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Preface 

Adaptive Web-based educational systems provide an alternative to the 
traditional “one-size-fits-all” approach in the development of Web-based 
educational courseware. These systems build a model of the goals, 
preferences and knowledge of each individual student, and use this model 
throughout the interaction with the student in order to adapt to the needs of 
that student. The first pioneer adaptive Web-based educational systems were 
developed in 1995-1996 (Brusilovsky, Schwarz & Weber, 1996a; 
Brusilovsky, Schwarz & Weber, 1996b; De Bra, 1996; Nakabayashi et al., 
1995; Okazaki, Watanabe & Kondo, 1996). Since that many interesting 
systems have been developed and reported. An interest to provide distance 
education over the Web has been a strong driving force behind these research 
efforts. A good help for the research community was provided by a sequence 
of workshops that get together researchers working on Adaptive Web-based 
educational systems, let them learn from each other, and advocate the ideas of 
this research direction via on-line workshop proceedings (Brusilovsky, 
Nakabayashi & Ritter, 1997; Peylo, 2000; Stern, Woolf & Murray, 1998). The 
workshop at AH’2002 is the fourth in these series of workshops. As earlier, 
the proceedings of this workshop assemble together an interesting collection 
of papers on various topics associated with adaptive Web-based educational 
systems. We hope that this volume will serve as another milestone for this 
research direction and will serve as a source of creative ideas for the 
researchers worldwide.  

In total, 14 full papers and 7 short papers were submitted to the workshop. 
From this number, the program committee selected 8 contributions to be 
presented as full papers and 6 to be presented as short papers. 7 contributions 
were approved as position papers and are published on the workshop Web 
pages (http://www.lcc.uma.es/WASWE2002). Below we provide a brief 
summary of accepted full and short papers. 

E. Triantafillou, A. Pomportsis and E. Georgiadou address a hard problem 
of accommodating to the cognitive style of learners in their paper entitled 
"AES-CS: Adaptive Educational System based on Cognitive Styles". They 
discuss field dependence as a measurable cognitive parameter and propose 
several ways to adapt to field-dependent and field-independent learners. In 
"Adaptive Web-based Learning System with a Free-Hyperlink Environment", 
H. Mitsuhara, Y. Ochi, and Y. Yano present an adaptive web-based learning 
system that contains a free hyperlink environment, which enables learners to 
create and share hyperlinks in the open web. These hyperlinks are adapted 
using collaborative filtering in order to avoid option overflow. J. Ohene-Djan 



vi 

introduces in "Ownership Transfer via Personalisation as a Value-adding 
Strategy for Web-based Education" a model for the personalization of 
hyperdocuments. The use of this model allows an interaction with electronic 
documents that is much closer to the manner that users interact with paper-
based documents, without losing the advantages of hypermedia systems. M. 
Baldoni, C. Baroglio, V. Patti, and L. Torasso describe in "Using a rational 
agent in an adaptive web-based tutoring system" an adaptive tutoring system 
having a multi-agent architecture.  In their approach to adaptation, they use an 
agent logic programming language (DyLOG) for building cognitive agents 
that, using reasoning techniques, help users find the solutions to their needs. 
"An Adaptive Web-based Tutorial of Agrarian Economy" by C. Carmona, 
E.Guzman, D. Bueno and R. Conejo describes the process of making an 
already existing static web system adaptive. M. Trella, R. Conejo, D. Bueno 
and E.Guzman propose in "An Autonomous component architecture to 
develop WWW-ITS" the construction of a framework for the development 
and integration of distributed, autonomous educational components that can 
communicate with each other. "Automatic Generation of a Navigation 
Structure for Adaptive Web-Based Instruction", by J. Masthoff,  proposes the 
construction of a hierarchical navigation structure on the base of a concept 
network, outcomes and prerequisites of concept, descriptive information about 
the author and the content of the pages itself. C. Karagiannidis and D. 
Sampson address the common ground between adaptive educational systems 
and e-learning standards. Their paper “Re-using Adaptation Logics for 
Personalized Access to Educational e-Content” bridges the gap between 
adaptive systems and re-usable courseware by proposing a way to encapsulate 
adaptation logics in an adaptive Web system to make it re-usable in a different 
context.  

The collaborative process of writing stories is described by J. Suhonen in 
"Using StoryML for adaptive Content Representation". Investigations about 
the design of "SHAAD: Adaptable, Adaptive and Dynamic Hypermedia 
System for content delivery" have been taken by D. Merida, R. Fabregat and 
J.-L. Marzo. To "Facilitate Navigation Planning in Self-directed Learning on 
the Web", A. Kashihara, S. Hasegawa and J. Toyoda use previews of a 
planned navigation sequence to support orientation and guidance in a web-
based learning environment. J. Smid and P. Svacek work in "Interactive 
Tutoring Model Using Information Cycling" on the optimization of a user's 
path through a domain by determining the appropriate number of 
recapitulations and presentations. C. Romero, S. Ventura , C. de Castro, W. 
Hall , and M. Hong Ng show in "Using Genetic Algorithms for Data Mining 
in Web-based Educational Hypermedia Systems" how to apply genetic 
algorithms for data mining to infer from student’s interactions rules that will 
help to improve the system. Finally, D. Chesher, J. Kay and N. King report in 
"Simprac - Teaching system for management of chronic illness" how learner 
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can practice the consultation of patients by investigating the individual 
consequences of their chosen treatment of patients. 
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Abstract: This paper describes the design and development of an Adaptive 
Educational System (AES) that includes accommodations for cognitive styles in 
order to improve student interactions and learning outcomes. Although, cogni-
tive styles are one of the several important factors to be considered from de-
signers and instructors of hypermedia-based courseware, little research has been 
done regarding the adaptation of hypermedia system to students’ cognitive 
styles. Our research is an attempt to examine some of the critical variables, 
which may be important in the design of an adaptive hypermedia system based 
on student’s cognitive style.  

1 Introduction    

The phenomenal growth of the Internet and the Web over the last years has led to an 
increasing interest in creating Web-based learning tools and learning environments. 
Hypermedia seems to be suitable for supporting the new constructivist way of active 
and self regulated learning. However, empirical studies have shown contradictory 
results about the efficiency and effectiveness of learning with hypermedia. Some stud-
ies indicate that hypermedia-based learning may contribute to enhance learning and 
promote cognitive flexibility when the learning environment is designed task appro-
priately [11]. At the same time, other studies have revealed problems for hypermedia-
based learning with regards to cognitive overload and disorientation [8]. 
 
In order to overcome the problems identified, a hypermedia system should be de-
signed in a way that can identify the user's interests, preferences and needs and give 
appropriate guidance throughout the learning process. Adaptive Hypermedia (AH) 
was introduced as one possible solution. Adaptivity is especially important for Web-
based educational hypermedia, as these systems are expected to be used by several 
learners without assistance of a physical tutor who usually can provide adaptivity in an 
actual educational environment, i.e. classroom.  



 
Adaptive Hypermedia systems can be developed to accommodate various learner 
needs; is the ideal way to accommodate a variety of individual differences, including 
learning style and cognitive style [1]. Numerous Adaptive Hypermedia systems have 
been implemented over the last fifteen years. INSPIRE [10] and CS383 [4] are good 
examples of Adaptive Educational Systems with regards to learning style. Although, 
cognitive styles are one of the several important factors to be considered from design-
ers and instructors of hypermedia-based courseware, little research has been done 
regarding the adaptation of hypermedia system to students’ cognitive styles [7] and 
this is the focus of our research. 
 
Our research is an attempt to examine some of the critical variables, which may be 
important in the design of an adaptive hypermedia system based on student’s cognitive 
style. As a case study a Higher Education module was developed, called AES-CS 
(Adaptive Educational System based on Cognitive Styles), to support the course 
“Multimedia Technology Systems” which is typically offered to fourth year under-
graduate students in Computer Science Department at the Aristotle University of 
Thessaloniki, Greece. Before we proceed to describe the architecture and implementa-
tion of AES-CS system it is important to discuss on cognitive styles as considerable 
confusion appears in the literature regarding the terms cognitive style and learning 
style. Moreover, we will examine the design issues that were considered for the devel-
opment of the system that are reported in the relevant literature and should be taking 
into account from instructional designers of adaptive hypermedia. 

2 Cognitive Styles 

There is a technical difference between the use of the terms cognitive style and learn-
ing style, although numerous authors use the terms interchangeably. Cognitive style 
deals with the ‘form’ of cognitive activity (i.e., thinking, perceiving, remembering), 
not its content. Learning style, on the other hand, is seen as a broader construct, which 
includes cognitive along with affective and physiological styles. 
 
Cognitive style is usually described as a personality dimension, which influences atti-
tudes, values, and social interaction. It refers to the preferred way an individual proc-
esses information. There are many different definitions of cognitive styles as different 
researchers emphasize on different aspects. However, Field dependence/independence 
(FD/FI) is probably the most well known division of cognitive styles [14]. 
 
FD/FI dimension refers to a tendency to approach the environment in an analytical, as 
opposed to global, way. Studies have identified a number of relationships between this 
cognitive style and learning, including the ability to learn from social environments, 
types of educational reinforcement needed to enhance learning, amount of structure 
preferred in an educational environment [12].  
 



Field independent (FI) learners generally are analytical in their approach while Field 
Dependent (FD) learners are more global in their perceptions. Furthermore, FD learn-
ers have difficulty separating the part from the complex organization of the whole. In 
other words, FD individuals see things in the entire perceptual field (the forest than 
the trees). Additionally, FI individuals tend to be intrinsically motivated and enjoy 
individualized learning, while FD ones tend to be extrinsically motivated and enjoy 
cooperative learning. Specifically, FD individuals are more likely to require externally 
defined goals and reinforcements while the FI ones tend to develop self-defined goals 
and reinforcements [14].   

3 Design Issues for Adaptive Hypermedia 

In the ideal educational environment, a tutor with instructional experience on a learn-
ing domain can identify students’ individual differences, with regards to cognitive 
styles and acquired knowledge, and thus can provide them with learning material 
individually selected and structured. Moreover, the interaction that takes place in a 
physical classroom allows tutors to experience and understand students’ personal 
goals and preferences and thus to promote their skills. In order to simulate in a sense 
an ideal educational environment, an adaptive hypermedia system should provide 
learners the ability to use different instructional modes in order to accommodate their 
individual needs and to improve their performance. Therefore, it has to include in its 
design both issues of cognitive style and teaching strategy. Teaching strategy refers to 
the instructional material and the instructional strategy. Table 1 presents the instruc-
tional strategies adopted in AES-CS that support students according to their cognitive 
style. Next we will discuss briefly the most important of these strategies and the way 
they were implemented in the design of AES-CS.   
 

Table 1. Instructional Strategies. 
 

Field-Dependent learners Field-Independent learners 
Provide global approach Provide analytical approach 
Provide information from general to 
specific 

Provide information from specific to 
general 

Program control  Learner control 
Provide advance organizer Provide post organizer 
Provide maximum instructions Provide minimal instructions 
Provide maximum feedback Provide minimal feedback 
Provide structured lessons 
Provide Graphics Path Indicator 

Allow learners to develop their own 
structure 

Provide social features Provide individual environment  
 
Program control versus learner control: The amount of learner control seems to be a 
central variable when integrating adaptive methods in educational settings. There are 
several arguments in the literature for and against learner control. On the one hand, 



learners’ motivation is increased when they control the navigation of a hypermedia 
environment. On the other hand, research seems to indicate that the amount of learner 
control depends on the pre-skills and the knowledge state of a learner [13]. Further-
more, many studies have demonstrated student preference and improved performance 
using a linear structure. With regards to cognitive styles, there is evidence that FD 
individuals perform better using program control while FI ones prefer more learner 
control [16]. Since these findings are consistent with theoretical assumptions in FD/FI 
dimension, AES-CS provides both program and learner control option. In the case of 
learner control option, AES-CS provides a menu from which learner can choose to 
proceed the course in any order [Fig.1]. In the program control option there is no 
menu, but the system guides the user through the learning material via adaptive navi-
gation support [see Fig.2 on next page].  
 

 
 

Fig.1. System screen with the initial adaptation for FI learners.  
 
Instructions and Feedback: Studies have shown that FD are holistic and require exter-
nal help while FI people are serialistic and possess internal cues to help them solve 
problems.  FD learners are more likely to require externally defined goals and rein-
forcements while FI tend to develop self-defined goals and reinforcements [14]. Jon-
assen and Grabowski [5] in their study summarized the research on the implications of 
the individual differences based on FD/FI dimension. We consider these implications 
of style characteristics in order to design the instructional support and the instructional 
environment of AES-CS. As a result, the system provides clear, explicit directions and 
the maximum amount of guidance to FD learner, while it provides minimal guidance 
and direction to FI learner. Moreover, it provides extensive feedback to FD learner, 
while it provides minimal feedback to FI learner. 
 
The use of contextual organizer: Another feature that is embedded in AES-CS is the 
use of contextual organizers according to FD/FI dimension. Field Dependent learners 
appeared to benefit most from illustrative advance organizers, while Field Independ-



ent learners preferred illustrative post organizers [9]. An advance organizer is a bridg-
ing strategy that provides a connection between one unit and another. It also acts as a 
schema for the learner to make sense out of the new concept. A post organizer serves 
as a synopsis and supports the reconstruction of knowledge. Usually, it is available 
after the presentation of new information. 
 
Structure: Several problems of learning in a hypermedia environment arise from the 
structure of the environment itself. In an ideal web site, the structure is evident to the 
user and the information is organized coherently and meaningfully. Navigational tools 
are essential in order to assist learners to organize the structure of the web site as well 
as the connections of the various components. A coherent resource collection will 
allow the user to construct an accurate mental model of the topic. 

 
Research has indicated that FD learners are less likely to impose a meaningful organi-
zation on a field that lacks structure and are less able to learn conceptual material 
when cues are not available [14]. Furthermore, Jonassen and Wang [6] argue that the 
FI learners generally prefer to impose their own structure on information rather than 
accommodate the structure that is implicit in the learning materials. In our approach, 
AES-CS provides two navigational tools in order to help learners organize the struc-
ture of the knowledge domain: concept map and graphic path indicator [Fig.2].  
 

 
Fig.2. System screen with the initial adaptation for FD learners. 

 
Concept map is a visual representation of a knowledge domain and consists of nodes 
representing concepts connected by directional links that define the relationships of 
the nodes. Concept maps may act as tools to aid study and assist to the comprehension 
of a domain. Furthermore, they are flexible tools, which can be used by students to 
develop their own maps to represent various domains of knowledge and can be used to 
see the forests and the tress thereby avoiding disorientation. In AES-CS concept map 
is used to help FD learners understand the big picture and place detail in perspective. 



 
The graphic path indicator can orient users to the surrounding hyperspace and to the 
content organization, affecting both cognitive overhead and coherence. The graphic 
path indicator is dynamically created and presents the current, the previous and the 
next topic. The graphic path indicator appears at the bottom of each page and illus-
trates clearly the local neighborhood of a topic.   

4 System Architecture and Implementation 

The main characteristic of AES-CS is that it can be adapted to the cognitive style and 
to the level of knowledge acquired by the student. The system is organized in the form 
of three basic modules: the domain model, the student model, and the adaptation 
module [Fig.3]. These three components interact to adapt different aspects of the in-
structional process, i.e. adapting the content according to user’s prior knowledge; 
adapting the presentation of contents through selection and combination of appropri-
ate media; adapting the teaching strategies; modifying the selection of examples and 
links; and recommending appropriate hyperlinks.  

 

 
 

Fig.3 System architecture 

4.1 Domain model 

The domain model is a set of domain concepts. It serves as a basis for structuring the 
content of AES-CS. Each concept is structured into a set of topics. Topics represent 
basic pieces of knowledge for the given domain and their size depends on the domain. 
Topics are linked to each other thus forming a kind of semantic network. This network 
is actually the structure of the knowledge domain. In AES-CS each hypermedia page 
actually corresponds to one topic only. 

4.2 Student model 

The student model needs to be easy to construct and modify and should accurately 
reflect the characteristics of different students. Three different categories of informa-
tion are built-in in the student model: personal profile (which includes static data e.g. 



name and password), cognitive profile (which includes adaptable data like cognitive 
style preferences), and an overlay student knowledge profile (which illustrates stu-
dent’s knowledge on a subject). Table 2 shows the description of some attributes in-
cluded in each category, and provides information on the possible values types of the 
attributes and how these can be acquired. 
 

Table 2. The student model 
 

Type Item Value How acquired 
Name Free text user Personal Profile Password Free text user 
Cognitive style FD or FI user or system 
Program Control Yes or No user or system 
Learner Control Yes or No user or system 
Advance Organizer Yes or No user or system 
Post Organizer Yes or No user or system 

Cognitive Profile 

Graphics Path Indicator Yes or No user or system 
Knowledge Profile  Concept 1 Unknown 

Know 
Learned 
Well- Learned 

user or system 

 Concept 2     - //-      -//- 
 
In our research the Group Embedded Figures Test (GEFT) [15] was used to identify 
the field-dependent and field-independent cognitive style. In this test, subjects per-
ceived the information, which is a series of simple figures, independently from the 
larger complex figure, in which the simple figures are embedded. 

4.3 Adaptation module  

To support adaptivity, AES-CS uses the ‘adaptive presentation technique’ [2] that 
aims to adapt the information presented to the user according to his/her cognitive style 
and knowledge state. Conditional text and page variants representations are used to 
accomplish adaptive presentation. With the conditional text technique, a page is di-
vided into chunks. Each chunk of information is associated with a condition indicating 
which type of user should be presented with it. With page variants technique, two 
variants of the pages associated with a concept are prepared. Each variant of the page 
presents information in a different style according to FD/FI dimension.  

 
‘Adaptive navigation support’ is a specific adaptive hypermedia technology that aims 
to help users to find an appropriate path in a hypermedia-learning environment [2]. 
AES-CS does not include adaptive navigation support in the case of learner control 
option. However, in program control option, AES-CS provides adaptive navigation 
support by manipulating the selection and the presentation of links through adaptive 
annotation and direct guidance. Adaptive annotation of hyperlinks supplies the user 



with additional information about the content behind a hyperlink. The selection and 
the colour of hyperlinks are adapted to the individual student by taking into account 
information about the learner’s knowledge state and the instructional strategy. Blue 
colour is used for ‘recommended’ and gray colour for ‘not ready to be learned’. With 
the direct guidance, the system suggests to the student the next part of the learning 
material. This technique can be seen as a generalization of curriculum sequencing but 
within the hypermedia context it offers more options for direct guidance. Student’s 
prior knowledge is used by the system in order to provide him/her the most suitable 
sequence of knowledge units to learn and to work with. 
 
Furthermore, an annotation mechanism is used to show several levels of student’s 
knowledge on each domain model concept. A colored checkmark is used to distin-
guish the state of student knowledge on any concept: a blue checkmark means ‘know’ 
(determined by the student through the student model), a red checkmark means 
‘learned’ (the student has visited the pages which presents the concept) and a green 
checkmark means ‘well-learned’ (the student has successfully completed a test) [see 
Fig.1].  

5 Evaluation 

The current interface of AES-CS and its functionalities are the result of revisions 
based on the analysis of the data collected during the formative evaluation. Formative 
evaluation is the judgments of the strengths and weakness of instruction in its develop-
ing stages, for the purpose of revising the instruction. The classically recognized types 
of formative evaluation are: expert review, one-to-one evaluation, small group, and 
field test [17].  
 
Until now, the expert review, the one-to-one, and the small group evaluation were 
completed. In the expert review, a semi-structured interview aimed at determining the 
reactions of experts and a debriefing session were used. Five experts acted as evalua-
tors in this phase: a teaching/training expert, an instructional design expert, a subject-
matter expert, a subject sophisticates and an educational technologist. The subjects for 
the one-to-one evaluation and the small group were fourth year undergraduate students 
studying the course “Multimedia Technology Systems” in Computer Science Depart-
ment at the Aristotle University of Thessaloniki, Greece. Ten subjects participated in 
the one-to-one evaluation and a semi-structured interview and debriefing session were 
used. Finally, ten subjects took part in the small group evaluation. We used several 
methods for getting information from students during this phase. First, a pre-test and a 
post-test were used to help us to measure the learning gain from the instruction. Sec-
ond, an attitude questionnaire aiming to determine subjects’ experience in using the 
system. Third, comment logs were used in order subjects to note specific strengths or 
weaknesses of the system during the instruction. Finally, debriefing sessions were used 
to measure the subjective satisfaction of subjects on the instructional and interface 
design of AES-CS. 



 
A preliminary analysis of the data collected showed that the subjects were satisfied 
with the adaptation based on cognitive style. In addition, they felt that the system was 
clear and easy to understand and after working with it they had a better understanding 
of the area studied. However, they made suggestions for the improvement of the sys-
tem. Some of the more significant recommendations that were implemented during the 
revision phase are as follows: 
 
On student model 
The subjects agreed that the student model was easy to use and modify, but most of 
them pointed out as a design weakness the scrolling of the html page that includes all 
the available options (level of knowledge, cognitive style, choice of characteristics) in 
one-single page.  
 
On user interface 
Most of the subjects suggested that they would prefer to have an option regarding the 
ability to adapt the background of the html pages. Finally several subjects recom-
mended that the content menu should always appear at the left frame irrespective the 
program or learner control option. 
 
On tools 
Subjects agreed on the usefulness of the instructional guidance at the bottom of the 
screen but they suggested that it should be included in the minimum amount of space 
possible with regards to the overall appearance of the screen. Moreover, all the sub-
jects suggested that the concept map and the graphic path indicator should be active so 
to be used as an extra navigation tool. 
 
Other observations  
All the subjects considered the self-assessment unit very useful but they suggested the 
need of additional information regarding the number of total questions in the system 
and the right and wrong answers. Moreover, few subjects recommended that they want 
to see the path they follow in order to reach a particular page.  
 
As mentioned earlier, most of the above suggestions were already implemented during 
the revision of AES-CS. However, they will be further processed in order to develop 
more the adaptive features of AES-CS and to fully complete the design of the system. 
After the final revision, summative evaluation will follow in order to assess the effec-
tiveness of the system with reference to other educational material used for the instruc-
tion of the particular module. 

6 Conclusion and Further Research 

In this paper we have described the design and development of an Adaptive Educa-
tional System based on Cognitive Styles (AES-CS), a prototype that includes accom-



modations for cognitive styles in order to improve student interactions and learning 
outcomes. Currently, the basic architecture of the system has been implemented. The 
AES-CS (http://mlab.csd.auth.gr/adapt, ‘guest’ for login and password) has two main 
components: the client running in the Web browser and the server running in a PC 
workstation. The client is implemented as Web pages, residing in a number of linked 
frames. The development platform used is ASP technology using Dynamic HTML and 
JavaScript language that made possible to overcome HTML limitations. 
 
Current adaptive hypermedia systems provide adaptation based on a stereotypical user 
model with limited levels of user differentiation. However, the complexity of learner’s 
profile stresses that a different approach of the user model should be considered. Us-
ers are not simply analytical or global learners but instead are some combination of 
both characteristics. According to Carver, Hill and Pooch [3] the AH systems should 
not only model multiple dimensions of the user, but each dimension should have as 
much delineation as necessary to truly model the user.  
 
In that terms, the system AES-CS is differentiated from related projects to the fact that 
it provides a fine degree of adaptation granularity. Learners have the ability to change 
the initial stage through the student model and/or appropriate interactive features [see 
Fig.1, 2]. The learners may modify the control options between learner and program 
control, may choose minimal or maximum feedback, may request instructions and so 
on. Our basic assumption is that adaptive systems need to be controllable by the user 
because they cannot be intelligent enough to appropriately adapt in all possible cases.    
 
Further research is on progress concerning the evaluation of the initial adaptation. The 
initial adaptation of AES-CS to FD/FI learners was based on research results [6,9,16] 
and theoretical assumptions in FD/FI dimension [5,14]. An important research direc-
tion is to investigate if this initial adaptation is the most appropriate for the learners 
and to verify the design issues that were considered for the development of the system. 
 
Additional research direction is the evaluation of the educational effectiveness of 
system’s adaptation. We are going to investigate the hypothesis that the adaptivity 
based on student’s cognitive style could be beneficial for the observed learning out-
comes. An experiment by Jonassen and Wang showed that FI learners are better hy-
permedia processors, especially as the form of the hypermedia becomes more referen-
tial and less overtly structured [6]. In that term, part of our further research is to exam-
ine whether or not FD learners will reach the same level of performance as FI ones 
when studying in AES-CS environment.    
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Abstract. A typical learning method using the Internet is exploratory learning, 
where learners construct knowledge through exploring the web autonomously. 
A problem with web-based exploratory learning is a learning impasse caused by 
inadequate hyperlinks. MITS, an adaptive web-based learning system, has been 
developed in order to avoid this learning impasse. This system contains a free-
hyperlink environment, which enables learners to create hyperlinks in the open 
web and share the hyperlinks. Furthermore, the hyperlinks have been adapted 
using collaborative filtering in order to reduce option overflow. 

1 Introduction 

Rapid growth of the Internet enables us to acquire knowledge from numerous web 
pages that exist all over the world. In this situation, web pages are expected to be 
informative learning resources. A typical learning method using the Internet is 
exploratory learning, where learners construct knowledge through exploring the web 
autonomously. Incoherence and complexity characteristic of the web can enhance the 
learners' ability to select correct knowledge and associate newly acquired knowledge 
with previously acquired knowledge. 

In web-based exploratory learning, however, there is a learning impasse caused 
by inadequate hyperlinks. If a page is not complete with adequate hyperlinks to fulfill 
individual learners' interests or goals, the learners cannot visit the next page smoothly. 
It may also be true that the learners cannot understand a page without adequate 
hyperlinks to make up for their lack of knowledge. Search engines, which can supply 
adequate hyperlinks (pages), help escape from such a learning impasse but 
occasionally return meaningless hyperlinks resulting in loads in search activity. Thus, 
inadequate hyperlinks lead learners to this learning impasse, which stagnates the 
learners' exploration activity and consequently lowers learning effectiveness. 

Adaptive web-based learning systems, which alter the hypertext contents or 
structure on the basis of individual learners' characteristics, can avoid this learning 
impasse. For example, DynaWeb increases exploration paths by adding hyperlinks on 
the basis of interests [1]. WebDL guides learners to new exploration goals by giving 
educational advice on the basis of learning progresses [2]. ELM-ART indicates the 



difficulty level of pages on the basis of knowledge levels [3]. Almost all such systems 
limit the adaptation to the closed web (i.e. web pages inside a certain server) and do 
not avoid the learning impasse in the open web (i.e. arbitrary web pages). This occurs 
because the teachers cannot describe information indexes and adaptation rules on the 
open web. AHA [5], KBS Hyperbook [7], and ITMS [8] deal with the open web but 
their adaptations are not completely independent of the closed web. Recently, this 
limitation has become a major focus in the domain of adaptive hypermedia [4]. 

MITS (Multi-hyperlink Tailoring System), an adaptive web-based learning 
system, has been developed in order to avoid the learning impasse in the open web, 
especially that caused by inadequate hyperlinks to learners' interests. This system 
contains a free-hyperlink environment, which enables learners to create hyperlinks in 
the open web and share the hyperlinks. Furthermore, the hyperlinks have been 
adapted using collaborative filtering in order to reduce option overflow.  

The remainder of this paper is organized as follows. Section 2 clarifies the free-
hyperlink environment. Section 3 describes MITS, especially adaptations using 
collaborative filtering. Section 4 reports the results of a small-scale experiment 
through trial use. Finally, conclusions are made and future works are summarized. 

2 Free-hyperlink Environment 

2.1 Fundamental Idea 

The simplest way to avoid a learning impasse cased by inadequate hyperlinks is to 
increase the hyperlinks. If there is a focus on the information sharing environment, 
this idea may be actualized. There have been some web-based learning systems with 
such an environment. For example, SharlokII facilitates problem solving by enabling 
learners to share various kinds of information such as questions, answers, comments, 
and hyperlinks [11]. ReCoNote facilitates knowledge construction by enabling 
learners to share web notes structured with mutual links and comments [10]. 

It is conceivable that satisfying pages for a learner certainly exist somewhere in 
the vast web space and those have already been found by other learners. A proposal 
for a web-based exploratory learning environment, which enables learners to create 
hyperlinks (i.e. free-hyperlinks) that connect informative pages in the open web and 
share the hyperlinks, is therefore required. This environment is called a free-hyperlink 
environment. The free-hyperlinks differ from ordinary hyperlinks as follows. 

 
l Non-fixed location: A free-hyperlink is not fixed on a certain page and is 

automatically embedded in every page with a corresponding anchor (text). This 
feature provides learners with many exploration paths. 

The free-hyperlink to be embedded is chosen by means of text matching 
that merely compares its anchor to a page. 

l Multi-direction: A free-hyperlink can connect one anchor to some pages. This 
feature, which is similar to the concept of an extended link in XML, provides 



learners with not only many exploration paths but also various kinds of 
knowledge for the same anchor. 

l Comment inclusion: A free-hyperlink includes a comment on a page written by 
a learner. This comment, which may show the trait of the page (e.g. "This page 
is easy to understand thanks to useful diagrams") or a motive for creating the 
free-hyperlink (e.g. "This free-hyperlink is created to examine up-to-date 
technology."), can be used as an indication to select an adequate one from some 
free-hyperlinks. 

 
The free-hyperlink environment will organize scattered pages and consequently form 
large-scale teaching material with many adequate hyperlinks. In other words, 
numerous learners substitute for the teachers who have to complete adequate 
hyperlinks. Avoiding the learning impasse in this manner may facilitate web-based 
exploratory learning. 

Furthermore, the free-hyperlink environment may encourage learners to reflect 
upon their study, since a learner will be able to recognize the difference in knowledge 
for the same anchor by following other learners' free-hyperlinks in addition to his/her 
own free-hyperlink. 

An empirical study shows that 58% of an individual's pages were revisits  [13]. 
This result may indicate, from the viewpoint of web-based exploratory learning, that 
learners frequently review. The free-hyperlinks, which can be regarded as a bookmark 
function embedded in web pages, will be actively created to simplify review activity. 
Thus, the necessity to create the free-hyperlinks is ensured and the free-hyperlink 
environment appears to function satisfactorily. Figure 1 shows the concept of the free-
hyperlink environment. 

 
 

 
Fig. 1. The concept of free-hyperlink environment 
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2.2 How to Create Free-hyperlinks 

When finding an interesting/unknown word(s) on a page, learners usually try to look 
up the word by using a search engine. Taking this process into account, a search 
engine has been integrated into the process of the free-hyperlink creation. Although 
this integration is probably time-consuming, the time will be minimized eventually 
since the free-hyperlinks can be shared. The free-hyperlink environment works 
together with a web retrieval support system WebCOBALT (Web Contents 
Observable System), which has a comment sharing environment for reducing loads in 
search activity [9]. Learners create the free-hyperlinks in the following process. 
 
(1) Search query designation 
A learner chooses an interesting/unknown word(s) as the search query by dragging 
the word on a page. Thereupon, a pop-up box is displayed (Fig. 2(a)). The word is 
simultaneously set as an anchor. He/she can add words to the search query in order to 
narrow down the search focus (The anchor is intact). By clicking on the "Search" 
button, the search query is sent to an existing search engine via WebCOBALT. 
(2) Search result receipt 
He/she receives the search results modified by WebCOBALT. Generally, search 
engines return a page title, URL, summary text, and statistic as elements of search 
results. WebCOBALT adds comments written by learners to each result (Fig. 2(b)). 
The comments can be clues used to find a suitable page. 
(3) Visit and free-hyperlink creation 
By selecting a page, the page is presented together with a component for creating a 
free-hyperlink (Fig. 2(c)). The component is embedded in every page during 
exploration. The anchor is automatically set in the "Anchor" blank (He/she can 
modify the anchor in this blank). He/she writes a comment with three attributes, 
"informative", "neutral", and "useless". If the "informative" attribute is designated, the 
free-hyperlink between the anchor and the page is created immediately after clicking 
on the "Submit" button. Incidentally, this comment is also used in WebCOBALT. 

2.3 How to Share Free-hyperlinks 

The free-hyperlinks embedded are highlighted with a star-shaped icon in order for 
learners to distinguish the free-hyperlinks from original hyperlinks. By clicking on a 
free-hyperlink, a pop-up box containing the information about the free-hyperlink is 
immediately displayed. The information consists of a page title, URL, creator's e-mail 
address, creation date, and a comment. In the case where the same anchor has more 
than one free-hyperlink, these are displayed inside the same pop-up box. By clicking 
on a page title, the corresponding page is presented. A snapshot of free-hyperlinks, 
which are adapted using collaborative filtering, is shown in Fig. 4 (b). The next 
section describes the adaptation in MITS. 

 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. The process of free-hyperlink creation using WebCOBALT 
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3 MITS 

It is apparent that the increase of free-hyperlinks causes option overflow that 
interrupts the selection of adequate free-hyperlinks. In addition, meaningless free-
hyperlinks are presented owing to a failure in text matching (e.g. to the anchor of 
"CD", the free-hyperlinks concerning "Compact Disc" and "Cash Dispenser" may be 
presented). MITS, which contains the free-hyperlink environment (Fig. 3), helps to 
solve these problems through adaptation by eliminating the free-hyperlinks on the 
basis of learners' interests. 

 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. The outline of MITS 

3.1 Adaptation 

The intuition behind the adaptation in MITS is as follows: learners will create free-
hyperlinks for interesting pages rather than objective or unknown pages. Objective or 
unknown pages may become unnecessary at the point in time when learners complete 
reading the pages. However, learners' interests are preserved in the long term. This 
indicates that free-hyperlinks which connect interesting pages will be principally 
created. Therefore, free-hyperlinks represent learners' interests and the adaptation is 
performed on the basis of these interests  

MITS uses collaborative filtering for adaptation. Collaborative filtering, which is 
normally used in recommender systems (e.g. GroupLens [12] and SurfLen [6]), is a 
technique for recommending items estimated to be informative by users with high 
similarity. On the other hand, it seems that collaborative filtering in MITS reduces 
option overflow and the failure in text matching by eliminating the free-hyperlinks 
created by learners with low similarity.  

3.1.1 Similarity calculation 
Calculating similarity between learners is based on the following assumption. 
 
l Learners who create the free-hyperlink with the same anchor have similar 

interests. 
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MITS counts the number of free-hyperlinks with the same anchor from a free-
hyperlink matrix and calculates the similarity by means of the Pearson's correlation 
coefficient (r). Next, it presents the free-hyperlinks of five learners with high 
similarity (r>0.0). Table 1 shows an example of the free-hyperlink matrix. The matrix 
consists of the "anchor " row and the "learner" column. Given two learners' free-
hyperlink lists in the free-hyperlink matrix as X=[x1,x2,…xn] and A=[a1,a2,…an], r is 
calculated from the following formula. Here n represents the entire number of 
anchors. 
 
 
 

 
 
 
However, collaborative filtering has a disadvantage: adaptation accuracy is low in the 
initial phase where estimation data are few (Naturally, no data indicates no 
adaptation). MITS is optimistic about this disadvantage, since the free-hyperlinks (i.e. 
estimation data) are actively created to simplify review activity (as described in 2.1). 

3.1.2 Example of adaptation 
In Table 1, there is  learner X (target), who is interested in the computer network, and 
another fifteen learners, A (r=-0.28),  B (r=-0.37), C (r=0.47), D (r=-0.18), E 
(r=0.66), F (r=0.59), G (r=1.0), H (r=-1.0), I (r=0.05), J (r=0.18), K (r=-0.37), L 
(r=-0.18),  M (r=-0.28), N (r=-0.37), and O (r=-0.47). This example illustrates 
adaptation in the case where learner X visits a page shown in Fig. 4 (a), which has no 
original hyperlinks. The words of "Internet", "Dialup", "TCP/IP", "ISDN", "ADSL", 
"Ethernet", and "firewall" appear on this page, which correspond to anchors listed in 
Table 1. If there is no adaptation, free-hyperlinks concerning all these anchors would 
be presented. 
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Table 1. An example of free-hyperlink matrix 
 X A B C D E F G H I J K L M N O 
"Internet" 0 1 0 0 1 0 0 0 1 1 0 1 0 0 0 1 
"Dialup" 0 0 1 0 0 0 0 0 1 1 0 1 0 0 0 0 
"TCP/IP" 1 0 0 1 0 0 1 1 0 0 0 0 0 0 0 0 
"ISDN" 0 0 1 1 0 0 0 0 1 0 0 0 0 0 0 0 

"ADSL", 0 0 1 1 0 0 1 0 1 1 1 1 0 0 0 0 
"Ethernet" 1 0 0 1 0 1 1 1 0 1 1 0 0 0 0 0 
"firewall" 0 1 0 1 0 0 1 0 1 0 1 0 1 1 1 1 

"concrete" 0 0 0 0 0 0 0 0 1 0 0 0 0 1 1 1 
"building" 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 1 
Note: "1" indicates that the free-hyperlink has been created. 



 
 
 
 
 
 
 

 
 
 
 
 
 
 
 

Fig.4. Adapted free-hyperlinks 
 
MITS calculates the similarity and chooses five learners with high similarity, C, E, F, 
G, and J. In addition to the free-hyperlinks created by learner X ("TCP/IP" and 
"Ethernet"), the free-hyperlinks created by the similar learners ("TCP/IP  ", "ISDN", 
"ADSL", "Ethernet", and "firewall") are embedded (Fig. 4(b)). In this way, option 
overflow is adaptively reduced. Furthermore, the failure in text matching is also 
reduced. Specifically, the free-hyperlinks created by learner M, N, and O are 
eliminated. They are interested in architecture or civil engineering and regard firewall 
as the meaning of fireproof wall and not Internet security. To eliminate their free-
hyperlinks concerning firewall helps learner X to select adequate free-hyperlinks 
smoothly. 

3.2 Implementation 

MITS is a simple C/S system (Fig. 5). Basically, learners can use this system on a 
web browser without plug-in software. The following describes a server-side system 
composition. 

 

(a) 

(b) 



Page fetch module: This module fetches a page requested by a learner. 
Page analysis module: This module chooses free-hyperlinks to be embedded by 
means of keyword matching. In addition, it rewrites original hyperlinks on the page in 
order to always send the learner's request to MITS. 
Adaptation module: First, this module embeds corresponding free-hyperlinks 
created by the learner. Next, it calculates the similarity and embeds corresponding 
free-hyperlinks created by similar learners. When the anchor of a free-hyperlink is 
involved in the anchors of original hyperlinks or other free-hyperlinks, this module 
adds a new anchor to embed the free-hyperlink beside the initial location. 
Free-hyperlink database: The free-hyperlink matrix is stored. 

4 Small-scale Experiment Through Trial Use 

A small-scale experiment through trial use of MITS was conducted in order to 
evaluate its effectiveness. The specific evaluating points are the validity of the 
adaptation and the usability in free-hyperlink creation. 

4.1 Method 

The subjects of this experiment were graduate and undergraduate students who 
belonged to the department of computer science at Tokushima University. Twenty-six 
subjects were divided into the following two groups. 

 
Group A (16 persons):  Each subject created free-hyperlinks on a page describing 50 
terms concerning computer science. This group concentrated on free-hyperlink 
creation. 

Fig. 5. System composition 
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Group B (10 persons): First, each subject created free-hyperlinks on a page 
describing 25 terms, which were chosen from the page given to group A. Secondly, 
he/she marked terms of interest from the 25 remainders. Thirdly, he/she read the page 
describing all the 50 terms, which were adapted on the basis of interests (the terms 
presumed to be interesting to him/her were presented as free-hyperlinks). This 
experiment requested him/her to refer to all free-hyperlinks (i.e. all pages that were 
connected with free-hyperlinks). 
 
The usability in free-hyperlink creation was evaluated with questionnaires. The 
validity of the adaptation was evaluated with questionnaires. Then, the scores of recall 
and precision were calculated with the following formulas. The high score of recall 
indicates that the adaptation was performed without omission. The high score of 
precision indicates that the adaptation was performed without redundancy.  
 
 
 
 
 
 
 
 
 

4.2 Results and Considerations 

Through this experiment, group A created 158 free-hyperlinks to 44 terms and group 
B created 56 free-hyperlinks to 17 terms. Comments of 214 free-hyperlinks created 
were roughly classified into four traits (Table 2). 
 

Table 2. The traits of comments 
Trait Example Number 

A mere summary 
"This page describes JavaScript and prepares some 
sample programs" 93 

A summary with 
personal opinions 

"This page illustrates the concept of OOP 
understandably. I recommend this for novice 
learners!" 

77 

Personal opinions "I think that DOM is very important in combining 
Java and XML"  

27 

Others "This page is nicely designed" 17 
 
(1) The validity of the adaptation 
Figure 6 shows the mean scores of recall and precision. In the default values 
(learners=5, threshold of similarity=0.0) which choose learners with high similarity, 
the score of recall was 0.733 and the score of precision was 0.232. The score of recall 
is relatively high, whereas the score of precision is undoubtedly low. This indicates 
that many redundant free-hyperlinks were presented. Although these scores were 
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again calculated with the values lowered, the score of precision was not improved. 
This indicates that free-hyperlinks created by learners with the highest similarity may 
not necessarily fulfill a learner's interests. From these results, the default values were 
overall acceptable in this experiment. However, it is recognized that this experiment 
was too small-scale to prove the validity.  

Table 3 shows the results of questionnaires which surveyed the validity. From 
the result for Q1, it was found that free-hyperlinks were principally created for 
interesting pages. This seems to correspond to the concept described in 3.1. 
Therefore, it may be true that free-hyperlinks represent learners' interests and the 
adaptation is performed on the basis of the interests. The result for Q2 indicates that 
free-hyperlinks presented actually tended to connect interesting pages. The mean 
value of the informativity of free-hyperlinks, which was subjectively estimated by 
group B, was 3.7 (Q3). In spite of the low precision, this value seems to be relatively 
high. This may indicate that originally redundant free-hyperlinks were changed to 
informative ones. It is possible that the subjects dug up new interests by following 
free-hyperlinks with comments. Judging from the above results, it can be concluded 
that the adaptation appears to function satisfactorily.  

Fig. 6. Transition of the scores of recall and precision 
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Opinions about free-hyperlinks were collected from group B. The relatively 
dominant opinions were as follows: " Efficiency of navigation was improved by 
following free-hyperlinks" and "Knowledge was broadened by following many free-
hyperlinks". These opinions can be regarded as evidence that MITS avoids the 
learning impasse caused by inadequate hyperlinks. In addition, there were some 
interesting opinions as follows: "New learning goals were generated by others' 
comments", "There were new findings that familiar terms were used in unimaginable 
areas", and "To know learners with similar interests is useful in learning". These may 
indicate that MITS facilitate meta-cognitive activities and collaborative activities. 

Although this experiment was small-scale (the terms were limited within the area 
of computer science, and the subjects and the free-hyperlinks were insufficient), the 
effectiveness of MITS was proven to a certain extent. In order to prove the 
effectiveness in more detail, there is a plan to open this system to the public and 
experiment on a large scale.  

 
Table 3. The results of questionnaires to survey the validity 

Question Learners 
21 (Interesting) 
4 (Unknown) 
2 (Not understood) 
3 (Objective) 

Q1: What pages did you create free-hyperlinks for 
principally? 
(This question was given to both groups and was a multiple 
choice question) 

6 (Other) 
6 (Interesting) 
1 (Unknown) 
3 (Not understood) 
1 (Objective) 

Q2: What pages did free-hyperlinks presented connect 
principally? 
(This question was given to only group B and was a multiple 
choice question) 

0 (Other) 
0 (5: Definitely yes) 
8 (4:Yes) 
1 (3: Intermediate) 
1 (2:No) 
0 (1: Definitely no) 

Q3: Were the free-hyperlinks presented informative for your 
learning? 
(This question was given to group B only. They were 
requested to choose from one to five degrees) 

Mean: 3.7 
 
(2) The usability in the free-hyperlink creation 
Table 4 shows the results of questionnaires which surveyed the usability. The mean 
value of the usability in designating the search query (i.e. the usability of the pop-up 
box for search) was 3.65 (Q4). Affirmative opinions were as follows: "Not visiting a 
search engine was timesaving" and "Not typing words or doing copy&paste was 
timesaving". Negative opinions were as follows: "It was burdensome that the pop-up 
box was frequently displayed by unrelated mouse clicking" and "It was not useful due 
to elimination of some functions implemented in common search engines". The mean 
value of the usability in writing a comment (i.e. the usability of the comment 
component) was 3.38 (Q5). From negative opinions, it was found that this usability 
becomes lower especially in a page that consists of a few frames, since the comment 
components occupy small frames. The mean value of the willingness to write 



comments, which means the overall usability, was 3.15 (Q6). This low value probably 
results from the inconveniences shown above. These inconveniences ought to be 
quickly improved since the usability is strongly related to the increase of free-
hyperlinks.  
 

Table 4. The results of questionnaires to survey the usability 
Question Learners 

7 (5: Definitely yes) 
11 (4:Yes) 
2 (3: Intermediate) 
4 (2:No) 
2 (1: Definitely no) 

Q4: Was the pop-up box easy to use when you wanted to 
designate the search query? 

Mean: 3.65 
3 (5: Definitely yes) 
10 (4:Yes) 
7 (3: Intermediate) 
6 (2:No) 
0 (1: Definitely no) 

Q5: Was the comment component easy to use when you 
wanted to write a comment? 

Mean: 3.38 
1 (5: Definitely yes) 
10 (4:Yes) 
10 (3: Intermediate) 
2 (2:No) 
3 (1: Definitely no) 

Q6: Will you willingly write comments during your 
exploration? 

Mean: 3.15 
Note: These questions were given to both groups who were requested to choose from 
one to five degrees. 

5 Conclusions 

This paper has introduced an adaptive web-based learning system with a free-
hyperlink environment, which helps to avoid a learning impasse by enabling learners 
to create hyperlinks in the open web and share the hyperlinks adapted on the basis of 
individual learners' interests. As learners are inclined to construct knowledge through 
exploring the open web autonomously, such a system will be increasingly required.  

The prototype system includes a few problems. One problem that must be solved 
is a failure to modify original web pages. For example, JavaScript embedded by 
MITS contends with JavaScript in the original web pages. Although the original 
JavaScript is currently overwritten to avoid this situation, this may reduce learning 
effects provided by original web pages. In particular, to invalidate JavaScript 
controlling hyperlinks seriously interrupts learners' exploration. Another problem is 
how to deal with unavailable free-hyperlinks in the present situation where numerous 
web pages are removed daily. Learners expect that informative pages will always be 
presented even if the pages have already been removed. To fulfill this expectation, it 



is very important to generate the next version of this system. In addition, system 
performance has to be considered for practical use. This research is trying to solve 
these problems and is preparing large-scale experiments. 
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Abstract. This paper focuses on ownership transfer via personalisation

as a value-adding strategy for web-based education. It contributes an ap-

proach to endowing hypermedia systems (e.g., for learning) with features

that enable the personalisation of the interactions between users and the

system which embodies the learning material. A model for the personal-

isation of hyperdocuments is introduced that aims to make available to

users of, e.g. electronic learning materials, features that allow them to

interact with these documents in a manner much closer to that of owners

of paper-based ones, while still bene�tting from the ability to traverse

contextual links and to exploit the computational environment in which

the material is embedded.

1 Introduction

The potential for harnessing hypermedia technology to address issues of learn-

ing has long been recognised [16, 8]. It has gathered new momentum with the

emerging prominence of web-based education systems accessible via the Inter-

net [9].

As noted in [16], the principal attraction of hypermedia is that it lends itself

naturally to non-sequential educational approaches since it encourages the free

association of the characteristics of human thought. Although researchers have

delivered a variety of impressive systems [11, 21, 5] many can be criticised for

the ad-hoc, technology-driven approach often taken towards their engineering

and development [19]. The consequences of this ad-hoc approach have been the

relatively low levels of interchangeability and of interoperability between sys-

tems. Such ineÆciency has caused, as noted in [22], \the history of educational

technologies [to be] littered with pockets of expertise, government pronounce-

ments, and investment in equipment that has quickly ended up gathering dust

in forgotten corners".

Personalisable, adaptive hypermedia systems, more often referred to as adap-

tive hypermedia, (AH) [10, 9] constitute an area of research that aims to enhance



the functionality of hypermedia systems by making the user interaction process

personalisable. The approach taken is to endow systems with personalisation

features which may be initiated by the users or by the system itself. AH are

assumed to be useful in areas, such as learning, where users have di�erent in-

formation seeking goals, histories and preferences. AH aim to use knowledge

provided by (or captured about) speci�c users to tailor the information and the

links presented to each speci�c user. By applying the knowledge of users they

amass, AH can support users in navigation by limiting the options for traversal

to information units, suggesting relevant links to follow and providing additional

information on links and information units.

In this paper we focus on ownership transfer via personalisation as a value-

adding strategy for web-based educational systems. We report on a system-

independent approach for the personalisation of learning materials deployed on

the web whose complete formalisation can be found in [23]. The approach fa-

cilitates the personalisation of the interaction process between users and the

learning materials, thereby enabling individual users to come closer to satisfying

their speci�c, dynamic information needs.

The rest of the paper is structured as follows: To motivate the contributions

of the paper, Section 2 contrasts what actions owners of paper-based materials

can perform that users of hyperdocuments cannot, and vice-versa; Section 3 in-

troduces the model contributed by the paper; Section 4 uses an example to show

how the model proposed allows the desiderata identi�ed to be met; Section 5

compares the results with those obtained by other researchers; Section 6 draws

conclusions.

2 Motivation

This section discusses the motivation for the idea of ownership transfer, via

personalisation, as a value-adding strategy by contrasting the kind of person-

alisation actions that owners of traditional learning materials (such as printed

books) and users of HLBSs can carry out.

Assume that a user is a student at a university studying a degree in Com-

puter Science. As part of this degree, the student is required to study a course

in Internet Technologies and in particular the use of the Internet for commer-

cial activities. The course book is Electronic Commerce by G Schneider and J

Perry [24]. A small section of the book is depicted in Figure 3.

Consider the question as to how students interact with a textbook over ex-

tended periods of learning. Furthermore, consider interactions which would be

diÆcult or impossible if the book were a hyperdocument. Some of the personal-

isation actions that fall into this category include:

{ Selective Reading : To open and read some page(s) only (possibly consulting

the table of contents or index) and perhaps only partially. In current hyper-

documents, options for traversal are de�ned by the links the designer of the

hyperdocument has embedded in it. Users are not provided with facilities



to make links between pages and therefore de�ne their own paths through

the material. Also, when a user does want to traverse a link de�ned by the

designer there is no metadata about the target thereby making it impos-

sible not to commit to the traversal. Since traversing links can incur high

computational costs, frustration sometimes ensues;

{ Annotation: To add to the original printed text handwritten material that,

for the student, enriches the meaning of the text. Examples include underlin-

ing or highlighting a passage, writing comments in the margin, cross-referring

to some other page of the book or some other information resource (e.g.,

a website, another book, etc.). At present, to the authors knowledge, no

hyperlink-based learning system deployed on the WWW provides features

to allow users to annotate parts of a hyperdocument in context, i.e., at a

particular point in the text;

{ Content Insertion and Deletion: To add content (e.g. copied from another

book, or a website) at speci�c points and to delete (or cross out, not nec-

essarily physically) parts of the text. Features to enable the users of a hy-

perdocument to tailor its content have also not been implemented widely. In

particular, users are not given the ability to remove parts of a hyperdocument

which they deem inappropriate for study at a point in time;

{ Bookmarking : To leave markers at particular pages (e.g., to indicate that

they are more important in some respect than others). Note that marked

pages are easily identi�able for selective reading; Although WWW browsers

allow users of hyperlink-based learning systems to bookmark pages, such

bookmarks are often limited to recording only the Internet address (location)

of a page. Users are not given the opportunity of indicating the importance of

some bookmarked page over another or why a particular page is bookmarked

at all.

Each of the above actions are admissible on paper-based materials that the

student owns but markedly diÆcult on hyperdocuments because the student has

no means of claiming ownership of the material nor of personalising the latter

(even if ownership could be transferred from the designer to the student, because

the student may not have the designer knowledge required for personalisation to

be carried out).

Now consider the question as to how students would interact with a textbook

implemented as a hyperdocument. Furthermore, consider interactions which

would be diÆcult or impossible if the book were not a hyperdocument. Some

actions that fall into this category include:

{ Context-Based, Nonlinear Navigation: To bene�t from the availability of

contextual links at points deemed appropriate by the designer of the hyper-

document and traverse the material nonlinearly;

{ Dynamic Information Management : To make use of computational resources

to react and respond to requests dynamically (e.g., to bene�t from a web

of information comprising many, possibly remote, independently generated

and maintained interrelated hyperdocuments).



Each of the above actions are admissible on electronic materials that the

designer prepares, but markedly diÆcult on paper-based documents even if the

student owns them.

In summary, although users of hyperdocuments bene�t from the concept of

linking and from the fact that electronic media typically exist in a comput-

ing environment, there are many useful actions that the owner of paper-based

documents can take that are not open to users of hyperdocuments. Transfer of

ownership via personalisation actions seems, therefore, to be a central issue in

deploying web-based systems in learning contexts.

3 The Model

This section introduces a model for the personalisation of hyperdocuments that

aims to make available to users of hyperdocuments such as electronic learning

materials, features that allow these users to interact with the hyperdocuments in

a manner much closer to that of owners of paper-based ones, while still bene�t-

ting from the ability to traverse contextual links and to exploit the computational

environment in which the material is embedded.

A general, open architecture for web-based systems, of the kind depicted in

Figure 1 as a simpli�ed data 
ow diagram, is assumed. Here we propose one

view of the interior of the shaded oval in Figure 1. It is assumed that hyperlink

functionality is provided as a client technology dependent on loose couplings

to (at least) a user-interface server (UIS) and a database server (DBS). The

classical example of a UIS is a WWW browser (e.g. Netscape Communicator).

Among other functions, browsers broker requests and have rendering capabilities.

Browsers can render formal texts (e.g., rendering expressions authored in HTML

or XML). Examples of DBSs are database management systems (DBMSs) which

support client server architectures (e.g., Oracle, or Informix).
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SERVER
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SERVER
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Fig. 1. An Architecture for web-based hypermedia systems



Broadly, the dynamics associated with Figure 1 are as follows. The UISs cap-

ture requests for desired hyperpages. The UISs channel requests for hyperpages

into the hypermedia system proper. If a request is for a hyperpage which resides

in a remote hypermedia system, then the core of hyperlink functionality interacts

with it to obtain the requested hyperpage in the form of a rendering expression

that the core can pass back for the UISs to render. If the request is for a local

hyperpage (e.g. one which is known to the core) then the latter responds by re-

turning a rendering expression to the UISs, possibly after querying one or more

DBSs to fetch some or all of the content speci�ed for the requested hyperpage.

Implicit in Figure 1 is the assumption that personalisation actions in HLBSs

should not, and need not, be compounded with personalisation actions that

might be provided by user-interface and database components in HLBS archi-

tectures. The shaded oval in Figure 1 is responsible for what users experience as

hyperlink-based information retrieval. Notwithstanding the fact that users may

want to personalise database and user-interface features, clearly it can be argued

that whatever is in the scope for personalisation actions resides in the shaded

oval.

To model adaptive, personalisable hyperlink-based interaction, a model is

proposed in which the shaded oval in Figure 1 is partitioned into regions. Non-

adaptive, non-personalisable hypermedia systems are modelled by a group of

functions referred to as the H-region. Personalisable hypermedia systems require

the addition to the H-region of the functions provided by the P-region. Adap-

tivity, seen as user-speci�c, system-initiated personalisation, comprises another

region of functionality referred to as the A-region. (see [23] for complete archi-

tectural speci�ciation and formal semantics).

3.1 H-Region: Core Hyperlink-Based Functionality

The H-region models a core of hyperlink-based functionality. Conceptually, the

H-regions behaves as a composer of hyperdocuments from speci�cations, i.e. what

the designer of a hyperpage designs is not a hyperpage, but rather a speci�cation

of how to build the hyperpage upon request. Hyperpages are modelled as formal

speci�cations and a formal language has been de�ned for this purpose [23].

The functionality of the H-region is depicted in Figure 2.

Within the H-region, users can only request for hyperpages to be rendered.

The decisions that the designers of a hyperdocument have made with respect

to content, navigation and rendering cannot therefore be overridden. Upon a

request arriving from a UIS, a composition function parses the hyperpage speci-

�cation into a series of actions that, when executed, convert the speci�cation into

renderable text that is sent to the UIS as the response to the original request.

The semantics of a hyperpage speci�cation (of which an example is shown in

Figure 4) have been formalised as a program which, when interpreted, typically

fetches content from a DBS, composes the content into a renderable text (making

use of template variables as a binding mechanism) and �nally responds to the

original request with renderable text. Figure 5 indicates how the hyperpage

speci�ed in Figure 4 might be rendered.
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3.2 P-Region: Personalisable Hyperlink-Based Interaction

The P-region comprises a group of functions that are non-disruptively added

to the H-region in order to model personalisable hyperlink-based interaction.

Personalisation is viewed as the process of handing over to the user the ability

to annotate speci�cations or rewrite them or both, thereby allowing the user to

override, in principle, each and every designer speci�cation. Therefore, within the

P-region users can not only request a hyperpage, but also annotate or rewrite

it, thereby creating their own version of it. The decisions that the designers

of that hyperpage have made with regard to content, navigation and rendering

of the hyperpage can therefore be overridden by users and this kind of event

characterises ownership transfer.

When personalisation functionality is layered over the core, a designer can

annotate a hyperpage in preparation for di�erences in users' goals and histories.

A user can personalise not only such annotations (of which an example is shown

in Figure 6), but the hyperpage speci�cations as well. Personalisation requests (of

which examples are shown in Figure 7) allow users to specify which hyperpages

are to be personalised and how they should be transformed.

The kinds of personalisation actions modelled are based on annotating and

rewriting the hyperpage speci�cations. Annotation pairs a hyperpage speci�ca-

tion with notes of interest to the user and, by doing so, presumes that versioning

takes place. Such notes take one of the following forms. Firstly, a note can assign

user-speci�c values to user-generic attributes of interest (e.g., that the level of

diÆculty of a given page or component part is high, or that `Internetworking' is

a keyword of relevance to a given page). Secondly, a note can specify a rewriting

action over the renderable text after it has been composed by the H-region, i.e.

after content has been fetched and made ready for display (e.g. to map American

into British spelling forms). This form of post-composition rewriting can also be



conditional on the environment (e.g. replace images with captions if the display

unit is text-only).

The existence of annotations on hyperpages allows for: personalisation of a

speci�ed hyperpage; the speci�cation of alternatives to a speci�ed hyperpage;

the speci�cation of comparable hyperpages to a speci�ed one and the recording

of information about a hyperpage (i.e. what are the current values of attributes

set by previous annotations).

Annotations are not operations on hyperpage speci�cations, i.e., they do not

alter the latter. Rather, they give rise to a user-speci�c pairing with a hyperpage

speci�cation. Rewriting also causes versioning and can be characterised simply as

the editing of hyperpage speci�cations. If a user edits the hyperpage speci�cation

as conceived by its designers, ownership is thereby transferred. If, subsequently,

the same user edits that hyperpage speci�cation again, adjustment takes place.

A formal language for annotations has been de�ned, as has a formal lan-

guage for the personalisation requests used to maintain annotations and hyper-

page speci�cations [23]. Personalisation requests allow users to take the following

actions to enhance their interaction process:

1. Content Tailoring : The insertion or deletion of hyperpages and, recursively,

their page parts;

2. Selective Content : The hiding from users of parts of the content of hyper-

pages which they wish not to see;

3. Content Rewriting : The rewriting of speci�ed phrases in hyperpages;

4. Prerequisite Content Selection: The fetching and displaying of prerequisite

content for a particular hyperpage or page part;

5. Linking : The insertion of hyperlinks between hyperpages and their page

parts;

6. Link Annotation: The annotation of links made between hyperpages and

their page parts;

7. Link Hiding and Blocking : The hiding or blocking of links on a hyperpage.

3.3 A-Region: System-Initiated Personalisable Hyperlink-Based

Interaction

The A-region details how system-initiated personalisation, namely adaptivity,

may be modelled as a coherent and consistent extension of the H- and P-regions.

Within the A-region adaptivity is viewed as the process of allowing the system,

by proxy, to take the initiative in the personalisation actions. When adaptive

functionality is layered over the H- and P-regions, both users and designers can

de�ne strategies as to when the system should take the initiative and actively

tailor a user's interaction in the light of that user's information goals and history

of use.

In our view, system-initiated personalisation is, in principle, as expressive

as user-initiated personalisation and requires no technologies other than those

involved in user modelling and in decision making from a user model.



An information goal characterises what a user wishes to achieve in terms of

information gathering. Broadly, information goals specify how the information

in the hypernetwork should be tailored for a user. A user's history characterises

what is already known by the user about a hyperdocument and about the system

itself. This knowledge is based on a record of previous interactions with hyper-

documents. Together, a user's information goals and history may be viewed as

a user model.

In the context of this paper, a decision theory may be understood to be a

general model of what is best to do and when. Central to the decision theory is a

set of rules, each of which is an imperative command that is meant, in principle,

to e�ect a state transition.

The approach taken to system-initiated personalisation centres on an adap-

tation function. This function implements an inference engine over a decision

theory, speci�ed as a set of active rules [13], that describes which actions are

more likely to yield the most bene�ts given some accumulated knowledge of past

interactions. The actions which the inference engine is in charge of suggesting

are personalisation actions as de�ned in the P-region.

The adaptive process starts when an event is detected (e.g., a request for

a hyperpage). As a result of the detection of an event, the adaptive function

consults a user's information goals to determine which entries have been made.

This information is then used to construct and then suggest to the user a well

formed personalisation request that is aimed at making user interaction more

personal. If this suggested personalisation request is accepted by the user then it

is submitted to, and acted upon, by the functions that comprise the P-Region.

In summary, the addition of the A-region allows the HLBS to take the ini-

tiative and launch personalisation requests on behalf of a user. For this to be

possible, the adaptive function draws upon a model of a user's goals (both ex-

plicitly stated and inferred), a history of a user's requests and a decision theory.

Such a decision theory will embody strategies towards achieving information

goals. See [23] for details.

4 Personalisation at Work

This section uses an example to show how the desiderata identi�ed in Section 2

are met by the functionality arising from the model described in Section 3.

Consider Figure 3 where an excerpt from [24] is transcribed.

To specify a hyperpage to correspond to Figure 3, the approach taken is to

divide a page into a sequence of segments called chunks. Each chunk comprises

a speci�cation of its content (i.e. either hardwired text or data returned as the

result of queries sent to databases, �gures, etc.) and a speci�cation of how this

content should be rendered for presentation (e.g. via HTML tags). A chunk may

contain template variables. Conceptually, a template variable is associated with

bits of text or else acts as a place holder for content which becomes available

after evaluation of the query associated with it. The rendering part is speci�ed

in a language which the UIS can render, except that this renderable text may be



IMAP, the Internet Message Access Protocol, is a newer protocol that has ad-

vantages over POP and that may, one day, replace POP. IMAP, like POP, can

download e-mail, delete mail from the server, or simply ask if there is new mail.

IMAP, however, improves upon some of the shortcomings of POP. For instance, it

de�nes how a client program asks a mail server to present available mail. IMAP

can request that the server download only selected e-mail messages rather than

all messages. Your e-mail client can view just the heading and the name of the

sender of the e-mail message and then decide whether to download the message.

IMAP, through your client e-mail program, allows you to create and manipulate

mail folders or mailboxes on the server, delete messages, and search for certain parts

of a note or an entire note { all without down-loading mail from the server to your PC.

Fig. 3. An Excerpt from [24]

interspersed with template variables. After content is retrieved and the template

variables are assigned, textual replacement takes place substituting values (i.e.

retrieved content) for references (i.e. occurrences of template variables). The

overall result is renderable text (e.g. HTML).

In addition, a chunk may be associated with two sets of identi�ers. The

�rst set is the set of entry points to the chunk and the second is the set of its

exit points. An entry point enables the chunk (as an anchor in the page) to

be referenced in a request. An exit point enables a chunk to establish navigable

links to the anchor denoted by the exit point. In WWW parlance, an entry point

can be thought of as a URL and an exit point as a hyperlink.

Figures 4 shows one way in which Figure 3 might be written as a hyperpage

speci�cation. It is assumed that database queries for retrieving content are writ-

ten in SQL and that HTML is used as a mark-up language in the construction

of a renderable text. For more detail on how the evaluation of Figure 3 into

renderable text takes place, see [23]. Figure 5 depicts the hyperpage after it has

been rendered by a UIS (in this case, an HTML browser).

4.1 Hyperpage Annotations

A hyperpage annotation pairs a hyperpage speci�cation with notes of interest.

An annotation is, roughly, a collection of contextualised attribute-value pairs. An

example of an annotation for the text speci�ed in Figures 4 is given in Figure 6.

The attributes used are description, which lets the student or designer provide a

summary or abstract; keyword, which lets the student or designer tag content and

thereby clarify the information contained; level, which lets the student or designer

attach a measure (e.g. of diÆculty) to the text; and see-as-well, which lets the

student or designer specify hyperpages that describe comparable information.

Again, [23] provides more details.



page{

chunk{

entry{

[<a name="Email Message Protocol"></a>] }

content{

A := 'IMAP',

B := ', the',

C := 'Internet Message Access Protocol',

D := 'is a newer protocol that has advantages over',

E := 'POP',

F := 'and that may, one day, replace POP. IMAP,

like POP, can download e-mail, delete mail

from the server, or simply ask if there is

new mail. IMAP, however, improves upon some

of the shortcomings of POP. For instance,

it defines how a',

G := 'client program',

H := 'asks a',

I := 'mail server',

J := 'to present available mail. IMAP can request

that the server download only selected e-mail

messages rather than all messages. Your e-mail

client can view just the heading and the name

of the sender of the e-mail message and then

decide whether to download the message. }

rendering{

[<b><a href="imap.html"> A </a></b>] B

[<b><a href="imap.html"> C </a></b>] D

[<b><a href="pop.html"> E </a></b>] F

[ <a href="clientprogram.html"> G </a> ] H

[ <a href="mailserver.html"> I </a> ] J } }

chunk{

entry{

[<a name="IMAP"></a>] }

content{

A := 'select definition

from glossary

where term = 'IMAP' }

rendering{

A } } }

Fig. 4. Fig. 3 as a Hyperpage Speci�cation

Fig. 5. Possible Rendering of Fig. 4



The annotation in Figure 6 will be associated with the hyperpage speci-

�cation in Figure 4. Conceptually, this versions the page speci�cally for the

annotator.

annotation{

page:

description := 'defines and contrasts IMAP with

other Internet protocols for

e-mail services';

level := 1;

see-as-well := [http://www.internetmail.com/];

keyword := 'e-mail', 'electronic mail';

[1, chunk]:

description := 'Internet Message Access Protocol'

keyword := 'IMAP', 'POP',

'Internet Message Access Protocol';

see-as-well := '[page-60.html]'

[2, chunk]:

description := 'Definition of IMAP

retrieved as dynamic content';'

[2, chunk (R-spec)]:

keyword := 'Rendered using HTML'; }

Fig. 6. Annotating Fig. 4

4.2 Personalisation Requests

Personalisation requests allow a user (e.g. a student) to generate annotations,

to update annotation (e.g. those provided at source by the designer), and to

update (by versioning) the hyperpage speci�cations themselves. A few examples

of personalisation requests (in a language, and with a semantics, formally de�ned

in [23] that a student might issue (to the hyperdocument of which Figure 4 is a

page) are depicted in Figure 7.

Example 1 in Figure 7 is a request to tailor the content found in the book. The

request applies to all hyperpages (because the selection condition is vacuously

true). Its e�ect is to insert the string, "These pages belong to Student X"

into the rendering speci�cation of the �rst chunk of each page. Example 2 is a

request to add content. The request is applied to all hyperpages that contain the

string "electronic mail" in its 5th chunk. The e�ect on each selected hyperpage

is the insertion of a new 1st chunk. Example 3 in Figure 7 depicts a request

to rewrite a speci�ed string found in the hyperdocument. The request applies

to all hyperpages and has the e�ect of inserting into the annotation of each

hyperpage a request (as denoted by the arrow `->') that all occurrences of the

string "http://www.ecommercebook.com" in the composed text be rewritten as

"http://www.ecommercebooknewversion.com" in the the rendering text.

The example in this section, in spite of space limitations, illustrates how

hyperpage speci�cations, that can be annotated and maintained via personali-

sation requests, enable users of hyperdocuments to claim ownership by actions

that version pages by means of annotations and rewriting requests.



select-page-if % Example 1

true

hp-then-do {

insert [1, chunk (R-spec)]

"These pages belong to student X" }

% ----------

select-page-if % Example 2

[5, chunk] contains "electronic mail"

hp-then-do {

insert [1, chunk]

chunk {

content { X := 'Many of the latest

electronic mail systems

now provide support for

sound and video files.' }

rendering { [<I>] X [</I>]} } }

% ---------

select-page-if % Example 3

true

ann-then-do {

insert page :

"http://www.ebook.com"

-> "http://www.ecommercebook.com"; }

Fig. 7. Personalising Fig. 4

5 Comparison

This section compares and contrasts the proposed model with related work on

modelling and implementing personalisation in hypermedia systems.

Little research has been conducted into formalising personalisation in web-

based educational systems themselves. Most work has concentrated on providing

personalisa tion features via data querying mechanisms (e.g., [1, 3, 14]). Although

these contributions show how personalisation may be experienced, it can be

argued that they merely exploit DBMS functionality rather than accounting for

how hyperlink-based interaction itself can be tailored in a principled manner.

Since we have formalised (in [23]) a complete space of possibilities for person-

alisation actions, the adoption of our model enables a system to support all the

personalisation actions described in [8] and many of those in [9]. Implemented

systems such as Adaptive HyperMan [20], ELM-ART [11], Hypadapter [15] and

2L670 [5] can all be represented using our model. Moreover, while in our model

every design decision can be overridden no proposal in the literature is as ex-

pressive as ours. In this way, we provide a more complete and coherent account

of how personalisation enables and fully characterises ownership transfer.

In its aims, our model subsumes the work on the AH reference model AHAM [12].

However, the explicit aim of the AHAM is to represent techniques that have been

implemented and hence serve as a primary reference for comparative studies. In

contrast, the work reported here aims to induce a set of personalisation actions

from a formal de�nition of a core of hyperlink functionality. Rather than simply

formalising implemented examples of personalisation actions, we have induced a

complete space of possibilities for personalisation actions. In this way, we provide



a methodological approach to the area that goes beyond the e�ort embodied in

the AHAM.

Work on XML [6] bears some resemblance with ours. Both approaches seek

to divide a hyperdocument into units which either specify data or delineate

regions where data may be obtained. The use in XML of arbitrary-value pairs

associated with a document's structure, can be contrasted with our notion of

note. The functionality of an XML-based web-based education system is not

expected to be dissimilar from that of the H-region. However, we propose an

abstract model of hypermedia-based interaction and not just of speci�cation.

Also, the speci�cation elements in our model may, without loss of expressiveness

or generality, be recast in SGML/XML.

6 Contributions and Conclusions

The challenge which the research [23] underlying this paper aims to meet is

how to model, at a suitable level of abstraction, the space of possibilities for

personalisation actions that could be made available to users of hyperlink-based

learning systems.

To respond to this challenge, we have adopted the notion of ownership trans-

fer as a means of providing a user with a learning experience that approximates

that of printed materials while preserving and even building on the bene�ts

associated with hypermedia technology. To enable ownership transfer, we have

focussed on personalisation actions. To make it possible for personalisation ac-

tions to become part of web-based educational systems we have proposed a

model based on hyperpages as speci�cations of dynamic content and rendering,

preferences as hyperpage versioning by annotation, and personalisation requests

as the events that cause that versioning to take place.

In Section 4 we have exempli�ed how our model is a step towards bringing

together the complementary bene�ts, highlighted in Section 2, in paper materials

owned by a student and hyperdocuments that the student can only use but

not personalise. The model constitutes, therefore, a contribution to the goal of

making web-based educational systems able to address users' information needs

on an individualised basis, as discussed, e.g. in [4, 7]. Our model can be concretely

used as a basis for the implementation of hypermedia systems (one instance of

which is described in [23]) as well as for the study of implemented systems such

as [2, 17, 18, 21, 5] and others.
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Abstract. In this paper we describe an adaptive tutoring system, hav-

ing a multi-agent architecture. The kernel of the system is a rational

agent, whose behavior is programmed in the logic programming language

DyLOG. In the prototype that we implemented the reasoning capabili-

ties of the agent are exploited both to dynamically build study plans

and to verify the correctness of user-given study plans with respect to

the competences that the user wants to acquire.

Keywords: Adaptive curriculum sequencing, curricula veri�cation, reasoning

about actions, multiagent systems.

1 Introduction and motivation

In current days, there is a growing interest in developing web sites and por-

tals where information is presented (and sometimes selected) according to the

reader's preferences and interests. E-commerce, on-line news channels, music

broadcasting, recommendation systems are a few examples of possible applica-

tions. This form of 
exibility is commonly referred to as adaptation. Many of the

most advanced solutions to web site adaptation [1, 2, 11, 10, 17, 9], assume that

adaptation should focus on the user's characteristics (age, education, favorite

topics), therefore they vary presentations according to a reference prototype,

the \user model", to which the user is associated. By doing so, such approaches

catch important aspects connected to the personality and the general interests

of the user. Sometimes user models are re�ned according to observations about

the users behavior.

In our work we have studied another kind of adaptation, which could be of

great help especially in the case of recommendation systems: adaptation based

on the user's intentions and needs. Often the reasons for which users connect to

a web site depend on speci�c needs, which cannot be inferred from the user's

past behavior. The user model approach could, therefore, be enriched by adding

to the system the ability to reason about intention, belief and action. In this

article we describe the most recent achievements of a work, that we have been



doing in the last years by presenting the ways in which our virtual tutor supports

the de�nition of study plans.

Intention, as well as belief and action, has intensively been studied in logics

and logic programming settings [18, 14]. In our approach to web site adaptation

we use an agent logic programming language, called DyLOG [6, 5], for building

cognitive agents, that exploit reasoning techniques for helping users and �nd ad

hoc solutions to their needs. DyLOG is based on a modal formal theory of ac-

tions, so it can deal with reasoning about action e�ects in a dynamically changing

environment. In this framework, adaptation is interpreted as a reasoning prob-

lem: thus, for instance, the agent can build a study plan that allows a student

to acquire some desired competence, the same agent can also verify whether a

study plan proposed by a student is correct (e.g. that course preconditions are

respected and the plan will actually allow the student to acquire the desired

competence), or diagnose why it is not correct. Independently from the kind of

reasoning that is performed, web pages are generated from the system for com-

municating with the user: in a sense, most of the web site interaction could be

considered a form of conversation.

Although our approach could recall some works on Natural Language cooper-

ative dialogue systems, there are some di�erences. For instance, in 1997 Bretier

and Sadek [8] proposed a logic of rational interaction for implementing the dia-

logue management components of a spoken dialogue system. This work is based,

like DyLOG, on dynamic logic but while they exploit reasoning capabilities on

actions and intentions to produce proper dialogue acts we use them to produce

solutions to the user's problems. In this context, the novelty of our approach is

that we exploit reasoning capabilities for building presentation plans guided by

the user's goals rather than for dialogue act planning.

See the web site http://www.di.unito.it/~alice for technical information

about the system.

2 Modeling a virtual tutor as a rational agent: adaptation

through reasoning

2.1 The virtual tutor domain

The virtual tutor task is to help students by building (or verifying) study plans,

where a study plan is a sequence of courses that the student will attend. Gen-

erally speaking, a study plan is supposed to allow a student to acquire a body

of coherent and consistent knowledge; for instance, the student will become an

expert about \web applications" or an expert about \bioinformatics". Such la-

bels represent the competence that will be acquired. This competence, however,

is likely to be structured into smaller pieces of knowledge, in di�erent words

competence is structured into a hierarchy of competences, see Figure 1.

We said that a study plan is a sequence of courses. Each course supplies a set

of competences; on the other hand, each course can be attended with success only

if the student's knowledge satis�es the prerequisites of the course, if any (either



programming data structures

algorithms

programming languages

programming languages C

Javaprogramming languages

programming languages Prolog

Fig. 1. As an example, this is a little excerpt from our competence hierarchy.

the student attended a set of preparatory courses or he acquired the necessary

knowledge in alternative ways). For instance, let's suppose that a programming

laboratory course where Java is tought, can be attended if a programming theory

course has been attended (precondition to the action \attend the Programming

Theory course"). When a student attends a course, he will gain competence

(unconditioned e�ect of attending the course); some competences, however, may

depend on additional conditions (conditioned e�ect). For instance, in order to

attend our Java lab course it is not necessary to know the C programming

language but if I attended a C programming language course I will also be able

to understand the explanations about the relationship between C and Java, see

Figure 2.

Attend:
Programming
Lab Course

attended:
Programming
Theory Course

Java

C and Java relationship
if

has competence on:
C language

Event Programming

Precondition

Conditioned effects

Unconditioned effects

Action

Fig. 2. Attending a course as executing an action.

The use of competence hierarchy-based representations allows a better de-

scription of prerequisites. Suppose that a course can be attended by students

who know programming languages, independently from the speci�c course that

they attended; it could be attended by students who studied the C program-

ming language, by students who studied Prolog, and by students who studied

Java (see Figure 1). Instead, in order to attend a Unix course it would be useful

to know the C programming language.

Competence hierarchies can be used also to describe professional expertise

independently from the speci�c courses that are o�ered and, as we will see, they

can be exploited to build 
exible study plans, that allow each student to achieve

his/her intentions (goals), adapting to the taste and personal interests of each

student.



2.2 Adaptation as reasoning about actions

In an intention-based adaptive system, reasoning is fundamental. In our approach

adaptation is intended as an interaction between the user and an intelligent agent

aimed at \presenting" and \discussing" study plan proposals. Such proposals are

obtained after a reasoning process applied to the domain description (internal

to the system) and the speci�c situations and interests obtained from the user.

In the virtual tutoring system, once a student decided the professional expertise

or the set of competences he wants to acquire, the system builds plans that lead

to the acquisition of the desired knowledge. In general, many alternative study

plans would allow the student to reach his goal; in this case, the system must

tailor the plan according to the user's preferences. For instance, in the above

mentioned case, in which a student should know a programming language in

order to attend a certain course, the student will be asked which programming

language course he would prefer to attend, among the available ones. Supposing

that our student is interested in Arti�cial Intelligence, he will be likely to choose

the Prolog course.

Building study plans is indeed interesting but the most interesting reason

for using a reasoner is that it can actually perform di�erent kinds of reasoning,

based on the same knowledge base. Planning is just one possibility. Remaining

on the same application, let's now consider this other situation: a student wrote

his study plan, he thinks that by following it he will become a \bioinformatics ex-

pert". We still have the \bioinformatics expert" description, the di�erence w.r.t.

the previous case is that now we have a sequence and we want to understand

if it will lead the student where he would like to go. A similar case is when a

student does not refer to a prede�ned expertise but collects an own set of desired

competences and writes a study plan that is supposed to let him achieve them.

Observe that the same kind of reasoning could be exploited by professors, who

are de�ning new study curricula and want to check their consistency.

In order to obtain such a 
exible behavior, the core of the system that we

developed is a set of rational agents. We call our rational agents reasoners.

2.3 Implementing the virtual tutor behavior with DyLOG

The language that we used for implementing our reasoners is DyLOG [6, 5]. Dy-

LOG is based on a logical theory for reasoning about action and change in a modal

logic programming setting. It allows one to specify a rational agent behavior by

de�ning both a set of simple actions, that the agent can perform (some of which

are sensing and suggesting actions for interacting with the user) and a set of

Prolog-like procedures, which build complex behaviors upon simple actions. The

DyLOG intepreter allows both to execute the procedures, which de�ne the agent

behavior, and to reason about their execution, extracting (possibly) conditional

plans [3]. The plan extraction process of the interpreter is a straightforward im-

plementation of the proof procedure contained in the theoretical speci�cation of

the language.



In our virtual tutor actions correspond to attending courses. For each \attend

course" action, we de�ne its preconditions and e�ects: preconditions say when the

course can be attended (in terms of passed courses and acquired competences),

e�ects describe the competences that will be acquired. E�ects can be further

conditioned to more speci�c requirements (see Figure 2).

As we have seen, competences are organized into a set of hierarchies. Hier-

archies are built upon sets of causal implications. For instance, the hierarchy

shown in Figure 1 is represented as:

has competence(programming) if

has competence(data structures) ^

has competence(algorithms) ^

has competence(programming languages).

has competence(programming languages) if

has competence(c language).

has competence(programming languages) if

has competence(java language).

has competence(programming languages) if

has competence(prolog language).

In the above rules we state that the \programming" competence is achieved if we

have competence about data structures, algorithms and we know a programming

language (C, Java, or Prolog). Professional expertise is formalized as a set of

implications that are built upon competence hierarchies. They just add some

more level of abstraction.

The behaviour of our agent is described by a collection of procedures.

In the case of study plan construction the top level procedure, called advice,

extracts a plan that will be executed (see Section 3).

(R1) advice(P lan) isp

ask user preferences ^ ?requested(Curriculum) ^

generate goal(has competence(Curriculum))^

plan(has competence(Curriculum) ^ credits(C)

^ max credits(B) ^ (C =< B) after combine courses; P lan).

The reasoner asks the student what kind of �nal expertise he wants to achieve

and his background knowledge (e.g. if he already attended some of the possible

courses). Afterwards, it adopts the user's goals and builds a conditional plan for

reaching them, predicting also future interactions with the user. That is, if it

�nds di�erent courses that supply a same competence, whose prerequisites are

satis�ed, it plans to ask the user to make a choice. plan is the metapredicate

that actually builds the plan, in this case by extracting the executions of the

procedure combine courses that satisfy the user's goals as well as the further

conditions that are speci�ed (e.g. that the number of credits gained with the

study plan is not bigger than a prede�ned maximum). 1

1 Note that the above formulation of the behaviour of the agent, has many similarities

with agent programming languages based on the BDI paradigm such as dMARS



The way the agent combines the courses into a curriculum is speci�ed by

procedure combine courses that, until the study plan is believed complete, tries

to achieve the goal of acquiring still missing competences by adding a new course.

(R2) combine courses isp

?study plan complete.

combine courses isp

?(:study plan complete) ^

achieve goal ^

combine courses.

Note that the main goal of having a study plan to propose to the student is

reached and the curriculum is complete only when all of the goals of getting some

piece of competence are ful�lled. Indeed, we assume the behaviour of a rational

agent to be driven by a set of goals, which are represented as 
uents2 having form

goal(F ). Our agent detects its goals based on student's explicit inputs and its

expert competence about learning and courses combination. Initially the agent

does not have explicit goals, because no interaction with the student has been

performed. The student's inputs are obtained after the �rst interaction phase

carried on by the procedure ask user preference in (R1):

(R3) ask user preferences isp

verify student competence ^

offer curriculum type

verify student competence allows to acquire knowledge about current curricu-

lum studiorum of the student (if any), whereas offer curriculum type allows

the agent to acquire knowledge about the professional expertise the student

would like to achieve. In DyLOG information is gathered from the user by means

of special actions, called sensing actions [6]. Di�erently than \normal" actions,

they increase (or revise) the knowledge of the agent but they do not change its

environment. An example of sensing action is offer curriculum type:

(R4) offer curriculum type possible if true.

offer curriculum type senses requested(Curriculum).

After executing offer curriculum type the value of the 
uent requested(Curri-

culum) (used in (R1)) will be known and the main goal

goal(has competence(Curriculum))

will be inferred; here the actual goal adoption occurs. Then, the system will

exploit the competence hierarchy-based representation for generating a set of

[12]. As in dMARS, plans are triggered by goals and are expressed as sequences of

primitive actions, tests or goals.
2 In action theory, 
uents denote properties of the world whose truth value may change

over the time.



subgoals that are to be achieved to compose a study plan for the selected cur-

riculum (generate goal in (R1)).

After adopting a goal goal(F ), the agent acts so to achieve it until it believes

the goal is ful�lled.3

(R5) achieve goal isp

?goal(knows(X; )) ^ (X 6= generic) ^

add course(X).

achieve goal isp

?goal(knows(generic;Keyword)) ^

?(u(has competence(Keyword))) ^

offer course on(Keyword) ^

?course on(Keyword;X) ^

add course(X).

The procedure achieve goal allows the agent to select in a non deterministic way

the goal of adding a course to the speci�c study plan that is being built. There are

two cases. Either the goal requires to add a speci�c course among the available

ones or, more generically, the goal requires to achieve a certain competence,

given the student did not acquire it yet (u(has competence(Keyword))). In the

latter case, the agent interacts again with the user to decide what speci�c course

to add according to the user's preference (offer course on).

(R6) offer course on( ) possible if true.

offer course on(Keyword) suggests course on(Keyword; ).

Note that offer course on is a suggesting action. In [3] we introduced suggesting

actions as a special case of sensing actions. As a di�erence with normal sensing

actions, when performing this kind of actions the agent does not read an input

in a passive way but it has an active role in selecting, after some reasoning,

the possible values among which the user will make his choice. In particular

only those values that lead to ful�ll the goal will be selected. Figure 3 shows an

example where the agent is helping a student to build a bioinformatics study

plan: at a certain point of the plan construction, the agent �nds four alternative

courses that give competence about \programming languages", however, only

two subtrees allow the student to get competence about imperative languages,

necessary for a bioinformatics curriculum. The other branches are cut during the

reasoning phase and the corresponding courses are not o�ered to the student.

Formally, the above described kind of reasoning is called temporal projection.

Given the description of a domain and an initial situation (e.g. the student in-

tial competences), the temporal projection task consists in predicting the future

e�ects of actions on the basis of (possibly incomplete) information on preceding

states. Brie
y, see [6] for details, we formalize the temporal projection problem

\given an action sequence a1; : : : ; an, does the condition Fs hold after the exe-

cution of the actions sequence starting from the initial state?" by the query Fs

3 This corresponds to adopt a blind commitment strategy.



offer course on:
programming-languages

Attend:
OO Progr. course

Attend:
Prog. Theory

course
(Prof. White)

Attend:
Prog. Theory

course
(Prof. Black)

... ... ... ...

has competence:
bioinformatics

has competence:
bioinformatics

Attend:
Prolog course

Fig. 3. An example of selection of courses to o�er for consructing a bioinformatics

curriculum.

after a1; : : : ; an, where Fs is a conjunction of 
uents. We can generalize this

query to complex actions (procedures) p1; p2; : : : ; pn by:

Fs after p1; p2; : : : ; pn (1)

where pi, i = 1; : : : ; n, is either an atomic action (including sensing actions),

or a procedure name, or a test. Query (1) succeeds if it is possible to �nd a

(terminating) execution of p1; p2; : : : ; pn leading to a state where Fs holds. In-

tuitively, when we have a query Fs after p we look for those terminating execu-

tion sequences which are plans to bring about Fs. In this way we can formalize

the planning problem: \given an initial state and a condition Fs, is there a se-

quence of actions that (when executed from the initial state) leads to a state

in which Fs holds?". The procedure de�nitions constrain the search space of

reachable states in which to search for the wanted sequence. In the virtual tu-

tor application, the procedure p is \combine courses" while Fs is the condition

has competence(Curriculum) ^ credits(C) ^ max credits(B) ^ (C =< B).

The second kind of reasoning that we implemented is verifying whether a

student-given plan will allow him to achieve some desired competence. In this

case we still adopt temporal projection but in its simpler form: we have a se-

quence of actions and a condition that should hold after their execution. In the

virtual tutor application, the sequence of actions is a sequence of courses to at-

tend and the �nal condition is a set of desired competences: has competence(c1) ^

: : : ^ has competence(cn) after attend(course1); : : : ; attend(coursem):

(R2) check plan(P lan;Competences) isp

plan((Competences) after (P lan); ).

3 The virtual tutor as a multiagent system

WLog, the prototype system that we developed, has a multi-agent system ar-

chitecture. Agent technology allows complex systems to be easily assembled by



Fig. 4. Interacting with WLog.

means of the creation of distributed artifacts able to accomplish their tasks

through cooperation and interaction. Systems of this kind have the advantage

of being modular and, therefore, 
exible and scalable. So, on one hand, each

module can be developed by exploiting the best, speci�c technology for solving

a given issue, on the other, new components can be added for supporting either

new functions or a wider number of users.

WLog consists mainly of two kinds of agents: reasoners and executors
4. We

already know that reasoners are written in DyLOG, executors, instead, are Java

servlets embedded in a Tomcat web server.

In the case of study plan extraction, the reasoner task is to extract a condi-

tional plan. Such a plan is a tree, where each path to a leaf is actually a study

plan that will allow the student to acquire the desired competence. Branches

represent alternative courses to acquire a same piece of competence. The ex-

ecution of the conditional plan is aimed at helping the student to choose the

path that better satis�es his/her personal interests. So the student will obtain a

correct study plan that is also adapted to his preferences.

The interaction between a user and a reasoner is carried on by means of an

executor. The task of an executor consists in showing one or more web pages

to the user; in particular, when a page that corresponds to a branching point is

shown, a feedback from the user is requested.

The communication among the agents has the form of message exchange in a

distributed system; message exchange is FIPA-like [13]. Each agent is identi�ed

by its \location", which can be obtained by other agents from a facilitator. Each

agent has a private mailbox where it receives messages from other agents (see

Figure 5).

4 For a more detailed description of the system's architecture we refer to [4].



User Executor ReasonerHTTP
protocol

FIPA like
protocol

Servlet Java DyLOGBrowser

Fig. 5. A sketch of the WLOG multiagent system.

3.1 Interaction between a tutor, an executor, and a user

Users access to the system by means of a normal web browser; until the end

of the interaction, the interface between the user and the reasoner will be an

executor. First the executor looks for a free reasoner, if any is available. At the

moment reasoners are not di�erentiated (they all can perform the di�erent kinds

of reasoning).

Supposing that the previous step was successful, the interaction between the

user and the system starts with the declaration of the user's goal (\I want to

become an expert of bioinformatics"). The user's goal is adopted by the reasoner,

that will start a conversation aimed at collecting information about the user

initial situation. For instance, the user will be asked about successfully passed

exams. In the case of study plan validation, instead, the system will ask the study

plan to evaluate and the competences to acquire. The leader of the conversation

is the reasoner, which will send the information or the questions to the user with

the help of the executor. At this point it is extremely interesting to understand

how the interaction between the reasoner and the executor is carried on.

q0

q5

q6

q7

q9
q8

q4

q1

q2 q3

request(START)

refuse

agree

failure
inform(DONE)

request(SHOWPAGE|SUGGEST|
MULTISENSE)

refuse

agree(ACCEPT)

inform(DONE)

inform(NEXT|OPTION|
CHECKED)

inform(END)

q10

Fig. 6. Communication protocol between an executor and a reasoner.



In Figure 6, the interaction that occurs between a reasoner and an executor

is speci�ed by using a �nite state automaton. Such an automaton represents

the interaction protocol that is respected by the couples <reasoner, executor>.

States are numbered and arcs are labeled with the speech act that causes the

transition between states. Di�erent shading on states are used for specifying

which agent's turn it is to continue the conversation (white for the executor,

grey for the reasoner). States with double border are terminating states.

The q1-q4 states concern the initialization phase for connecting a certain

executor with a reasoner. The q5-q10 states concern the actual action execution

cycle. They state that when a reasoner executes an action (which can be part

of a plan extracted after a reasoning process, or simply an atomic action in a

DyLOG procedure that is being executed) the execution code associated to the

action sends to the executor a request of showing a given HTML page. Both

agents continually check the sender of the messages that they receive, so if, for

instance, an executor receives a message from a reasoner which is not serving its

user, it will refuse that execution. The same would happen if it were asked to

perform an action that it is not supposed to perform in the current state. For

the sake of clarity, suppose that the executor has just sent a form to the user's

browser and is waiting for data. If meanwhile it receives from the reasoner the

request to show another page, it will refuse to do it.

Supposing that the executor accepted to perform a requested action, it com-

poses a proper HTML page and sends it to the user's browser. In some cases

the page will contain a form to be �lled. When the user �nishes to consult/�ll

the page and asks to go on, the executor informs the reasoner that the page

has been consulted. When requested, it also transmits to the reasoner the user's

data, that can be used by the reasoner to update its knowledge about the user's

goals (or background information); otherwise it only informs that it is possible

to go on with the next action if there is any.

4 Conclusion and future work

In this paper, we have presented a web-based virtual tutor whose kernel is a

reasoner, implemented in a logic programming language to reason about action

and change, DyLOG. In such an approach we have, on one hand, a high-level

description of the domain (e.g. the connection between two competences can be

represented by means of a causality relationship), that is close to our intuition

and the way in which we, human beings, handle this sort information. The

advantage is that we can maintain or modify these descriptions in an easy way.

On the other hand, the system interacts with the user in order to �nd out his

goals in the context of the application framework and applies various kinds of

reasoning, implemented by means of a logic derivation mechanism, for �nding a

solution that perfectly �ts the speci�c user.

In our implementation, both planning (constructing a study plan) and veri-

fying a student-given study plan are performed on-line. In the case of planning

we could have followed an alternative approach: to build o�-line the most gen-



eral conditional plan for each professional expertise and to prune (on-line) the

resulting tree during the interaction with the user. This cannot be done eÆ-

ciently neither in the case in which the user asks to build a plan for achieving

a generic set of competences nor in the case of plan veri�cation. In fact, �nding

out if a sequence is an instance of a schema by pruning the schema tree has

a high computational complexity whereas verifying its correctness by applying

temporal projection, that is to verify whether the linear plan is compatible with

the domain description, is linear in the number of the elements in the sequence.

In the case in which the study plan that the system veri�ed resulted to

be wrong, it would be extremely useful to �nd out the reasons for which it is

wrong, so to better help the user. Basically the reasons for which a study plan is

wrong are of two kinds: either the sequentialization of courses is not correct or

in the end the student will not achieve the desired competence. We are currently

working on the application of other kinds of reasoning (diagnosis by abduction

and postdiction) to achieve this goal in the line of [7] where a formal account of

diagnostic problem solving is provided in term of an action language.

Adaptation in e-learning is a open problem and is being tackled by many

researchers under many perspectives. In the terminology of works like [15, 16],

our work focuses on \knowledge dependencies", separating them from the actual

knowledge. As a di�erence, while works like [15] are based upon a partial order

of \knowledge items" and Bayesian networks, we base our work on a modal logic

theory of action. In the former knowledge dependencies of the form K1 < K2

express the fact that K1 should be learned in order to learn K2. Therefore,

the transitive closure of the \<" relation is the inferencing mechanism that

allows to the system to understand the dependencies between sets of knowledge

items. In our case, we identify both a set of \knowledge items" (the courses)

and a set of hierarchical competences. Competences are abstract descriptions

about knowledge, which are not necessarily contained in the index (or program)

of the course. In our course descriptions we have prediconditions to attending

the course (they can consist of competences as well as of other courses) and

(un)conditioned e�ects of attending the course. The dependencies between sets

of \knowledge items"/competences are based on a logic derivation [6].
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Abstract. TEA was originally conceived as a Computer Aided Educational
System for teaching Agrarian Economy. This system was composed by web
pages of instructional contents and web pages of test questions. The biggest
flaw of the system is the lack of control over the pages seen by the student. This
contributed to the disorientation of students during the instruction. Also, in test
questions, students only could know if they had answered correctly to it, but
these questions did not give them any feedback about their global level of
knowledge in the topics of the tutorial. In this paper, TEA system has been
improved making it adaptive. This has been achieved by using two tools:
SIGUE and SIETTE. SIGUE is a web-based tool that converts non-adaptive
courses into adaptive, and SIETTE is a web-based evaluation tool using
adaptive tests. The functionalities of both tools have been integrated into a
homogeneous adaptive TEA.

1 Introduction

There are many educational systems on the World Wide Web (WWW) that allow
students to learn notions about different subjects. One of the main disadvantages of
web-based systems is the disorientation during the navigation. In textbooks the order
of the knowledge units is defined by the book’s author, but in web courses this order
is not so clear. The availability of multiple links in the same web page and the
freedom to follow any of them, is not always an advantage for students. They can
navigate without following a rational order in the pages of a course, and they can
navigate in pages not related with the course. In these cases, it is necessary to have
some control technique to guide the user during the study of a subject.

On the other hand, in most systems, there are no mechanisms to infer if students
have assimilated the concepts studied in a page. Some mechanism of evaluation is
required to assess the students’ proficiency before letting the students access the
pages of new concepts.

A characteristic of adaptive tutoring systems, is that they can estimate the
knowledge level of a user in relation to a knowledge unit of a course. This
information can be used to recommend which unit should be studied next. Adaptive
tutoring systems provide the possibility of modifying the sequencing or presentation
of the course for each user, according to their goals, current knowledge and/or
preferences. The drawback is that, generally, they are difficult to implement due to



the high development cost. So, most of existing tutoring systems on the web are not
adaptive.

TEA [1] (the acronym stands for Agrarian Economy Tutorial in Spanish) was
originally developed in the early years of the web, as a multimedia instructor system
of Agrarian Economy. It is designed as a set of static web pages structured into
chapters. Each chapter is also divided into sections. Special care was taken during the
definition of the chunks of information in each page. At the end of each chapter, a set
of questions is proposed to the students to evaluate their proficiency. TEA is available
at http://www.lcc.uma.es/TEA .

The main goal of this paper is to demonstrate how a static instructor system can be
turned into an adaptive course. To do this we will use of the TEA course. Two
different tools have been used to this end: SIGUE, that allows building adaptive web
pages from static ones; and SIETTE, which is a web-based system to construct
adaptive tests.

In the next section, the SIGUE system is described, indicating the procedure
followed to provide adaptive feature to TEA. In Section 3 a brief description of the
main features of SIETTE is presented, as well as the adaptive mechanisms which it
uses. This section ends with a description of TEA test in SIETTE. Section 4 explains
how the integration of both systems has been accomplished. At last, contributions
obtained from this work are approached.

2 Creating contents with SIGUE

SIGUE (http://www.lcc.uma.es/SIGUE ) is an authoring tool that provide some
adaptive features to existing static web-based courses. It is possible to create new
courses reusing existing pages from different sources. This lets authors make courses
by gathering the best information on the Web about a subject. For each concept of the
course the author can choose how many URLs can be associated with this concept,
indicating the kind of content (theory, examples or exercises) and the importance of
this URL to the concept.

SIGUE provides a student's interface with commonly used adaptive tools, like
annotated table of contents, colored buttons and progress bars. The student’s interface
is implemented as a frame that serves as an additional navigation toolbar. Navigation
on the main frame is also controlled depending on the specification of the teacher. For
students that need guidance, SIGUE can recommend the next concept (and the best
document within it) to go on, according to the student’s estimated knowledge.
Another aspect of adaptivity is the multilingual interface of SIGUE, currently
available in Spanish and English. A deeper description of SIGUE can be found in [11]

2.1 Making TEA adaptive

To create a course the first task to do is to define the domain model associated. The
domain model is structured hierarchically. The root node contains the general
information about the course. The nodes represent section and subsection. Leaves
nodes have the information about the concepts being taught. SIGUE defines two



binary relationships between nodes: “belongs to” and “prerequisite of”. The first
defines the hierarchy. If the author defines that the concept c1 belongs to c2, this
means that c1 is a sub-concept of c2. One concept can have many sub-concepts but
only one super-concept. The author can also define that c1 is prerequisite of c2. This
means that to learn c2 it is necessary to study c1 first. The relationship of prerequisite
defines a relationship of partial order. This gives an idea of the order in which
concepts should be visited, which is the sequence of the curriculum.

The number of pages to describe a concept is unlimited, but there should be a main
one that is shown the first time that a concept is visited. Authors must indicate the
type of information that each page contains (theory, examples or exercises) and the
difficulty (easy, normal or hard). The difficulty is used to order the pages within a
concept. The way to present the pages will be; first, the main page followed by the
rest, which are shown in order from the easiest to the hardest.

Once the domain model is created and all the concepts and relations have been
defined, the author has to associate pages to concepts. The author can also define a
glossary of terms for the course. A definition is associated to each term in the
glossary. Optionally, a list of synonyms can refer back to the same definition. When a
term defined in the glossary appears in any page of the course, a link is automatically
inserted to show the definition of this term. This can be done in three ways: as a hint,
this means that when student moves the mouse over the term, a textbox will show the
definition; as an URL, the link will show a URL with the definition; or as an HTML
page. In the last case, the author only has to write the HTML code that the student
will see when he clicks on the term.

Courses in SIGUE can have different modes of operation. The author decides how
adaptive the course will be and must set the mode of operation accordingly. There are
four predefined modes: (a) Disable all the links in the pages shown to the student. In
this mode the student will be able to do the course by accessing documents only
through the links provided by the SIGUE navigation toolbar; (b) Leave all links of the
pages, this lets users navigate freely even in pages not related to the course; (c)
Enable only the links that give references to pages that belongs to the course. This
option avoids distracting the user with pages not related to the course; (d) Fully
adaptive. The links will be enabled according to the user model. Only those links
corresponding to concepts that the user is ready to learn will be activated.



href=http://sirius.lcc.uma.es/servletMedea/sigue.Sig
ueAutor?direccion=%22http%3A%2F%2Fwww.lcc.
uma.es%2Ftea%2Fcap1%2Fbf.html%22 

Fig. 1. The interface of SIGUEAUTOR.

To construct an adaptive course, it is necessary to define the prerequisite
relationship of the concepts. This definition must be as complete as possible. This will
be used to guide the student correctly in the sequence of concepts to visit, establishing
a partial order for the learning process.

Fig. 1 shows the SIGUE authoring interface (SIGUEAUTOR). The client window
is divided in two frames. On the left frame, the SIGUEAUTOR navigation toolbar is
shown, the table of contents tree, the prerequisites table, the URL table, the access to
the glossary, the mode of operation selector and the buttons to save the course and
generate the XML file. On the right frame, the web browser shows the page visited.
Each page is parsed by SIGUEAUTOR and its links are changed so that they will
invoke SIGUEAUTOR again when they are clicked. Navigation is intercepted by
SIGUEAUTOR, but this mechanism is transparent to the author. In this way, Authors
can freely navigate and SIGUEAUTOR engine can always knows which page is
loaded in the right frame. When an appropriate page is reached the page can be
attached to a concept of the course by using the left frame .

2.2 Studying with TEA

Once the course has been developed with SIGUEAUTOR, it is available to students in
SIGUE. While connected to the web through SIGUE, the student will see the
hierarchical structure of concepts created by the author. All links and forms are
modified according to the strategy selected by the author for the course. Some of them
are eliminated and others are left (apparently) unchanged. The system will also
include new references for the terms in the glossary, as defined by the author.



If the course is fully adaptive, a student model is created for each user. For each
concept SIGUE shows two indicators. (a) The estimated background of the student to
visit this page, that is, if he is prepared or not to read it, according to previous pages
that have been visited. (b) The second is an indicator of the percentage of pages
related to that concept that the student has already visited.

SIGUE does not have the ability to evaluate, it simply makes estimations of the
knowledge based on the percentage of visited pages of each concept. So, if the
percentage of URLs visited for a concept is less than the minimum the status of the
concept is “empty”; if this percentage of visited pages is bigger than the maximum,
the status is “full”. The intermediary case is shown as “half-full”. The status of a
concept is associated to the percentage of pages the user has studied within a concept.
So if the user has visited all the pages the system assumes that he has already learnt
the concept. If it is “empty” the pages have not been visited yet and the system
assumes that the concept is not known. This information is shown to the user by a
progress bar that appears next to each concept.

The level of preparation necessary for a user to visit a concept is reflected by using
colors in the nodes of the concept tree. Brusilovsky [9] justified the utilization of link
annotation (equivalent to our color codes) through experiments done with their system
InterBook. This system is also used in the lisp tutorial ELM-ART ([8] [10]). The use of
this kind of annotation makes the user feel that there is some extra help in his
interactions with the system, even if a “cognitive overhead may distract users from
the content” [9].

In SIGUE the colors used are just green, red and orange. The color of the node is
decided using the status of the prerequisites in this way:
­ Green: A concept has this status when all the prerequisites are shown to have their

status as “full”. This means when all the prerequisites of this concept have already
been covered, so the concept can be studied without difficulties.

­ Red: This will be the color if at least one of the prerequisites of a concept is
“empty”. This means that the user has not studied one or some of the prerequisites.
Red  indicates that the user is not ready to study the concept.

­ Orange: This indication will appear when no empty prerequisites exist. The student
has begun to study all the prerequisites but has not finished all of them. Nodes with
this color could be studied but finishing all the prerequisites first is recommended.
The student model is updated after each interaction, that is, every time the user

visits a page. The concept tree is updated modifying the status and color of nodes
accordingly.

The aim of SIGUE is to guide the student’s navigation, and support it with adaptive
annotation, but at the same time let the student move freely through the pages of the
course. Access to any page is permitted for the user even if this is not recommended
Another adaptive feature used to guide students is a simple planner that the student
can use to get the best recommendation for the next document to view from the
concept he is studying. (SIGUE means continue in Spanish.). This mechanism is
designed for “two buttons users” and they are labeled BACK and NEXT.

Fig. 2 shows an example of the SIGUE student’s interface for TEA. This course is
adaptive, and in the image the progress bar for each concept and the colors that
indicate the preparation of the student for each concept can be seen. On the right, the



HTML document associated with the concept and the activated link of recommended
concepts and glossary terms (in this case activated by a hint).

Fig. 3 Example of the student’s interface of SIGUE for TEA.

3 Creating tests with SIETTE

SIETTE (System of Intelligent Evaluation using Tests for Teleeducation) [2] is an
adaptive web-based test generation system (http://www.lcc.uma.es/SIETTE. It has
two main parts: (1) a set of authoring tools, that allow teachers to add and update
contents in the knowledge base of the system. (2) A virtual classroom where students
can make tests to evaluate their knowledge in certain subject.

The knowledge base is composed by the concept domain (curriculum), the
specifications of the tests and the item pool. Concepts are structured hierarchically.
The subject is the root node and the topics, and subtopics are its children. Items (that
is questions) can be associated to any node in the hierarchy. An inheritance
mechanism assumes that items of lower levels can also be used to evaluate their
antecessors.

Tests are configured by teachers and they are defined by topics. To create a test,
teachers must indicate which topics are going to be evaluated. When a student selects
this test, the test generator will show him items from all topics involved in the test, or
from any descendent subtopic of these topics. Therefore, there is not any direct
relation between items and tests. This relation is established through topics.[11]

SIETTE is an adaptive evaluation tool. This means that the selection of the next
question to pose to the students, the finalization decision of tests and the mechanism



of estimation of the student’s knowledge, are accomplished according to adaptive
mechanisms. This kind of tests are known as Computerized Adaptive Tests (CAT) [3].

SIETTE, as well as the most of CAT systems, uses as an inference machine a
psychometric theory called Item Response Theory (IRT) [4].

IRT is based on the hypothesis that the answer given to each item of the test,
probabilistically depends on the knowledge level. As a result, conditional
probabilities of the correct answer to the item by a student with a certain knowledge
level, can be easily calculated for each item. This probability is expressed by means of
a function ? ? ? ?1,0 ,: ?????f , named Item Characteristic Curve (ICC). The
calculus of the ICC can be accomplished by several models. SIETTE uses a model of
three parameters based on the logistic function [5].

Also, in IRT, the knowledge level of the student is estimated using the response to
each item of the test. There are several methods to get this value. In SIETTE a
Bayesian method [6] is used. In this method, the probability distribution of the
student’s knowledge level is calculated by the Bayes’ rule. Also, it is assumed that the
knowledge level can only take K discrete values (from 0 to K-1) because of the high
computational cost of the calculus. Thanks to this consideration, the Bayesian method
for the estimation of the student’s knowledge level can be simplified to a vectorial
product of ICC vectors with the a priori normalized density vector.

SIETTE does not need to establish priority relationships between topics. That is,
there is no need to explicitly indicate if items from a topic must be posed to student
before the items of other topics. If the characteristic curves of the items are well
calibrated [7], thanks to the adaptive selection mechanisms, the test generator will
show to the student the most suitable item according to his estimated knowledge
level. This means that, if a student fails an item of difficulty d, the next item which
the generator will pose him, will have a difficulty lower than d. Generally, the
calibration process of items will make that items from the first topics of the
curriculum, have lower difficulties than items of the latter topics.

The finalization criterion is configured by the teacher in each test. Through test
editors, he must indicate a minimum and a maximum number of items. These values
set bounds to the number of items that may be posed to the students. If a student has
taken the maximum value of items, the final estimation process of his knowledge is
forced. This ensures that test will finish, although the finalization criterion is not
satisfied.

3.1 The test of TEA

In SIETTE a subject of Agrarian Economy has been defined. Its curriculum is
composed by 14 topics. Each of this topics corresponds with one of the chapters of
the TEA tutorial. There is a total of 84 items stored in the knowledge base. Each topic
has approximately six of these items that are used to evaluate the knowledge of the
student about this topic.

A test for each topic has been created. Using SIGUE, once the students has
complete a chapter, they can directly access the corresponding tests in SIETTE, and
evaluate their proficiency in that chapter. Additionally, a global test of the whole
subject has been defined in SIETTE by using the inheritance mechanism.



All tests have been defined for twelve knowledge levels. Therefore, at the end, the
system will give a qualification between 0 and 11. All items are multiple choice
items, i.e., items where students may either select only one response of a set of
options, or not select anyone.

Fig. 4. An item posed by the test generator and its correction.

Fig. 4 shows an item presentation inside a test session (a), and its correction (b).
Each item is composed by the title, the stem and the set of options. Once the student
pushes the Send Response button, the system will show the correction of this item.
Correct option is marked in green. If student selects a wrong option, it will be marked
with a red cross. SIETTE can be configured to show the correct answer right after the
student answer, at the end of the test or never. For educational purposes is advisable
to correct the error as soon as it is detected. Different test could be make for
practicing and for assessment, but currently the total number of question is not too
high.

Fig. 5 shows the final qualification of the student in the test of the whole subject.
As it can be seen, the system provides a detailed set qualifications for each topic.
Statistics about the number of items posed to the student are given, as well as the
number of items that have been successfully answered by the student. Note that the
estimated knowledge level does not meet with the number of items successfully
passed. This is due to the final qualification has been inferred by an adaptive criterion.
At last, a pie chart with the percentage of topics posed from each topic, and the
distribution curve of probabilities of that the student has each one of the knowledge
levels, are presented too. Note that the value with the highest probability corresponds
with the estimated knowledge level.



Fig. 5. Final qualification in the global test.

4 Integrating SIGUE and SIETTE

SIGUE and SIETTE have been integrated (it can be accesses through SIGUE,
http://www.lcc.uma.es/SIGUE, selecting the TEA course) to make the access to the
new adaptive version of TEA easy and homogeneous. As a result, students do not
have to use separately both systems in order to have an adaptive instruction about
Agrarian Economy.

In the navigation process SIGUE recommends the students which are the best
pages to visit. .After each topic, the system will recommend to take a test in SIETTE
to evaluate the proficiency in the topic. This test is also adaptive and is used with
tutorial goals. However, at the end of the test the user has a feedback that will
encourage him to continue with next topic or not.

Once the student has visited all the pages of the tutorial, the system will propose
him to take a test of the whole subject. Through this test, students can check if they
have assimilated correctly all the notions explained in the tutorial.

One of the advantages of the new design compared to the existing static course is
that it can be easily updated. New content can be added, not only from TEA pages, but
also from other pages related to the subject.

Figure 6 shows a hardcopy of a screen of both systems together. SIGUE has reach
to a point where a test is recommended (see left frame). SIETTE has been invoked and
the test is being done (right frame)



Fig. 6. Integration of SIETTE and SIGUE.

5 Conclusions

TEA was conceived as a Computer Aided Educational System for teaching
Agrarian Economy. Even though it was initially designed to overcome the classical
lacks of hypertext education, by using graphical and textual clues to improve the user
orientation, the navigation through the course could not be controlled.

This educational system has been made adaptive. By using SIGUE, the navigation
process of student is guided. The system annotates as the student goes through the
hypertext the nodes visited and the estimated progress that the student should have at
that point. This annotation is also used to guide the student upon request.

A set of adaptive tests have been include in TEA through SIETTE. There is a test
for each topic, which allows students to evaluate their knowledge about that topic. In
these tests, each item is selected in terms of the current estimated student’s knowledge
level.

This work has mainly supposed the integration of two web-based adaptive systems.
One system to guide the student in the learning of concepts, and other system to
evaluate his proficiency in these concepts. By means of this integration, students can
access to both functionalities through the same web system. The student does not



need to know that he is accessing two different systems. This makes easier the
instruction process.

The drawback of the system is that there is no deeply integration between SIGUE
estimations of the student’s knowledge level and SIETTE assessment of student’s
knowledge level. SIGUE student model is basically a model of pages visited, and if
the test is done, it assumes that the corresponding instruction has been completed.

SIGUE and SIETTE can also be integrated as components of MEDEA [12].
MEDEA is an open system to develop Intelligent Tutoring Systems. It is composed of
independent educative modules coordinates by a core that controls the instruction of
the student. MEDEA provide a communication protocol with their components that
allows a deeper integration.
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Abstract. In this paper we describe an on-going research work (MEDEA
project) whose final goal is to develop a general framework to build open ITS.
We understand “open system” as a set of autonomous educational modules that
communicate between themselves following high-level pre-established
protocols. Each of those modules can be an intelligent component with its own
instruction strategies or a support tool that leaves all the adaptive capabilities to
the ITS instructor core. The architecture opens up the possibility to include new
components, provided that they are able to interact within the general
framework.

1 Introduction

The Web has become a great source of information and resources that are available
for tutoring. The advantages of adaptive web based tutoring are well known [1]. The
intrinsic structure of the web is distributed, and in most cases it is used just as a huge
repository of unorganized information. Teachers collect different URLs to give their
students links where they can find lecture notes, exercises, simulation programs, etc.
related to the matter that they are studying. Commonly, the systems that they use have
been developed for different objectives, and have been designed by different people
with different approaches. Some of them might be adaptive but generally non-
adaptive materials are found. Some attempts have been made to integrate two
preexisting web based adaptive systems, (see for instance [2]). This paper presents a
proposal of a framework for systems integration.

One of the main task of a human teacher when using the web as a teaching
resource is to redirect the students to those systems that are more appropriate



according to the student profile and supervise their progress. If the web pages are
fixed, an intelligent behavior is still needed from the teacher, suggesting the students
to skip some parts, conducting them through pages with exercises, simulators, etc,
according to the specific goal of the course. On the other hand, if the web systems
used have some kind of adaptive features or intelligent behavior, it should be
advisable to take advantage of these features.

Following this idea, a web ITS might be constructed by gathering pages or
systems, like building blocks in the sense of Chandrasekaran [3], some of them might
be new, and some others reused from existing material. Most technologies used for
Web ITS development are designed for small systems and they do not have the
necessary resources to guarantee a high-level conceptual organization. This kind of
problems has been traditionally treated with software engineering techniques, and
more recently with knowledge engineering techniques, following the Newell’s
knowledge level paradigm [4]. Using this idea, high-level methodologies and tools for
the intelligent systems development have been proposed as KADS [5], PROTÉGÉ
[2], KSM [3], etc.

In this paper we describe the MEDEA system. MEDEA is a Spanish acronym of
Methodology and Tools for the Development of Intelligent Environments of Teaching
and Learning. MEDEA is not a new ITS authoring tool but a general framework for
open systems development and integration [8] [9]. We understand “open system” as a
set of autonomous educational components that communicate between themselves
following high-level pre-established protocols. In the case of web-based open tutorial
systems, this protocol is the well known HTTP. MEDEA also adds a new high level
layer to communicate intelligent tutorial components, that is converted to HTTP and
might be interpreted (or not) by the certain educational components.

The components used in MEDEA can be intelligent, with its own instruction
strategies, or not, leaving all the adaptive capabilities to the ITS instructor core. The
architecture opens up the possibility to include general-purpose components that are
able to interact within the general framework. MEDEA and offers to the educators a
generic environment to develop Web ITS without the limitations of a close set of
utilities as in the most of the authoring systems [10].

2 MEDEA Architecture

The elements that compose MEDEA architecture can be classified in three main
groups: those that contain knowledge (knowledge modules), those that use this
knowledge for making adequate decisions along the instruction (functional modules)
and those that serve to access and configure the system (tools). The base of MEDEA
architecture is a core that plans the instruction based on a set of external tutorial
components that are introduced in the system. The domain and pedagogical
knowledge is distributed between the core of MEDEA that serves as a master index,
and these components.
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Fig. 1. MEDEA architecture

We could say, comparing the MEDEA architecture and the traditional ITS
architecture, that what (knowledge about the learning subject) is explicitly represented
by the domain model, who (knowledge about the student) is given by the student
models (knowledge and attitudes) and how (teaching knowledge) is divided between
the instructional planner, tutorial components and domain model. All knowledge
models are represented in XML for computational use. Figure 1 shows the structure
of MEDEA modules:

Knowledge modules:

?  Conceptual Knowledge Domain Model . This module contains knowledge
about the subject to be taught. Both domain concepts and relationships among
them are represented. The domain model will be explained better in the next
section.

?  Student model. This module is decomposed in the Knowledge Student Model,
and the Attitudes Student Model. The former contains information about the
student’s state of knowledge during the learning process. Not all the evidence
generated during student’s interaction with the system will be processed in the
same way. If some kind of evaluation is performed, the results will be used to
update the verified student knowledge model, and it will replace the estimated



student knowledge model. If there is no evaluation the system estimates the
students knowledge increase and actualized the estimated student knowledge
model. On the other hand, the Attitude Student Knowledge contains those
features that describe the student profile but are not related to his current state of
knowledge, like motivation, style of learning, speed of web connection, etc. The
student model is described in section 4.

Functional modules:

?  Instructional planner. This module will provide students with the necessary
guidance during the learning process. It will design and compose the tutorial
sessions, that is, it will decide in each moment the adequate task to be
performed by the student. To this end, the information that will be used is a)
conceptual domain knowledge, b) student state of knowledge, c) student profile
and d) tutorial components definitions.

The tutoring systems generated with our tool will allow students to freely
navigate. The system only recommends but not imposes the next student action.
The planner will also have the capabilities to justify the recommended actions,
so the student has the necessary information before deciding to accept or not the
suggestions made by the system.

?  Student Model Manager. The function of this module is to create and update
the student model. Once a tutorial component is executed, the student model is
updated.  Some tutorial components (for example a component that poses a test
or an exercise) can evaluate the student knowledge about some domain concepts
or subjects. The information provided by these components goes to the Verified
Student Knowledge Model. MEDEA assumes the existence of other components
that are not be able to determine exactly the variations of the student knowledge
level, for example a component that display a text to be read or presents a
simulation. There might be also components that do not even return any
feedback to MEDEA, for example a static web page. MEDEA is just informed
that the student has visited those components. This information is treated
differently using the Estimated Student Knowledge Model.

?  The library of tutorial components. They are external educational tools, each
of which makes a concrete task (electronic books, simulation tools, exercises
about the subject, making tests, etc.). From MEDEA point of view, the
architecture of a component (Fig.2.) is composed by a partial domain model, a
development interface to introduce contents, a student interface, a temporal
student model, a component functional description (where the tasks of the
teaching component and the way of communicating with MEDEA planner are
defined) and a control that is the execution engine of the component.
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Fig. 2. Tutorial component architecture

Tools (Interfaces)

?  Configuration and definition tools. This module will be used by domain
experts, teachers and designers. They will be able to introduce the contents,
define and configure the data and knowledge modules using specific interfaces.

?  Administration tools. This module will be used by teachers to monitor the
evolution of their students. It will show the progress of each student, the
statistics about the course use, and average student performances, and other
secretariat and administrative tasks.

?  Navigation tools. This module is used by student to support their navigation
and interaction with the whole system. It can be conceptualized as an advisor
during the learning and designed as an additional bar in the browser. It is
currently implemented as an additional frame of the web browser.

To describe the behavior of MEDEA we can use the simile of a school personal
tutor. Suppose that a student asks help to his personal tutor (instructional planner) to
study a subject (domain model). The tutor examines his academic expedient  (student
model) and taking into account other student’s features (student attitude model),
selects the topic and the style of teaching that is better for the student. After that, he
consults the school staff (tutorial components library) and chooses the better teacher
for that specific topic according to the current student’s profile. The tutor must know
the teaching methods of all the teachers available (i.e.: this usually does a lot of
exercises, that likes better to explain theory, this wants the students makes exercises
on the blackboard, etc.). The tutor send the student to the teacher selected (tutorial
component) with a message (communication protocol) indicating the topic that the
student must study, and may be other notices (i.e: this is the third time this student
tries this topic, this student has low learning rate). This teacher will apply his effort
and expertise to improve the student knowledge in the topic proposed (intelligent
component), or he may just gives the student a good text to read (non-intelligent
component) without asking what he is doing. When the teacher ends the class he
sends back a message to the tutor explaining the students behavior (evaluation
feedback), or the student simply returns to the tutor with no message. With this new
information, the tutor (now the student model manager) actualizes the student
expedient. This process will be repeated until the student completes the subject.



3 Domain model

The domain model represents the knowledge about the subject to be learned. Different
approaches exist [11] depending of the nature of the domain to be represented. In
MEDEA we have focused on declarative domains representation. The most extended
models for representing this kind of domains are the semantic networks of knowledge
units, used in systems as DGC [12], Eon [13] and IRIS [14].

From a conceptual point of view, the domain is defined by a) a semantic network
of concepts and relations among them and b) pedagogical knowledge needed for the
instruction.

From the implementation point of view, the basic elements of MEDEA domain
model are a) the concepts, b) the relations between concepts, and c) the evaluation
types used for representing the degree of knowledge.

a) Concepts are the basic pieces in which the subject is divided for teaching
purposes. During the task of modeling a knowledge area for an ITS the pedagogical
purpose of the system should be taken into account. First of all, in order to choose the
net granularity, that is, it has to be decided when a knowledge unit must be
discomposed in simpler units. As Anderson [11] says, sometimes to model accurately
a domain requires a computational charge that it is not necessary from the tutorial
point of view. Second, it is necessary to include pedagogical knowledge in the domain
model to guide to the student through the knowledge units [13]. This pedagogical
information is included as attributes associated to the concepts, for instance threshold
marks that represents the minimum mark needed for considering the concept learned.

b) MEDEA uses a set of binary relations between concepts that can be used to
describe the domain. These relations are: prerequisite, part of, is a, belongs to, is
useful to understand, is similar to and is opposite to. Each relation should define an
acyclic graph of concepts that is used by the functional modules to guide the
instruction (the instructional planner) and make inferences of the student knowledge
(the student model manager). The actual semantic of the relation is so fixed at the
functional modules. However, MEDEA includes an informal description of the
semantic of the relations to guide authors while creating these graphs. Currently, the
domain model support all these relations, but only prerequisite, and part of, are used
by the instructional planer. Other relations can be defined by course authors and
stored for future use. The student model manager is still under development.

c) As we will see in next section, the knowledge student model in MEDEA is
based on the overlay technique. Each concept will have a magnitude associated that
represent the student degree of knowledge, the evaluation types in MEDEA are the
types of those magnitudes. They are not fixed. but defined when the course is created
among a set of internal types supported by the architecture. The internal types are:
enumerated (i.e. the knowledge level about a concept can be A, B, C or D), real (a
real number) and distribution (i.e. the knowledge level can be {A/0.2, B/0.3, C/0.4,
D/0.1}, indicating that the probability that the student knowledge level in that concept
be A is 0.2 and so on). MEDEA is a general framework that can use different
components for its instructional purposes. Each of these components, can have its
own internal representation of the student knowledge. Implicit conversion between
internal types has been defined to support compatibility between different
components.



Figure 3 shows a fragment of an XML file that contains the domain model of a
course of Logic. At the beginning, the evaluation types used to evaluate each domain
concept are defined. The second part is a list of concepts that includes some
pedagogical information needed for the instruction as the difficulty level of each
concept. At the end there is a list with the relations among concepts.

<!DOCTYPE DOMAIN_MODEL SYSTEM "http://sirius.lcc.uma.es/medea/dtd/DOMAIN_MODEL.dtd">
<DOMAIN_MODEL id="domain_model01" name="Logic of proposals ">

<EVALUATION_TYPES>
<EVALENUM id="EvalEnum" default_minimum_mark="Passed">

<ENUMERATED id="Passed"/>
<ENUMERATED id="Failed"/>

</EVALENUM>
<EVALREAL id="EvalReal" lower_boundary="0" upper_boundary="10"default_minimum_mark="5"/>

</EVALUATION_TYPES>

<CONCEPTS>
<CONCEPT id="t1" idref_evaluation="EvalEnum" name="Introduction"  difficulty="Low"/>
<CONCEPT id="t2" idref_evaluation="EvalEnum" name="Formal sintax" difficulty="Low"/>
<CONCEPT id="t3" idref_evaluation="EvalEnum" name="Semantic" difficulty="Low"/>
[…]
<CONCEPT id="c32" idref_evaluation="EvalReal" name="CDN" difficulty="High"/>

</CONCEPTS>

<RELATIONS>
<RELATION id="r1" id_origin_concept="c21" id_destiny_concept="c1" type="prerequisite"/>
<RELATION id="r4" id_origin_concept="c4" id_destiny_concept="c2" type="is_a "/>
[…]
<RELATION id="r73" id_origin_concept="c31" id_destiny_concept="t6" type="belongs_to"/>
<RELATION id="r74" id_origin_concept="c32" id_destiny_concept="t6" type="belongs_to "/>

</RELATIONS>
</DOMAIN_MODEL>

Fig. 3. Representation of the domain model

4 Student model

The Student Model in MEDEA is divided in two main subcomponent. The Student
Knowledge Model and the Student Attitude Model. The first represent what the student
knows about the subject, the second represent other features of the student.

The Student Knowledge Model is an overlay model divided in two levels: estimated
model and verified model. Each level is a list of concept/mark pairs. As we explain in
section 2, in the verified model the concept marks have been obtained using some
evaluation method. On the other hand the estimated model collects the indirect
information and inferences of the student knowledge degree, calculated based on the
student behavior during the instruction. This multilayer approach has already been
used by other authors like Brusilovsky, in the last versions of ELM-ART-II [15], that
uses different layer for concepts visited, evaluated, inferred, etc. At these moment we
have only proposed two layer, grouping in the estimated layer all the uncertain
information and inferences.

Figure 4 shows an example of the student knowledge model represented in XML.
Each concept has a value associated according to the evaluation type defined in the
domain model. The last concept that has been taught is also stored.



<!DOCTYPE STUDENT_MODEL SYSTEM "http://sirius.lcc.uma.es/medea/dtd/STUDENT_MODEL.dtd">
<STUDENT_MODEL courseid="d03" lastconcept="c5" studentid="s432">
<ESTIMATED_STUDENT_MODEL>

<CONCEPT id="c1" value="VERY WELL"/>
<CONCEPT id="c2" value="VERY BAD"/>
[…]
<CONCEPT id="c5" value="WELL"/>
<CONCEPT id="c6" value="VERY BAD"/>

</ESTIMATED_STUDENT_MODEL>
<CHECKED_STUDENT_MODEL>

<CONCEPT id="c1" value="VERY BAD"/>
<CONCEPT id="c3" value="REGULAR"/>
<CONCEPT id="c5" value="REGULAR"/>
<CONCEPT id="c6" value="VERY BAD"/>

</CHECKED_STUDENT_MODEL>
</STUDENT_MODEL>

Fig. 4. Representation of the student knowledge model

There are also some relevant student’s features that are important for the learning
process. In MEDEA we have identified some of them that have been included in the
Student Attitude Model.

Feature Values
Cognitive development (formalization
and abstract concepts understanding
skills)

High, Medium, Low

Motivation High, Medium, Low

Learning style Theory, Exercises

Time dedicated to the subject study. It
represents the student effort degree to
pass the subject.

Time in minutes

Progress. It represents the student
learning speed.

Bad, Regular, Good

Experience with computers. Very much, Some, Little, None

Internet connection speed. High, Medium, Low

This model is used by teachers or course designers to establish relations between a
concrete student profile and some instruction parameters. For example, a teacher can
specify in the course definition that when a student with low motivation level does a
test it is better that he sees the right answer each time he makes a question than he
sees all the right answers at the end of the test.

5 Instructional planner

The instructional planner is the core of MEDEA architecture. It is the module in
charge of sequencing the domain and adapting the instruction process to each student.
In order to do this task we observed human teacher behavior. Usually a teacher takes



decisions in several levels. First he decides the instruction goals (concept to be taught)
and then he takes the other decisions as the topics content, material to be used, which
pedagogical strategy is going to be used, etc.).

There are several examples in the ITS literature in which the planner task is
divided in subtasks: some oriented to concept selection and others to decide how to
teach the concept selected [14] [16] [17].

The MEDEA planner takes three main decisions: 1) Does the student need to be
evaluated?, 2) if YES: about which topic will he be evaluated?, if NO: which concept
has the student to learn now? and 3) How will he be evaluated or taught better?. The
knowledge needed to answer these questions is in the domain model, the student
models and the pedagogical elements of the system (domain model pedagogical
contents and tutorial components).

The modular structure of the MEDEA architecture and the separation between
knowledge representation and knowledge use allows that this module could be also
easily changed. The final goal of this project is to have a planner library in the system.
For the first prototype a heuristic planner has been implemented. In this planner, the
task of selecting a concept to be evaluated or learned will be carried on in two phases:
first the planner selects an ordered set of candidate concepts. This selection is done
taking into account the relations prerequisite and part of and the current student
model state. Second, the planner selects the first concept of the candidates set.

The criterions to decide if a concept is a candidate or not are:
1. The student has not reached the minimum required by the teacher to pass the

concept.
2. The concept is prerequisite of any other concept that cannot be learned because the

student has not passed this one.
3. The concept is part of any other concept that cannot be learned because the student

has not passed this one.
A weight is assigned to each candidate. The most weighted are those that are

selected by the criterion 2.
As we have said before, the other important task of the planner is to decide how the

student will be evaluated or taught better. Our implemented planner takes this
decision using the teacher’s criterion. That is, when a teacher designs a course, he
links each tutorial component registered in the system to a student profile. The
planner only has to consult the attitude student model and assigns him the more
adequate tutorial component according to the teacher.

6 Tutorial components

A tutorial component is an external educational tool that is able to complete a tutorial
task as posing tests, presenting theory contents in hypertext, posing a game, etc.

The pedagogical knowledge in MEDEA system is distributed among several
modules: the domain model, the instructional planner and the tutorial components
although it is not strictly necessary for the instructional process that a component
provide any knowledge. Most of the instruction tasks fall on the pedagogical system
core composed by the domain model and the planner. A tutorial component can



complement this task providing its tutorial strategies and a control more exhaustive
over student’s actions.

MEDEA classifies tutorial components as evaluation components or information
components. The difference is that components of the former type are able to evaluate
the student knowledge level about a concept.

The problem of the components integration in the system is very important in the
development of MEDEA project. This problem can be approached as the
communication between two software systems. MEDEA and tutorial components are
Web systems so the communication can be established through URLs. In order to do
its work, the planner needs from the component low-level knowledge about its
performance (call format, parameters, etc.) and high-level knowledge about its
pedagogical offer (tutorial strategies, options, user options, etc.).

Communication with a component can be established through two different
interfaces: from teacher interface for course creation and from student interface for
instruction session execution.

Now we are going to describe the different types of tutorial component’s actions
that MEDEA users (teachers and students) can request:
1. AUTHOR. Contents creation (tests, HTML pages, exercises, etc.). In order to do

that the teacher would access the component author tool.
2. NEWCOURSE. If a course about a subject is already defined in the component, the

teacher only has to establish the correspondence between component domain
concepts and MEDEA domain concepts.

3. NEWUSER. If a course about a subject is already defined in the component and
there are some students registered, the teacher must communicate to MEDEA
system the existence of these students.

4. EXECUTE. Execution of a session with a component.
The component creator must specify, for each of these actions, the call and return

URL formats. Not all components used by MEDEA must have all of these actions.
The only compulsory action is the last one that should exist to call this component for
a tutorial session. The component interface specifications are also defined in an XML
file.

A library of general-purpose web based web-based authoring tools has been
implemented. These authoring tools are fully compliant with the actions defined in
MEDEA, but can also be used as stand-alone applications. A web based tutorial
system can be constructing by developing specific components using these tools, that
are also called general-purpose components. Currently, the general-purpose
components predefined in MEDEA are:

?  HERMES, which is an authoring tool to create web based electronic books. It is
mainly an HTML editor that makes easier for non-programmers the creation of
a set of structured web pages. The development tool is based on page templates.
The result from HERMES are a set of static web pages structured hierarchically.

?  SIGUE, which is a systems that allows the construction of a web course by
collecting the references to existing web pages. SIGUE adds some adaptive
capabilities, like adaptive links hidden, and/or reinforcement. SIGUE has his
own student model that is actualized as the student goes through the course
content. [18]



?  SIETTE, which is an adaptive test generation system. It has a large set of item
types and different ways of evaluation. [19]

The general idea is that predefined general-purpose components will works as plugs-
in. Once defined they can be invoked from the MEDEA core, either for authoring or
for course taking. The authoring tools of these general components is linked to the
development tools of MEDEA, (action AUTHOR), the administration tools, are linked
to the administration tools of MEDEA, (actions NEWUSER and NEWCOURSE) and
the course presentation is linked to the student interface (action EXECUTE).

7 Conclusions

As a consequence of the increasing importance of the distance education and the
advance of this field due to the new information technologies, many researchers have
seen the needed of applying intelligent techniques of existing educational systems to
the Web.

MEDEA is a proposal of an open architecture for Web ITS development. MEDEA
is an open system that contains the traditional modules of an ITS architecture that has
been designed to allow the integration and reutilization of educational tools and
teaching material already developed. The idea of MEDEA is that any teacher could
develop a course reusing his own material and software.

MEDEA is still under development, this presentation is just a first glance of the
system. No testing has been carried out yet because it is not fully operational.
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Automatic Generation of a Navigation Structure
for Adaptive Web-Based Instruction
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Abstract. A new approach to adaptive web-based instruction is outlined and
advocated, which is based on models and principles that allow the course
material to organize itself. This is particularly useful when course material
originating from multiple authors is to be combined into a coherent whole.

1  Background

In previous research, an "artificial teacher" has been developed, which adapts
instruction to the learner [1]. This artificial teacher needs an abstract description of
the course material (often called metadata). Additionally, there needs to be sufficient
variation in the course material to be able to reach a high level of adaptation. We are
developing a system (‘Authoring Coach’) that coaches authors to provide both the
metadata and the variation needed for the adaptation to be effective. It shall
•  Provide an easy user-interface for entering course material and metadata.
•  Stimulate authors to enter metadata by clarifying its purpose and consequences.
•  Stimulate authors to provide variation by indicating the amount of adaptation

possible with the current material and how this can be increased.
•  Enable multiple authors to contribute without need for coordination. An essential

aspect of the World Wide Web has been that is has organically grown: authors
from around the world (without coordination) have contributed material. We use
the same principle for the authoring of courseware.

•  Generate personalized web-based lesson books from the material provided by the
authors, which are easy to use, have a good narrative flow, and allow the artificial
teacher to monitor and optimally support student learning.

This paper focuses on the last two points, and expands [8] by describing the
generation of a navigation structure in more detail.

                                                          
1 The author is supported by Nuffield grant NAL/00258/G.



2  Existing Systems

To model the teaching domain, both InterBook [2] and NetCoach [3] use concepts,
which are organized in a network, with links reflecting different types of relationships
between them. Concepts in InterBook are "elementary pieces of knowledge for the
given domain". All examples mentioned are noun phrases, like "production rule". In
NetCoach concepts are "internal representations of pages", like "Chapter-2-1-2". In
InterBook, the author provides an electronic textbook that is hierarchically organized
(chapters, sections, etc). Each page has a set of outcome concepts and a set of
prerequisite concepts associated with it (analogous to pre- and post-conditions in
programming). These are used to support adaptive navigation and hyperlink
annotation. NetCoach also uses prerequisites, but as relations between concepts. In
MetaLinks [4], authors provide the hierarchical relationship between pages.
In authoring tools like InterBook, MetaLinks, and NetCoach, authors explicitly
provide the textbook hierarchy (like page1 has subsection page1-1). In contrast,
Authoring Coach will generate a hierarchy on the basis of the concept network and
the prerequisites and outcomes associated with pages (and some additional
information, see below). In a sense, it is related to the Microcosm system [10], which
automatically inserts links into pages, but it concentrates more on producing the
hierarchy of an educational textbook.

3 Generation of a navigation hierarchy

3.1 How to get a chapter, section, subsection like structure

We would like to generate a chapter, section, subsection like structure. The reason for
adopting this kind of structure is that it is easy to learn, and has successfully been
used in paper-based books. The system could in principle use five sources of
information to base the structure on:
1. The concept network can be regarded a domain ontology. It provides information

about which concepts are 'children' of which other concepts.
2. Outcomes describe what a student will be able to do after successfully studying a

page (note: page can be explanation plus exercises). The use of concepts to express
outcomes, as in InterBook, is not enough to make the outcomes sufficiently precise
and unambiguous. It can result in multiple pages in an electronic textbook that
cover apparently the same outcome. This reduces the opportunities for adaptive
navigation support and makes it hard to automatically generate navigation
structures. As advocated in [8], we express each outcome as a combination of an
action verb with a concept. For instance, an outcome of a page will not be "search
methods", but something like "explain search methods" or "implement search
methods". This will allow authors to specify the outcomes of a page more
accurately. As argued in [8], a page title will be generated from the concepts and
verbs that describe the page's outcomes.



3. Prerequisites describe what a student should be able to do, before starting to study
a page. Like outcomes, they are expressed as a combination of an action verb with
a concept.

4. Other descriptive information about the pages, like author etc. (See Section 3.2.2).
5. The content of the pages, i.e., the text, images, video, etc they contain.

To generate an initial version of the structure, only the concept network and outcome
information is used. The other information will be used to refine the structure, as
described in sections below.

Each concept is treated as a section in the electronic book. If a concept is a child of
another concept, then it will be included as a subsection. Note that this assumes no
cycles in the concept network. Each section contains the pages that use the section's
concept in their outcomes. In the navigation structure, the link to each page is its title,
which (as in [8]) is generated on the basis of the verbs and concepts used in its
outcomes.

For example, suppose a concept network, and pages with outcome and prerequisite
relations as given in Figure 1. Figure 2 shows the navigation structure resulting from
including the concepts (left), and their associated pages (right).

Fig. 1. Example of a concept network and pages associated with concepts via outcomes and
prerequisites. Cs denote concepts, Ps pages, Vs verbs

In the example of Figure 1, all pages have exactly one outcome, and at most one
prerequisite. This does not necessarily have to be the case. A page can have multiple
outcomes, and multiple prerequisites. Suppose a page has two outcomes: V8 C3 and
V9 C5. In that case, the page will appear twice in the hierarchy, once below C3 and
once below C5. The page title in that case would be generated from both V8 C3 and
V9 C5. In theory, this approach may lead to many occurrences of the same page in the
hierarchy, and very long page titles. However, our Authoring Coach will encourage
authors to keep pages short (preferably, no scrolling should be necessary), and
focussed (preferably, only covering one outcome). Therefore, we expect pages with
multiple outcomes to be exceptions, and if a page has multiple outcomes that number
to be low.

Page Verb Concept
P1 outcome V1 C1
P2 outcome V3 C1
P3 outcome V1 C1

outcome V2 C6P4
prerequisite V3 C7

P5 outcome V3 C7
P6 outcome V1 C6

prerequisite V2 C6
P7 outcome V4 C5

prerequisite V1 C1

C5 C6 C7

C1

C4C3C2



Fig. 2. Navigation structure after including concepts (left), and after including outcomes and
associated pages (right). Title(C,V) denotes the title generated for a page with outcome V C.

In this paper, we do not distinguish between different kind of pages. It is, however,
envisaged, that there may be a need for at least two kinds: explanation pages that
teach the students the outcomes, and exercise pages that assess the student's mastery
of the outcomes (a distinction with example and test pages could also be made).

3.2 What to remove?

3.2.1 Removing unnecessary sections
The navigation structure should make it easy and efficient for students to navigate and
study the course material. Efficiency can be improved by removing sections that have
no content; that do not contain any pages or subsections. For instance, in the example
above, clicking on C3 would lead to nothing. So, C3 can be removed. It is also
inefficient to have a section with only one page (or one subsection) in it. After all,
after clicking on the section, the user would only have a choice of one item. For
instance, C5 has only one page associated with it and no subsections, so clicking on
C5 would lead to seeing only one link. The user would have to click that link, making
it rather inefficient. So, C5 could be removed, and its page P7 could be included as a
page of C5's parent C2.

To summarize: A concept will be included in the navigation structure if it has
1. at least two children that are included in the structure, i.e., two subsections, or
2. two pages that use it in their outcomes, or
3. one page that uses it in its outcomes and one child that is included in the structure.

C1
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C6
C7
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 Title(C1,V1) P1

Title(C1,V3) P2
Title(C1,V1) P3
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C5
Title(C5,V4) P7

C6
Title(C6,V2) P4
Title(C6,V1) P6

C3
C4

C6
Title(C6,V2) P4
Title(C6,V1) P6

C7
Title(C7,V3) P5



Note that more sophisticated algorithms are possible, which also remove sections if
they have more than one child, but their parents do not have many children. The
reason for this would be to balance the navigation tree in order to improve efficiency.

Fig. 3. Navigation structure after removing  C3 (left), and after also removing C5 (right).

3.2.2 Dealing with multiple occurrences
The concept network does not have to be a tree: a concept can be a child of multiple
other concepts. Additionally, a page can use multiple concepts in its outcomes. In
those cases, the generated hierarchy may contain multiple instances of a concept (as
section title) or page. Paper-based textbooks include all material only once. So, the
question arises whether we should remove multiple occurrences, and, if so, which
occurrence to leave. For instance, in the example above, concept C6 is a child of both
C2 and C4. As a result, our current navigation structure contains C6 twice, including
all its material (P4 and P6). In this example, there are three possibilities:
1. Remove the occurrence of C6 as subsection from C4. This results in Figure 4.
2. Remove the occurrence of C6 as subsection from C2.
3. Leave C6 as subsection of both.

Removing multiple occurrences can substantially simplify the navigation structure.
For instance, in the example, removing C6 from C4, not only removes C4 and all its
material (Figure 4, left), but also allows the additional simplification of removing C4
(using the rule described in the previous section) (Figure 4, right). However, it poses
the problem of deciding which occurrence the leave. This could be the one resulting
in the least simplification, or the first one in the hierarchy after ordering (see Section
3.3). An alternative worth considering would be to leave the one the student sees first.
For instance, if the student clicks on C2 first, they will see C6. Clicking on C4
afterwards will not show C6. On the other hand, if the student clicks on C4 first, they
would see C6, but not see it when clicking on C2 afterwards. Note that this may
exclude the possibility of further simplifications.
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Fig. 4. Navigation structure after removing an occurrence of C6 and its children (left), and after
also removing C4 when simplifying according to the rules in Section 3.2.1 (right).

We have, however, chosen the third option: include all occurrences. Removing
occurrences would require the student to remember where they had seen certain
material, if they wanted to consult it again. Maintaining multiple occurrences will
allow the student to find material more easily, and to follow different paths through
the course more easily.  Whether this is the right decision needs to be investigated in
an experiment.

3.2.2 Dealing with alternatives
Different authors may have different views on how a specific outcome should be
taught. So, different pages can exist with the same outcomes. We call these pages
alternatives. As alternatives have the same outcomes, they will share the same
generated titles (see [8]).  Pages P1 and P3 are alternatives in the example above. As
alternatives share the same title, that title needs to be included in the navigation
sequence only once.

The decision on which page out of a set of alternatives to include in the textbook
can be postponed till the moment that the student (or artificial teacher) clicks on the
title for the first time. Several strategies can be used. A page can be chosen on the
basis of:
•  Author: written by the same author as the previous page in the section (if exists),

or by the same author as the last visited page. This may support narrative flow.
Students (or teachers) may also provide an ordered list of their favorite authors.

•  Its learning style.  This would require the author to annotate learning style related
characteristics of a page. Alternatively, deductions could be made based upon the
page content, like use of images, formulas, words like "example".

•  A quality measure. Experts could review (alternative) pages and indicate a
quality rating. Students could also rate pages seen. Alternatively, deductions
could be made based upon the time spend on the page (not very reliable), links
clicks, and the students performance on exercises after having visited the page.

•  Its prerequisites being most closely met. Different authors may have different
views on the relative order in which outcomes need to be addressed. This can
lead to pages sharing the same outcomes, but having a different set of
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prerequisites. When links are annotated, like in [7], the annotation should be the
most favorable one, i.e., if there is a page with the outcome whose prerequisites
have been met, then the "ready to be learned" indication ought to be given.

The student can select an alternative, via links available from the page.

3.2.3 Making a custom book

We want authors to contribute to an organically growing amount of material that may
cover every possible topic (as the web does). This makes it highly unlikely that a
student would need or want to learn everything. Note that even when restricting the
authors to write about a restricted domain, like "Java programming", there still would
be large differences between students with respect to their foreknowledge and the
outcomes to be reached. That is why courses on different levels tend to use different
textbooks.

Different electronic textbooks can be generated to suit individual students or
groups of students. Authors, teachers and students can choose the outcomes to be
covered by a book. The system will only include pages that are related to achieving
those outcomes, either directly or indirectly (needed for prerequisite). The
foreknowledge of the student(s) could also be specified, so that pages with outcomes
that have already been mastered are not included.

3.3 Ordering siblings

Pages can have outcomes that use different verbs on the same concept. For instance, a
page with outcome "implement loops", and another page with outcome "explain
loops". We call such pages siblings. In the example above, pages P1 and P2 are
siblings, as are P4 and P6. When generating the hierarchy, siblings are ordered in such
a way that a page with outcome X will precede all siblings with prerequisite X.  For
instance, page P4 needs to precede P6, as P4 has outcome V2 C6, which is a
prerequisite of P6 (see Figure 1).

Concepts can be children of the same parent concept. We also call such concepts
siblings. For example, concepts C2 and C4 are siblings. When generating the
hierarchy, as far as possible, siblings are ordered in such a way that a concept with
outcome X will precede all siblings with prerequisite X. The outcomes of a concept
are the outcomes that contain it and the outcomes of its children. The prerequisites of
a concept are the prerequisites that contain it and the prerequisites of its children
minus its outcomes. For instance, concept C2 has outcomes V4 C5, V2 C6 and V1
C6, and prerequisites V1C1 and V3 C7. Concept C4 has outcomes V1 C6, V2 C6 and
V3 C7, and no prerequisites. As V3 C7 is an outcome of C4 and a prerequisite of C2,
C4 should precede its sibling C2.

A page can have an outcome that contains a concept that has a child concept. We
call such a page and child concept siblings. For instance, page P1 is a sibling of
concept C2. The same kind of rule can be used for ordering them. For instance, as V1
C1 is an outcome of P1 and a prerequisite of C2, page P1 should precede concept C2.

Within these constraints, different strategies can be used to support narrative flow.



•  A page or concept with outcome X is followed immediately (or as soon as
possible) by a page or concept with prerequisite X.

•  A page is followed by another page by the same author.
The relative level of verbs in Bloom's taxonomy [5] can also aid the ordering process.
For instance, "explain" precedes "design", which in its turn precedes "evaluate".

Note that the ordering of siblings needs to precede the simplification process of
removing not-needed sections, but needs to follow the process of generating a custom
book.

Fig. 5. Navigation structure after ordering siblings.

4 Evaluation

4.1 Criteria for a navigation structure

Before evaluating the automatic generation of a navigation structure, we need to
decide what criteria such a navigation structure should meet. The literature on
usability, such as [9], mentions a number of guidelines that are particularly relevant
for navigation structures:

1. Consistency. The same words should be used to indicate the same objects. This
means that pages about the same topics should have similar titles. Our use of
generated titles based on outcomes seems to fulfill this criterion. Consistency also
means that the navigation structure should not perceivably change over time (this
does not exclude the use of link annotation). So, if the user has clicked on a link
in the past, then clicking on it again should have the same result: show the same
submenu, or the same page. User would not expect the sections of a chapter in
their textbook to change overnight. We have taken this into account in the way
we deal with alternatives (see Sections 3.2.3). If the course content could change
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because of authors adding material, consistency could be served by adding a
"New section added by author" annotation.

2. Visibility of system status. The user should know at any time where they are,
how they got there, and where they can go from there.  This advocates the use of
a hierarchical, tree-like structure, where the user can immediately see where they
came from (parent in the tree) and where they can go next (children in the tree,
and perhaps other parts of the tree like parent and siblings). This is why we have
chosen to generate that kind of structure.

3. User control and freedom. We believe that the possibility to generate custom
books supports user control. However, the automatic generation of the navigation
structure might make authors feel less in control. We have to investigate whether
it does diminish the authors' feeling in control, and what control over the
generation process authors would like to have.

4. Efficiency. Experienced users should be able to find their way around quickly.
This means that once a user has seen certain information, they should be able to
find it again without any problems. We believe that incorporating all occurrences
(see Section 3.2.2) will increase efficiency, but we have to investigate whether
that is true.

5. Error prevention. Prevent users from making mistakes rather than just producing
good error messages. This means that error messages like "no pages available
about this topic" should not occur, by preventing users from clicking on those
topics. Our removal of superfluous sections (see Section 3.2.1) is a way of error
prevention. Also, our incorporation of multiple occurrences (see Section 3.2.2)
can prevent errors (users searching for information in the wrong place).

In addition to these usability related criteria, the main criteria seem to be narrative
flow and educational impact (an order which is good for a student learning about the
topics).

4.2 Outline of experiments

To evaluate the approach outlined above, we want to conduct a number of
experiments. One such experiment could take place at the Adaptive Hypermedia
conference.  Various experimental designs can be used:
1. A group of subjects, named "Authors" are asked to independently write pages

about a certain topic of which they are knowledgeable. At the conference, this
could be Adaptive Hypermedia. They are required to provide outcomes and
prerequisites for each page, in terms of concepts and verbs provided.

2. Alternatively, an initial network of concepts and an initial list of verbs could be
provided, but authors could be allowed to add new concepts and verbs.

3. Alternatively, no concept and verbs would be provided, and authors would have to
build up the concept network and verb list themselves.

It can be investigated whether it makes any difference whether
1. Authors can see descriptions of pages added by others, but not the content
2. Authors can see both descriptions and content of pages added by others



3. Neither descriptions nor content of pages added by others. The reason for doing
this would be because it might make it more likely that alternatives will occur.

After this has taken place, a second group of subjects can be asked to (independently
or as a group) look at the page descriptions (prerequisites, outcomes, author) and
concept network and decide on a suitable navigation structure. This can be compared
to the navigation structure generated by the Authoring Coach. It can also be
investigated how looking at the page content would influence the decision of
navigation structure.

6 Conclusions

This paper describes in more detail the automatic generation of navigation structures
for adaptive web-based instruction systems that was first introduced in [8]. Though
this work is only in its starting phases, it is clear that the choice to generate
hierarchies automatically poses interesting problems and opportunities. If we want
web-based instruction systems to grow organically, while maintaining narrative flow
and user guidance then this seems a way forward.

Clearly, future work should address the evaluation of this approach, and we have
sketched how this could be done.  It will be interesting to investigate its applicability
to different domains.  We are also investigating how authors could be supported in
producing the concept network (similar problems could occur as those faced in the
semantic web). Finally, we are extending our work on the Authoring Coach in the
area of giving advice to authors about the completeness, and possibilities for
adaptivity of the material produced. Some initial ideas on this were discussed in [8].
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Abstract. This paper defines adaptation logics through the set of adaptation 
constituents, determinants and rules which underlie adaptive behaviour. It then 
presents the work of the KOD European project for re-using adaptation logics, 
through their common description which is based on (the extension of) existing 
learning technologies specifications and standards. The paper also discusses the 
possible extension of the KOD approach in personalised applications and 
services, in general. 

1 Introduction 

A number of R&D efforts are addressing the delivery of flexible and individualised 
access to learning material, resulting in a series of fruitful systems in the areas of 
intelligent tutoring systems, adaptive educational hypermedia, intelligent pedagogical 
agents, etc [1]. However, personalised learning (PL) technology is still not 
mainstream, mainly due to the difficulty in re-using research results [2]. 

In the context of this paper, PL systems are defined by their “adaptation logic”, 
which is, in turn, defined by: 

• PL constituents: the aspects of the application that are subject to adaptations; for 
example, is the user interface, or the learning content being adapted? and which 
parts of the content are adapted/modified? 

• PL determinants: the aspects that drive adaptations; for example, do we decide 
adaptations based on the learners’ background? and if yes, how do we define 
this background? 

• PL rules: the rules that underline adaptation, i.e. match specific constituents to 
specific determinants [3].1 

                                                 
1 This scheme is in line with the “classic” ITS model, which includes a student model (PL 
determinants), a content model (PL constituents), and a tutoring model (PL rules). 



 

Each PL system can be based on a different adaptation logic, i.e. it can address 
different constituents (i.e. modifying different aspects of the learning content), 
determinants (i.e. adaptations decisions can be based on different learner 
characteristics) and rules (i.e. adaptation rules can be based on different learning 
theories and instructional models, etc). 

In most existing systems, however, the adaptation logic is not explicitly represented 
in a common format, but it is rather encapsulated in a set of adaptation rules which are 
usually hardwired into the system. As a result, adaptation logics (and successful 
design practices) cannot be easily customised and re-used across different applications 
and services, resulting in the “under-exploitation” of PL technology [2]. 

This paper presents the work of the KOD European project (see acknowledgements 
section) in this context. The KOD project makes use of the specific characteristics of 
the PL domain, for facilitating re-usability of adaptation logics (as this term is defined 
above). In particular, the project builds on the facts that: 

• PL applications and services share some common adaptation constituents (e.g. 
learning content) and determinants (e.g. learner profile), and 

• these aspects can be represented in a common format, through international 
learning technologies specifications. 

The KOD project aims to facilitate the re-use of adaptation logics for personalised 
access to educational e-content, through (the extension of) learning technologies 
specifications. The aim of the paper is to outline this work, and to also discuss 
whether, and how it can be extended, so that it can be applicable beyond personalised 
learning, i.e. for adaptive and personalised applications and services, in general. 

2 Current Status 

The need for describing in a common format the “aspects” that characterise learning 
technologies has resulted in a number of international standardisation activities. The 
main initiatives in the area are the IEEE LTSC (Learning Technologies Standards 
Committee, ltsc.ieee. org), the European CEN/ISSS Learning Technologies Workshop 
(www.cenorm.be/isss/Workshop/lt/), the IMS (Instructional Management Systems) 
Global Learning Consortium, Inc (www.imsproject.org) and the US ADLnet 
(Advanced Distributed Learning Network, www.adlnet.org) [4]. 

These efforts have already resulted in a number of specifications for e-learning 
applications and services. In particular, current specifications enable the description in 
a common format of learning objects (through educational meta-data specifications, 
e.g. the IEEE LOM [5]), questions and tests (e.g. through the IMS Question and Test 
Interoperability – QTI – Specification [6]), learner profiles (e.g. through the IMS 
Learner Information Profile – LIP – Specification, [7]), etc, so that they can be easily 
interchanged between different e-learning applications.  

Moreover, existing specifications enable users (learning material authors, tutors, 
publishers, e-learning platform and service providers, etc) to describe in a common 
format content packages, i.e. collections of learning objects, through the IMS Content 
Packaging (CP) Specification [8]. Each content package can be described in a 
common format, and can be “packaged” in a single zip file, which includes: 

• all the learning objects included in the package; 



 

• a manifest XML file, which describes the structure of the learning objects; the 
manifest file includes a number of “organizations”, each one including, in turn, 
a number of learning resources (see Fig. 1). 

However, the current CP specification enables only the description of table-of-
contents like structures: “It is possible to imagine organizations that will take into 
account such approaches as hierarchical ‘branching’, indexes, custom learning paths 
utilizing ‘conditional branching’, and complex objective hierarchies. While many 
content organization approaches may be developed, a default approach is included as 
part of this specification. This default approach to content organization is referred to 
as a ‘Table of Contents’ scheme and is encompassed in a <tableofcontents> element” 
[8]. That is, the current version of the specification does not facilitate the description 
of navigation rules which specify which learning objects comprising a content 
package should be selected for different learners. 

In summary, through existing learning technologies specifications, we can describe 
in a common format, and thus interchange and re-use: 

• PL determinants, i.e. learner characteristics, e.g. through the IMS LIP, and 
• PL constituents, i.e. learning object characteristics, e.g. through the IEEE LOM. 
However, we cannot describe in a common format PL rules, since the IMS CP 

specification does not facilitate the description of adaptation rules. 

3 KOD Innovation  

In this context, the KOD project is developing an extension of the IMS CP 
specification, so that it can support the common description and re-use of PL rules 
(Fig. 1). 

 

 
 

Fig. 1. The KOD Knowledge Packaging Format; an example extension over the IMS 
CP specification is shown, which represents an adaptation rule determining that 
“advanced content” is revealed only after the learner passes a specific test. 



 

The project is experimenting with the knowledge packaging format for the 
common description of adaptation rules, determining which learning objects of a 
knowledge package (i.e. as opposed to an IMS CP-compliant content package) should 
be selected for different learner profiles. That is, in addition to the learning objects 
and their structure, we can define in a common format adaptation rules, which specify 
which organizations and/or learning objects should be selected for different learner 
profiles [9]. 

3.1 Developing Adaptive Educational e-Content 

The KP format is used as the interchange format within the KOD-based prototype 
vertical learning portal, which aims to support learning material authors to design, 
develop, modify, publish, search, retrieve, broker, interchange and re-use adaptive 
educational e-content; as well as individual learners to have access to learning 
material in a personalised way. 

The main tool available within the KOD prototype for the development of 
knowledge packages (i.e. adaptive educational e-content described through the KP 
format) is the KOD Packager [10]. Fig. 2 shows a screenshot of the KOD Packager, 
where the following features are shown: 

1. at the left-hand side window, the KOD system user (learning material author, 
publisher, tutor, etc) can import existing learning objects, which can then be 
used for the development of knowledge packages; the learning objects can be 
imported both from the local file system, the KOD prototype repository or from 
publicly available resources on the WWW; 

2. at the middle window, the on-line content author can create a number of 
organizations (similarly to the IMS CP specification, i.e. containers of learning 
objects for domain concepts) for each “knowledge unit” (or concept) related to 
the domain of the knowledge package; in the example screenshot, the domain of 
the knowledge package is tele-radiology, and the following concepts have been 
defined: introduction, definitions, implementation, basic parts, image 
acquisition and management, display systems, communication networks, 
interpretation, image standards and compression;  

3. at the right-hand side window, the KOD system user is able to edit the learning 
objects that have been imported; in this example, the user can modify a text file, 
including a definition of tele-radiology; 

4. the previous steps are in line with the IMS CP specification; in addition, the 
KOD Packager facilitates the definition of navigational rules, for determining 
which learning objects should be selected for different learner characteristics; 

5. this can be done through the Rule Editor; as it is shown in the screenshot, the 
user can define a number of rules for the same knowledge package; also, one 
rule can include other rules, thus allowing nesting of rules; for each rule, the 
KOD system user can define: 

i) conditions: they are based on learner (profile) characteristics; examples 
include the learner’s learning styles, interests, goals, achievements, etc; 

ii) assignments: these are the post-conditions of rules; one rule may 
determine, for example, that the learner’s expertise in a concept is 



 

increased, after accessing learning material on this concept, or passing a 
relevant test; 

iii) launch request: a number of actions can be initiated; for example, after a 
learner accesses learning material or passes a test on a specific concept, 
additional learning material can be proposed (e.g. based on the results of 
the test), new concepts can be presented to the learner, and so on. 

 

 
 

Fig. 2. The KOD Packager for defining Knowledge Packages within the KOD VLP. 

3.2 Interchanging and Re-using Adaptive Educational e-Content 

The KOD prototype aims to assist the interchange and re-use of adaptive educational 
e-content. That is, the knowledge packages that are created through the KOD 
Packager can be published in the KOD prototype system, so that they can be searched, 
retrieved and accessed by learners in a personalised way (see next section); or re-used 
by authors for the creation of new knowledge packages. 

In addition, the KOD system facilitates the re-use of the “building blocks” of the 
knowledge packages. That is, within the KOD prototype system, authors can publish, 
search, retrieve, broker, interchange and re-use: 

• learning objects: authors can publish their learning material in the KOD system, 
together with their meta-data description, so that it can be re-used; as a result, 

 

 

 



 

an author may, for example, search in the KOD prototype VLP, to find learning 
material which is related to the “definitions of tele-radiology” domain; 

• organizations: as stated before, organizations in the knowledge packaging 
format are used as containers, for including the learning objects which are 
related to a specific concept of the knowledge package; these organizations can 
be published in the KOD prototype VLP, so that they can be re-used for the 
creation of new knowledge packages; for example, an author developing a 
knowledge package in the tele-radiology domain can search in the KOD 
prototype VLP to retrieve and re-use an organization for the “definition of tele-
radiology” concept; 

• adaptation rules: authors can publish, search and retrieve adaptation rules which 
have been published in the KOD prototype system; for example, one author can 
search and retrieve rules which are related to the tele-radiology domain, and 
select specific learning objects according to learner profile characteristics. 

3.3 Accessing Adaptive Educational e-Content 

The aim of the KOD system is to facilitate personalised access to learning material. 
That is, each learner can receive learning material which is adapted to his/her 
individual profile. 

To this end, the KOD prototype maintains a profile for each learner, which is based 
on the IMS LIP (Learner Information Profile) Specification [7]. That is, upon entering 
the KOD VLP for the first time, each learner is prompted a short questionnaire, for 
determining his/her characteristics. This profile is automatically updated, taking into 
account the learner’s interactions with the KOD VLP, e.g. the knowledge packages 
that have been viewed, the assessment questions that have been answered, etc. 

Subsequently, the learner can search the KOD VLP, and retrieve knowledge 
packages in specific domains of interest. The KOD system adapts the results of this 
search according to the learner’s profile. 

The learner can then access the knowledge packages in a personalised way. That is, 
the KOD e-learning system can import knowledge packages, disaggregate them, 
interpret the rules included in them, and select to present the learning objects which 
are appropriate for the learner, according to his/her profile. 

Fig. 3 shows an example adaptation of a knowledge package in the tele-radiology 
domain. In the left-hand side, the KOD system suggests the “acquisition systems” 
section to be viewed next (indicated with the red arrow), since this is the most 
appropriate learning object according to the learner’s profile. It also suggests that 
specific sections and not yet ready to be viewed; while, in the right-hand side picture, 
the suggestions have changed, after the learner has viewed the “acquisition systems” 
section, and answered correctly to a specific assessment question. 



 

  

Fig. 3. Personalised access to Educational e-Content within the KOD VLP 

4 Discussion 

As it is described in the previous sections, when an LMS imports a KOD knowledge 
package, it can disaggregate it, interpret the rules included in it (since they are 
described in a common format), match them with the individual learner profile, and 
present only the learning objects which are appropriate (according to the adaptation 
rules) for the individual learner’s skills, interests, preferences, etc. That is, 
personalised access to educational e-content can be supported (Fig. 4). 

The innovation of the KOD project is that adaptation logics can be explicitly 
represented in a standard way, within a specific, common element of a universally 
acceptable specification (namely, the extended CP specification). As a result, 
adaptation logics can be re-used across different e-learning applications and services. 

 
 



 

 
 
Fig. 4. The KOD approach for personalised access to educational e-content, against 
existing standards-based approaches. Through the use of knowledge packages (i.e. as 
opposed to content packages), we can select different learning objects for different 
learners, according to their profile. 
 

This innovation mainly builds on the fact that we address a specific domain of 
adaptive and personalised applications and services: personalised learning, education 
and training. This domain has the distinguishing characteristics that: 

• specific aspects of adaptation logic, i.e. adaptation constituents (learning 
content) and determinants (learner characteristics), are common to (almost all) 
applications, and 

• there are already common learning technologies international specifications for 
describing these attributes; as a result, we can describe in a common format, and 
thus interchange and re-use PL determinants and PL constituents; 

• in addition, the KOD project is proposing a way of representing in a common 
format PL rules, through the knowledge packaging format (Fig. 5). 

 



 

 
 

Fig. 5. Representation of PL adaptation logics in KOD, through learning technologies 
specifications. 

The fact that we build on existing learning technologies specifications also poses 
some limitations to our approach. For example, re-usability and interoperability can 
only be realised between applications that are compliant with the proposed 
specification. Moreover, re-usability can only be ensured for adaptation logics which 
are defined over PL determinants and constituents which can be represented through 
commonly accepted specifications and standards. For example, we can define re-
usable adaptation logics which include learner characteristics as an adaptation 
determinant, since the latter can be represented through the IMS LIP Specification. 
Also, we can describe adaptation logics which modify the learning objects selected for 
each learner, since learning objects can be represented in a common format through 
the IEEE LOM specification. On the other hand, it cannot be ensured that we can 
define adaptation logics which include adaptation determinants or constituents which 
cannot be represented through learning technologies specifications (e.g. learner 
characteristics that cannot be described through the LIP specification). 

As described above, the KOD project has already developed the knowledge 
packaging format, as well as a number of tools for the definition and re-use of 
adaptive educational e-content. Currently, we are developing three demonstration 
knowledge packages, in the fields of e-business, tele-medicine and knowledge 
management. 

Our future work in this field involves the investigation of the extension of the 
“KOD approach”, so that it can be applicable to other domains as well (i.e. beyond 
personalised learning). From the above presentation, it follows that such an extension 
would require that: 

• specific adaptation constituents and determinants are common to (almost) all 
applications in a specific domain; and 

• those common constituents and determinants can be represented through 
commonly acceptable formats. 

One possible extension would build on the Dublin Core meta-data set 
(dublincore.org), for representing adaptation constituents. The Dublin Core meta-data 
set is used for the description of content objects, in general, as opposed to the IEEE 
LOM meta-data set which is used for the common description of learning objects, i.e. 
material which is used, re-used or referenced in technology-supported learning [5]. 



 

Therefore, it may facilitate the description in a common format of adaptation 
constituents which can be used in personalised applications and services, in general. 
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Abstract. The Woven Stories is a tool for writing stories collabora-

tively. In order to represent the written stories adaptively, we need to

construct description about the content of the stories and the relative

information between di�erent stories. The formal presentation of Wo-

ven Stories is called StoryML and it can be used for adaptive content

representation of the stories.

1 Introduction

Adaptive IR tools in web-based education are essential to represent the con-

tent di�erently according to the speci�c needs of the students. For example the

learning methods and styles between students with holistic-style of learning and

students with serialistic-style of learning di�ers tremendously. It has been shown

for example that the holistic-style of learners have 
exible and easier way of solv-

ing problems than serialistic-style of learners. This means that there is a clear

need for representing the learning materials according to nature of the students

learning [4,?]

The Woven Stories is a tool where several authors' e�orts is managed in a

shared writing space, where the authors may write story sections and link them

together. A woven story is thus a hyperdocument or alternatively hyperspace,

which consists of an arbitrary set of story sections and links between them. The

Woven Stories is intended to be used to support group activities in educational

settings, such as di�erent distance education situations. The users of the tool can

construct, manage and share information with it. Thus the environment works

as a backbone of group work for a group of students. A prototype system for

the environment labeled Woven Stories has been described in [2]. In this paper

we will present our ideas that we are developing for the next implementation of

the environment.

The Woven Stories can be de�ned as hypermedia in following way. TheWoven

Stories visualizes the content of a hyperspace as a graph, whose nodes are content

pages, passages of text which may include hyperlinks. The arcs of the graph

represent links between the content pages. Each content page may be written

by a single user or several users. The Woven Stories uses an XML-based data

structure to store information about the hyperspace. [3]

One of the basic requirements for the Woven Stories is the need for adapt-

ing the representation of the content for example between holistic-style and

serialistic-style of learner. Hence, the important feature of the Story ML is to
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capture the episodic nature of stories. However, in our opinion such adaptation

techniques are not available [1].

A node in a concept map is often related only to its neighboring concepts. One

might say that a concept map represents only the local information of a particular

concept. On the contrary stories typically represent episodes that consist of a

several sub-sequent story sections connected by links. The analysis of episodes

could be useful to make assumptions about the students' reasoning during the

learning process. Moreover, information on di�erent episode patterns could be

stored by the StoryML speci�cation, and actual story lines corresponding to a

given pattern could be retrieved on demand. An example of episode patterns is

a sequence A1-B1-A1 which represents a three step dialog, between students A

and B.

Furthermore, the users of the Woven Stories can customize their views of

the collaboratively constructed hyperspace. A member of the group may need a

specialized view of the hyperspace to support a speci�c activity. If the students

co-author an essay one of the students may be an editor who needs to all material

produced by the group. On the other hand an author constructing the introduc-

tion of the essay will not want to see everything when she is concentrating on

her own contribution.

To support the user speci�c customization of the view to the hyperspace

the environment collects user model for each user. The user model includes

data about the users' view preferences, personal settings (such as the user name

and the color representing the user) and the browsing history of the user. The

environment extracts much of the data for the user model from the XML-based

description of the hyperspace and its contents, but it collects some of the data

by examining user actions (see section 3).

There are no limits for the size of the hyperspace in the environment. Thus

the users may write a single content page together, or write several, perhaps

interlinked, pages. The hyperspace can become very complex if it contains many

pages written by several authors. In this case a user may not �nd what she wants

or she may not notice some input that she should. To help the users to cope with

in the hyperspace the environment provides searching and information �ltering

tools, which are outlined in section 4.

A challenge for the environment is to adaptively support very di�erent views

as the users customize their personal views of the hyperspace and use the infor-

mation �ltering and search tools that the environment provides (see section 5).

2 Adapting Content Representation in Woven Stories

In educational setting the adaptive content representation in Woven Stories

means that the same topic or story can be presented in multiple ways to di�er-

ent users. Hence the representation of the stories can be varied according to the

learning style of a particular learner.

For example there are evidence that concept mapping �ts best to the nat-

ural study style of the holistic [4]. It proved to be di�cult to make serialistic
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students bene�t from the concept mapping approach. Here we expect to �nd wo-

ven stories as a bene�cial compensation for the problems holistic students have

in chronological reports. In summary: woven stories and concept mapping have

the natural tendency to be mutually supportive. In global terms we may expect

that the serialistic students will bene�t more from concept mapping, while the

holistic students get a typical compensation from the woven stories approach.

In order to make the transformation between di�erent types of representation

we need a StoryML description. Figure 1 presents the general idea of transform-

ing a particular topic to various modes of presentation. In Figure 1 CM indicates

concept map and WS woven stories. Topic t can be for example a physical phe-

nomenon or course contents. The change from Woven Stories representation to

concept map form is straight operation. The StoryML includes all the necessary

information. The transformation from concept maps to Woven Stories is a little

bit elaborated, because some information needs to be collected from the authors

before the transformation can be done. For example the order of the concepts

does not necessarily appear in the concept-like representation.

Content(t)

Substance level Representation level

CM(t)

WS(t)

Transformation
StoryML

Fig. 1. An Example of Di�erent Representations for a Given Topic t

3 Data Management And The User Model

We have de�ned a XML-based data structure, called StoryML, to describe a

hyperspace and its contents in the Woven Stories environment [3]. The StoryML

is divided into �ve main categories which are summarized in table 1. Each man-

ifestation of StoryML represents a given hyperspace.

The elements presented in Table 1 can be stored in three di�erent layers:

locally, episodically and globally. The local metadata description deals with the
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single story node and its relationship to the other nodes. The episodic level in-

cludes two or more nodes that form a distinctive episodic structure. The episodes

can be de�ned by the authors of the stories or by the Woven Stories environ-

ment. The global level includes all the single story nodes and episodes in one

hyperspace of stories.

Naturally the content of a particular StoryML element can di�er when the

story node is treated locally, episodically or globally. Furthermore the content of

the element may change when the structure of the stories is altered. For example

the union of two stories probably creates a new set of metadata elements. The

metadata description of di�erent levels can be done in couple of ways. In �rst

approach the metadata description of every story node holds the data about the

local, episodic or global information. Second approach creates metadata descrip-

tions to di�erent layers. Hence, every episodic structure has its own metadata

description.

A user model for a speci�c user can partly be extracted from the Author

and Content elements. The Author element stores information that the user

has inputted about herself: name, a�liation, color, email and preferences. The

content element on the other hand has knowledge about what the users have

been doing in the environment. This is a case of collaborative user modeling: the

user inputs data about herself and her preferences and the environment builds a

part of the user model by examining what the user has done in the environment.

To complete the user model the environment records data about the users

behavior: the environment collects the browsing history of the user, and data

about any searches and �ltering operations that she has done.

4 Adaptive Operations Using StoryML

We plan to include various tools in our environment in order to let the users

customize their views and �nd relevant data.

Table 1. The main categories of the StoryML core element set.

Element Description

General General information about the Woven Stories.

Visualization Determines the visual appearance of a graph-like

Woven Story.

Content Descriptive information about the content (e.g.

keywords).

Author Data about the authors who have been active in

the hyperspace.

Episodes Links and time factors between story nodes.
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4.1 Information Filters

Information �lters provide a subset of the hyperspace. They are not intended

to be used to �nd a speci�c piece of content, but to restrict the hyperspace by

some constraints to make it easier to handle.

Subsets of the hyperspace de�ned by a subset of the authors. The

most intuitive use of �ltering the hyperspace by a subset of the authors would be

a user checking her own contribution. By broadening the �lter to include other

authors the user can for example examine how the contributions of others' are

related to her own ones. A teacher can examine what each student member of a

group collaborating in the environment has done.

Subsets de�ned by creation date. The environment may present a subset

of the hyperspace, which is limited by the creation or modi�cation dates of the

content. This �lter may be implemented as a dynamic view, where the user can

alter the subset with a slider component, which controls the date parameters.

We call this �lter type the time line �lter, as the user can follow a time line along

which the hyperspace is constructed visualizing the creation process. This �lter

is useful when a user wants to see what has changed to the hyperspace since she

last time logged into the environment.

4.2 Search Mechanisms

Searches to the hyperspace are made to �nd speci�c content. The search can be

made to a �ltered subset of the hyperspace. An user can for example search for

a keyword among content produced by a speci�c user.

Keyword search. The authors may attach keywords to the content pages.

These keywords can then be used by the search engine to �nd certain topics.

Searching the written part of the content pages. Unfortunately key-

words can be interpreted di�erently by di�erent people, or they may be missing

altogether. In this case free form searches are needed. The environment lets the

users to search the content pages with a arbitrary string, looking for matches

among all written content.

Searching among the relationships of the content pages. The rela-

tionships, or links, between the content pages can be searched. The user may for

example look for all content pages linked to a speci�c page.

Other search mechanisms. Di�erent context analysis heuristics can be

used to analyze the content of the text. We can extract such information as

subject of the matter, the intention of the text or even the emotional "tone"

of the text by using Natural Language Processing (NLP) and Machine Learn-

ing (ML) [6]. With this functionality the environment can search for content

pages and links based on the deep understanding of the actual content of the

hyperdocument. These analysis heuristics may be used to create �lters too.
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5 Adapting The Results

The user model maintained by the environment makes it possible to present

the results provided by searches and �lters adapted to the situation of the user

performing the operations.

One example of adaptation in the environment is the highlighting of such

content pages in a result of a �ltering or search that the user has not visited.

This adaptation of results use the browsing history of the user who makes the

�ltering or search.

Another approach for the environment to adapt the results is to use the

browsing history of other users. The environment can suggest such results of

searches to the user that other users have found useful. Furthermore the envi-

ronment can use the user models of others together with a speci�c user model

to show the user possible searches or �ltering options that other users in her

situation have used.

A more complex way to adapt the view of a user would be the environment

presenting content pages written by others to an author in order to motivate or

help him. For example if a user A often collaborates with user B, then the envi-

ronment can notify A about B:s behavior and writing, or the it can weight search

result that include contributions from B more than other users contributions.

6 Conclusion

In this short paper we have presented our ideas for a collaborative hypermedia

authoring environment that uses a XML-based representation for a hyperspace,

provides di�erent search and �ltering tools and adapts the results of these tools

to support its users. We are currently working on the implementation of the

environment.
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Abstract. To implement an efficient adaptation of content in the network, 
different variables can be analysed that involve the types of users, the devices 
used by customers to gain access, the types of access, the state of the network 
and the current load on the server. The increasing use of hypermedia objects 
for creating content and the fact that the variables above mentioned are not 
taken into consideration has led to the problem of inadequate content in many 
situations. In this paper, a model is suggested for the delivery of hypermedia 
content that considers these variables. This model, elaborated from an 
analysis of different research, considers the different points of view observed 
and has the end objective of defining a System which is Hypermedia 
Adaptable, Adaptive and Dynamic (SHAAD). This will be the starting point 
for considering the problem of content adaptation, by means of a totally 
modular system. 

 
 
1 Introduction 
 
At present, the enormous heterogeneity in terms of types and capacities of access 
devices, bandwidth of the network and needs/preferences of the users are not taken 
into account by a server when providing web content which is rich in images, audio 
and video. E.g., the server will deliver the document requested even if the terminal 
used (WebTV, Personal Digital Assistants (PDAs) or mobile telephones) can not 
access these content due to the limitations of the display, of the storage capacities, of 
processing or of access to the network. 

To solve this problem, alternatives must be developed that allow universal access to 
any type of material, from any type of device and that take into account user 
preferences as well as the current load on the network and on the server. 

The concept of Adaptation has been widely investigated in the field of hypermedia 
systems and it has been shown that in these areas it can provide better environments of 
use and performance. There are many groups dedicated to the task of solving the issue 
of adaptation of content and there are also different considerations with respect to the 
implementation of such adaptation. 

Some of them are: UMA (Universal Multimedia Access) [1] takes the new classes 
of intelligent and portable devices into account; in MONADS [2-4] the adaptability of 
the data services to the changes of environment of the nomadic users is the main focus 
of this project; Research Groups from Hewlet-Packard [5-6] and Microsoft Research 
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China [3] are working on Adaptive Delivery Systems and take into account the type of 
access device, the state of the network and user preferences; Paul de Bra [7] takes into 
account user preferences and suggests changing the content or the presentation of the 
nodes by altering the structure of the link. 

In the studies mentioned different variables have been considered that influence 
content adaptation. They will all be adopted in our work: 
- The characteristics and preferences of the user [7-9]. With this concept, we include 
everything referring to the preferences and information about the user. Preferences 
being everything related to the means of receiving the hypermedia material (e.g. 
explicit or summarized), the learning characteristics (e.g. if it is a textual or visual 
user), the personal characteristics (e.g. if it is an extrovert or introvert user), etc. 
Knowledge is everything to do with previous or evolving knowledge. 
- The customer's access device [1-6]. Along with the increasing expansion of the 
Internet there has been wide-ranging technological development of the devices used to 
access the network. These devices vary enormously in terms of storage capacity, 
processing power, screen resolution, etc. This leads to a new problem: having to 
deliver the rich multimedia content available to a wide range of devices/customers 
which, in many cases, will not have the capacity to deal with them adequately. 
- Type of access to the network [5-6]. Bandwidths that range from the 28.8K to 100M, 
mean another feature has to be considered: the speed of access to the network. 
- State of the network [7], [10-11]. In addition to the diversity of types of connection, 
we have to consider the state of congestion of the connection being used at any given 
moment. The load on the connection is not uniform at all times. That is, a connection 
with a large bandwith does not necessarily mean a permanently optimised connection. 
- State of load on the server [12-13]. Users know only too well the experience of 
unsuccessful or rejected access on the part of the server when it involves consulting 
certain multimedia material. This situation is often caused by an overload in these 
servers as a consequence of an unusual quantity of requests. To solve this overloading, 
it may be preferable to deliver content with reduced quality before having to reject or 
to generate a fault in the connections that are being made. 
 

In Section 2 we take a look at adaptability versus adaptivity in order to clarify the 
terminology used. In Section 3 we define our SHAAD system and variants of the 
model are described for the different variables of adaptation. Finally a single model is 
presented for our system in Section 4. We conclude this paper in Section 5 
 
 
2 Adaptability Versus Adaptivity 
 
The term adaptivity has been used by different authors in different areas. Depending 
on the environment considered, the goals pursued by such an adaptation vary. For this 
reason, in the first place we need to agree on what we mean by hypermedia 
adaptation of content in an environment of changing variables, such as the ones 
mentioned in the previous section. 

Abdelzaher [13] considers the adaptation of web content to be a mechanism for 
improving performance in the face of server overload. Wei-Ying Ma [5] looks at the 
delivery of content adapted in heterogeneous environments in order to improve 



content accessibility. Brusilovsky [9] defines an Adaptive Hypermedia System as one 
that builds a model of goals, preferences and knowledge, for every user. It uses this 
model, by means of interaction, to adapt to the needs of the user. Oppermann [14] 
takes the characteristics of the user into account and distinguishes between: Adaptable 
Systems and Adaptive Systems. On the other hand, De Bra [7], taking into account user 
preferences as a variable that decides the adaptation, classifies the hypermedia 
environments or web sites built according to their capacity to carry out some type of 
personalization in: Adaptable Hypermedia, Adaptive Hypermedia and Dynamic 
Hypermedia. 
 
 
3 Definition of SHAAD 
 
From what has been said in the previous section, we define our Hypermedia 
Adaptable, Adaptive and Dynamic System (SHAAD) as a system that, taking into 
account the state of the variables we mentioned and the variety of multimedia in web 
content, tries to adapt the available information dynamically or statically and to 
deliver it in the most efficient way possible. 

The SHAAD model is made up of 4 modules: 
1- Mechanisms for defining variables. The aim of these mechanisms is to define the 
variables we mentioned above: characteristics and preferences of the user, access 
device of the customer, type of access to the network, state of the network and state of 
load on the server. 
2- Module of content. The function of this module is to deliver the content requested, 
either through a dynamic generation from the unit elements that make up the web 
page (on-line generation), or by selection from the various different static versions of 
this content which have been previously generated (off-line generation). 
3- Decision Engine. This is the kernel of the system and the place in which the 
variables of decision and the available content are evaluated, from which are inferred 
the mechanisms for delivering the material in the form that best suits the end user. 
4- Adaptation Mechanisms. Once the new web site generated by the module of 
content is available, this module implements the adaptation mechanisms decided upon 
by the Decision Engine. 

We analyse the variables mentioned in the module Mechanisms for defining 
variables separately and define the model used in every case. 
 
3.1 Characteristics and Preferences of the User 
 
In a very general way, the concepts that allow us to describe our user are: goals versus 
tasks, previous knowledge or background, experience, preferences in the mode of 
receiving the information, interests, details of the user, etc. 

These concepts take different types of characteristics into account [9]: the ones 
relating to knowledge (previous or evolutionary), those that consider the preferences 
on the mode of receiving the information (graphical or text, developed or 
summarized), those that take the personality of the user into account (introvert or 
extrovert, verbal or textual, ...), etc. 

The particular modules of this model (Figure 1) are:  



• Mechanisms for defining the characteristics and preferences of the user: 
- Questionnaires for the user in order to get direct answers concerning his or her 
characteristics and preferences. 
- Monitoring the behaviour of the user in order to deduce his or her 
characteristics from the interaction that takes place.  

• Mechanisms of Adaptation [7]: 
- Adaptation of links. The system tries to guide the user towards the most 
important aspects of the available information, moving him or her away from the 
less important.  
- Adaptation of content. The Adaptive Hypermedia System provides additional or 
alternative information in order to ensure that the user gets a complete 
understanding of the material offered. 

The terminology used by other authors may differ what we are using, but the 
mechanisms involved do not differ substantially with regard to the ones we present 
here. 
 
3.2 Access to the network: The Customer's Device and Type of Access / 
State of the network 
 
Although these three concepts are different, we shall consider them jointly because 
they are intimately related in terms of technology. In the end, the quality of the format 
of the content delivered to the user will depend on these variables. 

The range of existing devices capable of accessing the network is very wide. Chief 
among the differences are the information processing power, the availability of audio 
reproducers, the network access interface and the means of viewing video. This last 
feature plays an important role when it comes to the adaptation of the content. 

Furthermore, these devices depend greatly on the type of connection available and 
on the speed of access. To these considerations we must also add the state of the 
network at a given moment. 

As users, we know that, although we may have an excellent access device and an 
excellent connection we do not necessarily have as a result, excellent content 
availability. Furthermore, under certain conditions we have often experienced the 
frustration of not being able to enter the requested web site. This problem can arise 
because of the state of the network. 
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For this model it is necessary to describe particularly two modules (figure 2): 
• Mechanisms for defining the characteristics of the customer's device, the type of 

access and the state of the network. This module carries out a function similar to 
the module of Mechanisms for the definition of the characteristics of the user, 
shown in Figure 1. The methods available and those that we are considering for 
determining the type of device, connection and state of the network are [5]: 

 

- Http protocol. In the protocol used for the delivery of documents, the head of 
the http request contains relevant and useful information about the customer (e.g. 
information on the screen size being used by the customer) or indirectly, from the 
browser used, the type of device being used to access the page. On the other 
hand, the World Wide Consortium (W3C) is developing a standard to discover 
the capacities of the customer and the preferences of the user [13]. 
- The User's Suggestions. In this case, as in the model for the characteristics of 
the user, questionnaires, or templates allowing the user to personalise the page, 
can be implemented that will help to define the characteristics of the user's access 
device.  
- Furthermore, it is necessary to generate specific tools to determine the state of 
the network. The technology of intelligent agents is one of the most interesting 
and most important tools that can be used. 

• Mechanisms of Adaptation [5],[13]: 
- Data Compression Algorithms: these present summaries of the text to be shown, 
thumbnail images of the available material on the page, etc. 
- Data Transformation Algorithms: these modify the format of the multimedia 
material presented e.g. lowering the resolution of the images or modifying a 
video file to show a succession of still images. 
- Data Classification Algorithms: these classify the objects that are shown on a 
page, giving them levels of importance in order to decide whether these objects 
will be shown or not. 

 
3.3 State of Load on the Server 
 
The problem of server overload, [12-13], has also been one of the considerations 
taken in the model suggested for our SHAAD, since the capacity at any given moment 
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to deal with the quantity of incoming requests by users, will mainly depend on the 
server and on its current state. 

In principle, these servers are sized in such a way that they can deal with all the 
demands made upon them. However, in practice, there are frequent cases in which, as 
users, we find it impossible to download a page due to the overloading on the server at 
that moment and to the fact that the server finds it impossible to attend to all the 
requests. As this overloading can, and does, take place, we need to find solutions for 
such situations. 

The processing of the hypermedia content on the server can be carried out by on-
line or off-line transformations. An on-line or dynamic process is one which is carried 
out when the load on the server allows the dynamic generation of the web page 
content from the unit elements that form it. In the off-line or static process, different 
versions of the hypermedia content are available, in different formats and qualities, in 
order to be able to select one of those versions when the overload conditions make it 
necessary. From this point on and taking into account the state of the variables 
mentioned in points 4.1 and 4.2, the resultant hypermedia content is adapted by means 
of the other mechanisms of adaptation. 

The Module of Content interacts directly with the Decision Engine, to which it 
delivers the version of content that arises after considering the state of load on the 
server. This decision engine, with the hypermedia content selected and the state of the 
other variables defined, implements the mechanisms of adaptation to the degree that it 
decides is necessary. 

In this case, we need to describe two modules (figure 3): 
• Mechanisms for the definition of the state of load on the server. The tools 

evaluated to carry out the aforementioned definition range from the web server's 
own tools to the use of intelligent agents technology implemented in Java. 

• Module of Content. This is responsible for generating dynamically, or else 
selecting from the static versions, the most suitable content. 
It is made up of the following blocks: 
- Dynamic generation from unit elements. It generates the new page dynamically 
from the elements that compose the original page. The Content Analyser (fig.3) is 
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a tool developed in XML and Java. The goal of the analyser is to convert a 
document from a traditional HTML format to an XML format and, with the 
advantages that the XML format gives us, to sort out the objects that make up the 
original document. Once this structure has been obtained, by means of meeting 
certain conditions and through the intervention of the decision engine, it selects 
the convenient objects to form the new HTML document. 
- Static hypermedia versions. In this block, versions of the web pages, with 
different qualities in terms of format and content, are available. These static 
versions are available for the situations in which the Decision Engine decides to 
use one of these versions in the case that the load on the server so requires. 

 
 
4 Architecture of the SHAAD 
 
Through the models suggested in section 3, we have tried to explain by homogeneous 
blocks the obtaining of a single model. In the same way, Figure 4 represents our 
SHAAD proposal, with all the variables of adaptation considered taken into account. 

For each of the different schematised modules we have given a corresponding 
analysis throughout the present paper. On the other hand, we established the prime 
importance, in our research, of the inclusion of the state of load on the server when 
considering a dynamic generation of content (on-line). A priori, this seems to be the 
best way of implementing our goals, but we can not lose sight of the fact that this 
solution cannot be the only one and the processes of our decision engine will, in the 
end, have to include mixed solutions, in which a combination of the states of the 
defined variables of adaptation are considered. 
 
 
5 Conclusions 
 
We have presented in this paper the SHAAD model (System which is Hypermedia 
Adaptable, Adaptative and Dynamic) for the dynamic adaptation of content. This 
model tries to cover, from different points of view, the wide range of related works on 
hypermedia adaptation of content. Thus, through the analysis of different techniques 
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for defining different variables (characteristics of the user, characteristics of the 
customer's access device, type of access, state of the network and load on the network) 
we have tried to encompass the different points of view and to define, through a single 
model, our starting point for the adaptation of content. 

Some of the definition tools considered here are at the implementation stage. E.g., 
our Content Analyser, implemented in XML and Java, through which an intelligent 
selection of the objects that form a page can be carried out. Also, the tools investigated 
for an efficient testing of the conditions of the network that are being evaluated 
through the same http protocol as well as intelligent agents implemented in Java. 

Our strictly modular model will allow us to work on the wide range of aspects we 
have analysed and in this way, help us to suggest partial solutions to a problem that 
globally can be excessively complex due to the many variables that have to be 
analysed. 
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Abstract. How to help learners plan a navigation process on the Web is an
important issue in web-based learning/education. Our approach to this issue is
to allow the learners to preview a sequence of web pages as navigation path. In
this paper, we introduce an assistant system that enables learners to plan a
navigation path in a learner-centered way before navigating hyperspace
provided by web-based learning resources. It generates a navigation path
preview in accordance with their navigation planning context. Since the
navigation path preview gives the learners in advance an overview of the
contents to be learned, their learning in the hyperspace can be improved.

1   Introduction

There are currently a large number of hypermedia/hypertext-based resources available
for learning/education on the Web. Such existing web-based learning resources
provide learners with hyperspace where they can navigate the web pages in a self-
directed way to learn domain concepts/knowledge. The self-directed navigation
involves making a sequence of the pages navigated, which is called navigation path
[7,10]. It also involves constructing knowledge from the contents embedded in the
navigated pages, which would enhance learning [3,12]. The knowledge construction
process is influenced by the navigation path. Making a navigation path is accordingly
an important process of the self-directed learning in hyperspace [7,8].

On the other hand, learners often fail in making a navigation path since they would
make diverse cognitive efforts [12]. The self-directed learning in hyperspace requires
them to comprehend the contents of web pages they have visited, and concurrently to
monitor their own navigation process such as planning the navigation path to be
followed, which can be viewed as meta-cognitive activities [3,7]. The navigation
monitoring particularly holds a key to success in the self-directed learning. However,
it is difficult to maintain the navigation monitoring since the learners would focus on
comprehending the contents of the visited pages [7]. They accordingly often reach an
impasse. Although such navigation problem has been a major issue addressed in
educational hypermedia/hypertext systems [2,12], the important point towards
resolving the problem in the context of self-directed learning is how to help learners
monitor their navigation process [7,8].



In this paper, we address the issue of how to help learners plan a navigation
process in self-directed learning with web-based resources [8,11]. Our approach to
this issue is to provide learners with space for the navigation planning apart from
hyperspace, in which learners can preview a sequence of web pages as navigation
path. The navigation path preview enables them to plan a navigation path in a learner-
centered way before navigating the hyperspace. Since the planned navigation path
also gives them in advance an overview of the contents to be learned, their learning
can be improved [1].

This paper also demonstrates an assistant system, which is an improved version of
the original [8,11]. The assistant system consists of path previewer, page previewer,
and hyperspace map [11]. The page previewer extracts information attached to some
HTML tags in a page, which learners select in the hyperspace map, from the HTML
document. The information can be considered representative of the page. The page
previewer displays it as page preview. Although the information to be extracted
depends on the topic on which the learners focus in planning the navigation path, the
original page previewer generates the page preview regardless of the focal topic. In
the improved version, the page previewer identifies the focal topic with the contextual
information, and generates a more proper page preview. The path previewer makes a
sequence of previewed pages, and displays it as navigation path preview. These
facilities help learners plan which page to visit and a navigation path without visiting
web pages in hyperspace.

2   Navigation Path Planning

2.1   Framework

Our framework for supporting navigation planning where self-directed learning in
hyperspace is done in two spaces. These are the space for planning the navigation
path based on a learning goal and hyperspace for executing the plan. In the path
planning space, learners preview web pages, and plan which page to visit and the
sequence of pages to be visited so that the learning goal can be achieved. In the
hyperspace, they are expected to navigate web pages according to the planned
navigation path. The path planning and navigation are repeated during the self-
directed learning. The distinction between navigation path planning and navigation
allows learners to raise awareness of monitoring their navigation process, and to focus
on comprehending the contents of web pages.

Demonstrating the assistant system, which has been implemented as plug-in tool
for Microsoft Internet Explorer 4.0 or higher, we next explain how to support the
learner-centered navigation path planning and navigation in hyperspace provided by
web-based learning resources.

Let us first consider what kind of information should be presented as preview of
navigation path. Although spatial maps of web-based learning resources are necessary
for considering navigation paths, the maps alone may be insufficient for learners to
plan the paths [4]. This suggests the necessity to give learners an informative
overview of the contents. We accordingly introduce a page previewer that extracts



keywords, sentences, or images to be considered representative from a web page to
display them as a preview of the page. In addition, we introduce a path previewer that
makes a sequence of the pages learners have previewed.

(a) Spatial map window

(b) Page preview window

(c) Path preview window

Link list

Fig. 1. User Interface for Navigation Planning.

On the other hand, web page generally includes several topics. However, every
topic does not always need to be previewed when learners plan a navigation path.



Which topic should be principally previewed depends on the topic learners intend to
focus on in the page. We call it focal topic. The path previewer accordingly identifies
the focal topic from the navigation planning context, and the page previewer
generates a preview of the page according to it.

Fig. 1 shows a user interface of the assistant system where learners can preview a
navigation path. The system is composed of spatial map, page previewer, and path
previewer. As shown in Fig. 1(a), the spatial map represents the hyperspace of a web-
based learning resource selected by learners as a network of nodes corresponding to
the web pages. It is automatically generated and displayed in the map window when
they select the learning resource. The spatial map represents the web pages only
within the same web site where the homepage selected by the learners is located. The
links from the site to others are omitted. Nodes in the spatial map are tagged with
page titles indicated by title tags in the HTML documents.

By double-clicking any node in the spatial map, learners can have an overview of
the web page corresponding to the clicked node in the page preview window as
shown in Fig. 1(b), which is generated by the page previewer. When the learners
decide the starting point of the navigation path, they can trigger the path previewer,
which changes the page preview window into the path preview window as shown in
Fig. 1(c). The path previewer constructs a sequence of previewed pages starting with
the current page. The path preview window has a link list, which includes anchors of
the links the current page contains. Selecting any one from the list, they can have a
preview of the page, to which the selected link points, next to the preview of the
current page. Since the selected anchor seems to indicate the topic on which they
intend to focus, the path previewer identifies the focal topic from the selected anchor
to generate the page preview. The learners can then put the previewed page into the
sequence, making a navigation path.

The learners are next expected to follow the navigation path to visit the web pages.
In order to help them follow the path, the system provides a navigation controller, and
displays the first page of the navigation path preview in the web browser. Using the
navigation controller, the learners can browse the next page on the navigation path in
the browser. However, they do not always need to follow the path. They can explore
web pages, which are not included in the path. The navigation controller puts a
warning icon when the learners run off in the path. When they also want to change or
cancel the navigation path during navigation, they can return to the navigation path
planning. In this way, learners are expected to repeat the navigation path planning and
navigation to accomplish learning in hyperspace.

In the following, let us explain the page previewer and path previewer in detail.

2.2   Page Previewer

In this section, let us explain how to generate a page preview regardless of learners’
focal topic. The page previewing in accordance with the focal topic is described in the
next section.

The important point to generating an overview of a web page is how to extract
information representing the contents of the page. Assuming that such information is
located within representative HTML tags such as Title and Heading tags, the page



previewer extracts words, sentences, or images indicated by these tags to display them
as page preview. We heuristically consider that such assumption is valid in web-based
resources for learning/education.

The information extracted from a web page is classified into the textual contents,
images included, and the links out of it. As for the textual contents, the page
previewer searches for Title, Heading, and Font Size/Color/Face tags, and extracts
words or sentences attached to the tags. As for the images included in the page, the
page previewer searches for Img tags in the HTML document, and displays one image
whose file size is the largest. As for the links out of the page, the page previewer
searches for A href tags in the HTML document to extract source and destination
anchors of the links. These anchors are used by the path previewer.

If learners cannot grasp the page preview, they can also push Detail button at the
lower part of the page preview window to look at the full contents of the page with
web browser. However, this operation is not recommended in navigation path
planning. Pushing Path button, the learners can also start the path previewer, which
changes the page preview window into the path preview window.

2.3   Path Previewer

The path previewer sequences the pages previewed, which are put in order by learners.
The order of the previewed pages represents a navigation path. It also displays a link
list as drop-down menu, which is generated by the page previewer. This list includes
source anchors of the links that the current page contains. The learners can select any
one from the list to have a preview of the page, which is indicated by the destination
anchor of the selected link, next to the preview of the current page. The page preview
generation consists of the following two processes that are executed in the path
previewer:

(1) Identifying the topic on which learners focus in planning, and
(2) Identifying information to be previewed according to the focal topic.
The path previewer first identifies the focal topic with keywords included in the

anchor that learners select from the link list of the current page for previewing the
next page.

By using Heading tags in the HTML document of the page to which the selected
anchor points, the page previewer next divides the document into sections, which are
indicated by the tags, and then identifies the section to be previewed. In the HTML
document, Heading tags describe the topics of the sections. These tags generally
constitute a hierarchy as shown in Fig. 2. The HTML document accordingly has a
hierarchical structure of the topics described by the Heading tags. Following the
hierarchy, the page previewer identifies the section whose Heading tag includes the
focal topic, as the sections to be previewed. If no Heading tag includes the focal topic,
it finds in which section keywords representing the focal topic appear most frequently
and selects this as the section to be previewed.

The page previewer next extracts information to be previewed to generate the
adaptive page preview. It first extracts not only information attached to the Heading
tag of the identified section, but also information attached to Title tags, and the
ancestor/descendant Heading tags. As shown in Fig. 2, for example, the page



previewer extracts information attached to Title, Heading tags indicated by H1-2, H2-
2, H3-1, and H3-2 when H2-2 is the tag of the identified section. This enables the
page preview to preserve the hierarchical structure of topics embedded in the page.
The page previewer then extracts key information from the identified section in the
similar way as described in 2.2. The path previewer also generates the link list
including anchors of all links in the page, in which the anchors included in the section
previewed take precedence.

<Title>

<H1>...H1-1

<H2>...H2-1

<H1>...H1-2

<H2>...H2-2

<H3>...H3-1

<H3>...H3-2

<H2>...H2-3

HTML Document File

<Title>

H1-1

         H2-1

H1-2

         H2-2

               H3-1

               H3-2

         H2-3

Hierarchical Structure of
Heading Tags

Fig. 2. Hierarchical Structure of HTML Document.

If the learners want to add the previewed page into the navigation path, they are
required to push Add button in the right corner of the path preview window. If they do
not add it, they try to select another link from the link list again. Repeating the page
previewing and the Add operation, the learners can make a sequence of previewed
pages.

The learners can also delete any page in the navigation path by pushing Delete
button, make branches of the path by pushing Branch button, start making new
navigation path by pushing End button. They can then start navigation according to
the navigation path plan with the navigation controller, which appears as Learn button
is selected.

2.4   Example

Let us demonstrate the navigation path planning with a simple example. In this
example, we consider a learner whose learning goal is to explore factors reducing the
reliability of computer networks. He/she first tries to plan a navigation path for
achieving the goal from the web page titled Purpose and Approach of Reliability
Design. The starting page in the navigation path is generated in the same way as



described in 2.2, which is shown in Fig. 1(b). Next, he/she selects the anchor
Unauthorized Acts from the link list in the path previewer shown in Fig. 1(c). In this
case, he/she seems to focus on unauthorized acts in the web page Information Security
of Network Systems, to which the anchor points. The path previewer accordingly
identifies the focal topic with Unauthorized Acts, and then generates the adaptive
preview of the page as shown in Fig. 1(c). It principally includes information related
to the focal topic.

3   Related Work

Current navigation aids, which support the navigation planning, can be divided into
two types, which provide global and local view of hyperspace. As representative aids
for global view, there are spatial and concept maps. Spatial maps represent nodes and
links that compose the structure of hyperspace [5]. Concept maps consists of nodes
and links representing the structure of domain concepts to be learned, which nodes are
mapped on the corresponding pages in hyperspace [6]. In both spatial and concept
maps, nodes are tagged with their titles, which are intended to represent the contents
of the corresponding pages. In concept maps, links are also tagged with descriptions
representing the semantic relationships between the nodes. Although the spatial and
concept maps can provide learners with a space, apart from hyperspace, for
considering navigation paths, the tagged information may be insufficient for learners
to plan a navigation path [4]. In addition, web-based learning resources mostly have
no maps.

As representative navigation aids for local view, there is adaptive hypermedia,
which supports navigation in hyperspace by adapting the contents of the page to be
visited next, annotating pages and links to be visited next, etc. [2], and visual preview
which shows a thumbnail of the next page [9]. The main purpose of these aids is to
help learners select the page next to the current page. However, the thumbnail may be
unsuitable for having an overview of the page in case the contents of the page are
invisible in the thumbnail. The adaptive navigation aids call learners’ attention to
comprehending the contents of pages, but decrease their awareness of navigation path
planning, which is required in the self-directed learning. In addition, the adaptive aids
are not always applicable to existing web-based learning resources since they
generally have no clear description of semantic relationships among web pages,
which is indispensable for executing the adaptation. In order to apply the adaptive
aids to existing web-based learning resources, it is necessary to analyze semantic
structure of the domain concepts/knowledge beforehand. This is not an easy task.

In this paper, on the other hand, we address the issue of how to help learners
navigate hyperspace provided by existing web-based learning resources. Considering
that making a navigation path is an important process of self-directed learning in the
hyperspace, we particularly focus on how to help learners plan a navigation path. The
approach to this problem is to generate the adaptive preview of navigation path,
which can be viewed as the middle of the global and local views. Such navigation
path previewing is an important aid for self-directed learning in hyperspace.



4   Conclusions

This paper has described a navigation planning aid for self-directed learning in
hyperspace provided by web-based learning resources. The key idea is to provide
learners with adaptive preview of navigation path to help them plan their navigation
process, which is an important process of the self-directed learning. The adaptive
previewing enables them to plan the navigation path in a proper way before
navigating hyperspace. The self-directed learning can be also improved since the
distinction between navigation path planning and navigation allows them to focus on
comprehending the contents of web pages navigated in the hyperspace.

This paper has also demonstrated an assistant system executing the adaptive
navigation path previewing. It allows learners to plan which page to visit and make a
navigation path plan without navigating hyperspace.

In future, we need a more detailed evaluation of the adaptive navigation path
previewing with the system. We would also like to improve it according to the results.
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Abstract. The goal of this paper is to describe a user oriented system

framework that provides user tutoring and testing. This tutoring system

is suitable for classroom use. It helps to introduce de�nitions and simple

relations among concepts. The amount of information delivered by the

system varies for di�erent users. The way information is delivered and

the amount of information can be characterized by a set of parameters.

The parameters can be used to minimize the time of the learning process.

We chose for our experiments only parameters that describe the num-

ber of presentations that allow the user to pass a test. The system was

developed using PHP and XML programming environment. We present

preliminary classroom results along with statistical simulations of the

system. Typical application domains were simple procedures from dis-

crete mathematics, probability, computer science terminology, statistics

and language elementary vocabulary.

1 Introduction

In this paper we will deal with a description of an information cycling system.

The task of the intelligent tutoring system (ITS) can be brie
y characterized

as a problem of instructional material sequencing, diagnosing and responding

to (speci�c) user requests. In the ideal case, the material is constructed on de-

mand, and intelligent re-mediation can be performed at any level. The material

sequencing and diagnosing has two aspects. A logical mistake should be cor-

rected by providing the appropriate information. The strategy of presentation

may depend on the user. The extent to which the content and the presentation

strategy should be controlled by the user pro�le is one of the crucial question of

ITS. Weber [7] reports moderate to no e�ect of single adaptation technique.

In our Information Cycling and Diagnosing System (ICD) system, each unit

is presented by cycling elements of information, in the form of de�nitions, state-

ments and quizzes. A �nal test allows the user to leave the unit and to pass

to the next one. A user, and its path through the system, can be characterized

by a set of parameters. We have limited our attention to only two adaptive pa-

rameters for each information unit. These parameters control the number unit



cycles and the unit exit criterion. It means that each user is associated with a

recommended number of cycles for each unit. The other meaningful parameter

is the amount of information presented at a time. Parameters that describe the

scoring information to the user have important psychological value and should

be analyzed rigorously. The knowledge domains we have investigated were al-

gorithms for solving linear algebraic equations using the Gauss-Jordan method

(GJ), theoretical computer science statements such as the Euler Circuit Theorem

and elementary French vocabulary. Our goal is to compare tutoring mini-systems

that can be e�ective in the introductory college classroom. We are interested in

using interactive educational tools to introduce key vocabulary and concepts.

From our classroom experience, we have seen that students can bene�t substan-

tially from interactive information cycling. The targeted audience was the lower

level undergraduates. When students are exposed to vocabulary training before

an instructor-led lesson, diÆcult concepts can be introduced more easily. This

idea has been applied in classrooms in which the majority of the students are re-

quired to take mathematics or computer science but do not need to understand

deeper principles such as proofs. This system is useful for students who need

to master an introductory understanding of the basic vocabulary and concepts.

Even within the same classroom, there are di�erences in presentation needs. The

di�erences among users in such a classroom setup is the skill level rather than

the background level. In accommodating a variety of presentation needs, the user

oriented system re
ects skill level in both reducing redundancy for more skilled

users and maintaining appropriate level for those less skilled. The targeted users

for our ICD experiments were undergraduate students of mathematics and com-

puter science classes at Morgan State University. Five classes, ranging from 10-20

students, participated in the experimentation.

1.1 Flexible and User Oriented Systems

Flexible systems let a user to proceed to another unit as soon as a test question(s)

is correctly answered. If we use other exit criterion, a basis for this criterion must

be established. The purpose of this criterion can be to prepare the user for infor-

mation that requires the unit in question as a prerequisite. We consider systems

that keep information about which units were passed as 
exible systems. We

name user-adaptive systems as systems that utilize more than merely pass-fail

data. The de�ning characteristics of an user-adaptive system is its optimal uti-

lization of the user pro�le data. The user pro�le is established through collection

of data intrinsic to the user such as the number of cycle necessary to memorize a

set of information. The pro�le data is acquired during a user session in which the

individual is classi�ed in a category based on the performance data. One type

of adaptivity is based on the actual knowledge of units (
exible systems). Type

two are user-adaptive systems based on user intrinsic features. In literature, the

adjective adaptive usually refers to type two.



1.2 Evaluation of User Path

A number of systems for learning have been developed. The task of measuring

complexity of adaptive and non-adaptive systems has been addressed at the Em-

pirical Evaluation of Adaptive Systems Workshop [1], [8]. While some of these

systems use adaptive parameters, they are not clearly evaluated in the literature

against non user-based systems. Regardless of the nature of those parameters,

the goal of a user oriented system is to lower the complexity of the user path,

using the user model. The complexity of the user behavior as a path between

information gathering and knowledge testing is diÆcult to evaluate. Therefore,

in this paper we restrict our study to a simpli�ed description where the cycle

path is a record of number of cycles per each unit. The goal is to analyze and

evaluate the di�erence between the number of operations of the user adaptive

systems (that usually require no more operations than non-adaptive) and 
exible

systems. In some instances, such as GJ elimination, the number of operations

estimated based on the user pro�le can be signi�cantly higher and closer to

user's needs. Consequently, the user adaptive system is more eÆcient because

the user passes only one exit test whereas the non-adaptive system user must

remediate through entire units including the exit test. The complexity of im-

plementing a user oriented system is much higher compared with implementing


exible systems and must be always considered in the overall analysis.

Degree of
Graph

Cycle

Path

Euler
Cycle

Graph

Connected
Graph

Konigsberg Bridge Theorem
A connected multigraph has an Euler circuit if and only

if each of its vertices has an even degree.

Each individual
component is learned
and tested, then the
theorem is tested.

The same procedure
is undertaken as in the

French grammar
tutorial, because of

the similarity of both
domains.

Fig. 1. The Euler theorem domain



2 User Path Optimization

Flexible interactive systems provide information until test questions are success-

fully answered. In the ICD system, the user pro�le speci�ed number of cycles

is provided. Depending on the nature of the mistake, the user either repeats an

information cycle at the same unit or is returned to some of parent (prerequisite)

units. One example of a 
exible system is the Gauss-Jordan elimination training

tool experiment [2]. In this experiment, the user is o�ered GJ elimination steps

as a quiz until a criterion is satis�ed. No user modeling is required because the

number of cycles is added one by one as necessary. However, if a learning goal

contains the GJ procedure as one of its components then a user model may be

required. More extensive training may be needed for the units that have the GJ

as a prerequisite. In an average situation, one unit has several prerequisite units

i.e. a typical graph of a recommended path is not a mere series of units, but a

directed acyclic graph [3]. Therefore, the test questions (more precisely, user's

wrong answers) should also point to a particular prerequisite knowledge. The

exit test involves a task that requires all prerequisites. For example the ability

to correctly apply the Euler theorem can be used as an exit test. Tests for pre-

requisites involve de�nitions of graph, connected graph, cycle, Euler cycle and

degree. For a typical situation, see Euler theorem diagram on Fig.1.

This approach can be applied for di�erent domains. The similarity of domains

such as Konigsberg bridges and French grammar is based on the representation

of information in the form of a tree where each vertex represents a statement,

de�nition, example, sentence or a sentence component. We will consider simpli-

�ed situations which are still pedagogically important. In the simplest scenario,

the micro-strategy within a unit cycles items of the unit (de�nition, quizzes) un-

til a criterion is satis�ed assuming that each de�nition and quiz have been seen

once successfully. The macro-strategy is to follow the network (recommended

sequence) of units, which in some instances (as in the case of return to a par-

ent unit described above) may be repeated. Each cycle of the unit is recorded.

The numbers of cycles generate a sequence which we call the cycle path c1, c2,

c3,...,cn. The cycle path is not the actual path through the unit items. We ig-

nore this potentially useful information in our simplest model because we feel

the number of cycles itself is the most relevant information. A set of de�nitions,

statements and quizzes is used in each unit. The number of included components

is higher than the number of actually used components for each user. This is to

assure suÆcient variability of presentations.

Case 1: First, we will assume that units are independent. Each unit is self-contained

and consists of several de�nitions, statements and tests. Units are visited by

the user in a sequence. Each user is assigned an initial number of cycles for

each unit. This initialization is based on a pre-test or on a constant sequence

(1; 1; 1; ::; 1), i.e. each unit is cycled one time. A unit exit test follows. When

the exit test is failed, one cycle is added to the cycle path vector and the

unit is presented. The user type is a cycle path vector (c1; c2; c3; ::; cn), where

n is the number of units. The user types are initialized to constant vectors



(i; i; i; ::; i), i = 1; 2; 3; : : :. The i represents the best estimate of the number

of cycles. This number adjusted by the system based on the user answers.
Using one of the presentation strategies, we repeat items within the same

unit, never returning to the previous unit (in this simplest scenario).
Examples of presentation strategies are:
(1) present de�nitions/statements and then ask question in the multiple

choice form,
(2) present de�nitions/statements and then ask questions in the form of a

missing word
The distance from a new partial or complete cycle path to a known user

types is measured and the cycle path is assigned to the closest user type. This

membership determines the number of cycles needed to complete the given

unit. The unit is completed when the exit criterion is met. The criterion is

either de�ned by an exit test or by a score level. All cycle paths are clustered

and resulting clusters are used as user types. The variations of the cycle

path vector components (c1; c2; c3; :::; cn) indicates the degree of diÆculty

of a unit. In the ideal case of uniformly authored units, the components

would be constant for each user type. If there is more than one presentation

strategy, we can utilize all strategies in order to minimalize the number of

operations. Assuming that we have more than one strategy available, we can

alternate them and match sub-cycle paths with user types.
Case 2: We assume that one unit depends on a set of other units-prerequisites. De-

pendent units can be visualized as children nodes of parent nodes in a graph.

For dependent units, we made a requirement about test questions. Each test

questions about a child node is phrased so that it points to the remediation

unit(s). The frequency of visits of prerequisite units is used for modifying

the number of cycles estimated from individual units.

A user can be either incorrectly under or over-classi�ed. If a user is incorrectly

classi�ed to require not enough cycles a penalty is paid due for additional cycles

and exit tests when remediation occurs. The penalty for �nding the correct re-

mediation also applies. The over-classi�cation produces a penalty for redundant

exits test and operations within a unit. The main objective of the cluster anal-

ysis is the classi�cation of users. This means that each future user can be, after

several units, classi�ed into a certain class. Likewise, his path through the sys-

tem can be optimized. By optimal, we mean that the cost of the user's learning

counted in the number of operations (cycles) and unsuccessful tests is minimal

for a given teaching strategy and stopping criterion.

3 Examples

One of the learning strategies allows the user to return to the prerequisites. This

strategy assumes that authoring provides test questions that allow us to identify

the cause of incorrect answer. We assume that each unit is in the form of a small

tree with 3 or 4 parents. A good example is the Euler Circuit Theorem again,

Fig.1.
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Fig. 2. Numbers of cycles required by users, in Gauss-Jordan experiment

The system can ask the user to list the properties of a presented graph.

Possible answers might have the following outcome:

1. An incomplete list of properties (degree of vertices, connected graph) in-

dicates a de�nition for remediation.

2. An incorrect statement about the existence of an Euler cycle indicates that

more work at the theorem unit level should be done.

3.1 Types of experiments

The current system is concerned with several types of experiments. The �rst

style is based on abstract presentations and example based presentations. The

abstract presentation provides more compressed information than the example

based presentation. The goal of the second type of experiments is to collect

sequences of the number of cycles. These sequences are then clustered into several

typical sequences. The third type deals with dependencies of units and the goal

is to collect the number of cycles under the assumption that some units may

have one or more prerequisite units.

3.2 Numerical experiments

We have performed classroom experiments and simulated users mathematically.

The number of users was chosen to be approximatelly the same for each cluster.

Data simulation were provided by random variables based on heuristic from in

class experiments either with system that collected the data or with stateless

systems (no memory).



The GJ experiment, Fig. 2, shows the variation in the number of cycles for

groups of users. More details on this problem can be found in [1]. The signi�cance

of this experiments consists of demonstrating that a user can require a dramat-

ically more prerequisite information than the average. In this experiment, the

goal is to be able to apply the GJ method for solving a system of linear algebraic

equations. The prerequisite for learning the GJ method is that the user is trained

to do only one elimination step at a time. In the numerical experiments of the

user we generated cycle paths. In the simplest scenario (no remediation using

previous units) the penalty for incorrectly identi�ed numbers ci is op � (ci � c)

when the correct number of cycles c is smaller than ci, and p � (c � ci) for c

greater than ci. The term op stands for the number of operations for one unit

and p is the penalty for additional unit exit tests.
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3.3 Identi�cation of user types, simulation results

In the numerical simulations of the users, we de�ned a sequence of units and

then generated a number of cycle paths with di�erent probability distributions

for passing each unit. For each user, these probabilities were mutually dependent,

and slightly increasing after each additional information (cycle) provided to the

user. This process created cycle paths that were clustered. Clustering algorithm

used a variant of the K-means procedure, where the distance was de�ned as



a weighted Euclidean distance in the space of paths. The optimal number of

clusters was selected to minimize the sum of all distances of paths from corre-

sponding means. In order to reduce the �nal number of clusters, the criterion

was penalized with the Schwarz's BIC penalty term. Figure 3 shows the result of

one of simulation experiments, which selected 5 clusters of cycle paths. The left

�gure shows the distribution of the total number of path cycles and their clas-

si�cation. The boxplots of Figure 4 compares, for all 5 clusters, the distribution

of numbers of cycles used for one of the units. All the numbers of cycles di�er.

These distributions, along all units, actually split the set of paths into 5 subsets

of cycle path. Each new user (after passing several units) can be classi�ed on the

basis of weights measuring the distance to di�erent clusters. In subsequent units,

the user is provided with the information (the number of cycles) optimal for his

class. The optimal number of cycles can be set, for instance, as 75% quantile of

the corresponding distribution. In the boxplot, this number corresponds to the

upper bound of the box. An incorrect classi�cation of a user can increase either

the time (number of cycles) spent at the unit when the unit has already been

mastered, or it can increase the number of attempts needed to pass the �nal unit

test while the knowledge of the user is not yet suÆcient. In the simplest scenario

(no remediation), the overall penalty for incorrectly identi�ed user is the sum of

penalties for all units. Thus, as the model is described with the aid of probability

distributions (and identi�ed by methods of mathematical statistics), we cannot

avoid the error of the �rst kind, i.e. even if a user is classi�ed properly, he will

need more operations than recommended for his type (actually, in the example

described the probability of such an error is 25%). Nevertheless, the mean cost
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of such a mistake is, as a rule, much smaller than the cost of incorrect classi�-

cation. Moreover, the classi�cation is a dynamical process and the user can be

re-classi�ed while still operating within the system. As it has already been said

(in Section 3.1) there are two types of penalties P = PE+PR that are assessed

for sub-optimal behavior of the system. The PE term represents the penalty

for a unit exit test due to a return to the unit. The return to a unit follows a

failed test in a child unit. The PR term represents the penalty for �nding out

the correct remediation unit.

4 Current implementation issues

One of the requirements of implementation is that the system need not have any

proprietary components and can run on the web under the TCP/IP protocol.

The current implementations are relatively simple and are based on static html,

html/php documents. The documents are retrieved either by a PHP control

module or using PHP/Mysql control module. For the simplest implementations,

with no permanent record of the user activities, we used javascript. A simple

system that writes user information on a server uses PHP. We experiment with

a simple system that can be modi�ed without intensive software skills and the

developer can experiment with a variety of user scoring and material sequencing

procedures. All components have been available free of charge on both platforms

(Win, Unix/Linux). In our experiments we have used a simple graphical user

interface design at this stage of system development since our primary goal is

to collect data. The user data analysis will be utilized as a tool for additional

re�nement of the model for in-classroom use.

The following is an example of a unit when the information is marked up

using XML. The XML information can be parsed and then it can be searched

for required content.

<?xml version="1.0"?>

<unit id="unique unit identification">

<children>

unit id's that are children of this unit

</children>

<parents>

unit id's that are parents of this unit

</parents>

<friends>

unit id's that are related but neither children or parents

</friends>

<definition>

This is a placeholder for one or more definitions of the problem, variable

or concept.

</definition>

<example id = "unique example identification">



The example can be placed in one unit, or

it can be divided into two parts: a problem description and

a solution for the problem.

<problem>

This a placeholder for the problem description.

</problem>

<solution>

This is a placeholder for a solution

</solution>

</example>

<exitTest id = "unique exit test identification">

This is a placeholder for one of the tests

</exitTest>

</unit>

This xml unit is parsed and a set of html/php pages is generated. This set

is then presented by a control module.

5 Conclusion

We have considered a class of 
exible information cycling systems and associated

user adaptive systems. In the latter class, the cost of the user path is lowered

because of the user-orientation and adaptation of the system. The optimization

is achieved with the help of probabilistic modelling of the user chance (and

its development) to master the units, and the statistical evaluation of user data.

The optimization is important for classroom applications where the time the user

must spent practicing is minimized. We are currently in the process of setting

up a procedure for extensive user data collection along with both on-line and

o�-line data processing. In the future, on demand information systems will have

evolving natural language interface and applications will run with the semantic

web framework.

Acknowledgement

P.Volf is thanked for his support with data analysis and programming.

References

1. Smid J., Obitko M., Volf P.: Model Parameters and Model Performance. Proceedings

of the UM2001 - Workshop on Empirical Evaluation of Adaptive Systems, Sonthofen,

GE, 2001, 25-32.
2. Smid J., Svacek P., Smid J. Jr.: Processing User Data for Intelligent Tutoring Mod-

els, Workshop within KDD-2000: Post-Processing in Machine Learning and Data

Mining: Interpretation, Visualization, Integration, and Related Topics, Boston, MA,

August 2000.



3. Volf P., Smid J.: Randomized Evaluation of States of an ITS, Modeling and Simu-

lation of Systems Conference MOSIS 01, MARQ Ostrava, CZ, 2001, 227-232.

4. Weber G., Specht M.: User modeling and adaptive navigation support in WWW-

based tutoring systems (1997),

http://www.psychologie.uni-trier.de/projects/ELM/elmart.html

5. Kobza A.: Generic User Modeling: User Modeling and User-Adapted Interaction,

11, 2001, 49-63.

6. Brusilovsky P.: Adaptive Hypermedia: Modeling and Use-Adapted Interaction, 11,

2001, 87-110.

7. Weber G.: Adaptive learning Systems in the World Wide Web, UM99 - User Mod-

eling 1999,Proceedings of the Seventh International Conference, Judy Kay (Ed.),

Springer Verlag, 1999. 371-377.

8. Weibelzahl S.: Evaluation of Adaptive Systems,UM01 - User Modeling 2001, Pro-

ceedings of the 8th International Conference, Springer Verlag, 2001.

9. Wahlster: Semantisches Web und Wissenmanagement.

http://www.dfki.de/ wahlster

10. Cobza: User Modeling, AI & Society 4, 1990, 214-240.



 



Using Genetic Algorithms for Data Mining in Web-
based Educational Hypermedia Systems 

Cristóbal Romero1, Sebastián Ventura1, Carlos de Castro1, Wendy Hall2, and Muan 
Hong Ng2  

1Universidad de Córdoba, Campus Universitario de Rabanales, 14071, Córdoba, España 
{cromero,sventura,cdecastro}@uco.es

2University of SouthSampton, Highfield, SO17 1BJ, SouthSampton, UK 
{wh,mhn99r}@ecs.soton.ac.uk

Abstract. In this paper we show how to apply genetic algorithms for data 
mining of student information obtained in a Web-based Educational Adaptive 
Hypermedia System. The objective is to obtain interesting association rules so 
that the teacher can improve the performance of the system. In order to check 
the proposed algorithm we have used a Web-based Course developed for use by 
medical students. First, we will describe the proposed methodology, later the 
specific characteristics of the course and  we will explain the information 
obtained about the students. We will continue on with the implemented genetic 
algorithm and finally with the rules discovered and the conclusions. 

1   Introduction 

Nowadays there is a growing trend of web-based technology applied for distance 
education. Particularly, Web-based Adaptive Educational Hypermedia Systems have 
many advantages because they can adapt the course for each specific student. But 
usually, the methodology used to elaborate them is static, that is, when the course 
elaboration is finished and published on the Internet it is never modified again. The 
teacher only accesses the student evaluation information obtained from the course to 
analyze the student’s progress. We propose, a dynamic elaboration methodology, 
where the evaluation information is used to modify the course and to improve its 
performance for better student’s learning. Our approach is to use a knowledge 
acquisition method (machine learning and data mining) to discover useful information 
that might help the teacher to improve the course. Nowadays data mining researches 
are beginning to use techniques such as Web Data Mining to evaluate web-learning 
activities [7]. We propose a genetic algorithm for data mining to evaluate the student 
information obtained from a Web-based Adaptive Hypermedia System. We have used 
a Web-based Hypermedia Course that was designed to be used by medical student as 
an example to evaluate our algorithm and to obtain association rules [4]. These rules 
could then be shown to the teacher in order to help him decide how the course could 
be modified to obtain best performance. 



2   Methodology 

The dynamic construction methodology of Web-based Hypermedia Courses that we 
propose is recurrent and evolutionary (Fig 1) and while the number of students who 
use the system increases, more information is available to the teacher to improve it. 
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Fig. 1. Dynamic development methodology of Web-based Hypermedia Adaptive Systems. 

In our methodology we can distinguish four main steps: 

− Construction of the course. The teacher builds the Hypermedia Adaptive Course 
providing information of the domain model, the pedagogic model and the interface 
module. An authoring tool is usually used to facilitate this task. The remaining 
information, tutor model and the student model usually is given or acquired by the 
system itself. Once the teacher and the authoring tool finish the elaboration of the 
course, then, the full course’s content may be published on a web server. 

− Execution of the course. The students execute the course using a web navigator and 
in a transparent way the usage information is picked up and stored in the server in a 
huge database of all the students. 

− Application of Data Mining. The teacher applies data mining algorithms [8] to the 
database to obtain important relationships among the data picked up. For this, he 
uses a graphical data mining tool. 

− Improving the course. The teacher using the discovered relationships carries out the 
modifications that he believes more appropriate to improve the performance of the 
course. To do it, he again uses the authoring tool. 

 
The process of execution, application and improvement can be repeated as many times 
as the teacher wants to do so. Although it is recommendable to have a significant 
amount of new students usage information before repeating it. 



3   Web-based Hypermedia Medicine Course  

We have used the data obtained from the evaluation of a Web-based Hypermedia 
Course in the study of Rheumatology. The system used to develop the course is an 
adaptive hypermedia system [6], but the evaluation data used for this paper was 
obtained from a usability study and there was no attempt to use the result to redesign 
the Course. As part of this evaluation the system was used by 30 users, of which 20 
were medical and 10 were non-medical users. All the information was stored in a 
single database in the following tables: USER: String value that represents a system 
user, in our case they are 30.  PERFORMANCE: Real value that represents the users 
performance in the 7 case studies in this application. AVEP_AH: Real value that 
represents the average performance of the users in the 7 case studies, adaptive 
application version. AVEP_NOAH: Real value that represents the average 
performance of the users in the 7 case studies, but in the version of the application 
without adaptation. CASETIME: Integer value that represents the time that a user 
takes in visualizing a complete case study. CASESCORE: Integer value that 
represents the score that an user has obtained when undertaking a case study. 
ACCESSTIME: Real value that represents the number of times a user has accessed the 
application. CONCEPT: Real value that represents the user's effort spent in the 
different concepts. QUESTIONSCORES: Integer value that represents the score 
obtained by the users in the relating questions to the case studies. 

The data was preprocessed so that it will be easier to obtain relationship rules from 
them. This transformation consisted of a discretization, which mapped from 
continuous values (usually real values) to discrete values (strings that represent values 
groups) and integer values only needed to be labeled. In this way the modifications 
made to the tables are as follows: PERFORMANCE, AVEP_AH, AVEP_NOAH, 
CASETIME, ACCESSTIME and CONCEPT have been discretized to the labels 
VERYHIGH, HIGH, MEDIUM, LOW and VERYLOW. The values of CASESCORE 
and QUESTIONSSCORES have been named with the labels SUCCESSFIRST, 
SUCCESSSECOND, SUCCESSTHIRD and SUCCESSFOUR, which means getting 
the answer correct at the first attempt, second attempt and so forth. USER does not 
need modification. 

4   Genetic Algorithm for Data Mining 

Some of the main data mining tasks are [8]: classification, clustering, discovery of 
association rules, etc. We have used a genetic algorithm to obtain association rules 
from the user evaluation data. The association rules relate variable values. They are 
more general than classification rules due to the fact that in association rules any 
variable may be in the consequent or antecedent part of the rule. The classical problem 
of discovering association rules is defined as the acquisition of all the association rules 
between the variables [4]. Genetic algorithms are a paradigm based on the Darwin 
evolution process, where each individual codifies a solution and evolves to a better 
individual by means of genetic operators (mutation and crossover). In general the 



main motivation for using genetic algorithms for rule discovery is that they perform a 
global search and cope better with attribute interaction than greedy rule algorithms 
often used in data mining [3]. Most data mining methods are based on the rule 
induction paradigm, where the algorithm usually performs a kinds of local search (hill 
climbing). Also the fitness function in genetic algorithm evaluates the individual as a 
whole, i.e. all the interactions among attributes are take into account. In contrast, most 
rule induction methods select one attribute at a time and evaluate partially constructed 
candidates rule, rather than full candidate rule. The Genetic Process we have used 
consists of the following steps [5]: The first step is Initialization, next Evaluation, 
Selection and Reproduction steps are repeated until the Finalization condition is 
fulfilled. 

4.1   Initialization 

Initialization consists of generating a group of initial rules specified by the user (50 - 
500 rules). Half of them are generated randomly and the other half starting from the 
most frequent values in the database. We use a Michigan approach in which each 
individual (chromosomes) encodes a single rule. The format of the rules we are going 
to discover is: IF Variable1 = Value1 (AND Variable2 = Value2 …) THEN 
VariableX =ValueX 
Where: 
- Variable1, Variable2, VariableX: Are the database’s field names. 

(P0..P6,AVEPH,AVEPNOH,CASETIME0..CASETIME6,CASESCORE0.. 
CASESCORE6,ACCESSTIME0.. ACCESSTIME6,C0..C37,MCQ0.. MCQ6). 

- Value1, Value2, ValueX: Are the possible values of the previous database 
fields (VERYLOW,LOW,MEDIUM,HIGH,VERYHIGH,SUCCESSFIRST, 
SUCCESSSECOND, SUCCESSTHIRD, SUCCESSFOUR). 

We use value encoding in which a rule is a linear string of conditions, where each 
condition is a variable-value pair. The size of the rules is dynamic depend of the 
number of elements in antecedent and the last element always represents the 
consequent. 

4.2   Evaluation 

Evaluation consists of calculating the fitness of the current rules and keeping with the 
best ones. To calculate the fitness we count the precision of the rule, the number of 
patterns in the database that fulfill both antecedent and consequent and do not fulfill 
both antecedent and consequent.  That is, we obtain very strong association rules [2] 
that fulfill [A=a] � [C=c] and [C≠c] � [A≠a]. So a rule is very strong if the previous 
two rules are strong, that is, both rules have greater support and confidence than a 
minimum values set by the user (0.5-1). Our formula detects both statistical negative 
dependence and independence between antecedent and consequent. 



4.3   Selection 

The selection chooses rules from the population to be parents to crossover or mutate. 
We use rank-based selection that first ranks the population and then every rule 
receives fitness from its ranking. The worst will have fitness 1, second worst 2, etc. 
and the best will have fitness N (number of rules in population). Parents are selected 
according to their fitness. With this method all the rules have a chance to be selected. 
We also use an elitism method, which first copies a few best rules to new population. 
Elitism increases performance of the genetic algorithm, as it prevents losing the best 
found solution. 

4.4   Reproduction 

Reproduction consists of creating new rules, mutating and crossing current rules (rules 
obtained in the previous evolution step). The crossover and mutation probability is set 
by the user. A higher crossover rate (50-95%) and a lower mutation rate (0.5-2%) are 
recommended. Additionally it is good to leave some part of population survive up to 
next generation. Mutation consists of the creation of a new rule, starting from an older 
rule where we change a variable or value. We randomly mutate a variable or values in 
the consequent or antecedent. Crossover consists of making two new rules, starting 
from the crossing of two existent rules. In crossing the antecedent of a rule is joined to 
the consequent of the other rule in order to form a new rule and vice versa (the 
consequent of the first rule is joined to an antecedent of the second). So it is necessary 
to have two rules to do the crossover.  

4.5   Finalization 

Finalization is the number of steps or generations that will be applied to the genetic 
process. The user chooses this value (10-500 steps). We could also have chosen to 
stop when a certain number of rules are obtained. 

5   Rules discovered and Conclusions 

We have carried out different execution proofs with the described genetic 
algorithm and the data obtained from the medical Web-based Hypermedia Course, to 
discover association rules. We have applied the algorithm to the whole data, only to 
the medical students and only to the other users. For each case, we have obtained 
different rules both in the content and in number and fit. For example, one of the rules 
obtained when using 100 initial rules and 100 steps is: IF 
CASESCORE2=SUCCESSFIRT AND CASESCORE4=SUCCESSFIRT THEN 
CASESCORE1=SUCCESSFIRST (with support = 0.73 and confidence=1). This can 
be interpreted as if a user gets the answer for case 2 and case 4 correct, he/she is likely 
to do well in case 1. The support of a rule gives the importance of a rule and the 



confidence of a rule gives its predictability power. All the rules discovered are showed 
to the teacher in order he can obtain conclusion about the course functionality. The 
teacher has to analyze them  and he has to decide what are the best modifications that 
can improve the performance of the course. Summarizing the main conclusions that 
we obtained starting from the discovered rules are: We obtained expected relations, 
for example: between CASESCORE and CONCEPT, and between MCQ and 
CONCEPT, due to the fact that the questions are about the concepts. We obtained 
useful relations, for example: between CASESCORE and MCQ. This could be 
because the questions are the same ones, or they refer to the same concepts, or they 
have equal difficulty. We obtained strange relations, for example between AVEP_AH 
and P, it is probable that this relation takes place by chance. And we didn’t find any 
other relation, for example with ACCESSTIME or CASETIME. This could be 
because user access times were completely random and they did not determine any 
other variable as it might be expected. 

Having tested our genetic algorithms on the Web-based Hpermedia Course as 
described above, and shown that they can produce potentially useful results, we plan 
to apply them to this and other adaptive hypermedia courses to test how they can be 
used to improve the adaptive features.  The preliminary results reported in this paper 
are promising and they show that our genetic algorithm is a good alternative for 
extracting a small set of comprehensible rules, which is important in the context of 
data mining. We are now developing several courses with AHA system [1] and we 
expect to obtain interesting rules to improve the course adaptation. We have chosen 
AHA system because it is a generic model of hypermedia adaptive system and it has a 
high degree of adaptation. We are also developing a more sophisticated evolutionary 
algorithm with genetic programming [3], to obtain more complex and interesting 
rules.  
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Abstract. Simprac is web-based medical case simulation for the diagnosis and 

management of chronic disease. Users have the opportunity to manage patients 

in the simulated environment over a series of consultations that vary based on 

the management plan selected at the end of each consultation. It has been de-

signed with learner reflection as a central goal. This is supported by providing 

the learner with opportunities to review their progress at each consultation as 

well as at the end of a case compared to an expert or their own peer group. 

1. Introduction  

Simprac is simulation-based learning environment designed to run on the web. It tack-

les the problem of medical management of chronic illness. This is an important area of 

medical activity. Its very nature means that it involves a sequence of consultations. In 

the first such meeting, the medical practitioner needs to take a history and perform 

examinations. These provide a basis for a set of possible hypotheses for the underlying 

illness. The practitioner needs to request tests which can reduce this hypothesis space, 

especially taking care to exclude serious illness. At the same time, the practitioner 

needs to formulate a management plan which the patient should follow up to the time 

of the next consultation.  At that time, the patient is reviewed, for several purposes, 

one of the important ones being to review the management regime and, if necessary, 

adjust it. With much chronic disease, there will be many consultations over a long 

period of time. This is typical in the case of such widespread and long-term illnesses 

as diabetes mellitus and cardiovascular disease. 

 

A simulation-based teaching system is attractive in that it can give medical practi-

tioners an opportunity to practice at their own convenience and in a short period of 

time. This can serve as an important complementary learning opportunity to be com-

bined with the typical approaches that are widely used: rounds, educational meetings, 

conferences, refresher courses, programs, seminars, lectures, workshops, and sympo-

sia [1].  

 



 

One of the worrying and striking observations made by Davis et. al. [1] is that 

traditional formal didactic continuing medical education (CME) had little influence on 

physician behaviour. At the same time, their work has provided inspiration for the 

approach taken in Simprac because they suggest that "interactive CME sessions that 

enhance participant activity and provide the opportunity to practice skills can effect 

change". In an important area like the management of chronic illness, we conclude 

that it is not sufficient to provide current information about best practice. This is true 

even for the case of adaptive hypertext that might be customised to the knowledge and 

learning preferences of the medical practitioners. It is important to offer an interactive 

experience. 

2. Related Work 

There is a considerable body of work on teaching medicine with the aid of simulations 

[2],[3]. Tellingly, it has also been used for assessment [4]. These are appearing as 

stand-alone simulations available on a CD-ROM as well as on the web. Actors have 

been used in research into medical problem solving by clinicians [5]. This offers a 

high fidelity simulation of a consultation. Our goal has been to identify the salient 

element of a simulation, capture these in our system and then enhance the whole ex-

perience by adding opportunities for learners to reflect and abstract. 

Friedman [6] has provided an excellent outline of the features to be considered 

when developing a computer based clinical simulation. Combining this with the de-

scription by Melnick [7] of the system used by the American National Board of Medi-

cal Examiners (NBME), a minimum feature set can be developed. Briefly, we can 

summarise these as: 

• Menu vs. Natural Language Requests for Data 

• Interpreted vs. Uninterpreted Clinical Information 

• Deterministic vs. Probabilistic Progression 

• Natural Feedback vs. Instructional Intervention 

• Scoring 

• Single v multiple consultations 

In these terms, Simprac offers limited natural language interaction with the practi-

tioner being able to question the simulated patient in natural language. The clinical 

information is not interpreted. At this stage, the system is deterministic and it provides 

natural feedback in the form of the patient’s progress and state of health. Rather than 

employ a scoring system, Simprac has been designed to encourage learner self-

assessment and reflection as discussed below. Finally, since Simprac has been de-

signed to explore ways to support learning of chonic illness, it needs to simulate a 

series of consultations. Simprac’s design has been significantly influenced by the 

observations of Anderson, Reder and Simon [8] that learning is enhanced by combin-

ing abstract learning with concrete situations which reify the theory.   



 

3. Overview of one example case 

Simprac contains a simulation of a moderately difficult task for general practitioners: 

the diagnosis and management of hyperlipidaemia in a patient with significant co-

mobidities that make management difficult. Figure 1 gives an overview of the case. As 

shown, it involves four consultations. This case models four possible states which the 

learner can meet at the second consultation. The full set of four consultations spans six 

months of simulated time. 

The case is realistic and was modelled on anonymised data from a real patient. It is 

also of considerable practical interest. As the leftmost path in Figure 1 indicates, an 

incorrect management programme can lead to serious implications for the patient and 

the doctor.  

Simprac simulates normal practice in that the first consultation is when the practi-

tioner takes a patient history and performs initial examinations. From these, the practi-

tioner formulates a set of potential hypotheses about the likely disease processes. 

These drive both the choice of additional tests and longer term investigations as well 

as the formulation of a plan for management. 

In this case, there is very tight linkage between the patient states modelled. For ex-

ample, if the user takes a sub-optimal management option at the initial consultation, 

they might come to the second consultation at the state modelled by the leftmost box 

of the second row of Figure 1. This reflects no change from baseline, meaning that the 

management programme did not effect any improvement and the serious illness of this 

patient continues to cause problems. If the learner recognises their error at this stage, 

they can select the correct management option and move to the optimal state by the 

third consultation, shown as the third row of the figure. This case exemplifies the 

tightly connected influence of the various management options with the ongoing dis-

ease outcomes. At the first and second consultations, either optimal or non-optimal 

management options lead to states which can subsequently move to any of the states at 

the next level. By the third consultation, this changes: from this stage, some of the 

states of the fourth row are inaccessible. 
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[1] Pancreatitis occurs if there have been two consecutive consultations without effective treatment.
[2] Negligence if the patient has suffered pancreatitis and no effective treatment commenced.
[3] Pancytopenia develops if fibrate used on two consecutive consultations.

 

Fig. 1. Overview of four consultation sequence in simulation 

4. Overview of interface 

The first interface provides the learner with details of the case. From this, the user has 

several possible actions. The user would normally start by asking questions to collect 

the medical history. 

This involves a limited natural language interface where the free text questions are 

matched against a coded set of questions. Since this is an inexact process, the user is 

offered the set of matching questions so that they can select the one which best cap-

tures their intent. This is clearly far less desirable than a more sophisticated natural 

language interface but it has the merit that it is less likely to lead the learner than a 

pure menu-based system. 

The next stage of the first consultation will usually involve a physical examination 

via the interface illustrated in Figure 2. The practitioner can perform a virtual physical 

examination by selecting a variety of “tools” or actions and applying these to different 

parts of the body.  

From the beginning of the consultation, the practitioner would make use of the 

Medical Notes interface to record their findings. This is selected at the left of the inter-

face shown in Figure 2. Also, the learner can explicitly record the hypotheses they 

have formulated. 

In addition to the interviews and examinations, the learner can request a wide vari-

ety of investigations. Of course, in line with reality, the results of the investigations are 



 

not available until a predetermined time later in the case. For example, results of a 

CAT scan will only be available at the next consultation. 

 

Fig. 2. Example of a screen for performing examinations. In this case the practitioner has cho-

sen menu options to select the patient’s right elbow. The system will report what they would be 

able to see. In some cases, this will provide an image of the area; in others, the user is provided 

with text stating what they would be able to observe. 

Once the consultation is complete, Simprac offers the user the opportunity to re-

view their progress. This takes the following form. The user can review their ques-

tions, examinations, investigations and management options they have chosen. They 

can simply review this as a basis for reflecting about what they have done in this con-

sultation. The current implementation provides this level of support for reflection. 

We have designed Simprac so that we will collect data as practitioners use the sys-

tem. The goal is that the user be able to compare their own performance against their 

peers or an expert in the domain. We are currently developing the interfaces for this. 

The options to be supported are illustrated in Figure 3. As these indicate, we propose 

to enable the learner to compare their own performance with that of an expert. In 

addition, as we build up models of the diagnostic and management practices of peer 

groups, we want to allow the learner to compare their performance with their own peer 

group. This is important for our envisaged plans for the system. We will evaluate it 

with general practitioners as well as with medical students. Depending on the particu-

lar case, a general practitioner may want to judge their own performance in relation to 

other general practitioners rather than experts. Similarly, the medical student may 

want to be able to compare their own performance against that of other medical stu-

dents as well as that of the expert. This range of group models is important for helping 

the learner make a realistic assessment of their own performance: it may not be rea-

sonable for a learner to expect to perform at expert level on some cases. 



 

A second level of review is available at completion of a full case. This provides a 

more holistic overview of performance over the full treatment path. At this level too, 

we envisage that reflection on performance should be based upon both study of the 

outcomes and of comparisons against expert and peer groups. 

 

 

Fig. 3. Screen for selection of comparison options 

5. Conclusions 

Simprac is an exploration of several innovative aspects in a teaching system. It is web-

based so that it can be used flexibly both by students and practicing medical practitio-

ners. It is also significant in its exploration of teaching the management of chronic 

illness. Finally, it has been designed with learner reflection as a central goal. This is 

supported by providing the learner with opportunities to review their questions, ex-

aminations, investigations and management at each consultation as well as at the end 

of a case. It is also unusual in its approach to supporting reflection by enabling the 

learner to compare their own performance with that of an expert as well as against a 

peer group. 
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