i.e. the adaptive
system has been fully developed.
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Given that the assessment process has been evaluated separately and found
satisfactory, its results can be generalised. That is, we can argue that the conclusions
made by the assessment process (usually maintained in a user model) based on the
low-level monitoring information, can be re-used in similar contexts, even with
different adaptation decision making modules. This facilitates the re-use of successful
design practices, i.e. the logic underlying the interaction assessment process.

2.2 Layer 2 � Adaptation Decision Making Evaluation

In this case, only the adaptation decision making is being evaluated. That is, the
question here can be stated as: �are the adaptation decisions valid and meaningful,
for selected assessment results?�. Again, following the classification of [6], the above
can be exemplified as: is the selected adaptive presentation technique appropriate for
the given user goals? does the selected adaptive navigation technique improve
interaction, for specific user's interests, knowledge, etc?
high-level assessment
conclusions, e.g.:
− user is disoriented
− user is unable to complete

task

− student has not understood
the concept

adaptation
decision
making

selected adaptations, e.g.:
− display pop-up window
− re-structure hyperspace

− provide details on
educational concept

This phase can, again, be evaluated through user testing, based on specific scenarios,
where, for example, the user is given a particular goal, and it is evaluated whether the
specific adaptation chosen helps with this goal. Users and experts can evaluate
whether specific adaptations contribute to the quality of interaction; e.g. �does the
selected adaptation of the presentation of information improve the quality of the
system, when the user is disoriented?�. Moreover, as in the previous layer, this
evaluation layer does not require that the interaction assessment phase has been
developed, i.e. the adaptive system has been fully developed (i.e. it can be performed
using a �dummy� user modelling component).

Similarly, given that the decision making phase has been evaluated separately and
found successful, we can generalise its results. That is, we can argue that the design
practice adopted in the particular application, as this is reflected in the adaptation
logic � e.g. the adaptation rules � can be re-used across similar applications with
different assessment modules.

3 Discussion

The proposed evaluation framework is currently being employed for the evaluation of
adaptive learning environments in the context of the KOD project (see
acknowledgements). The framework does not intend to replace current evaluation
practices, since the separate evaluation layers can make use of existing evaluation
techniques, such as heuristic evaluation, user experiments, etc. The paper addresses the
success of adaptation, a term that is directly related to the underlying goals of
adaptation. In particular, in the context of this paper adaptation is considered to be
triggered to �invalidate� specific interaction situations that are �unsatisfactory�, when
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the latter are detected by the interaction assessment process. Since the assessment
process is running continuously, it can be tested whether the interaction situation that
has triggered a specific adaptation is no longer detected, that is, that the adaptation has
met its goal. In this case, adaptation is considered to be successful. If, on the other
hand, an interaction situation is still being detected after an adaptation (triggered by
this interaction situation) has been implemented, it can be considered that adaptation
has not met its goals [7].

On the other hand, it should be noted that the success of adaptation is only one of
the issues that may affect the overall acceptability of adaptive applications. It has
been argued that the acceptability (�overall success�) of adaptive applications and
services can be affected by a number of additional issues which relate, for example,
with the lack of consistency caused by adaptive behaviour, the difficulty of the user in
forming a consistent mental model of the application, the security and privacy of the
information maintained in the user model, etc [8], which are, however, outside the
scope of this paper.
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Abstract. In this paper, we propose a framework based on a sub-
symbolic approach for the support of exploratory activities in a hyper-
space. By using it, it is possible to express the semantic features of the
whole hyperspace and the states of exploratory activities in topological
order. This approach is applied to generate the navigation information for
the exploratory activity. The space explored is changed automatically by
using the semantic similarities of the nodes which constitute that space.
An extended self-organizing feature map is used as the semantic feature
map of the hyperspace. This map is applied to express the user model
and generate the navigation strategy for the user. The exploratory his-
tory of the user is mapped on it. Then, the semantic relations between
nodes are shown on the map. The result reflects the exploratory state of
the user, interpreted with the help of a user model.

1 Introduction

Hypermedia provides an effective activity environment, where users can acquire
knowledge by exploring the hyperspace in their own way. Still, users often tend
to “get lost” in the hyperspace [5]. To improve such undesirable effects on users,
many researchers have been working to construct hypermedia systems which can
identify the user’s interests, preferences and needs, and give some appropriate
advice to the students during the exploring activity process [1,2].

We have developed an adaptive navigation system for exploratory activity
by using a sub-symbolic approach [3]. This system generates an advice message
for a user who is in impasse, and also provides a list of recommended nodes
which the system proposes to the user to refer as the next step of exploratory
activity. The system shows advice to the user to give the student a chance to
escape from undesirable exploratory states. To increase support effect for the
learner, the system’s navigation function is being improved, to attach semantic
knowledge to whole elements in hyperspace. In this study, we use the relations
between the concepts, which each node in the hyperspace represents, as the
preliminary knowledge, for the process of navigation information generation. By
using this knowledge, the system develops a model of the user’s exploring activity
on a semantic feature map of the hyperspace. The system generates navigation
information which ensures that the exploring activity becomes reasonable and
continual.
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2 Research Goal

The purpose of this study is to propose a framework to support exploratory
learning, based on a-priori knowledge embedded in a semantic feature map of
the hyperspace and a user model of the learner’s exploratory activity. To sup-
port the exploratory learning, our navigation system realizes the following three
exploratory learnng sub-goals: to escape from stagnation and deadlock, to clarify
the learner’s purpose and to guarantee the validity of the result.

3 Semantic Feature Map of the Hyperspace: Hy-SOM

Two extensions of the original SOM [4] (self-organizing feature map) are pro-
posed. Firstly, for improving the accuracy of the ability to classify, a new learn-
ing function is proposed. With this extension, the features of the input pattern
reflect the structure of the output layer more exactly. Concretely, improvements
based on the theory of probability are made on the composition of the input
pattern and the initial phase of the learning (training) process. Categories for
distinguishing each trained pattern (node) are created in the trained network.
The configuration of the nodes is based on their semantic topological similarity.
Secondly, for improving the robustness of the ability to classify, a method of
reconstructing all weights in the trained network is proposed. In this way, some
regions are defined on the map. Each region shows distinct topics (semantic
cluster). Concretely, in order to represent visually the appearance probability of
the value of each element in the input pattern (forming a vector), the trained
weights are reconstructed into binary values. The topic configuration, similar to
the node configuration, is based on semantic topological similarity. As a result of
this structure, semantic similarities between topics, of which the course design-
ers or instructors may not be aware, can appear clearly expressed on the map
automatically.

By using our approach, the space explored is reorganized automatically ac-
cording to the semantic similarities of the nodes which constitute that space.
The resulting shape is a kind of map. We call this map the semantic feature
map of the hyper-space, in short Hy-SOM. The Hy-SOM is applied to express
the user model and navigation strategy for user. The exploratory history of the
user is mapped on the Hy-SOM. Then, the semantic relations between nodes are
given on the map. The result shows the exploratory state of the user. This is
interpreted as a user model.

4 Hy-SOM Based Navigation for Exploratory Activities

The user model assembles information of two kinds. The first type of information
is extracted from the exploratory history of the Hy-SOM. The second type of
information is gathered from the interpretation of the exploratory history on the
semantic network built from the attributes of the nodes and links. From these
two types of information, our navigation system creates the user’s exploratory
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activity model. The user exploratory model has three states: reference state,
exploratory state and cognition state. The exploratory tendencies of the user
are inferred from the above user’s exploratory model. Based on the deduction
about the user’s exploratory tendencies and on the expert knowledge embedded
in the navigation system, navigation guidance trying to correct the undesirable
patterns is developed. The navigation strategy parameters are instantiated by
using the Hy-SOM, the hypermedia node hierarchy and the semantic attributes
of both nodes and links.

The result of the instantiation is an ordered list of nodes recommended by
the system for reference in the next step of the user’s exploration. The system
presents this ordered list to the user as navigation guidance information.
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Fig. 1. The architecture of the navigation system.

5 System Architecture and the Interfaces

The entire process, starting from the logging of the exploratory search history,
till the navigation guidance information generation, is based on the collaborative
problem solving model. This model contains a collaborative memory based on a
hierarchic structure, and implements the collaborative-problem-solving’s result
sharing mechanism.

In Figure 1, the architecture of our navigation system is shown. This system
consists of two sub-systems. One is the Hy-SOM computing system. The user
of this system is the designers of the educational hypermedia. They have to em-
bed the semantic attributes of whole nodes and links in the hypermedia. Our
system also offers an attributes editor. The other sub-system is the navigation
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Fig. 2. The interface of the navigation system.

information generation system. The interfaces of this system are shown in Fig-
ure 2. Three types of navigation guidance information (recommendation of the
appropriate nodes to explore in the next step, the whole map of the educational
hypermedia and the learner’s exploratory history) are given.

6 Conclusion

In this paper, we have presented an overview of our semantic feature map-based
system for exploratory activity support. We have focused especially on the two
extensions we proposed for our Hy-SOM, for improving both classification ac-
curacy and robustness. Moreover, we have shown the information types that we
use for our user model. Finally, the system architecture was described.
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Abstract. A learning environment based on adaptive hypermedia sup-
ports learners with deficits in self-instructability to navigate through
a learning material. The schema used in the learning environment al-
lows extending intelligent tutoring to the area of open learning where
the learner – together with the learning environment and its designer –
shares the responsibility of the learning process and actively sets its goals.

1 Introduction

Students with learning difficulties have proven to be a challenge when educa-
tional software designers want to use constructivistic learning environments for
the benefit of this large and heterogenous group. It is not clear that an unlim-
ited hyperspace with free paths in any direction is the ideal environment for
a learner who gets lost even in simple assignments. However, to prevent these
people from remaining outside the rest of modern society, where navigation as
continuous decisions and choices is needed in everyday life, computer-supported
environments are efficient alternatives to reach flexible and useful learning goals.

Not seldom, intelligent tutoring systems are accused of making the student
learn by achieving a given learning objective, thus being somewhat closed sys-
tems when compared to constructivist learning environments which allow the
student to proceed the way he or she likes. In the adaptive hypermedia-based
learning environment Ahmed, we try to combine these two complementary ap-
proaches. Ahmed behaves locally like a traditional intelligent tutoring system
but does not guide the learner towards a given target but rather allows the
learner to construct a personally suitable learning path, depending on his or her
abilities.

Our primary target group are learners with deficiencies in mental program-
ming. According to Korkman [2], mental programming means planning an action,
choosing a method of action, the ability to maintain and change the method,
searching, fluidity and controlling impulses. A more formal definition is given by
Vilkki [5], who states mental programming to be “the subjective optimization
of subgoals for the achievement of the overall goal with available skills”.

The deficits in mental programming often occur with developmental disabil-
ities. Therefore, children with mental programming deficits often have motorical
impairments as well. This also places demands on the learning environment.
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2 Adaptive Learning with Ahmed

Ahmed employs two properties of benefit: adaptation to an individual learn-
ing process and domain-independence. Adaptation is based on the action a
learner makes during a learning session in the learning environment. Domain-
independence is assured by separating the adaptation mechanism completely
from the domain knowledge, and allowing the learning material creation by a
generic structured documentation language described with XML.

The key issue in our learning environment is to lead the learner through the
hypermedia learning material (which we call a learning space) so that the most
suitable learning material is exposed to the learner. To activate the learner, the
material typically consists of various tasks, not just information items.

The learning space in our framework has a certain similarity with an n-
dimensional hypermedia structure: the learning space has nodes (which we call
learning seeds) but not necessarily the links between the nodes. The seeds have
their position in the learning space, defined by a numerical parameter for ev-
ery dimension. The seeds can include hypermedia elements, i.e. textual, visual,
auditory or interactive elements with temporal aspects, as well as links to URLs.

The learner is represented by a point in the learning space at a given time.
Every choice a learner can make in a seed has an effect for the learner’s position in
the learning space. The effect can pertain to 0 to n dimensions, and the strength
of the effect can be arbitrary. It should be noted that the choice in a seed can be
some other than answering a multiple choice question, such as selecting a subset
from the given choices, even specifying their order.

The choice a learner makes in a seed moves the learner to the seed that
matches the learner’s previous point in the space added with the effect from the
last action. The learning material in Ahmed, and thus the adaptation mecha-
nism, are completely domain-independent, since the adaptation parameters (di-
mensions used for each seed, choices in the seeds and the effects of every choice)
are freely selectable and described with every seed. As an example, a seed’s
location is defined as ¡skill, knowledge¿=¡1, 1¿, and the choice a learner has
made in that particular seed has an effect ¡skill, knowledge¿=¡+1,+1¿ for the
learner’s position in the learning space, so that the next location for the learner
is ¡skill, knowledge¿=¡2, 2¿. It is possible to define the choices to pertain only
to some of the dimensions (e.g. ¡skill¿=¡+1¿).

During a learning session, the series of learner’s choices is recorded. This
recorded profile of a learner forms the individual learning path through the
learning space. The profile also serves as a learner model in this environment.

However, the seeds are not necessarily “floating” in the n-dimensional learn-
ing space. The seeds can be defined to form a collection of seeds by linking them
with directed absolute links. In such a case, the collection floating in the learning
space contains a regular hypermedia structure within itself, i.e., each seed in the
collection of seeds has directed links to every other seed in it. To ensure the
functionality of the system, a collection of seeds has to be formally equivalent
to one seed: the learner cannot be taken to anything but the starting seed in a
collection of seeds.
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The material itself is static, that is, the parameterization of the seeds is
conducted beforehand by the person creating the material. This is also the case
with the parameterization of the choices in the seeds; the effect on the learner’s
position is conducted by the learning material author.

To sum up, the expressive power of Ahmed’s seeds is similar to traditional
hypermedia environments. When compared to adaptive educational hypermedia,
the learner modelling differs radically from the standard overlay (see e.g. [6])
and stereotype (see e.g. [1]) modelling approaches. The adaptation system in
Ahmed is computationally trivial, but the learner model can be inaccurate if
the dimensions and the effects in choices are chosen improperly. However, the
method employed in Ahmed for learner modelling is more expressive, since the
modelling does not have to be based on the knowledge level of the learner, as
is the case with traditional methods. Ahmed suits domain-independent and ill-
structured learning materials conveniently [3].

Because of the motorical impairments of the learners, standard intelligent
tutoring systems cannot be exploited. Therefore, Ahmed employs single-switch
input from start to finish. Since every action a learner can make is a form of
multiple-choice, a learner can be preferenced to use automatic scanning of choices
so that every choice is selectable with one-switch input. The use of one switch
extends to every function in Ahmed, including login with password as well as
choosing and correcting an ordered and unordered subset from given choices.

Supporting mental programming by partitioning the tasks. The learning seeds
containing a task that supports mental programming should be such that every
task can be partitioned into simpler subtasks. The point of this subtasking is to
find such a set of subtasks that an individual learner can do the task bottom-
up from the subtasks. Because of the structure of Ahmed, the partition must
be made beforehand by the person creating the content. While authoring the
material seems laborious, it is the only way to guarantee that the tasks remain
pedagogically sound and meaningful.

The partitioning should be made hierarchical, so that the subtasks can be
further partitioned to finer subtasks, if needed. The simplest tasks should be
such that every learner has enough operational resources to complete them.

To illustrate the concept of subtasking, we use a simple example domain,
namely elementary arithmetics. If the learner has to evaluate a sum expression
3 + 2 + 1 + 0, the first step of subtasking may be 3 + 2. If the learner is able to
accomplish that subtask, the next step in subtasking may be 5+ 1 and the next
after that 6 + 0 (in Fig. 1, the solid-line arrows).

However, subtasking can be done by another procedure. The example above
goes immediately to the finest partitioning, in other words, to the bottom of the
partitioning tree. Another method might partition the expression 3 + 2 + 1 + 0
first to 3+ 2+1, and after that (if the learner does not answer correctly) to the
simplest possible partitioning. (in Fig. 1, the dashed-line arrows).

In some cases, it may be beneficial if the learner is allowed to try a “more
difficult” level of partitioning after the initial wrong answer. Also, the learner
can be raised to the previous level of partitioning after visiting the final level (in
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3+2+1

6+05+13+2

5+1+0

3+2+1+0

Fig. 1. Three different partitionings of the same exercise.

Fig. 1, the dotted-line arrows). For example, an upper-level partitioning can be
presented to the learner after every attempt on the final-level partitioning.

Naturally, the author of the learning material should only choose tasks which
can be partitioned. This is automatically true in many domains. The partition-
ings of a task can be different with the same learning seeds, since the seed
contents can be the same, and only the linking is different, as in Fig. 1. This
helps the preparation of various partitionings.

3 Conclusions

According to the current trends in education, a learner must have an open and
flexible learning environment. Ahmed fits into this only partially, but the user
group to which we aim our system cannot enjoy such a freedom in learning as
learners in a regular education classroom. The freedom we can offer is, in fact,
the same but much more limited in terms of time: the learner can have a freedom
of choice, but not at once.

In addition to the material directly supporting mental programming,Ahmed
can be used in delivering other types of learning material, such as traditional
educational hypermedia, adventure games and simulators [4].
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Abstract. We describe the mechanism used in the CAMELEON system to pro-
duce contents adapted to the user. The mechanism is based on matrix products
using representations of users and contents by means of boolean vectors.

1 Introduction

One of the goal of the CAMELEON system design was to build a simple but effective
way to adapt structured contents to users. After a brief introduction of the system we
describe the adaptation mechanism illustrated by an example.

CAMELEON [2] is the English acronym of Computer Adaptive Medium for
LEarning On Networks, It�s a system running across the Internet / Intranet, helping
learners studying the course (presentation of the course material, assessments, etc.) via
an adaptive interface. We discuss in this paper the tutoring part and more precisely
how the system models student and document and how it uses this data to generate the
adaptive presentation on the fly. Adaptive hypermedia is usually related to
user/student model and so we generally display pages depending on this user model.
In our system we take into account two attributes: level of knowledge and the learning
style preferred by this student based on the FELDER learning style model[1]. Via
CAMELEON, teachers will be able to split their course material in fragments which
can be either composite or elementary (image, video sequence, text, etc.). They can
also tag each fragment with values concerning the category of students (visual/verbal,
active/reflective, sensitive/intuitive, sequential/global) and knowledge level required
for the fragment. These values are attached as a signature to the concepts. All those
fragments are stored as objects in an OODBMS. The page generator will then deliver
the suitable course to the student.[3].

While CAMELEON has several interesting aspects , like the use of an interlearner
distance or exploiting the user feedback in order to assess ill-designed hypergraph
fragments, this paper focuses mainly on the adaptation mechanism.

The approach described here is general, anyway, and works in the framework of
content dynamically adapted to users. Different attributes also can be added depending
on the task, like the level of detail or the browsing style, etc. The hypergraph is repre-
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sented in an abstract way requiring a page generator module in order to obtain HTML
pages to be shown to the user.

The nodes in the hypergraph can be of four types:
• Concept (classes of objects, kind or documents or tools, categories of events)
• Procedure (classes of operations actions, kinds of tasks, activities, instructions,

algorithms, film or stages of the scenario)
• Principle (forced integrity, conditions, rules of actions, heuristic)
• Fact (Example: concrete object representing a concept, Traces: concrete object

representing a procedure, Statement: specific declaration of principle)
The arcs in the hypergraph could be of four types:
• Link of instantiation: connects an abstract knowledge to a fact, can be trans-

lated by the relation is derived from.
• Link of composition: connects a knowledge unit to one of its components or of

its constituent parts.
• Link of specialization: connects two abstract knowledge units in the same way

of the �sort_of� abstraction.
• Link of precedence: connects two procedures or principles, the first must be

finished or evaluated before the second could begin.

2 System Matrices

The architecture of an adaptive hypermedia system is mainly based on four compo-
nents: the domain model, the student model, the knowledge database and the page
generator.

We represent the knowledge in a domain model with a hypergraph made of nconcepts
nodes and nlinks arcs. This knowledge is described by a domain model build on a list of
attributes, each with several (finite) possible values. We call nAttribute Values the sum of
the number of possible values for each attribute. In CAMELEON two attributes are
used: (i) a level of knowledge associated to the concept (with three possible values:
expert, intermediate, beginner), (ii) a learning strategy associated to the concept (with
four possible values: visual/verbal, active/reflective, sensitive/intuitive, sequen-
tial/global).
In the following we use the notation: Matrix(rows×columns )=[[row1]..[rown]].

We define the following boolean matrices:
• MCA(nconcepts × nAttribute Values)  (Matrix Concepts-Attributes)
• MLA(nlinks × nAttribute Values) (Matrix Links Attributes)
• UM(nAttribute Values ×1) a vector that express whether one of the attribute values

fits the current User Model.
The hypergraph adapted to the user is obtained from the two matrices, one for the
concepts and the other from the links between them:

MCA× UM , MLA× UM .
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Here and in the following example we used two different matrices (MCA and MLA)
just to illustrates in a clearer way the mechanism; one matrix including the previous
two will produce the same result.

For example, a concept having learning strategies of visual and sequential type
only, with an associated  knowledge level of the topic intermediate, in the
CAMELEON system is tagged with the array:

visual
/verbal

induct./
deduct.

sequent.
/global

sens./
intuitive

learning
level

1 0 1 0 0 0 0 0 1 0

For a matter of clarity, in the following example we use a simplified version (only
one attribute) of this tagging scheme.

3 An Example

The aim of this paper is to illustrate the approach chosen rather then explain carefully
the details of our system, so the example has been simplified and somehow general-
ized from the real system. We have the simple hypergraph shown in Fig.1. We have
three concepts (C0 and CF describe only dummy initial and final concepts) with one
attribute only, for instance the reader�s level of knowledge.

C1

C2

C3

C0

CF

e0 e1

e3

e4

e2

Fig. 1. The complete hypergraph before the adaptation to the user.

We decide also to map this attribute on two values, good and poor knowledge.

Table 1. Hypergraph tagging

Concept tagging Link tagging
Reader�s knowledge Reader�s knowledge
Good Poor Good Poor

C0 1 1 e0 1 1
C1 1 1 e1 0 1
C2 0 1 e2 0 1
C3 1 1 e3 1 0
CF 1 1 e4 1 1
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We tag each element with the values shown in table 1. The matrices MCA(5×2) and
MLA(5×2) have the same values as those in the tables. So MCA =
[[11][11][01][11][11]] and MLA = [[11][01][01][10][11]].Given the only two values
for the only one attribute in this example, supposing we have an expert user, her user
model is UM(2×1)=[[0] [1]].

MCA× UM gives the concepts to be shown to the user, and MLA× UM the relation-
ships that links them, obtaining the hypergraph shown in Fig.2. The hypergraphs
adapted to the users can vary greatly one from the other.

After the matrix product we obtain the hypergraph adapted to the given user, that is
fed into a representation module to obtain the final usual hypertext structure suitable
for browsing from the user.

C1 C3C0 CF
e0 e3 e4

Fig. 2.The resulting hypergraph adapted to the user.

4 Future Work and Conclusions

In this paper we have presented an adaptive hypermedia system presentation mecha-
nism based on matrix product. We use the matrix notion to model the domain model
and the user model. This approach has proven a simple, general purpose adaptive
mechanism for the CAMELEON system. While efficient at runtime (when the hyper-
graph is composed by thousands of nodes and arcs).is also cost-effective on the
authoring side. In the near future we plan to enhance several parts of the system and to
refine the simple matrix model used here. Also an extensive empirical study is sched-
uled.
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Abstract. If we consider most current applications we can notice a lack of
support able to adapt to the different information needs that different users may
have regarding a certain topic. In this paper, we present a solution that
integrates a virtual assistant, able to implement adaptive support, in an
adaptable application and discuss the logical dimensions of the information that
can be provided by the  virtual guide.

1. Introduction

Adaptive interfaces are flexible because can react in a wide set of modalities
depending on the user interactions. This gives adaptive interfaces the possibility of
supporting the needs of users in a more tailored way. However, there are two main
risks. Wrong deductions can be inferred so that the tailored reaction does not match
the user interest or the user does not understand the reasons of the change of
behaviour and has a sense of disorientation and frustration. Thus, when designing
adaptive support it is important to allow users to clearly understand: when the
adaptive support can be activated; how the adaptive support provides information;
which criteria determine the generation of information provided by the adaptive
support. An application area where adaptive techniques can be particularly suitable is
the museum field. A few research prototypes have been developed to use adaptive
support in museum applications. This is the application domain where we have
applied our approach.

We aim to design an environment where the adaptivity can be easily understood by
users and enrich and facilitate navigation through the available information. To this
end, users must have full control over when activating adaptive navigation. Then,
users should be supported, during their visit, by an agent using a number of
techniques. More precisely, we want the information delivered to be adaptive
according several logical dimensions [3]:

• Introduction information, whenever a new topic or aspect is accessed the agent
should provide introduction information on that topic;

• Summary information, the system should be able to provide some summary
information concerning the items that have been accessed in the current session;

• Comparison information, where the purpose is to compare the current information
with that previously accessed for some common aspect;
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• Difference information, in this case the purpose is to indicate an attribute that was
not present in the previous information;

• Curiosity information, indicating related information that can raise the interest of
the user.

Thus, we aim to obtain a wide set of logical dimensions to discuss and present
information taking into account also previous works such as that in [1] that focuses on
an articulated set of comparisons (illustrative, clarificatory and direct). We have used
this approach to design a Web application where there are two main components in
the user interface: one part is dedicated to provide the information on works of art in
an adaptable manner (the user selects at the beginning one user model and this
determines the type of information presented); in the other part, there is the adaptive
support that is provided through a virtual assistant that supplements the information
presented with additional information belonging to the categories previously
introduced. The adaptive support takes into account the current user model because
different types of users can be interested in different types of additional information
and different ways to group the information that is analysed.

2. The Application

The adaptive support has been designed for an application we developed beforehand,
an adaptable virtual museum [2] that was designed following a model-based
approach. The original application supported three user models (tourist, student,
expert). At the beginning of the session, the user has to select one of them. According
to the user model selected, the application provides different support mainly in three
aspects: access to the information available, presentation of the information selected,
modality of navigation.

To give full control to users on the adaptive support, when the initial choice of the
user model appears we have added the possibility of selecting how adaptive support
should be activated. Users can choose among three options: activation of the virtual
guide, keeping disabled the virtual guide, possibility of activating the virtual guide
during the navigation. If the last option is selected, when a work of art is presented
there is also an additional button that allows the user to activate the virtual guide at
any time.

When the agent is activated, beside the presentation of a work of art, there is a part
of the main window dedicated to the comments of the virtual guide. The additional
information provided through the virtual guide aims to make the users� visit more
interesting and pleasant. Another goal is to provide additional dynamic information
that help users link the standard information associated with each work of art, in a
manner similar to when a visitor is accompanied by a real museum guide. Thus, at
any time we have both standard information that is provided in any case associated
with the work of art selected, and the agent-based support that provides additional
information taking into account the user model and the interactions performed.
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3. The Logical Dimensions of the Information Provided

The virtual guide provides the types of information introduced before with a content
tailored for the application considered:

Introduction information. When the user accesses some new aspect (for example a
new artist or a new section) then the system provides information useful to introduce
it. For example, when the user accesses the work of a new artist, the system provides
some information on that artist taking into account the current user model and the
works previously accessed. In the case of the tourist user model, the introduction of a
new artist highlights how many works of that artist are contained in the museum and
where they are located, specifying whether in a single or multiple rooms and the name
of such rooms. When the student user model is active, the system generates
introductions mainly in terms of definitions, thus helping users to create the
association work-definition. Whenever a student accesses a new definition the system
provides general concepts, describing materials used to process that definition, the
artists that worked for that definition and the historical periods when it is possible to
find them. In the case of an expert user model the introduction of a new artist has to
take into account that the user is interested in a detailed search among the information
contained in the museum, so it is preferable giving additional information concerning
chronological motivations, observations, critiques, and historical notions.

Summary information. After having displayed a number of works of art, it can be
useful to provide the user with a summary of the most important aspects that have
been considered, supplemented by some related information. For example, if the user
visits several works from the same historical period this can be interpreted as a strong
interest in works belonging to that period. Then, a summary of the most important
aspects of that historical period can be provided. The purpose of this information is to
highlight the most important aspects common to the works of arts visited. The
summary should help a further assimilation of notions already exposed to the user.
Summary information is available after a certain number of accesses to the system
and it depends on the current user model. Thus, for the tourist the summary will be
related to the museum rooms visited whereas in the case of expert and student users
will be related to the historic period considered. Additional links to the list of works
visited can accompany the summary.

Comparison Information. Comparison is a good tool for supporting learning and can
be easily memorised by the user. It allows users to relate works of art or compare
them, for example comparing dimensions, chronology. There are different ways to
connect a work to those previously seen. More specifically, for every current user
model we want to consider aspects concerning artist, historical period, and material
used. When there is a change of artist, before comparing two artists, the system
controls what are the topics that the user is familiar with considering the works
previously accessed and the current user model. Based on this analysis, the system
decides whether to apply the comparison, if there are aspects to consider in comparing
the two artists, which parameters to use for the comparison. If the comparison
between the two artists has already occurred in the session then it is not repeated.
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Regarding the aspects to consider in the comparison, the system has to identify the
main features of the artist (techniques used, preferred material, �) by analysing the
information contained in the application. The access to a new artist can occur along
with the access to a new material, historical period, or definition. Thus, the additional
comments have to consider all the changes occurred. If the user goes often back to
works previously visited, this is interpreted as a strong interest for comparison
information and thus this type of information is provided more frequently.

Difference information. In this case, the purpose is to highlight the difference between
a work and those previously accessed. This information is useful for the user to better
learn and remember the descriptions of the works of art. It can be triggered for two
types of reasons: after the user has accessed some works then, when there is a work of
art that completely differs for some aspect from all those previously visited, this is
reported by the virtual assistant. For example, when there is a work of art made with a
material that was not used for all the previously visited works. Otherwise, when there
are works of arts that differ for some aspects that some virtual visitors may not catch
then the difference is highlighted. For example, if after having accessed a high-relief
the user selects a bas-relief then the virtual guide indicates the difference between
these two techniques in order to avoid misunderstanding that can occur as they
produce results that are visually similar.

Additional curiosity information. They are additional peculiar information that can
increase the involvement of the visitor highlighting the features of the work that can
raise the user�s interest. This type of information is generated whenever a work that is
unique under some aspect is accessed. For example, if the current work of art was
made with a material that has not been used for any other work included in the
application then the system highlights this feature.

To conclude, we have introduced a solution supporting an integration of a virtual
assistant with adaptive behaviour in a previously adaptable application. The adaptive
support has been designed following a set of clearly understandable criteria and the
information provided makes the users� visits more pleasant, increases their
involvement, and better matches their interests.
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Abstract. Online recruitment services suffer from shortcomings due to
traditional search techniques. Most users fail to construct queries that provide
an adequate and accurate description of their (job) requirements, leading to
imprecise search results. We investigate one potential solution that combines
implicit profiling methods and automated collaborative filtering (ACF)
techniques to build personalised query-less job recommendations. Two ACF
strategies are implemented and evaluated in the JobFinder domain.

1 Introduction

Online recruitment services have emerged as one of the most successful and popular
information services on the Internet, providing job seekers with a comprehensive
database of jobs and a dedicated search engine. For example, the award-winning Irish
site, JobFinder (www.jobfinder.ie). However, like many similar Internet applications
JobFinder suffers from shortcomings, due to its reliance on traditional database
technology and the client-pull information access model, which places the burden of
representing job requirements (in the form of a query) on the user. Furthermore, most
users submit poorly constructed queries, resulting in unfocused search results.

To address these problems the CASPER project seeks to investigate the role of
Artificial Intelligence techniques in providing a more proactive, personalised and
intelligent model of information access. CASPER focuses on enhancing the existing
JobFinder system in two different ways: by improving the existing database search
facility using case-based reasoning (CBR) and fuzzy matching capabilities, and, using
personalised automated collaborative filtering (ACF) techniques to proactively
recommend new jobs to users. For an overview of CASPER as a whole see [5].

In this paper, we focus on the second of these enhancements. Specifically, we
investigate the role of ACF within CASPER as the core of its query-less
recommendation service. Briefly, ACF is a feature-free recommendation technique
that recommends information items to a given user based on what similar users have
previously liked (e.g. [2, 6, 7]). The success of ACF is critically dependant on the
availability of high-quality user profiles, which contain graded lists of information
items, and has been shown to work well when there is a high expected overlap
between related profiles. However, JobFinder�s dynamic database of jobs, each with a
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limited life span, means that the expected overlap between related users can be very
small (see also [1]). In this paper we will discuss how this is problematic for one
common form of ACF, and describe the solution investigated in CASPER.

2 User Profiling in CASPER

User profiles are the primary knowledge source in an ACF system. In CASPER, user
profiles are automatically and passively constructed by mining JobFinder�s server
logs. Therefore, profiles are built without interfering with the user�s interaction with
JobFinder, unlike related systems that require explicit feedback from users [6].

Fig. 1 shows part of a JobFinder server-log. Each line records a single job access
by a user and encodes details like the time and type of access, and the job and user
ids. The basic form of a profile is simply a list of jobs that the user has looked at over
time. In general though, a user is likely to have different levels of interest in different
jobs, and this implicit relevancy information should also be in the profile.

Fig. 1. A partial user profile showing basic and graded profiling information.

 CASPER collects three types of relevancy information:
Revisit Data: The amount of times that a user has accessed an information item

has been shown to indicate their interest in that item [3]. This information is collected
in CASPER and misleading data like "irritation clicks" (repeated clicks on a job
description while it is downloading), are removed e.g. job richjobs*869 in Fig. 1.

ReadTime Data: A more sensitive measure of relevancy gained from read-time
data, has also been reported to correlate well with a user�s interest [2, 3]. Hence,
CASPER also calculates read-time information by noting the time difference between
successive requests by the same user, (Fig. 1). Again, a suitable thresholding
technique is needed to eliminate spurious read-times, for example a user logging off.

896489123..........5..........csjobs 0...............rachael...........

896488650..........2..........csrjobs 340.....�...denver.............

896488726..........5..........icejobs 9...............mozart............
896488847..........5..........kmjjobs 60.....�....rachael............
896488886..........5..........icejobs 9...............johnw..............
896488905..........4..........icejobs 9..............scooby...........

896487959..........5..........icejobs 9...............rachael............
896487970..........0..........pajobs 54..............mozart.............
896487996..........5..........csjobs 7................gmurphy.........
896488193..........4..........psrjobs 21.............rachael...........
896488287..........5..........richjobs 869..........rachael............
896488288..........5..........richjobs 869..........rachael............
896488290..........4..........richjobs 869..........rachael............

896488911..........5..........mprjobs 44....�....rachael............
896489029..........0..........psrjobs 21...........rachael...........

896488711..........5..........csjobs 0................rachael...........

896498931..........4..........wpjobs 3..............rachael...........
896489123..........5..........csjobs 0...............rachael...........

896488650..........2..........csrjobs 340.....�...denver.............

896488726..........5..........icejobs 9...............mozart............
896488847..........5..........kmjjobs 60.....�....rachael............
896488886..........5..........icejobs 9...............johnw..............
896488905..........4..........icejobs 9..............scooby...........

896487959..........5..........icejobs 9...............rachael............
896487970..........0..........pajobs 54..............mozart.............
896487996..........5..........csjobs 7................gmurphy.........
896488193..........4..........psrjobs 21.............rachael...........
896488287..........5..........richjobs 869..........rachael............
896488288..........5..........richjobs 869..........rachael............
896488290..........4..........richjobs 869..........rachael............

896488911..........5..........mprjobs 44....�....rachael............
896489029..........0..........psrjobs 21...........rachael...........
896489123..........5..........csjobs 0...............rachael...........

896488650..........2..........csrjobs 340.....�...denver.............

896488726..........5..........icejobs 9...............mozart............
896488847..........5..........kmjjobs 60.....�....rachael............
896488886..........5..........icejobs 9...............johnw..............
896488905..........4..........icejobs 9..............scooby...........

896487959..........5..........icejobs 9...............rachael............
896487970..........0..........pajobs 54..............mozart.............
896487996..........5..........csjobs 7................gmurphy.........
896488193..........4..........psrjobs 21.............rachael...........
896488287..........5..........richjobs 869..........rachael............
896488288..........5..........richjobs 869..........rachael............
896488290..........4..........richjobs 869..........rachael............

896488911..........5..........mprjobs 44....�....rachael............
896489029..........0..........psrjobs 21...........rachael...........

896488711..........5..........csjobs 0................rachael...........

896498931..........4..........wpjobs 3..............rachael...........

Username: Rachael

icejobs*9           read          1         234
psrjobs*21        apply         2         188
richjobs*869      mail          1         421
csjobs*0            read          2         230
mprjobs*44       read          1         118

:                       :              :            :
:                       :              :            :
:                       :              :            :

Job           Action  Revisits  Readtime
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Activity Data: The final and most reliable way to judge user interest in a given job
is to avail of JobFinder�s online application or email facility. Briefly, a JobFinder user
can either email a job description to herself, or apply for the job directly. These
actions indicate a more serious interest in a job than a reading of the job description
and are recorded in CASPER For example, Fig. 1 shows the jobs that user "Rachael"
has read, emailed to herself, and applied for, (5, 4, and 0 respectively in log file).

In our research we have examined each of these factors as measures of relevancy.
Obviously, a job will be highly relevant to a user if she applies for it online. However,
users tend to do this infrequently, or not at all, resulting in insufficient data to base
relevancy predictions on exclusively. It is therefore necessary to consider these other
relevancy measures, (readtime, revisits) to supplement this data, and it is interesting
as these measures are common to other web-based information filtering domains too.

Although we have found that both revisit and readtime data correlate with the
activity data in profiles of users that applied for jobs, this has not resulted in any
significant improvements over the simple ungraded profile representation when
incorporated into a recommendation task 1. This was due to a number of reasons,
perhaps the most important of which is the nature of CASPER�s profile space where
the expected overlap (shared jobs) between profiles is very low. We will argue in the
next section that this presents a significant problem for one common ACF technique.

3 ACF and the Problem with Relationships

ACF is a recommendation strategy that draws its recommendations from the profiles
of similar users in two steps. A set of users related to the target user is identified, and
profile items from these users that are not in the target profile, are ranked for
recommendation to the target user. The success of ACF depends on recognising
quality recommendation partners that are genuinely related to a target user. In this
section we will introduce two different ACF algorithms (memory-based ACF and
cluster-based ACF) that rely on different methods for identifying relevant users. In
addition, we will argue that only one of these is likely to be useful in CASPER.

3.1 Memory-Based ACF and Direct Relationships

Memory-based ACF is probably the simplest form of the general ACF approach.
Users are related on the basis of a direct similarity between their profiles, for
example, by measuring the degree of overlap between their profile items, or by
measuring the correlation coefficient between their grading lists [1, 6]. This leads to a
lazy form of ACF whereby a k-nearest neighbour (K-NN) strategy is used. Currently
CASPER uses a simple overlap metric (1) to calculate similarity.

                                                          
1 Relevancy information was used with Pearson�s Correlation Coefficient [4, 6] and compared

as a similarity measure to a simple overlap metric (1) that had no relevancy information.
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Once the k-nearest users (base profiles) have been identified, the jobs not already
present in the target profile are ranked, favouring jobs that occur more frequently in
the base profiles, and jobs that occur in more similar profiles to the target profile.

Fig. 2 Direct vs. Indirect User Relationships.

The important thing to note about this form of ACF is its reliance on direct user
relationships, for example between A and B in Fig. 2(a), and its ignorance of potential
indirect relationships between users. In short, C may have the same job taste as A, but
as C has seen a different set of jobs, this will not be recognised in this form of ACF.

In many sparse-profile domains, such as CASPER�s, the expected overlap
(similarity) between two user profiles is likely to be very small, and the number of
other users with significant overlap with a given target user is also likely to be very
low [1, 4]. As a result, the target user�s recommendations may be based on a small
number of profiles with low degrees of similarity. This may compromise the quality
of the recommendations, or may even result in no recommendations at all for a user.

3.2 Cluster-Based ACF and Indirect Relationships

Fortunately there is an alternative ACF method that identifies both direct and indirect
user relationships. This method uses (eager) clustering techniques to group users prior
to recommendation � profiles are clustered into virtual communities such that all of
the users in a given community are related, (e.g., [2]).

Fig. 2(b) demonstrates a common scenario where user B is directly related to users
A and C. There is no direct relationship between A and C, however there may be an
indirect transitive relationship between them through B that should be identified too.
Therefore, users A, B, and C should belong to the same virtual community with all
other users that are directly or indirectly related to them. In order to specifically
exploit this form of indirect relationship the single-link clustering technique can be
used with a thresholded version of the similarity metric (1); essentially each
community is a maximal set of users such that every user has a similarity value
greater than the threshold with at least one other community member.

Once communities of related users are built the recommendation process proceeds
in an analogous way to the memory-based approach, except that instead of selecting k
neighbours, we select the members of the target profile�s community. The benefit
then, is the possibility of identifying larger groups of users that are related to the
target user and thus provide a richer recommendation base. The disadvantage is that it

Target User
 Unrelated User

 Directly Related User

Indirectly Related User

  Direct Relationship

  Indirect Relationship

(a) (b)

A
B

C

A

C

B
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is no longer possible to judge direct similarities between all pairs of profiles in a
community, as there may be no direct relationship between them, and recommendable
items are ranked based only on their frequency in the community.

4 Experimental Analysis

In this section, we describe a preliminary evaluation to test the quality of job
recommendation produced by each method of ACF described above.

The experimental study is based on the user profiles generated from server logs
between 2/6/98 and 22/9/98, which contained 233,011 job accesses by 5132 different
users. These profiles spanned 8248 unique jobs with an average profile size of 14.6
jobs, and only 2195 profiles contained 10 or more jobs.

As we had no way of automatically evaluating the recommendations produced by
the two ACF versions, the evaluation had to be carried out by hand and was thus
restricted to a small set of users. Ten target users were randomly selected, each from a
different virtual community. Furthermore, the communities to which these target
users belonged covered a range of sizes. Each target user, received two
recommendation lists of ten jobs:
• Memory-Based ACF (K-NN): Each target user is associated with its k nearest

users (k=10 in this experiment) and a ranked recommendation list is produced.
• Cluster-Based ACF (Clustering): Each target user is recommended the most

frequently occurring jobs in its virtual community.
Both sets of results for each target user were then manually graded (by the

researchers involved in the project) as good, satisfactory, or poor (mapped on to a
numeric value of 3,2, or 1 respectively), based on the similarity between the
recommended jobs and the existing jobs in the target profile. Therefore, every target
user received a cumulative grading score across the 10 recommended jobs from each
ACF technique. Each score was normalised by dividing by the maximum cumulative
grade of 30 and presented in Fig. 3 for each target user. Fig. 3 also encodes a measure
of cluster size so that we can see how the recommendation quality behaves for
different cluster sizes using the cluster-based ACF method.

Fig. 3. Recommendation quality for memory-based ACF and cluster-based ACF.
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   The results clearly show that the cluster-based method outperforms the memory-
based version, (except for very small clusters). We believe that this is due to the
sparse profile space. As explained in Section 3.1, the expected overlap between users
is very small, and therefore many of the 10 nearest users to a target user, chosen by
ACF-NN may only overlap with the target profile by 2 or 3 jobs and may not
constitute reliable recommendation partners. Thus we can expect some of the
recommendations for the ACF-NN method to come from unreliable sources. In
contrast, the ACF-Cluster method is basing its recommendation on potentially more
reliable measures of indirect relationships between profiles. In this experiment the
similarity threshold of the virtual communities was 10, so implicit relationships were
based on a transitive overlap of 10 jobs between community members.

5 Discussion 

In this paper we have looked at enhancing the JobFinder system with an ACF
component. Specifically, we have described how implicit user profiles can be
automatically generated from JobFinder server logs to form personalised
recommendations using two different ACF approaches, a memory-based method and
a clustering-based method. We have argued that the sparseness of CASPER�s profile
space presents significant problems for the memory-based approach to ACF because
of the low expected overlap between profiles in CASPER. The cluster-based approach
is presented as a solution, as it can exploit transitive relationships between profiles
that otherwise do not overlap, and we argue that this property makes this technique
more appropriate in CASPER. This hypothesis is supported by preliminary
experimental results and we expect to add a more comprehensive evaluation in the
future.
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Abstract.  ConTexts is an implementation of and proposed design model for an
adaptable hypermedia system.  ConTexts provides an easy yet powerful way to
author the interactive, adaptable effects of adaptive hypermedia without Natural
Language Generation modeling.   We present  an overview of the architecture
and design methodology for ConTexts, its relationship to other technologies,
and future research directions for this adaptable hypermedia.

1   Introduction

Adaptive Hypermedia requires an explicit implementation of a user model in order to
render versions of a hypermedia document appropriate to the various profiles repre-
sented in the model [4]. The user model, while the most critical element of adaptive
hypermedia, may also be the most intrigued of the development process. The conse-
quence is that the benefits of adaptable hypermedia are largely out of reach for many
hypermedia projects.

In this paper we present an approach to adaptive hypermedia  that does not require
an explicit user model implementation, but which supports the other significant com-
ponents of adaptability identified by Brusilovsky [2] such as selective link hiding,
page component sorting, link annotation, and stretching and collapsing page compo-
nents. The result is an adaptable hypermedia approach called ConTexts. This ap-
proach  allows rapid deployment of sites/virtual documents which are either suffi-
ciently adaptive for the type of document they enhance not to warrant an explicit user
model implementation, or which can act in concert with user�model�based adaptive
hypermedia as the user model becomes available.

1.1   ConTexts� Context: Intensional HTML and IML

The ConTexts project began in the Intensional Programming community independent
of work in Adaptive Hypermedia. The points of confluence between these approaches,
however, suggest that the models complement each other. ConTexts began in 1997 as
part of a project called Intensional HTML [16], [12]. The term �Intensional� refers to
intensional semantics in Montague Logic which in part envisions a way to describe a
range of possible, multi-dimensional worlds in which certain laws hold true for certain
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instances of those worlds. An intension refers to the range of possible worlds whereas
an extension refers to an instance from that range. Our goal was to create versionable
web sites as intensions that could be rendered on demand by users as specific exten-
sions. Our solution was Intensional HTML (IHTML): a set of tags that extended
HTML to support multidimensional pages and an engine for processing those dimen-
sional definitions and rendering them as web pages. Within the evolution of IHTML, I
developed the ConTexts model as a �rhetoric� or design methodology for intensional
web sites, described in section 3, below. Over the past year, IHTML has been devel-
oped into a complete language, Intensional System Extensions, or ISE (pronounced
�izzy�) [14]. The result for intensional web page authorship has been Intensional
Markup Language (IML), an evolution in IHTML which makes these versionable web
pages more richly functional while improving ease of authorship.

1.2   Related Work

Besides delivering adaptable hypermedia functionality, ConTexts brings to the web
some of the not easily available (or authorable) functionality of early hypertext sys-
tems like Shneiderman�s Hyperties (in Gestures, described below) [10]; Xerox�s
Notecards [5] (in Tangents, below) and Nelson�s Strechtext (in Focus, below) [8].
IML encapsulates these effects in simple tags (see section 2). The simplicity of IML�s
tags for document rendering separates it from the interesting modeling for dynamic
content of the Virtual Document Interpreter [9]. Similarly, ConTexts and IML are
distinct from adaptive systems like PEBA-II [6] or ILEX [3] which also render on
dimensions like expertise (novice/expert) because IML is not a Natural Language
Generation, AI-based, system. Indeed, its non-NLG implementation separates Con-
Texts from most adaptive hypermedia implementations. Further, while ConTexts
tracks users� anonymous interactive renderings of the content throughout a session
with its Log Roll, it does not seek to use this information, as per Joanna Moore�s work
on Dialog History [7], to refine the current session interaction with the user. With a
ConText, the user, not the system, is always the agent of change. Hence ConTexts is a
dynamically adaptable, rather than adaptive system.

2   Architecture and Implementation

The ConText architecture is relatively simple: a source document and any documents
referenced by the source�s �include� tag are additionally marked up in HTML with
IML dot notation version tags. The source is preprocessed by the Intensional Markup
Language plug-in for the Apache Web Server. This process converts the version in-
formation in the source into standard HTML. This revised HTML source is then sent
to the web browser for display. The display page also includes the embedded links
which allow users to re-render another version of the page via any available dimen-
sion. As well, the version algebra [1], [15] in IML�s processor  returns at least a best
match for  a version request. For instance, in a version request where the degree of
detail is set to �high� IML will render all components matching �high.� If a �high�
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level component is not available for some part of the site requested, the best available
match for the request, �medium� for instance, will be returned. Instrumented with a
version request logger, the Log Roll, the log process tracks version requests to indi-
cate which requests have been met exactly and which have not. This allows systems
designers to focus on which parts of the site need better version support and which
receive fewer requests for particular versions. The log can also act as an aid in cases
where developers wish to supplement parts of the site with a user model�based adap-
tive system. The log makes apparent whether or not users are getting to components of
the site which are necessary for some specific task. This can guide designers in deter-
mining how to better hide or annotate links and paths in the user modeled components.
Users as well can render the log as a record of their session with the site.

2.1   Implementation

Much of the implementation detail for ConTexts has been covered elsewhere [13],
[15]. In the following sections, we present only the main aspects to facilitate our dis-
cussion of the ConTexts design methodology.

Version Tags. The key attribute of a ConTexts source page is the dimensional infor-
mation which is embedded in the HTML source with what is referred to as a �version
code�. For instance, if an author of page fred wishes to make a French component
available in that web page, the author wraps the French content of that page with
named dimension definition markers, such as: .bdef dimension_name: +
lang:French  French Content goes here .edef.  To make this version of the
content available to a user, a version link (intensional pointer) is written in the source
as .ipt dimension_name + lang:French “Select French version of compo-
nent”. This appears as a regular link in the rendered web page. If the user clicks �Se-
lect French version of component� from the resulting page, the current component will
be re-rendered in French. There are several advantages to this tag approach to version
management. The version information for the page is stored in the URL, eg
http://www/fred.ise<lang:French>. The version information, therefore, is neither
stored on the server nor stored as cookies on the client. Also, these dimensionally
encoded URLs can be bookmarked and shared with others, anonymously. Version
codes also easily maintain state from one page to the next.

Transversions. Dimensional information can be triggered globally or locally within a
site. For example, in a ConTexts prototype available online [13], we present a topic,
Sampling, as part of an electronic text on Digital Signal Processing (DSP). The pro-
totype includes the dimension expertise, which has two attributes:
plain_language and engineering. By  clicking a global expertise link, the user
can re-render the entire site as the engineering version. Similarly, the user may select a
local, component�level expertise link to re-render just that component in
plain_language. These version controls are referred to as transversional links. The
user�s selection of transversional links re-renders both the content and the navigational
links appropriate to that dimension, thus enabling adaptive effects like link annotation,
hiding, removing or disabling.
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3   ConTexts Rhetoric

Adaptable hypermedia like ConTexts creates specific needs to describe clearly the
function and consequence of link actions in order to reduce the noise of a link. To that
end, we postulate the following link lexicon of quiet link signifiers. For the most part,
we draw on link techniques that are in practice, but which so far have not been col-
lected to represent a link rhetoric: a consistent way of communicating link intent.

Focus. In ConTexts, focus is a compound (two part) link signifier that indicates the
site where information will be expanded into the current point. A bold faced term
followed by a �[+]� in a document indicates that in clicking the plus, the user will see
more information about the emphasized term at that location in the text. Once the text
is expanded, the �[+]� becomes a �[-]�. Clicking on the minus collapses the text at that
point. This effect is similar to Nelson�s Stretch Text. What we emphasize is the con-
sistent and unambiguous way to indicate what these �+/-� signifiers will actually ex-
pand or collapse in the document. Focus links can also be established at the top and
bottom of a page to indicate degree of detail can be expanded or collapsed globally
(page or site wide) rather than only locally (at that location in the text).

User Level. User level is a link signifier that indicates current user level selected.  In
the DSP example, there are two user levels: Engineering and Plain Language. A user
level link indicator, separate from the text, makes this option apparent and selectable
at the header of any component that can be displayed in this way:

 Plain Language                   Engineering

The taller block is the currently active dimension; the shorter block is the non-active
dimension. Clicking the non-active Plain Language block makes it active (tall and
light) and the Engineering block non-active (short and dimmed). This dimensional
shift can be rendered both globally (site wide) and locally (per component).

Gestures. A gesture is another compound signifier for activating a link. A capitalized,
colored term in the document indicates a gesture-enabled link. In the first part of the
gesture, the user �rolls over� (also known as �brushes�) a term, causing either a  defi-
nition of the term to appear or specific information about the target to appear. The
user may gain enough information from the rollover not to need to click on the term
for further information. The second part of the gesture, therefore, is a click to get to
the link target. The click on this link opens a new window ( a tangent window) on the
topic specified by the that term and and at the same user level as the originating click.
Tangents. A tangent window described above is a target indicated by the click-
through of a gesture link. The tangent window opens off side (at a tangent to) the
current window allowing the originating context to remain visible while the user fo-
cuses on the tangent. Window placement, in this case, helps demonstrate relations of
one point to another, and maintains the context of the given subject.
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Light, Medium, and Heavy Weight Clicks. The above link descriptions can also be
classified relative to the degree that they change the current document state when
activated. Focus and user level clicks are light since they indicate the link click only
increments the current state of the current page. The click that is the second part of a
gesture link is medium weight since the user knows from the rollover what kind  of
target will appear, and how it will appear, but the context does shift to a new, related
topic/window. ConTexts employ light and medium weight clicks. A heavy click refers
to a  link which does not provide clear information about the kind of target to be in-
voked. Heavy link signifiers also have a high risk of being noisy. For example, a
heavy click is implied by a list of links that give only chapter number information. The
user may guess that the link leads to the sixth chapter, but has to click to find out what
the chapter topic is. Heavy clicks violate the quiet signifier paradigm underlying the
ConText document model.

4 Future Work and Conclusions

Relationship to Other Technology. There are many possible ways to implement
adaptable/intensional hypermedia. XML may be one; HyperWave may be another.
The specific implementation has been incidental to the ConTexts model. IHTML/IML
is, however, a robust easy-to-author enabling technology that works well with Java,
Javascript and XML, without depending on those technologies or their browsers to
create intensional, adaptable hypermedia.

Future Research. Aggregation of ConTexts components is supported by IML but has
not been explored fully in terms of possibilities for sorting and presenting loosely
structured web components. We are currently investigating this. As well, ConTexts
versioning has mainly been applied to hypertext. We are also applying this user-
directed adaptable technique to multimedia for video-enabled, versioned, software
support.

Conclusions. This paper presents an overview of the architecture, implementation and
design of ConTexts, an intensionally modeled, adaptable web-based hypermedia.
ConTexts is a low cost system to implement, author and administer. It is a feasible
approach to bring adaptable hypermedia even to small scale sites. Its link rhetoric
assists communicating the effects of these state change requests.  While similar in
functionality to adaptive hypermedia systems, as well as to some pre-web hypertext
systems, the differences in this user-defined,  intensional, adaptable model may com-
plement and expand opportunities for adaptive hypermedia application and research.
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Abstract. In this paper we suggest the Multibook approach how the gap
between adaptivity and readability can be diminished. We show how a
knowledge base has to be described by metadata (LOM), rhetorical-didactic
relations and an underlying ontology to make it possible for the learners to build
coherence from the modularly composed document.

1  Introduction

The idea of life long learning makes adaptivity necessary. Adaptivity is best realized
using a modular knowledge base where resources can be individually selected
according to the special needs of the learner. A disadvantage of modularly composed
documents is the missing coherence. The description of the information modules as in
the Multibook system (section 2) can help the learner to establish coherence (sec-
tion 3).

2  Description of the Modules in the Knowledge Base

In order to automatically create dynamic learning documents, Multibook uses the
Learning Object Metadata (LOM) approach of the IEEE Working Group P1484.12
[8] as metadata scheme to describe the modules. One of the main prerequisites to
accomplish the automatic generation of lessons out of modules, is supporting
coherence between the modules. Learners usually tend to distrust working documents
which were generated adaptively by computer systems. This will get the worse, the
less coherence the system can provide between two subsequent modules in the
document.

2.1 Metadata Attributing Single Modules

LOM provides attributes divided in nine categories to describe a learning module.
These categories include attributes to represent properties like copyright or utilization
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aspects of the module and attributes which express the �pedagogical properties� of the
module. The problem with these properties is that different authors have different
conceptions about the values of these attributes, even if there is a fixed vocabulary for
the attribute value. Computer based agents however have to examine exactly these
fields if they want to make decisions about the selection of a module from a
pedagogical point of view. If the authors of the modules had different meanings about
the values for the same property, the generated document will neither be very useful
for a learner, nor be a coherent document. To decide whether or not a resource is
appropriate for a user in a current situation, more information about the context,
where the resource shall be used, is necessary. Furthermore the system needs more
information about the background of the learner and also the criteria of the metadata
author, who has tagged the resource. These restricts the effective use of algorithms to
calculate values like the level of difficulty of a document to closed systems.
Additionally more �pedagogical� metadata about a resource can be collected to
generate a coherent document. The main disadvantage of a closed system is obvious.
The system is not able to use resources generated and described outside of the system.
Furthermore not many authors of learning material are willing to provide enough
metadata, because describing a resource with metadata can be a time consuming ef-
fort. As soon as material, which was built and tagged outside the system, is
considered, the coherence of the generated document decreases. More metadata does
not necessarily guarantee a better quality of the generated documents. Even if the
document was generated of pedagogically fitting modules, the coherence inside the
document can still be low. In contrast to metadata schemes used in closed systems,
the big advantage of LOM is, that it is very easy to find and (re-)use modular
resources generated outside Multibook. As we want to show in chapter 3, we believe
that it is possible to select appropriate modules described with LOM and some
extensions we are using in Multibook, to generate a coherent document for an in-
dividual learner.

2.2 Relations between Modules

The second important aspect for generating coherent documents of modular resources
is the possibility to express explicit relationships between modules. The proposed
values are:
{isPartOf, HasPart, IsVersionOf,HasVersion, IsFormatOf,HasFormat, References IsReferencedBy,
IsBasedOn, IsBasisFor, Requires IsRequiredBy}
Unfortunately, the relations mix content-based and conceptual connections between
the modules. The fact that a module is referencing another one, is an indication that
the modules contain information about the same topic. It is not enough information to
decide, if these connected modules can be presented in a certain order. The relations
�isPartOf/hasPart� and �isVersionOf/hasVersion� can be useful for organizing
generated lessons. To generate the lesson itself they are not helpful. The relation
�Requires/isRequiredBy� is also inappropriate. If a module completely depends on
the existence and accessibility of another module, the approach of independent and
reusable learning modules gets completely lost. Modules connected with the relation
�isBasedOn/IsBasisFor� have the same problem. If this relation expresses a content
based connection between two modules, there is no difference between a �isBase-
dOn� relation and a �isRequired� one. If someone wants to express the fact that a
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module is dealing with a concept, which is explained in another module, he or she
shouldn�t express this fact with connecting two concrete modules or, in other words,
representations of the concepts. This kind of connection is independent of the actual
modules and should therefore be modeled separately. Multibook uses for this purpose
a terminological ontology, where the concepts of the knowledge domain are
represented and connected by semantic relations. The modules are connected to the
respective concept. Relations between single modules should be restricted to didactic
relations. These are for both a computer-based agent and a human learner useful to
gain additional, more profound or explaining material. A short characterization of
these rhetorical-didactic relations and how they are used to establish coherence is
given in the next chapter.

3  Coherence

A criterion of a text is coherence. As Kuhlen remarked in [2] there cannot be (and
from our point of view should not be) coherence in a hypertext system as such. It is
up to the users to create coherence for their individual path through the system. An
educational hypertext system should support the learners at this task.
In the following sections we show how this support can be added to learning systems
with a modular knowledge base.

3.1 Local Coherence

Traditionally, the authors assume the job of relating two subsequent sentences or
paragraphs. The basic tool is the order of the sections. Phrases like �It follows �� or
�Whereas, �� etc. state the kind of relation between the sections, the second
sentences or paragraph is a conclusion resp. a restriction of the first one. By using a
consistent vocabulary and a recognizable style, the authors can support the users at
following their train of thoughts and hence at building up coherence by themselves.
With a modular knowledge base � probably originated by several authors � none of
these instruments is available. In the following sections we show a possibility to add
coherence to such a knowledge base.

Guided Tour
To re-establish clues for coherence, some systems introduce guided tours, especially
for beginners. A guided tour is one linear path through the material. By following the
path, readers are discharged of the decision making whether two modules are
connected at all. They can assume that subsequent modules are related. But adaptivity
and guided tour is a contradiction in terms. The �one size fits all� approach does not
meet the requirements of life long learning with respect to individuality.
The solution we suggest in the project Multibook are individually generated guided
tours [6]. Here, no pre-fixed sections of modules are represented to the learners. The
lessons are dynamically composed according to the user profile. The information
gained from the user profile is matched to the formal description of the knowledge
base. For more details see [4]. The learners are able to visit the neighbor modules
which are not included in their guided tour. They can get a natural language list in a
natural language with the names of links outgoing from the current module. This way,
a deviation of length 1 from the selected path is possible.
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Exploiting the Relations
Any link between two modules represents a relation. Untyped links are not really
helpful to develop an understanding of the kind of relation. Typed links are fairly
widespread and various. Some systems exploit the traffic light metaphor (see for
example [1], [7]).
Based on the Rhetorical Structure Theory by Mann and Thompson [3] we have
developed a set of relations between modules. We call these relations rhetorical-
didactic, examples are �explains� or �deepens� (for a more detailed list see [5]). They
can be applied to give clues of coherence. The system adds in the presentation fixed
short sentences between two modules according to the relation connecting them. An
example of such a sentence is �The following will present deeper aspects.� This way,
we re-establish the textual clues for coherence. One rhetorical-didactic relation plays
an additional role. If a module can be considered as a continuation of another, they
can be connected by the relation �continues�. It is not necessary that the two modules
are deeply semantically related. They may be a continued example: a module being a
graphic of an apple might serve as an example for fruit, another module showing a
sliced apple might illustrate the structure of a stone fruit. By connecting these
modules, the system can � if appropriate � present both to the learner and constitute a
thread, else missed in this surrounding.

3.2 Global Coherence

Overview over the Domain
Clues for global coherence of a linear text can often be found in the way the text is
presented. Ideally, the users of an adaptive learning system should not be bothered by
classifying the context, since they can assume that the information offered to them is
adequate.
Normally, authors categorize their books by adding a blurb. Often here is stated the
position of this book with respect to the knowledge domain. Articles or conference
papers are specified with keywords.
In Multibook, the learners are supported to classify the module or set of modules to a
bigger context by showing them a simplified graphical presentation of the ontology
where the modules are connected to. Up to about 30 nodes which can be atomic or
subsumptions of several nodes are displayed to the learner. The relations between the
nodes are not well-defined semantic, but more associative ones. The user can explore
this representation by expanding the subsumed nodes. With this tool, the learners can
get an overview of the domain.

Table of Contents
The mightiest tool for document-immanent global coherence is a table of contents.
Tables of contents offer the readers an overview of the structure of the document.
Authors manifest the order and hierarchy, and this way give clues of the position of
the single parts in the document. Readers are always able to locate the present piece
of information in the context of the whole document.
In Multibook, the documents are composed dynamically from the modules. There is
no generally valid table of contents. Therefore, also the tables of content have to be
created on the fly. We utilize the underlain ontology; concepts of the ontology serve
as entries for the table of content. The selection, order and hierarchy is determined by
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rules according to the user profile [6]. Which parts the user has already seen and
where she or he is at the moment is indicated by colors. The dynamically generated
table of contents has the same functionality as in linear documents. Additionally, the
learners can navigate on it.
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Abstract: The Adaptive Courseware Environment (ACE) [1] is a WWW-based
tutoring framework which combines methods of knowledge representation,
instructional planning, and adaptive media generation to deliver individualized
courseware over the WWW. In this paper we like to introduce new cooperative
components integrated in the ACE framework that support cooperative
knowledge/data collection, expert finding and learner group organization. All
these new cooperative components are realized with modified components of the
BSCW environment [2]. A pedagogical agent in ACE is able to make
recommendations for switching between individual and cooperative learning
activities and find advanced or expert students in relation to one�s own profile.

1. Introduction

The ACE framework utilizes hypermedia technologies and AI methods to deliver
individualized hypermedia instruction. The basic ACE components like described in
[1] mostly support individualized and goal oriented learning. Therefore we extended
these with tools based on the BSCW [2] environment to support cooperative learning
in learner groups and collaborative knowledge/data collection. Furthermore awareness
information integrated into the ACE learner portal and course interface now support
synchronous and asynchronous learning in learner groups. Besides the adaptation of a
goal oriented instructional process the integration of cooperative learning components
in ACE enables the support of a wider range of learning activities and individual styles
of learning. Students can now learn in ACE by discussing with other students and by
following the individualized guidance of a pedagogical agent through all available
learning materials. The only criteria for a successful learning path are the knowledge
test results of a student at the end of a learning unit or even a curriculum.

2. Learning with ACE

When students log into ACE they get an individualized learner portal, where they can
book courses, contact courseware authors and other learners, maintain and update
their profile, and have a collection of resources linked to that page. Additionally
students get some awareness information about current online discussions, teacher�s
online lessons in their booked courses, and co-learners that are present on the ACE
server. From their personal ACE portal they start working on their booked courses.
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Based on the learner model, the domain model, and the pedagogical model the
presentation component of ACE selects appropriate learning units and generates
individual hypermedia documents. Throughout the whole course the learner�s
knowledge is tested so that the system can adapt to the dynamically changing
knowledge, interests, and preferences of the learner.

2.1 Adaptive Methods in ACE

In ACE several adaptable and adaptive methods have been implemented and
evaluated. The main groups of the implemented adaptive methods are in the field of
adaptive navigation support, adaptive sequencing, adaptive recommendation, and
pedagogical agent support.
Adaptive navigation support. ACE currently implements two methods of adaptive
navigation support: Adaptive annotation and incremental linking of hyperlinks.
Adaptive annotation of hyperlinks supplies the user with additional information about
the content behind a hyperlink. The annotation is adapted to the individual user by
taking the learner�s knowledge and relations of the units to be learned into account.
Implementations of adaptive annotation can be found in different variants in [5].
Furthermore also several experimental studies [4] have investigated on the effects of
these variations. Texts in ACE can contain keywords to related concepts that are not
learned by a student yet. If a text is presented to a student first, it will contain no
hyperlinks to the related but not yet learned concepts. After working with the system,
ACE will present all text keywords with hyperlinks to already mastered concepts and
ready-to-learn concepts. Building an individual index in the learner model allows the
system to present exactly these links in a text a learner is ready to visit and units that
are too complex are presented as plain text. Experimental studies within ACE showed
that the successful application of incremental linking is dependent on students�
learning style and their prior knowledge [3].
Adaptive sequencing. In ACE the sequence of learning steps is adapted on two main
levels, e.g., the system gives proposals for sequencing of whole learning units and the
system adapts the sequence of media available for a unit. In tendency the empirical
results confirm that the prior knowledge of learners has a strong impact on the
learning success with adaptive hypermedia [3]. Furthermore the effects of the explicit
warning and recommendation of prerequisite units were confounded by the adaptive
navigation support.
Recommendations of a pedagogical agent. In ACE a pedagogical agent was imple-
mented to give individualized recommendations to students dependent from their
knowledge, their interests and their media preferences [6]. Beside recommendations of
learning material to study the recommendations of the pedagogical agent where
extended to propose cooperative activities and contact to other students that are
willing to support others. Table 1 shows some type of recommendations given by the
agent:
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Table 1: Recommendations given by a pedagogical agent in ACE

Student request Agent�s selection and teaching strategy
Anything else? Find a learning material of the current unit, to complete

knowledge about this unit. This proposal draws the
student�s attention to a learning material of the current
unit that has not yet been seen.

Contact advanced student! Find a student that declared that he/she is willing to
support others and has excellent knowledge in the
current unit or lesson.

Discuss with other students! Find students that are willing to cooperate and those
have a similar knowledge of the current unit by
comparing the overlay model of the current lesson.

The overall results showed that students following the learning material
recommendations of the agent gained a better understanding, had more fun, and
worked more intense [7].

2.2 Cooperative Knowledge Collection and Co-learner  Finding

With the integration of student workspaces into the ACE framework new courses can
now consist of a given curriculum structure prepared by a teacher while the contents
and learning materials are completely collected by the students. This allows teachers
to implement basic courseware that is integrated with the growing knowledge of the
learner community and develops towards a living repository of knowledge which
includes frequently asked questions, best practice solutions, and open space
courseware. Like described in section 2.1 students can ask the assistant for online co-
learners and topic experts. Furthermore with every presentation of a learning unit the
currently available students that are willing to cooperate are shown to the student. The
selection of appropriate co-learners is based on a comparison of the student�s
knowledge model and the other students� knowledge model. Students that are willing
to cooperate with others can get a contact point to very similar students or to very
different students in sense of there curriculum expertise. This can lead to very
heterogeneous learner groups that consist of topic experts in selected areas or to very
homogenous learner groups that consist of experts on the same topic. The expertise of
a student on a certain topic is measured with four main criteria: The number of wrong
test answers when working on knowledge tests, the time to answer sufficiently enough
knowledge tests, the collection of additional learning material in student workspaces
that has high request rates by many other students, and the overall score in the
curriculum. The learner groups can work in discussion forums, synchronous
moderated chat sessions or communicate via integrated email.
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3. Perspective

The basic ACE framework like presented in [1] was extended with features for
cooperative learning materials and activities, expert finding, and integrated awareness
information. This enables the framework to support a wider range of teaching
strategies and domains. An ACE course now can range from a goal oriented
drill/practice course to a structured collection of arbitrary learning materials by
students. In the one case an author prepares a clearly defined curriculum with contents
and a highly restricted sequence of individual learning materials. In the other case the
author prepares a curriculum structure with an associated target competence definition
(knowledge tests) and the students need to build their own knowledge base and collect
course contents. The ACE framework will be used in two European projects1 where
the integration with different kinds of learning materials and cooperative software
components is planned.
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Abstract. Each term, university students consult the new calendar for
deciding which courses to take in order to advance their studies. At
present, university calendars are largely static documents that do not
make use of adaptive hypertext technology. We are currently developing
a prototypical system that offers course information tailored to the spe-
cific student, on the basis of a user profile and the navigation history of
the current system session. Documents are thus partly generated dynam-
ically, and hyperlinks into the document space created appropriately. We
describe the idea, the user scenario with its roles for adaptivity, and the
technical realization, which is currently under way.

1 The Idea: University Calendars and Study Plans

When browsing the web pages of universities, one soon notices that contemporary
document presentation technologies are applied only very modestly. Especially
the web versions of calendars are designed in very “traditional” ways, ranging
from entirely static, long lists of courses to simple search capabilities for key-
words in the course descriptions, etc. Yet, putting together the course program
for an upcoming term is a highly individual and non-trivial task for the student,
and support by appropriate presentation techniques can be of valuable assis-
tance. The extent to which such a personalized, adaptive presentation of course
information is useful depends in part on the degree of freedom that students
have in choosing their plan of study: When there is not much to choose, there is
not much to tailor or to advise, but when the student has a lot of options, the
situation changes. We are currently developing a prototype of a highly flexible
and adaptive calendar advisory system for the Computer Science Department
of Berlin’s Technical University. Here, students in the first two years follow a
largely prescribed sequence of courses. But for the subsequent three years, there
is both more freedom and more complicated regulations. In brief, students are
required to attend a minimum number of courses over (typically) three years;
they have to cover a range of topic areas; they have to choose one or two ‘focus
topic areas’ and attend classes accordingly; they have to cover a range of course
types (i.e., lecture, seminar, project); there are some constraints on the order
in which courses can be taken. Trivially, one cannot attend two classes with
identical time slots. At the beginning of each term, the student’s choices have
to respect all these constraints; at the same time, there are of course individual
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preferences for certain topics, certain lecturers, certain course types, or certain
time slots. Hence, there is much room for automatically tailoring the information
of the university calendar to the user’s needs.

2 User’s Perspective: Course Listings Tailored to
Students

The amount of information given to the user and the mode of presentation are
influenced by a user profile, which consists of two parts: The static part holds
the list of courses the student has already attended and passed, as well as her
preferred topics of interest (this list is updated each term). The dynamic part
records the navigation history of the current session with the system: Which
courses has the student already looked at, for which has she expressed a potential
interest to attend, which attributes of course descriptions is she interested in.

A general design strategy of ours is to make each system decision transparent
and retractable, based on the belief that students will not accept a system that
implicitly makes decisions for them without saying so (even if the decisions are
necessary and correct). For instance, if the system determines that some course
cannot be taken yet because of a missing prerequisite course, it does not follow
that the course becomes invisible to the user. Here, we follow Kobsa [4], who
emphasized the need of user control over the system’s modeling component. Our
system thus makes recommendations and sorts information into particular orders
of preference, but does not hide any information.

After the user has registered with the system, the entry page to the calendar
for the upcoming term consists of three frames: Views, Courses and Schedule (see
Figure 1, which shows an English version of a screendump from our prototype).
In the Views-frame, the user can select the general representation of the course
listing, mark the items on which she would like to receive system-generated hints,
and choose which courses are to be shown in the Courses-frame: all courses, those
already selected, or those already dismissed.

The Courses-frame shows the course listing itself, where the amount of in-
formation shown depends on the user’s settings. Below it there is a menu bar
allowing the user to select, preselect, or dismiss a course. Upon selecting or prese-
lecting a course, it appears in the Schedule-frame. Preselection means indicating
an initial interest and tentatively reserving the slot in the schedule.

Dynamically filling the schedule can be seen as a first step from an adapt-
able to an adaptive system [1]. A second step is taken by offering the user to
state individual preferences, which leads to filtering and sorting the information.
Specifically, it is possible to exclude from future listings those courses offered
by a particular lecturer, belonging to a field of study, or occupying a time slot
(which the student may have reserved for other activities). Besides such filtering,
course listings are sorted according to the user’s preferences for particular topics,
which are represented as keywords in the user profile.

The last part of the Courses-frame (cf. figure 1) is a section containing hints
generated by the system in response to the user’s navigational choices; this re-
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Fig. 1. Translated screenshot

sembles the approach taken in the ILEX [2] and PEBA [6] systems. There can
be some advisory information about this course, and a number of hyperlinks to
other courses. As for the advisory information, it alerts the user when

– the course has a time slot that is the same as that for a course the user has
already (pre-) selected,

– the course takes place in a room far away from an interesting course in a
neighbouring time slot,

– the type or topic area of the course is one that the student has already
completely covered with previously attended courses,

– the course has a prerequisite course that the student has not taken yet.

If applicable, a list of hyperlinks to other courses is generated for the user, who
can now follow one of these (related topic, same lecturer) or continue navigating
in other modes.
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3 Realization

To implement our prototype, we proceed as follows. The standard ASCII list of
courses offered in a term (as created by the department) is semi-automatically
converted to an XML document [7]. The different views of the course listing are
generated via XSL-T [8] with the Microsoft XML Parser MSXML2 [5], which
is integrated in Internet Explorer 5 (IE5). Given the current state of HTML
technology, the constraints imposed by the pre-standard XSL portions in IE5
need to be respected, and the target language is currently HTML. The controller
is based on Javascript. The dynamic (session-specific) user profile is stored as
cookies.

In addition to this approach, we are evaluating (as part of a student’s project)
various other alternatives, in system design as well as in possible underlying
architectures. The online-generated textual information (hints and warnings)
currently is produced with straightforward templates that are filled with the
appropriate data. For future work, we envisage the generation of text from more
abstract representations, and with parameterized communicative goals, similar
in spirit to the ADVISOR II system [3], which for instance tailors lexical choice
in order to recommend certain actions to the students when deciding on taking
courses.
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Abstract. SiteIF is a personal agent for a news web site that learns
user’s interests from the requested pages that are analyzed to generate
or to update a model of the user. Exploiting this model, the system an-
ticipates which documents in the web site could be interesting for the
user. Using MultiWordNet, a multilingual extension of WordNet, a
content-based user model is built as a semantic network whose nodes, in-
dependent from the language, represent the word sense frequency rather
then word frequency.

1 Introduction

The use of user models has been proposed in several tools in order to search and
retrieve relevant documents [6,1,7]. However, in these systems the representation
of user’s interest is built without considering word sense disambiguation, but
only taking into account morpho-syntactic properties, such as word frequency
and words co-occurrence. This yields a representation that is often not enough
accurate from a semantic point of view. The issue is even more important in
the Web world, where documents have to do with many different topics and the
chance to misinterpret word senses is a real problem.

SiteIF is a personal agent for a news web site that takes into account the
user’s browsing “watching over the user’s shoulder” (see [9] for details about
the whole system). It learns user’s interests from the requested pages that are
analyzed to generate or to update a model of the user. In this paper we present
some developments of SiteIF that take advantage of natural language processing
(NLP) techniques in building the user model. In particular we describe a module
that uses MultiWordNet [2] – an “extended” multilingual version, developed
at IRST, of the WordNet [3] lexical database – to make the model more mean-
ingful and accurate. In this perspective the user model is built as a semantic
network whose nodes represent not simply the word frequency but the word
sense in frequency. Furthermore, taking advantage of MultiWordNet, the re-
sulting user model is independent from the language of the documents browsed.
This is particular valuable with multilingual web sites, that are becoming very
common especially in news sites or in electronic commerce domains.

Finally, once the user model network is built, it is important to have a method
to estimate how much the user model talks “about the same things”. A cluster-
ization of the synset network is described with the purpose to dynamically infer
the interest areas of the resulting user model.
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2 MultiWordNet and Word Sense Disambiguation

MultiWordNet [2] is an Italian version of the English WordNet. It is based
on the assumption that a large part of the conceptual relations defined for the
English (about 72,000 is-a relations and 5,600 part-of relations) can be shared
with Italian. From an architectural point of view, MultiWordNet implements
an extension of the WordNet lexical matrix to a “multilingual lexical matrix”
through the addition of a third dimension relative to the language. The Italian
version of WordNet currently includes about 30,000 lemmas.

Taking advantage of MultiWordNet hierarchies, actually we use two tech-
niques to deal with word sense disambiguation.

Semantic Field Code Annotations. Besides extending WordNet with the
language dimension, MultiWordNet synsets are annotated with subject field
codes (SFCs) (e.g. Medicine, Architecture, Literature, etc. . . ) by a semi-
automatic procedure which exploits the WordNet structure. SFCs provide
cross-categorial information, which is almost completely absent in WordNet,
and can be considered basically language independent. MultiWordNet has
about 250 semantic field codes. Given a text (i.e. a news text), a classification
algorithm uses the SFC assignement to compute the probability that words in
the text belong to a certain subject code. Then, for each SFC an overall score
is computed taking into account the SFC hierarchy: at the end, the SFC with
highest score is selected as the best text classification.

Semantic Similarity. Following Resnik [8], MultiWordNet associates prob-
abilities with synsets using noun frequencies from large corpora. Each synset S
is augmented with a probability function Pr(S) that gives the probability of en-
countering an instance of concept S. The probability function has the following
property: if S1 is-a S2 then Pr(S1) ≤ Pr(S2). The probability of the root is 1.
Following the usual argumentation of information theory, the information con-
tent of a concept S can be represented as the negative logarithm of its probability
(i.e. – log Pr(S)). The more abstract is a concept, the lower is its information
content. The root of the hierarchy has information content 0. Given two poly-
semous words and the list of synsets which the words belong to, the algorithm
for their sense disambiguation is based on the fact that their most informative
subsumer provides information about which sense of each word is the relevant
one. This method can be generalized for a group of words, considering the words
pairwise. In MultiWordNet this approach has been recently extended taking
advantage from multilingual corpora and Meronymy/Holonymy relations.

3 Word Sense Based User Modelling

The current domain of SiteIF is news texts supplied by AdnKronos, an important
Italian news provider. The news are from different topics (e.g. politics, history,
economics, etc . . . ) and both the Italian and English versions are available.

We refer to the task of building an appropriate model of the user exploiting
documents in different languages as Cross-Language User Modeling (CLUM).
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This task shares some of the goals with Cross-Lingual Information Retrieval
(see for example [4] for a survey), but it is less complex in that it does not
require a query disambiguation process. In fact in CLUM the matching is be-
tween a fully disambiguated structure, i.e. the user model, and the document
content. We have approached this problem with the idea of indexing documents
by means of WordNet synsets. The advantages of synset indexing are that:
(i) each ambiguous term in the document is fully disambiguated, allowing its
correct interpretation and consequently a better precision in the user model con-
struction (e.g. if a user is interested in financial news a document containing the
word “bank” in the context of geography will not be relevant); (ii) synonym
words belonging to the same synset can contribute to the user model definition.
For example both “bank” and “bank building” will bring evidences for finan-
cial documents, improving the coverage of the indexing; (iii) finally, we use a
multilingual wordnet, synsets will match with synonyms in various languages,
allowing the user model to be defined on a multilingual base.

Document Representation. For every news text in the web site, a classification
algorithm uses the SFC assignement to compute the probability that words in
the text belong to a certain subject field code. The SFC with highest score
is selected as the best text classification. A module to detect proper nouns and
relative category is also used, for those proper nouns not included in WordNet.

A representation of a document takes into account: the semantic field with
highest score, an indication of the mean polisemy of the text, a list of proper
nouns, a list of synsets belonging to the winner semantic field, a list of non-
ambiguous synsets.

Modelling Phase. SiteIF considers the browsed documents during a naviga-
tion session. In the modelling phase, the system yields (i.e. builds or augments)
the user model as a semantic net whose nodes are synsets or proper nouns and
arcs between nodes are the co-occurrence relation of two concepts. Every node
and every arc has a weight derived from the frequencies of the synset in the
document. As far as the arcs are concerned, an indication of the semantic simil-
iarity between the synsets is also present (see sec. 2). The weights of the net are
periodically reconsidered and possibly lowered, depending on the time passed
from the last update. Also no longer useful nodes and arcs may be removed from
the net. So it is possible to consider changes of the user’s interests and to avoid
that uninteresting concepts remain in the user model.

Filtering Phase. During the filtering phase, the system compares any docu-
ment (i.e. any representation of the document in terms of synsets) in the site
with the user model. A matching module receives as input the internal repre-
sentation of a document and the current user model and it produces as output
a classification of the document (i.e. it is worth or not the user’s attention). The
relevance of any single document is estimated using the Semantic Network Value
Technique (see for details [9]). The idea behind the SiteIF algorithm consists of
checking, for every concept in the representation of the document, whether the
context in which it occurs has been already found in previously visited docu-
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ments (i.e. is already stored in the semantic net). This context is represented by a
co-occurrence relationship, i.e. by the couples of terms included in the document
which have already co-occurred before in other documents.

UM Clusterization and Interest Areas. Once the user model network is built,
it is necessary to have a method to estimate how much the user model talks
about the same things in order to dynamically infer the interest areas of the
resulting user model (for the moment, in SiteIF, there are a fixed number of
interest areas). The idea to introduce a notion of coherence looking for clusters
formed by cohesive synsets chains is common to many approaches (see for ex-
ample [5]). The user model clusterization process, to dynamically identify user’s
interest areas, includes the detection of particular aggregations of synsets that
display particular cohesion both from topological point of view (high connectiv-
ity in the network) and from relevance (weights of nodes and arcs). Peculiar UM
network configurations can influence the filtering process and in particular the
matching phase. For example, a user that shows many interests (i.e. clusters)
could enjoy suggestions for documents not strictly related to previous ones. In
this case the filtering process will perform a deeper WordNet hierarchy naviga-
tion (e.g. considering more semantic relations) in the computation of the relevant
documents.
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Abstract. This paper describes a system that delivers travel guides tailored to
individual needs. It does so by integrating a discourse planner with a system for
querying the web and generating synthesised web pages using document
prescriptions. We show by way of example how a user model can lead to a
personal travel guide, and show what this might look like in different media.
We briefly describe the investigations we are undertaking to determine the
utility of such approaches.

1. Tailored Travel Guides

There is an increasing emphasis on the delivery of information that is tailored to
individual needs. This paper describes an approach to delivery that assumes a user
profile, a discourse model, and a set of web data sources, and delivers information
from those sources in a coherent form to a variety of media including paper, Palm
Pilots, and the web. The approach requires developing a system that integrates a
discourse planner with a web query and document synthesis technology. Information
is acquired from a variety of heterogeneous information sources, including internal
databases and web sources. Both components need to be informed by the user model,
and a model of travel guides.

There are currently several commercial travel information web guides that
allow some degree of tailoring. These sites operate by having a user provide answers
to a set of questions, and the information is delivered by applying a filter to the
information resources held at the site, and then deliver a standard structured web page
or pages. The use of user models to adapt delivery of location dependent information
has been demonstrated in prototype by Specht et al.[5]

2. Discourse Planning and Document Synthesis

In producing a tailored document, information should be coherent and relevant to the
user.  To achieve this, the resulting document is planned automatically by resolving
goals representing mental states of the user, and coherence relations representing how
sections of text meaningfully relate to each other.  This planner, modelled on a one
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described by Moore and Paris [2], produces an intermediate tree structure called a
Discourse, which uses nodes and arcs to represent the content of the document and the
coherence relations between content parts, respectively. The particular theory of
discourse structure used to represent coherency is Rhetorical Structure Theory [1],
which lends itself easily to computational planning.  By using such a planner, only
relevant content is selected and assembled for the user.

Complementary to discourse planning is the problem of pulling out bits of
information from various sources and combining them to form a valid document.
Several models have been proposed to query data sources and transform them for
inclusion in a virtual document [4]. Not surprisingly, the Web community is very
active in this domain. The following are elements of a comprehensive solution: script
languages, document object models, style sheets and transformation languages, etc.

Perhaps the best examples of tailored document generation at the moment can
be seen on the Web. It has been argued that users already perform some level of
customisation merely by navigating a site [3]. Good Web sites are designed to
facilitate that navigation, and will do it better by taking into account the user
community they are designed for. For example, the difference between Internet and
Extranet sites is not only about restricting information, but also about providing
different information to different people (the public versus the staff). Likewise, most
Web portals are designed to suit a particular user community in a particular context.
More sophisticated sites try to dynamically adapt their content to the user. An
interactive dialogue is established; the system can learn about the user need by
presenting forms to be filled out or multiple choice of links, it can then present
information according to what it knows about the user (possibly taking into account
what it has "said" before), ask for more precision, etc. We claim that to support a
meaningful dialogue, a system must keep a current "view" or profile of the user, and
have an appropriate model of the discourse.

3. The Personal Travel Guide Approach

The personal travel guide system starts with two things, a user model appropriate to
travel, and a general discourse model appropriate to travel guides.   

Let us assume that Frank is visiting Melbourne in Australia, from the 15-17th

of October 2001. We will assume that Frank wishes to stay in hotels around the $100-
150 range, and that he enjoys opera and cycling, and has an interest in exploring an
important local historical figure, Major Mitchell. Frank needs information delivered
on the web, for initial exploration, and also in Palm Pilot form, which he will take
with him on his trip. Frank has no interest in a paper travel guide. This will be the
user profile.

Next we need to develop a discourse model. This is derived by an analysis of a
corpus of travel guides, including travel books, travel leaflets, and on-line guides.
This leads to a model where after a general introduction, there are generally,
depending again on the user model, needs to provide information about
accommodation, restaurants, and activities.

The discourse model is now used to develop a discourse. This is done in three
stages. First, the general discourse plan is created by evaluating various elements of
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the user model. The second stage creates the presentation by querying databases of
information held as web pages or structured databases. We then have the content of
the tailored guide. The third step is to generate a particular form of the content that is
dependent upon the medium of delivery. Thus a Palm Pilot presentation has lots of
navigation, with concise information on any particular page, whereas the Web form
will use less navigation, and more layout in generating an interesting set of Web
pages. In figure 1, we compare the top page of a Palm Pilot presentation with a web
page presentation.

The Tiddler System

The architecture of the tailored information delivery system is shown in Figure 2. The
core elements of the system are a discourse planner, a presentation planner, and a
surface generator. These correspond to the three stages of generation described above.
A user dialogue system is also needed to capture the user model and to deliver the
information. The discourse planner takes the user model and the prototypical
discourse for a travel guide to create a discourse plan, which uses a tree structure.
This tree structure is manipulated by a series of RST transformations. The
presentation planner then populates this structure with a series of queries against web
sources, which are either managed locally, and has a well understood structure, or as
general as a list of sources returned from a general web search engine. The Norfolk
system [4] is used to create a set of virtual web pages by evaluating document
prescriptions lying in the nodes of the tree structure. The answers to these queries are
synthesised into a set of HTML answer fragments. The surface generator then takes
these fragments and generates a hypertext that is appropriate to the desired medium
for delivery. The surface generator again uses RST transformations to take the tree of
document fragments and determine a final presentation form.

General    Hotels
To Do   Contacts

Facts at a glance
Pop: 3.3 million
Country: Australia
Time Zone: gmt+10
Events
Major Mitchell

Figure 1 � Delivery modes
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4. Remarks

We have described a system that delivers travel guides tailored to individual needs.
By basing this system around a series of transformations of a basic discourse plan,
quite different applications, quite different user models, and quite different delivery
platforms can be supported by just changing the data and the transforms. There is no
need to change the software. While engineering benefits accrue from this approach,
the key issue is the level of benefit of a discourse approach to tailored information
delivery. This issue is currently being investigated.
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Abstract. This paper describes the project of an Adaptive System for
Group navigation on the Web. The objective of the project is to provide
collaborative and adaptive navigation to users groups sharing a “com-
mon interest” on the Web. The goal of the collaborative navigation is to
promote the knowledge and information exchange among users having
common objectives.

1 Introduction

Internet can be considered the first real global hypermedia network. For the
user it is principally an information retrieval system that offers a simple user-
interface to retrieve information from everywhere. The Web counts millions of
users and for this reason it presents remarkable relevance at social level that
has induced a growth of the research activity centered on it. The research is
focused on improving Web’s performances and overcome the boundaries dictate
from its architecture by using new emergent technologies. This paper describes
the project of an Adaptive System for Group (GASs) navigation on the Web to
provide collaborative and adaptive navigation to users groups sharing a common
interest. The goal of the collaborative navigation is to promote the knowledge
and information exchange among users. For example, accessing the Web and
discovering new resources can be a useful group activity to share and to learn
from. Users can take advantage of the other members’ activities and save their
time to search relevant information on the Web.
The objective hence is to discover what requirements a model for group

personalization should have and how a Web-based GAS could implement such
model to provide adaptive navigation.
Adapting system’s behavior to groups is more complex than user modeling.

For example, adapting the system’s behavior to a single user has little impact
on users’ privacy: group adaptation requires to preserve part of the members’
behavior with respect to other users while sharing the useful part. Furthermore,
GASs require support by typical cooperative tools, e.g., the control of the com-
munication among users as well as the management of the group awareness.
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A challenging issue here is how to get group adaptivity (or even toward single
users) when the knowledge base is not fixed and is not under the control of the
adaptive system designer/manager.
About the implementation of GASs, it seems that the distributed architecture

is dictated by the system’s characteristics. In fact, group modeling cannot be
easily implemented on client-side, since, of course, it is difficult to catch data
from different clients. Moreover, our choice is not to implement GA mechanisms
on server-side since the goal is to provide group adaptation on the Web.
A natural solution is offered by proxy programming that could fulfill adap-

tive and cooperative requirements of GASs, by providing a common (and, in
part, transparent) access point to the members’ group. Proxy programming in-
frastructure is offered by a flexible and complete framework like Web Based
Intermediaries (WBI) developed by IBM Research Center in Almaden (Califor-
nia USA).
In section 2 we give an overview of the research framework. In section 3 we

outline the project directions and the application scenarios.

2 Research Framework

This section presents the related research areas whose experiences and tech-
niques will be useful in the project design. Briefly we introduce CSCW and
Adaptive discipline: their issues and basic requirements must be evaluate in or-
der to extrapolate strategies and techniques that can be fruitfully used in group
adaptivity.

2.1 Computer Supported Cooperative Work (CSCW)

One of the main emphases of the research in Distributed Systems area is on
CSCW discipline, it defines the requirements of a collaborative system. Key
issues [12] are group awareness, multi-user interfaces, concurrency control, com-
munication and coordination within the group as well as shared information
space and the support of a heterogeneous and open environment which inte-
grates existing single-user applications. A CSCW system offers collaborative
characteristics that are useful in several working environments one didactic [1],
of tutoring and help desk, commercial services and medical structures.
Groupware technology is used to enable users with different skills and job

competence to communicate, cooperate, coordinate and resolve problems.

2.2 Adaptive Systems

Adaptive systems tailor information to the user and may guide the user in the
information space. They try to guess the user’s needs taking in account a model
of the goals, interests and preferences of user. A user model provides a represen-
tation of the user’s state, it is computed on several aspects related to user (for
example, background knowledge, preferences, past interactions and skills).
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In News Duke[10] users have no a well-defined need: here a agent (Personal
News Agent) allows to respond to the user’s questions “What is new and what
I should know?”.
Generally, an adaptive system keeps a classification of the information do-

main and associates concepts specified by user model to the contents of the
domain. This classification allows to produce on-the-fly dynamic documents ac-
cording to user model changes.
Adaptive Hypermedia systems guide the user in the information space pre-

senting him/her only relevant material. Adaptive technologies [7] allow to adapt
page content and link presentation (link removal, link annotation, link disabling,
etc.) as well as to add new navigation paths in the documents proposed to its
users. Adaptive features are applied to improve the user’s navigation, to research
and collect information directly specified by user (or specified by his/her behav-
ior), to address the users’ lectures [9] and testing phases, to filter the information
avoiding cognitive overload.

3 Group Adaptive Systems

This section offers a more detailed view of the project. The objectives are twofold:
study effective and efficient models for modeling groups, as well as develop Group
Adaptive Systems for using, surfing and accessing the Web. Hence, we will try
to provide a validation to the model developed during the previous part.

3.1 The Overall Project

The overall synthesis of our work is the design and realization of an unobtrusive
Group Adaptive System for cooperative navigation of the Web. Often, different
users in the same environment share common objectives, common interests and
common experiences. An example is the usual teamwork in software develop-
ment centers: Web navigation is a useful experience to share with colleagues,
especially when it is necessary to get quick and prompt updates about software
technology. In this case, common adaptive techniques offer tools like for example
link annotation, to inform team members about the content and usefulness of a
navigation path.
Adaptation is often based on User Modeling technologies. We need a model to

represent group characteristics and their evolution in order to tailor Web content
presentation to group’s members. Of course, it looks like a challenging issue
to extend adaptation to a group: a single member has his/her own particular
characteristics that should also be recognized and accounted for by the GAS.
The right compromise between what a single member of the group likes as an
individual and what he/she likes as a group member is an interesting problem.
For example, a common view for all participants could appear redundant to users
that discovered them.
It looks clear, that the group model can not be the unique resource on which

base group adaptivity: a model that characterizes single users could be need to
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adapt system to different group’s member. For example, in [10] two different user
model (short-term and long-term model) are used to classify stories to present
to users: if the first model fails, the second is used to gain the system’s goal.
In this direction, single-user model could be useful both, to extrapolate com-

mon paths (a group model) and characterze members inside the group if it needs.
GAS system should be able to learn by the implicit and repeated navigation

of some sources. In such a way it is able to offer and suggest the paths and news
to each participant as fruitfully experience by others without interfering with the
normal navigation of each member. This could be used for example, to rearrange
the presentation of popular (among group members) Web sites so that they are
presented according to what are the navigation criteria and patterns followed
by the group that is, as the product of people’s activities in an information
space[11].
With Group adaptivity, problems arise also in preserving a part of the behav-

ior from the other users in the same group while, at the same time, the system
must be able to share the behavior that is useful for the group. Members should
be able to provide explicit indications to the GAS, if desired, but the goal is to
provide an implicit adaptation to group’s behavior.

3.2 Tools and Techniques

Adapting Web navigation to a group is, indeed, challenging because (1) the sys-
tem must take into account both group and user characteristics and (2) because
of the huge amount of information available on Web. User-adaptive characteris-
tics are usually obtained generating dynamic content, this is accomplished using
CGI-BIN (Common Gateway Interface) or other server-side scripts that ma-
nipulate contents according to a relationship between knowledge base and user
model. But, adaptive groups cannot be implemented on server side: we want
deal the information on the Web as the resource available to group, and it is not
realistic to implement adaptive group on any Web server on the net. Moreover
group’s privacy is one of basic requirements for such systems. Group privacy can
not be obtained easily if the group data are stored on the servers. Furthermore
it is possible that the sources are not interesting in knowing users needs.
Naturally, group modeling cannot be implemented on client-side, because it

is difficult to catch data from different clients. Furthermore each client should
sustain additional computation and communication load.
As a result, a group-model engine and the information management must

be programmed proxy-side. Proxy programming means to put and intermediary
program beetwen clients and servers. Proxy program knows the client/server
protocol and can manipulate the exchanged information during the transac-
tions. Proxy program is not constrained to run on a specified location, it can
be anywhere[4] along the information stream. It can resolves the users’ privacy
issues, related to information sources, in fact proxy can be located nearby the
clients and adaptive group can be obtained on it. Proxy programming also en-
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ables synchronous navigation on the Web: in fact, proxy could hold persistent1

communication among users, by traslating or interpreting new protocols, to en-
able users to communicate by synchronous systems.
GASs could be implemented using WBI [3] framework developed by IBM.

The IBM research team has proposed a new approach to programming Web
applications that augments Web’s computational power, its flexibility, and the
programmers productivity.
Intermediaries are new places for producing and manipulating Web’s data[3],

that lie along the path of a Web transaction. IBM team has implemented an
architecture for building intermediaries, enabling the construction of several ap-
plications, for example, personal histories, password management, image dis-
tillation, collaborative filtering and so on. It is hence reasonable to use this
philosophy to realize systems that offer group adaptive functionality. WBI is an
HTTP request processor that receives the users requests and produces or filters
the responses to these requests. How it produces these responses is completely
under the control of the programmer and system administrator.

3.3 Scenarios and Applications for Group Adaptive Systems

In this section we describe some application fields where the group adaptivity
can be applied successful. It is interesting to study how a GA system could be
applied in an educational context. We proposed a CSCW system [1] for distance
learning. It is a WWW-based multi-user environment that supports synchronous
communication among participants to a virtual classroom. Group modeling could
be added to this system. The group model could give a representation of the
collective knowledge that can be used by teacher to extrapolate evaluations on
knowledge level of a class. Furthermore collaborative navigation allows students
browsing the course material basing its presentation on the group’s knowledge
level.
Group adaptive navigation could be useful for research teams that need ex-

change data about information and news discovered on the net. Team members
could be made aware of the browsing activities of group automatically when they
navigate sources which group is interested. The annotation of contents anyone
discover can provide awareness about their activities and avoid members’ team
to communicate explicitly where a document can be found or which news are
important for each other. Collective navigation can provide a common view of
the team environment, save time they spend to search information and increase
awareness on their activity.
On one hand Group Adaptive features can be useful in Electronic Commerce.

For example, a GAS system could allow collective navigation through an elec-
tronic store. Customers could be interested in shop together, watch the same
goods at the same time and exchange advice on the purchases, as well as cus-
tomers could be interested in see (in some way) other shoppers moving in the
store or setting agents to “talk to” personnel of the store[14]. Another example

1 HTTP does not allow this
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sees an electronic store as a recommender system[14]: pointing customers toward
goods that others bought.
From another perspective EC group could allow to keep informed all em-

ployees of a business-to-business commercial relationship about purchases they
make, or companies would like to find an open and “intelligent” system where
to buy and sell.
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Abstract.  Computer based information repositories are becoming larger and
more diverse. In this context the need for an effective information retrieval
system is related not only to the efficiency of the retrieval process but also to its
compatibility to support information seekers during a typical problem solving
activity (Marchionini 1995). OMERO project (national research project, n.
41902) perspective considers information seeking as a problem solving activity
(Rumiati 1990) that depends on communication acts.

Introduction

The main purpose of OMERO is to support working people with different roles in the
field of textile and clothing industry, making them able to retrieve, modify, and share
useful information. The project is specifically aimed at designing, developing and
testing an information system to satisfy the textile and clothing operator’s needs of
knowledge through an usable tool supporting effective and intelligent information
searching processes.

The core system is composed by an expert system with a large knowledge base
managed by an ontological conceptual network. To retrieve relevant information from
the system, the user has to formulate a question with natural verbal expressions
(OMERO provides a module to analyse the complex nominal phrases) and the system,
using a previously created user-model, starts a dialogue to focus upon the problem by
mapping the related data present in the conceptual network with the interests of the
user in a semantic way (see fig. 1).

The identification of a relevant node or an area of nodes brings the system to
present an editable dossier of text documents, charts, images, which are related to the
search space identified.

The most relevant aspects of the project reside in the adaptation to the specific
user’s information needs, which presents a selective view of the knowledge tree and
of the search graph useful to retrieve and share the relevant expert information inside
OMERO.
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Fig. 1. System architecture

Searching for Information in a Specific Field

It is clear that the complexity and the huge amount of every kind of information in the
Internet make useful an adaptation of research systems to the needs of the specific
users, to retrieve only the information relevant to them. Dealing with a system
oriented to a small and specific domain we have also to solve a similar problem of
adaptability: an expert user requires an answer to very precise questions about his
work and the answer must be properly related to his own knowledge.

The OMERO system design takes place in the framework of the User Centred
Design (UCD) approach. This is a dynamic and iterative method of design-evaluation
and redesign that aims to achieve a usable system. The UCD approach consists of four
principal phases: definition of user requirement, prototyping, design and evaluation.
Currently we are engaged in the first step.

The first strategy that we have applied to design our information retrieval system
has been the analysis (by interviews) of information, observing the behaviour of
people in the real problem-solving context in which their information needs are
created. This technique of inquiry helped us to outline some general guidelines for
user requirements.  The Emilia Romagna region currently represents one of the major
clothing and textile districts in Italy. For this reason public administration has decided
to finance an information service centre in this field. The Citer service centre is able
to produce and to make available standard information regarding fashion trend,
marketing and technologies for T/C working context. In fact Citer’s users often know
what information they need; in this case users can be helped immediately through the
information retrieval process.

There are many cases in which the user does not know what he is searching for. In
this case information seeking becomes a problem solving activity. For the users in this
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field, information seeking is an iterative process of communication developed with a
human operator of a service centre. This process can be briefly described as follows:

The first step is characterised for general awareness of the knowledge of problem
domain. For this purpose some analysts have listed eight knowledge categories related
to the searching process in the textile and clothing industry: planning and strategic
control; design, development and research; administration and finance; provisioning;
logistics; production; marketing; human resources. But with an initial enquiry we
have seen that the user search strategy through these previous categories is chaotic
and non-sequential. In addition the user often shows that he is not fully aware of his
goal. In this phase, a human operator helps the client to understand his problem
through a process of question and answer that supports the identification of possible
information source required to satisfy the user’s need. The human operator knowledge
makes available a better possible solution for typical problems (i.e. information about
spring-summer trend for women), contingent problems (i.e. I need information’s
about behaviour and performance of competitors) or with identification of obscure
problems (i.e. how can I improve in my field?).

Fig. 2. Dialogue user - human operator

Alternative Approach to Information Retrieval

To support the process of Information Retrieval the most traditional search engines
implement two kinds of strategy:
1) keyword-based approach, in which some relevant keywords can be combined with
boolean operators and the research works on pre-indexed documents in a database;
2) hierarchical indices approach, in which the user can browse a classification tree to
find the information sources pre-classified in the database
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The first approach can be improved by the techniques of Information Filtering or
Information Extraction (Basili R. and Ciravegna F. 1999) that serve to cover the
deficiencies of vagueness and inaccuracy of traditional approach by a linguistic
analysis finalised to find particular information in a relevant specified context (i.e.
search information about trading on-line in a mailing list).

These techniques, when the template of research is clearly specified, ensure
efficient results, despite flexibility or refinability in the definition of special
information contexts that differ from the originally template.

Against this weakness of adaptability web agents systems are largely employed;
their task is to prevent user moves and understand his undeclared information needs
by simply tracking his choices. Agents often work in a parallel and independent way
to that of the user, trying to combine the queries of the user in an original manner in
order to find new interesting information (Lesnick and Moore 1997, Perkowitz,
Dorenbos, Etzioni and Weld 1997).

In the first case (Information Filtering, Information Extraction etc.) we have
identified three weak points:
1) the necessity of a robust tool for language processing difficulty adaptable to
different domains;
2) the considerable time required to process the texts;
3) the high probability to make mistakes and to restart the interaction when the
domain of research is high variable and the typical pattern of information presentation
is difficult to define.
For these aspects we have renounced to use only the strongest version of this
approach. We believe, anyway, that some techniques employed in Information
Extraction, like analysis of complex nominal phrases (we dispose of a exhaustive
lexical database rich of terms and phrases specifics of the T/C field), and the
possibility to interact overtly with the own knowledge representation tree, may play a
crucial role in the process of information seeking and in the refinement of user query.

Otherwise, in the second case (Agents Systems), the obscure way to control the
search process and the difficult to interact explicitly with the agents or with a
semiautonomous component of the system, have persuaded us to abandon this other
way to pursue the adaptability of the system. Fleming and Cohen (1999), in
accordance with this conclusion, note that:
1) in ambiguous situations the agents systems do not make clear choices;
2) the user often does not understand the choices of agents owing to a lack of
communication between user and agents;
3) the large amount of interactions to be analysed by the agents slowed down the
memory-based learning.

We think that the best solution to elicit the user’s knowledge in addition  to realize
overtly the dialogue with the system is to show clearly the knowledge mapping that
the system made, tracking the user’s interaction and to permit him to modify the
search/knowledge representation tree.

Adaptive Approach Used in OMERO

To satisfy heterogeneous needs and to support an efficient interaction with OMERO
expert system we have chosen an adaptive design approach based on User Centred
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Design (Norman 1988, 1993) guidelines. In our approach adaptability is considered a
key characteristic (Shneiderman 1992) of computer technology that allows
information seeker to use an electronic environment in a way which emulates the
interaction with human sources of information. The communication channel between
the user and the system is the interface. Our goal is to design a usable interface
(Redmand-Pyle 1995) that facilitates the flow of messages. To implement such an
interface a model of information (Jonson-Laird 1983) seeking must be taken as the
basis of the design process.

The adaptive features of system are based on the identification of user profiles.
These profiles rise from three categories of information collected by the system about
the user:
1. Navigation preferences
• preferences about format and position of information in the interface
• history of previous interactions with the system
2. Cognitive map of user’s knowledge
• user’s specific interests in the field of textile and clothing
• user’s information needs (typical Vs contingent)
• user’s typical modality of manipulation and sharing information
3. General information about user
• role and position in the enterprise
• working area
• production area of enterprise
• geographic location of enterprise

Using this profile OMERO maps the knowledge tree in different ways for different
users to reinforce some connections between areas and inhibit others.

We have chosen to combine natural language processing tools with a direct
manipulation interface to facilitate and improve the performance of the user in the
refinement of queries and during the editing of dossier given in answer by the system.

The user will start the interaction with an explicit question composed by a
combination of complex nominal phrases (i.e. “China’s market”, “ production of wool
pullovers”) and proceed to a direct browsing of knowledge tree give from the answer
of the system.

Conclusion

Until now our work has investigated different interaction styles:

1. direct manipulation of knowledge categories, elicited from information seekers
2. process of searching through a natural language interaction with a system
3. a combination of the two previous strategies
As  previous works show (Bagnasco and al. 1999, De Angeli and al. 1998), the third
style is a powerful way to solve complex and articulated research problems in very
specific fields.
From this way the possibilities to support users in identification of information needs
are improved using, in addition to the direct manipulation of categories and a natural
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language understanding approach, an iterative dialogue starting up from a specific
user profile, mapping the user’s knowledge with that of expert system.
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Abstract. Human tutors have the ability to explain concepts several different
ways using multiple instruction methods.  Typically, instruction methods are
used when students are having difficulty learning a concept.  Intelligent tutoring
systems are expert systems[5] where the expert is a tutor.  Ideally, an  intelligent
tutoring system should have the ability to explain concepts several different
ways using a knowledge base of multiple instruction methods[3,4,6,7].  The
technique of providing instruction using multiple instruction methods during a
single tutoring session is "Adaptive Instruction".  An intelligent tutoring system
that provides adaptive instruction has been developed, Arthur[2].  Arthur has
been used in a research experiment with human subjects.  The results of this
experiment are discussed in the section below.

1   Introduction

In a traditional lecture based classroom, there is a one to many (denoted 1-M) rela-
tionship between the instructor and students, one instructor and many students.  In the
tutoring environment, there is a one to one (denoted 1-1) relationship between the
instructor/tutor and the student.  Arthur’s design changes this relationship to a many to
one (M-1) relationship.  The system provides many instructors, or instruction meth-
ods, to each student.  Imagine a classroom where there is only one student and several
instructors.  Each instructor is an expert on the subject matter being taught, yet each
instructor teaches the material using a different instruction method.  This explanation
describes Arthur’s pedagogical motivation, which is to provide multiple instruction
methods for each learner.  These instruction methods are kept in an instruction re-
pository.  The instruction repository is a collection of all the instruction methods that
Arthur knows.  Each instruction method is contributed by an expert in the subject that
is to be taught.  Arthur defines a set of components that make the M-1 model possible.

Arthur is an intelligent tutoring system that consists of four major software compo-
nents.  Each component may consists of sub-components, but the four major software
components clearly define Arthur.  The first component is the client interface.  The
client interface is a Java applet that executes inside the learner’s Web browser.  The
client interface is responsible for delivering instructional content to the learner from
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the Web server.  The client interface also has the responsibility of establishing a net-
work connection with the second component, the server process.  The server process
is a Java application that is used to establish initial contact with the client interface
across a predefined network socket port.  Once these two components shake hands, the
server process will spawn a new process, which is the third component.  The new
process is a Java agent-thread process which is created as the primary point of com-
munication with the client interface.  All communication with the client interface is
passed from the server process to the newly created agent-thread process.  The agent-
thread process makes all of Arthur’s decisions by accessing a database.  The database
is the final component, which serves as the primary knowledge base for Arthur.  The
database is a relational database that supports Java database connectivity (JDBC).
The JDBC is a Type I - 3 tier approach.  This approach is bandwidth friendly.  It
keeps the client side thin with respect to the size of data that has to be downloaded
upon login.  Therefore, Arthur can be defined as a Web based intelligent tutoring
system that consists of four major software components, client interface, server proc-
ess, agent-thread process and the database.

Other aspects of the implementation such as IFAQ can be found in [2].  The pur-
pose of this paper is to discuss the research experiment and the data results, which can
be found below.

2   Research Experiment

The goal of the research experiment is to evaluate Arthur with respect to learner out-
comes.  Learner outcomes will provide the main data points for evaluation.  Arthur’s
goal is to accommodate learning style[1] by providing multiple instruction methods.
In order for a student to advance through the system, the student must demonstrate
concept competency at a level of 80% or better[2].  If a student completes the course,
it is understood that the student comprehends the subject matter at a level of 80% or
better based upon their quiz performance.  The learner outcomes are predetermined
based upon this criteria of 80% or better, therefore, success will be observed with
respect to completion rate of the course material.  Students that complete the course or
those that demonstrate significant progress towards the completion of the course, will
be successes.  This type of experiment has a strong focus on the subjects.  Therefore,
the demographics of the subjects are extremely important.

2.1   Subjects

There were a total of 89 students that participated in the experiment.  The students
were all registered for an introductory course in programming using C++ taught in a
traditional lab/lecture environment.  Their participation in the experiment was strictly
voluntary.  The students were taking the course for college credit with frequent use of
the Web.  The first half of the course covered C++ through arrays and functions.
After these topics, the students were given an examination over C++ through arrays
and functions.  As an extra credit assignment, the students were allowed to learn C++
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pointers using Arthur via the Web.   This portion of the class was the beginning of the
experiment.  The students were given 23 days to complete the online lesson.  The
student’s were engineering, management information systems and computer science
majors ranging from freshmen to seniors.  The experiment consisted of several differ-
ent instruction methods.

2.2   Pedagogy

The experiment consisted of  seven different instruction methods.  The instruction
methods were:

• Text (Explanation First) text and code similar to a book.
• Text (Example First) text and code similar to a book.
• Audio (Explanation First) text, code and streaming audio similar to a lecture.
• Audio (Example First) text, code and streaming audio similar to a lecture.
• Visual (Explanation First) text, code and picture illustrations.
• Visual (Example First) text, code and picture illustrations.
• Hands On (Example First) text, code, audio, pictures and fill in the blank

code samples.

Each instruction method covered five different concepts on C++ pointers.  The
concepts were:

0.  Pointers (Introduction)
1.  Pointers as Constants and Parameters
2.  Pointers and Arrays
3.  Pointers and Strings
4.  Pointers and Strings (array of pointers and the string library)

These concepts were delivered using Arthur as specified in [2] without the auto-
matic adaptive instruction selection.  In other words, the students were given the free-
dom to choose from one of the seven instruction methods when their evaluation was
below 80% as opposed to the system selecting the next instruction method.  Under
these circumstances, a research experiment was conducted and the data results are
reported below.

3   Data Results

The experiment was conducted over the course of 23 days.  One student completed the
course in 4.2 days, while another student completed the course in 21.3 days.  The
average days to completion for all students was 11.39 days with a median of 10.1
days.  On the last day of the experiment, the distribution of students per concept can
be found in Fig. 1.  Along the bottom of Fig. 1, each concept is given a number as
described in the previous section, (2.2 Pedagogy).  The 5 under the red bar represents
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the students that completed the course.  In the end, there were 64 students that com-
pleted the course, 72%.  Notice that concept 2, �Pointers and Arrays�, has no students.
With this division in the student distribution, students were classified into three
groups.  Group C, students that completed the course, Group B, students that ended
the course beyond concept 2, �Pointers and Arrays�, but did not complete the course,
and Group A, students that ended the course before concept 2.  Group A contained 16
students and Group B contained 9 students.

Fig. 1. Student distribution at the end of the course.

Given these groups, the obvious question was asked, "Why didn’t the students in
Group A and Group B complete the course?"  At the end of each concept, the students
were given an end of concept quiz as a means of evaluating the student’s performance.
For the concepts "Pointers and Strings" and "Pointers and Strings (array of pointers
and the string library)" the average grades were 81.1% and 80.5%, respectively.
Given these scores, it is very likely that if the students in Group B were given more
time to complete the course,  they would have joined Group C.  Under this assump-
tion, the number of students in Group C would increase to 73 yielding a 82% comple-
tion rate.  The same principal could apply to some students in Group A, but that is not
very likely.  As a result, other data points were needed to explain their poor perform-
ance.

3.1   Performance Tracking

Upon system login, each student was asked to enter their mood and motivation on a
scale ranging from good to bad where -2 was bad and 2 was good.  Table 1 contains
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the average mood and motivation for Group A versus Groups B and C combined.
Group B was combined with Group C because these students made it pass the concept
Pointers and Arrays where Group A did not.  The average mood and motivation for
Group A in both cases was negative versus a positive mood and motivation for Groups
B and C combined.  At a first glance, it appears that Group A was obviously less mo-
tivated that Groups B and C combined, but when a t-distribution significance test was
executed on this data, no significant difference was found.  This may be due to the
large difference in sample sizes between the two groups.

Table 1. Average mood and motivation.

After further investigation, it was observed that the students in Group A viewed 54.2
pages of material.  The students in Groups B and C on the average viewed 59.6 pages
of material through the first two concepts.  This observation supports the argument
that the students in Group A were not motivated as well.  Yet again, when a t-
distribution significance test was executed, there was no significance difference found.
Finally, the students in Group A were surveyed and asked , "Give your best explana-
tion as to WHY you didn’t complete the course".  The responses were overwhelmingly
consistent.  The students admitted to one or more of the following:

• Technical difficulties with their home computer.
• Lack of motivation.
• Insufficient effort to review the material.
• Insufficient time allocation due to other classes.

After the survey, the results were confirmed.  The students in Group A did not put
forth an effort to complete the lesson on pointers. With this result, the experiment was
viewed as a success.  The experiment also provided interesting data with respect to
repetition and instruction methods.

On the average, when students passed any given concept, it took the student 1.72
attempts.  This data point illustrates the use of repetition before passing any given
concept.  Within those 1.72 repetitions, 1.42 different instruction methods were used.
In other words, students preferred to have concepts explained using a different in-
struction method when the concept needed to be repeated.  Recall, that in this experi-
ment, the students were given the freedom to choose instruction methods.   With this
final data point, the experiment was summarized.
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4   Conclusion

This experiment was the first phase of a two part experiment.  Phase I of this experi-
ment was conducted in the absence of automatic adaptive instruction.  The students
were given the freedom to select instruction methods.  Phase II of the experiment will
be conducting using the automatic adaptive instruction.  The system will select the
instruction methods automatically.  Phase I was viewed as a success in that the learner
outcomes were successful.  Recall that Arthur forces students to perform at a level of
80% or better before those students can advance to the next concept.  In this experi-
ment 64 out of 89, 72%, students completed the lesson on pointers within 23 days.  It
is very likely that the 9 students from Group B would have completed the lesson if
given more time.  Also, the students were found to use different instruction methods
when concepts needed to be repeated.  This observation supports the use of adaptive
instruction throughout the course of instruction from beginning to end.

Phase II of this experiment will be conducted teaching a lesson on Planck’s Con-
stant from Physics.  The data findings from Phase II will be compared to Phase I.
Success will be determined with respect to learner outcomes and distribution.
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Abstract. Adaptive hypermedia systems are spreading widely in these last
years, but each application uses its own models and techniques. What I am
studying is the possibility of developing a framework for user modelling in
adaptive systems and in particular of creating a library of stereotypes for
representing the different dimensions of the user models.

1    Introduction

Differently from other concepts and labels, adaptivity has the peculiarity that it does
not pertain a specific type of application but it is rather a modus operandi that may
concern any application that interacts with a human or software agent. In fact, if we
regard the latter as a system having its own goals and thus some interests that it
pursues, then an adaptive application may exploit these interests and goals to satisfy
the needs of the software agent.

Providing the �right� service (the �right� pieces of information) in the �right� way
and at the �right� time is the main goal of an adaptive system. However, defining
what �right� means in these contexts is a difficult task. This difficulty (ambiguity) is
the main problem of adaptive systems in general and of adaptive hypermedia in
particular. In the latter, in fact, the leverage to infer the model and the goals of a user
is limited and also the range of alternative forms of personalization is restricted (as
regards what has to be shown and/or hidden and how the user can be guided in the
navigation). And even though a �correct� model is available and �correct� strategies
for extracting information are used, there are still other fundamental problems such
as: how to avoid that the choices of the system, tailored to the needs of the user, block
her/his curiosity and stimuli for innovation and discovery? How to involve the user in
the personalization process, that is: should all the choices be made without involving
her/him or should the user be active in the process of selecting the service to be
provided (or the pieces of information to be presented), or finally should adaptation
be a co-operative process? How and to what extent should the user be allowed to
access/inspect/modify her/his model?

The approach to these problems depends only partially on the technologies that are
adopted while it is strictly dependent on the psychological and cognitive choices that
impact the various phases of the process: how data are gathered from a user, how the
user model is built, how the feedbacks from the user are collected and used to update
(revise) her/his model, which features of the user model are related to the type and
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amount of information to be presented and to the form of the presentation. The
various applications in the literature faced these problems using different strategies
and formalisms, depending on aspects such as the application task (and domain), the
goals of the system, etc.

Goal. The goal of my research work is to study whether it is possible to abstract from
specific application tasks and domains in order to build a reference framework for
user modelling in adaptive systems. My study will first focus on the attempt to define:
(i) a precise classification of application tasks and domain, (ii) a taxonomy of goals
and (generic) sub-goals for adaptive systems and (iii) a set of conceptual dimensions
for user modelling derived from the previous steps. Then I will concentrate on
studying and relating these dimensions to create an ontology for user modelling,
separating the dimensions that are general and may be related to different goals, tasks
and domains from those that are more specific and task or domain dependent. The
framework resulting from this work could have a significant impact on the
construction of adaptive systems. On the one hand, it could simplify the analysis that
has to be performed when designing a new application, providing guidelines to
analyse the goals and the application task and domain and then suggesting the
dimensions of user modelling that are most relevant. On the other hand, the
modularity of the framework could allow the re-use of user modelling components
across different applications.

Methodology. In order to investigate the possibility of building the framework
mentioned above, I will start from Brusilovsky�s classification of adaptive
hypermedia [3] (and the subsequent analysis by De Bra [4]), focusing on the specific
topic of the creation and management of the user model and I will perform a
systematic analysis of adaptive systems with the aim of building the ontology
discussed above. According to the terminology in [3], this will mean focusing on
defining a correlation between: (i) �what features of the user are used as a source of
adaptation� and (ii) �where adaptive hypermedia can be helpful� and the �adaptation
goals�. Instead, the criteria concerning the strategies for adapting the presentation
(�what can be adapted� in [3]) will not be the focus of this analysis.

The bottom-up approach will start from an analysis of specific adaptive systems, in
different tasks. This will involve both the design of adaptive applications and the
analysis of systems described in the literature and implemented in the field.

The dimensions that are relevant in user modelling will emerge from such a study
and will be progressively refined and aggregated. Each dimension will partition the
population of users into classes that will be described using stereotypes [5][6], as it is
common in many systems. I will adopt a standard formalism in which each stereotype
is formed by a set of slots (corresponding to features of the user) and each slot
contains a set of pairs <linguistic value (of the feature), probability (of the linguistic
value of the feature given the stereotype)>.

Thus, besides the framework, one of the results of my work will be the creation of
a library of stereotypes, grouped into families according to the conceptual dimensions.
For each family, a set of metadata will provide information on the stereotypes in the
family, about their generality and about the adaptation goals and application
tasks/domains for which the family is relevant. It is well known that stereotypes are
not sufficient for all aspects of user modelling; therefore, while in the first phase of
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my work I am concentrating on this formalisms, in a second phase I will also consider
other formalisms that are more suitable for capturing dynamic aspects of user
modelling (as, for example, rules for updating/refining the user model after tracking
the user�s behaviour).

2   Conceptual Dimensions in User Modelling

As noticed above, the dimensions that are relevant in a user model are strongly related
to the application task and to the specific goals of the adaptive system. Therefore, it is
necessary to analyse more deeply these two aspects to determine the dimensions in a
precise way. As regards the former, it is important to isolate specific application
domains and features for each task; as regards the latter, it is fundamental to
decompose the goal of a system into sub-goals which may be intermediate goals or
goals related to a specific functionality of the overall system.

The approach I am experimenting in my research work is that of building some
matrices having on one of the axes the goals and sub-goals of the adaptive system and
on the other the specific features of the application tasks and domains. Then each
entry, corresponding to a specific row and column, describes in a precise way the
characteristics of a specific adaptive application, and thus, for each entry, one can
isolate the relevant dimensions as regards user modelling.

The most interesting consideration that emerged from a first analysis is that while
the high-level goals of a system are related to the application context, the sub-goals
are often common to many applications and thus the dimensions of user modelling
related to these sub-goals can be re-used for different tasks and applications. An
example of a sub-goal (function) that is common to all the application domains that I
analysed up to now (and that I will mention later) is that one of offering users the
possibility of getting more information about an item. This sub-goal is strictly related
to a dimension of user modelling: the level of receptivity of the user, which is thus
common to many applications.

An interesting direction for future research is thus the study of the sub-goals
mentioned above, in order to analyse them precisely, trying to make them generic and
then to isolate a structured library of goals and of the corresponding dimensions for
user modelling. As regards the high-level goals and application domains, on the other
hand, the analysis up to now does not evidence strict correlations with user modelling
dimensions. However, the use of different application domains is important to weigh
the contribution of different user modelling dimensions that, although common to a
particular task may have different relevance in the different domains.

Let me consider an example. In a recommender system the high level goal could be
selling some product or service, providing recommendations (with the aim of selling
something) or providing advice or comparative information. At a deeper level the goal
of selling can be specialised distinguishing between the goals of leading the user to an
�impulsive� purchase or to a �rational� one. In this latter case a sub-goal will be the
presentation of detailed information and so forth. As regards the application domain, a
first distinction is the one related to the type of product that is sold (e.g., a product of
mass market vs. a sophisticated and complex product requiring configuration or
special demonstrations and assistance). A second distinction is the one concerning the
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market to which the product is directed (e.g., business to business or business to
consumer).

In a matrix like the one discussed above, for example we could have an entry
corresponding to the (sub)goal of leading the user to an �impulse purchase� and to the
domain feature �mass market product�. The most relevant user modelling dimension
associated with such an entry is the one concerning the �life-style� of the users, while
other dimensions such as the user expertise or experience are less relevant. Having a
matrix providing this information is very useful, allowing the designer to re-use the
user modelling knowledge bases in the library for different recommender systems and
to decide the specific relevance of each one of the selected dimensions.

In conclusion, I report in the following a first classification of the application tasks
that I defined starting from the adaptive hypermedia in the literature (including those
that we are designing and that we plan to deign):
• recommender systems (e.g., e-commerce, advertisement systems, etc.);
• access to information sources (e.g., news servers, information retrieval);
• education systems;
• decision support systems (e.g.,  trading on line);
• applications for co-operative work.

3   Adaptive News Servers

The first task that I considered is that of �adaptive news servers�; this work led to the
design and implementation of a prototype personalized newspaper [1][2].
Referring to the previous methodology of classification, the system presents the
following domain features: the service deals with large amounts of information
(news), on different topics (organized in a hierarchy of sections), including very
detailed pieces of information and various kinds of links between different pieces.
The goal of the system is that of providing personalized views of the sections and
subsections and of the specific news. This involves selecting and ordering sections
and subsections and presenting news items at the detail level which is appropriate for
each specific user. These goals distinguish, in my view, adaptive news server from
adaptive information retrieval (which are separate sub-tasks in the matrices on which
I am working); in the latter, in fact, the user has an active role (searching for some
specific information) and the system provides a personalized answer to such a need
(selecting the appropriate pieces of information).

Three dimensions emerged as relevant for user modelling in this application: the
interests of the user, her/his expertise, her/his receptivity. Dealing with interests is
fundamental for the goal of selecting the sections/subsections that are most relevant
for the user. Receptivity is critical for deciding the appropriate detail level and for
tailoring the presentation to the capability of the user (i.e., for deciding the amount of
information that (s)he can read/process). This dimension allows one to decide how
many (sub)sections must be presented and how many details should be provided for
news items. The second dimension (expertise) is in some sense intermediate between
the other two, allowing one to vary the detail level in different sub(sections). For
example, if the user is very interested in a topic (corresponding to a (sub)section), has
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medium receptivity but limited expertise, then the presentation will not be very
detailed but the (sub)section will be put in a prominent position among the other ones.

As noticed in the paragraph concerning methodology, the knowledge regarding
each dimension is represented using stereotypes which relate classificatory features
with predictions concerning the dimension. Thus the news server application is based
on the following three families of stereotypes:
Interests: this family of stereotypes classifies the users according to their interests in
the topics of the (sub)sections of the news server. Starting from classificatory data
such as the age, gender, type and field of work, the scope of the connection (e.g.,
work or personal reasons), the stereotypes make a prediction on the interest level
(which may be �high�, �medium�, �low� or �null�) in the topic of each (sub)section.
Expertise: these stereotypes make use of classificatory data such as the education
level (and type), the field of work and make predictions on the users' expertise in a set
of domains (which are related to the (sub)sections of the news server).
Receptivity: these stereotypes make predictions on the user�s level of receptivity using
classificatory data such as the user�s age, education level, type of work, frequency of
access to the WWW. An example of stereotype in this family (the �Medium receptive
adult reader�) is reported in the following:

Profile:
age: 14-19: 0.00 | 20-25: 0.10 | 26-35: 0.20 | 36-45: 0.40 | 46-65: 0.20 | >65: 0.10
education level: primary school: 0.10 | secondary school :0.70 |  university: 0.20
job: manager: 0.00 | self-trader: 0.10 | self-employed: 0.35 | employee: 0.35, etc.
frequency of access to WWW: less than once a month: 0.00 | about once a week: 0.80, etc.

Prediction:
receptivity level: high: 0.00 | medium: 1.00 | low: 0.00

In conclusions, the designed application seems to suggest (as shown also by the
example) that there are dimensions of user modelling that are general and that can be
re-used across different tasks and application domains. In this specific case, this holds
for all the dimensions, especially as regards the classificatory part of the stereotypes.
Indeed a preliminary study of other application tasks (recommender systems for e-
commerce) provides a first confirmation of such a claim (and some of the dimensions
above can be re-used also in this different application).

However, a definite answer on which dimensions can be generalized and re-used
across multiple tasks and which one are more specific will be possible only after
analysing and decomposing all the tasks for various application domains.
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