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Abstract. The learning process in Adaptive Educational Hypermedia (AEH) 
environments is complex and may be influenced by aspects of the student, in-
cluding prior knowledge, learning styles, experience and preferences. Current 
AEH environments, however, are limited to processing only a small number of 
student characteristics. This paper discusses the development of an AEH system 
which includes a student model that can simultaneously take into account mul-
tiple student characteristics. The student model will be developed to use stereo-
types, overlays and perturbation techniques. Keywords: adaptive educational 
hypermedia, multiple characteristics, student model. 

1   Introduction 

The World Wide Web (WWW) has become a powerful environment for distributing 
information and many educational providers are using it to deliver knowledge to an 
increasingly wide and diverse audience. One of the initial approaches to delivering in-
struction via the Internet was to use web-based instruction (WBI). WBI is a hyperme-
dia-based instructional program that utilizes the attributes and resources of the WWW 
to create a meaningful learning environment [1]. However, many WBIs are still ori-
ented toward classroom style student groups that are expected to be homogeneous in 
terms of knowledge, motivation, learning styles, etc. Internet sites that use simple 
WBI tend to convey the same hypertext pages to every student, irrespective of the 
student’s ability and background knowledge. This inflexibility provides many stu-
dents with a less than optimum learning curve.  

Students who study a course on the Internet tend to be more heterogeneously dis-
tributed than those found in a traditional classroom situation. Where this is the case, 
learning material should, if possible, be presented in a more personalised way. This 
problem is being addressed by the development of Adaptive Educational Hypermedia 
(AEH) systems. These systems combine ideas from hypermedia and intelligent tutor-
ing systems to produce applications that adapt to meet individual educational needs. 
An AEH system dynamically collects and processes data about student goals, prefer-
ences and knowledge to adapt the material being delivered to the educational needs of 
the student [2]. Currently, however, most systems are capable of processing only a 
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small number of student characteristics [3]. Since the learning process is influenced 
by many factors, including prior knowledge, experience, learning styles and prefer-
ences, it is important that the student model of an AEH system accommodates such 
factors in order to adapt accurately to student needs. This paper proposes the design of 
an AEH system with a student model that will simultaneously take into account mul-
tiple student characteristics. 

2   Adaptive Educational Hypermedia 

Adaptive hypermedia technology is actually a combination of two distinctive tech-
nologies, those of hypermedia and adaptive systems. According to Brusilovsky [2], 
adaptive hypermedia systems (AHS) can be defined as all hypertext and hypermedia 
systems that accommodate some user characteristics into the user model and apply 
this model to adapt various visible aspects of the system to the user. Three key com-
ponents of the system are hypertext/hypermedia, the user model and the ability to 
adapt the hypermedia using the user model. According to De Bra [4], an AHS builds a 
user model by observing the user’s browsing behaviour or by testing to determine 
what the user’s background, experience, knowledge and interests are. These user 
characteristics are then used by the system to individualize the knowledge presenta-
tion. The presentation is adapted to the user model, and the user model is constantly 
updated as the user reads and interacts with the presentation. 

Adaptive educational hypermedia (AEH) is one of the earliest applications of AHS 
and currently the most popular application in the field of adaptive systems. The ad-
vances of Internet technologies and the acceptance of distance learning have pushed 
many researchers and educators to develop educational hypermedia systems. Some in-
teresting AEH that use the Web as a development platform include ELM-ART, Inter-
Book, and 2L670. One of the most well-known general-purpose adaptive hypermedia 
systems is called AHA and it has been used to develop several educational adaptive 
hypermedia applications [5]. 

Two of the main advantages of Web-based instruction are classroom and platform 
independence: AEH extends these advantages by offering learners personalised in-
struction in a distance learning setting. Being adaptive is important when students 
have different needs, preferences, abilities, interests, behaviour, knowledge, etc. In 
addition, student knowledge and experience evolve over time in a student-dependent 
manner: students who have similar needs at the start of a course may follow very dif-
ferent paths and learning curves. 

The basic components of existing AEH systems are the domain model, the user or 
student model and the adaptation model. The domain model is the subject area for 
which the adaptive hypermedia is intended as a resource, the student model is a col-
lection of student characteristics and the adaptation model describes the parts of the 
hypermedia system that can be adapted and the circumstances under which this adap-
tation is to occur [6]. 

The main component of the AEH system is a student model that stores and proc-
esses relevant student characteristics. The student model maintains up-to-date infor-
mation about each student’s goals, background knowledge, etc. The system gathers 



information by asking the student to fill out questionnaires or achievement tests and 
by observing the browsing behavior of the student. The more precise and correct the 
student model, the more advanced the types of adaptation that can be supported. 

In terms of method and technique for providing adaptation, Brusilovsky [7] identi-
fied two major areas: adaptive presentation (content adaptation) and adaptive naviga-
tion support (link adaptation). Adaptive presentation is the general term for tech-
niques used to adapt the content of a web page based on the user model. These 
techniques include adaptive text presentation and adaptive multimedia presentation.  
Adaptive navigation support is the term for techniques used to modify the links acces-
sible to the user at a particular time. These techniques include: direct guidance, adap-
tive link sorting, adaptive link hiding, adaptive link removal, adaptive link disabling, 
adaptive link annotation and map adaptation [2]. 

Most current systems are capable of considering only a small number of student 
characteristics for the adaptation [3]. According to Carver et al. [8] current student 
models normally limit characteristics to a single dimension. AES-CS [9] is an adap-
tive educational system that includes accommodations for cognitive styles in order to 
improve student interactions and learning outcomes. INSPIRE [10] is an adaptive sys-
tem that monitors learner’s activity and dynamically adapts the generated lessons to 
accommodate diversity in learner’s knowledge state and learning style. NetCoach, an 
authoring system which supports the development of adaptive hypermedia, uses rela-
tions between visited pages and learner responses to test items [11]. AHA uses the 
fact that each student visits a specific page to update an estimate of his/her knowledge 
[12]. Whilst this is a practical approach, it has a major disadvantage: clearly, it is dif-
ficult to measure a student’s knowledge simply by monitoring pages visited as it is 
not sure whether or not the student has really read and understood the information on 
each page. 

3   Student Model based on Multiple Student Characteristics 

The student model for the proposed AHS will be developed using techniques of 
stereotyping, overlays and perturbation. Stereotyping, where students are assigned to 
a specific group or stereotype, is one of the simplest of student modelling techniques. 
There are two types of stereotyping: fixed and default. In fixed stereotyping students 
are cast according to their performance into a predefined stereotype that is determined 
by academic level. Default stereotyping is a much more flexible approach: at the be-
ginning of a session the students are stereotyped to default values, but as the learning 
process progresses and student performance data is obtained, the settings of the initial 
stereotype are gradually replaced by more individualized settings [13].  

The overlay is a classic student modelling technique. An overlay model is a student 
modelling technique in which student performance is considered to be a subset of ex-
pert knowledge in the subject domain [14]. In order to use the overlay model, the do-
main knowledge must be able to be broken down into generic items such as rules, 
concepts, facts, etc. Basically, the model estimates the level of mastery of each item 
in the domain that is considered to be fully mastered by an expert. The perturbation 
model is an extension of the overlay model that represents the student’s knowledge as 



 

including possible misconceptions as well as a subset of the expert’s knowledge [15]. 
This extension allows for better remediation of student mistakes, since the fact that a 
student believes something that is incorrect is pedagogically significant. 

In the construction of the student model, many different aspects can be taken into 
account, such as the existing student knowledge of the application domain, the cogni-
tive and learning styles of the student, and the student goals, preferences and back-
ground. The student model will build a student profile that stores information for each 
student. Profile updating (in the case of overlay models), or an assignment of a stu-
dent’s characteristics to a profile (in the case of stereotype models), requires access to 
the information that the student gives to the system [16]. This information can be col-
lected by querying the student or by observing his/her actions. 

The learning process in an actual AEH environment is complex and influenced by 
many characteristics of the student. It is therefore important to consider accommodat-
ing as many of these characteristics as possible into the student model in order to gen-
erate an accurate adaptation. However, many student characteristics have been identi-
fied in the literature; it is therefore important to select for use in the student model 
only those characteristics that directly influence student achievement in the learning 
process, otherwise the design of the student model will become unnecessarily com-
plex. The student characteristics to be considered in the proposed system are knowl-
edge, learning styles, experience, background and preference. Other characteristics 
such as age, sex/gender, race/ethnicity, demographic data, interests, etc are not taken 
into account as they are considered significantly less influential to student achieve-
ment. 

Information about student characteristics is generally initialised either with default 
values or by querying the student. Thereafter, it is maintained by the system and stu-
dents may be able to review or edit their own profiles. Student actions and events at 
various conceptual levels, such as mouse clicks, task completion and requests for 
help, are reported by the application to the student profile as well. An analysis engine 
combines the student profile with other models of the system to derive new student 
information. The analysis engine can update the student profile with the derived in-
formation or initiate an action in the application. Constructing the student model, ana-
lysing a student profile and deriving new information can be done by using, amongst 
others, Bayesian techniques, logic-based techniques, machine learning techniques, 
stereotype-based techniques and inference rules [17]. 

Most of the existing AEH systems consider only student knowledge as a means for 
providing adaptivity. Student knowledge is a variable with a different time-dependent 
value for each student. Thus adaptive systems must evaluate student knowledge at ap-
propriate stages throughout the learning process, recognise the changes in knowledge 
status and then update the student model accordingly. Assessment tests that are part of 
the educational material can include special questions to assess the learner’s level of 
performance.  

Typically, a student’s learning style is initialised through the submission of a ques-
tionnaire the first time the student logs onto the system. This allows the learning style 
to be automatically determined and stored in an individual student model. Alterna-
tively, the learning style can be directly initialised or updated by the student, who is 
offered the option to select his/her dominant learning style based on information pro-



vided by the system about the general characteristics of the different learning style 
categories. 

Finally, information stored in the student model is a valuable resource which en-
ables a tutor to monitor progress and study student attitude; in addition, a quantitative 
evaluation of learners’ preferences, in terms of the time spent, performance, help re-
quest frequency, etc., can provide useful information about the quality of the material 
used. 

4   System Architecture 

 

 
Fig. 1. The system architecture 

The proposed system architecture is documented at high-level in Figures 1 and 2 us-
ing the UML notation. It consists of four major components: the interface, the student 



 

model (SM), the domain model (DM) and the adaptation model (AM).  Students will 
interact with the system through the interface in the form of a web browser such as 
Microsoft Internet Explorer. The other modules of SM, DM, and AM will reside in a 
web server that supports a Java environment. The system architecture depicted in Fig-
ure 1 is composed from all components that are represented as packages, the standard 
UML grouping mechanism. 

Stereotyping is initially used to store information whilst the system waits to gather 
something better; then the overlay method is employed. The conceptual model of the 
SM is shown in Figure 2. 
 

 
 

Fig. 2. The conceptual model of the student model 

The initial knowledge level of each student will be obtained from tests that are pre-
sented at the beginning of the first session. From the student responses collected by 
the system, the SM will assign a particular value to the student regarding his/her 
knowledge level. Students may choose not to do the initial test and in this case the SM 
will assign a default value to the student knowledge. Whilst the learning session is 
progressing the system will present an achievement test every time a student has 
completed a particular topic. The test score will update the student knowledge level in 
the SM. This knowledge level will then be used by the adaptation model for control-
ling the presentation of learning materials. 

In order to learn optimally, especially in a distance learning environment, students 
must be aware of their own learning style. However, sometimes it is difficult for stu-
dents to determine what their learning style is. The system will gather information 
about each student’s style by presenting a questionnaire at the beginning of the learn-
ing session. There are many different categorizations of learning style inventories 
available in the literature. The Grasha-Riechmann Student Learning Styles Scale 
(GRSLSS) is ideal for assessing student learning styles in a college-level distance 
education setting [18]. The GRSLSS identifies six dimensions of learning styles as 
follows: competitive (compete with other students), collaborative (believe they can 
learn by sharing ideas), avoidant (uninterested by what happens in class), participant 
(eager to take part in class activities), dependent (need structure and support) and in-
dependent (like to work alone). Student scores for each of these dimensions will be 



stored in the SM so that they can influence the way the material is to be presented to 
the student. 

The SM will also take into account the existing computing experience of the stu-
dent. The system will offer selected questions to obtain an estimate of this experience. 
Students with little or no computing experience will receive special treatment until 
such time as their skill improves. The treatment will consist of presenting basic guid-
ance on how to proceed, answer questions and do certain learning tasks; it will be 
employed only until a student has improved his/her skill to the necessary level. The 
final characteristics to be taken into account will be presentation preferences such as 
font, colour, illustration, etc. 

The domain model (DM) contains a collection of learning materials. A course 
module implemented in the system can be divided into a number of topics with a par-
ticular value for each according to the level of difficulty. Each topic consists of sev-
eral pages depending upon its complexity. The relationship between one topic and an-
other can be expressed in terms of requirements such as pre-requisites, depending 
upon the nature of the topic. Students working on a particular topic can undertake 
tests at any time to evaluate their achievement for that topic. In order to advance to 
another topic which is at a higher academic level, students must pass a threshold score 
that is determined in the relationship rules.  

The proposed AEH will be developed in the domain of electronics theory (a sub-
ject familiar to one of the authors) and targeted at university level students who are 
learning principles of electronics. Reasons why electronics is appropriate for use in 
web-based learning environments include the desirability of allowing students to 
practice and apply principal theories interactively and to provide immediate time-
saving feedback to prevent students learning incorrect concepts. The uniqueness of 
this system compared to existing web-based learning systems for electronics theory is 
the capability to adapt the presentation to individual student needs. More specifically 
this system will take into account multiple student characteristics as a basis for pro-
viding the adaptation, so that the system will perform adaptation to students’ needs 
more individually and accurately. This benefit is hoped to be the main contribution to 
the field of web-based learning systems.  

The adaptation model (AM) contains adaptation and relationship rules. The adapta-
tion rules describe how a page is presented to the student according to his/her own 
SM. Each time the student is assigned a score for a test, the SM will update his/her 
level of knowledge. In the proposed system, the level of knowledge will not be up-
dated if the student is just accessing pages without undergoing a test; it is necessary to 
make sure that a student has understood a pre-requisite topic before advancing to a 
further topic. The relationship rules describe how any page or topic is related to other 
pages or topics in the DM. 

The implementation of the AHS will use the following technologies. The student 
model and domain model will be implemented using XML/XSL files and a MySQL 
database. XML (Extensible Markup Language) and XSL (Extensible Stylesheet Lan-
guage) technologies allow content to be separated from the presentation. XML is used 
to store the content and XSL is used to present pages with different layouts. The PHP 
scripting language will be used to present a dynamic content within a static document 
and is also appropriate for reading information from web forms and maintaining ses-
sions between web pages. These sessions have to be maintained in order to store and 



 

update student names, browsing behaviour, student history and other student specific 
information in the student model. The adaptation model and interface will be imple-
mented in a Java environment and enhanced by JavaScript and other graphical based 
software. 

5   Conclusion and Future Work 

Most existing AEH systems utilize student models that take account of only a small 
number of student characteristics. We contend that such models can provide only lim-
ited adaptability for the host application and, as such, do not optimize student learning 
for individual students. Since the learning process in an actual environment is com-
plex and influenced by many aspects, it is important to consider these aspects in the 
design of an adaptive web-based learning system. Accordingly, research has com-
menced into prototyping an AEH system that incorporates a multi-dimensional stu-
dent model to accommodate multiple student characteristics such as knowledge, 
learning styles, backgrounds and preferences. 
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