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ABSTRACT Adaptive navigation support is a new direction of research within the area of adaptive and user
model based interfaces. The goal of adaptive navigation support (ANS) techniques is to help users find an appropriate 
path in the learning and information space by adapting link presentation to the goals, knowledge, and other 
characteristics of an individual user. This paper briefly reviews several methods of adaptive navigation support and 
discusses their applicability in WWW context. We suggest some reasonably simple but effective ANS methods for 
Web-based systems: history-based, knowledge-based and prerequisite-based adaptive annotation. We describe oftwo 
developing Web-based educational systems, InterBook and KBNS-WEST to demonstrate the manner in which these 
key methods could be incorporated into a Web-based educational system and to provide a working example of ANS 
methodology. 
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1. INTRODUCTION 

The World Wide Web (WWW) is both a freely 
navigable and largely unstructured collection of 
documents, and a distributed medium for 
implementing specific educational applications. Its 
exponential growth in recent years has underscored the 
need for navigation support mechanisms which are 
specially tailored to accommodate the current 
knowledge and information seeking tasks of the 
individual user. The WWW is increasingly being used 
as a delivery means for what could loosely be termed 
courseware, that is, content-based, sequenced 
instructional materials designed to achieve a specific 
learning objective. Navigation support in this closed 
corpus context (Ibrahim and Franklin, 1995) attempts 
to address the problems of a user's unproductive 
wandering, refocussing them on their learning 
objecti ves, suggesting logical next steps to inform 
them about the knowledge structure of the hyperspace, 
or re-sequencing materials according to their 
demonstrated knowledge of content. In these cases, the 
knowledge implicit in the hypermedia is well defined 
and carefully structured, similar to that found in a 
textbook. 

Adaptive hypermedia systems are capable of 
altering the content or appearance of the hypermedia 
on the basis of a dynamic understanding of the 
individual user. More specifically, Adaptive 
Navigation Support (ANS) is a generic name for a 
group of techniques used in adaptive hypermedia 
systems (Brusilovsky, 1996) which use this model to 
provide directional assistance to the user. For 
example, suggesting where the user should proceed, or 
annotating what is learned and ready to be learned. 

This methodological paper is specifically 
concerned with adaptive navigation support on the 
Web, and describes some reasonably simple yet 
effective ANS methods for Web-based systems. 
Firstly, we briefly review several ANS methods and 
discuss their applicability in the context of the WWW 
(see also Eklund and Zeiliger, 1996). We then suggest 
two specific methods of adaptive navigation support 
based on adaptive annotation technology. These 
methods have shown to be especially efficient in 
educational hypermedia (Brusilovsky and Pesin, 1995; 
Zeiliger, Reggers, and Peeters, 1996). Using two 
Web-based adaptive educational systems which use 
ANS, InterBook (Brusilovsky, Schwarz, and Weber, 
1996) and WEST-KBNS (Eklund and Sawers, 1996), 

we demonstrate how adaptive annotation technologies 
may be implemented. 

2. TECHNIQUES OF ADAPTIVE 
NA VIGATION SUPPORT 

Adaptive navigation support techniques can be 
classified in several groups according to the way they 
adapt presentation of links (Brusilovsky, 1996) direct 
guidance, sorting, hiding, and annotation. 

Direct guidance can be applied in any system 
which can decide what is the next "best" node for the 
user to visit according user's goal and other parameters 
represented in the user model. WWW example of 
direct guidance is ELM-ART (Schwarz, Brusilovsky, 
and Weber, 1996), which generates an additional 
dynamic link (called "next") connected to the next 
most relevant node to visit. Direct guidance is quite a 
relevant technology for WWW context. A problem of 
direct guidance is that it is "too directive": it provides 
almost no support for the users who would like make 
their own choice rather than simply follow the 
system's suggestion. 

The idea of adaptive ordering technology is to sort 
all the links of a particular page according to the user 
model using some easily recognisable means of 
conveying this to the user, such as having the more 
relevant links closer to the top (Hohl, Bocker, and 
Gunzenhauser, 1996). Adaptive ordering has a limited 
applicability: it can be used with non-contextual 
links, but it can hardly be used for indexes and content 
pages (which usually have a stable order of links), and 
can never be used with contextual links and maps. 

The idea of navigation support by hiding is to 
restrict the navigation space by hiding links to 
irrelevant pages. A page can be considered as irrelevant 
for several reasons: for example, if it is not related to 
the user's current goal (Brusilovsky and Pesin, 1994; 
Vassileva, 1996) or if it presents materials which the 
user is not yet prepared to understand (Brusilovsky and 
Pesin, 1994; Perez, Gutierrez, and Lopisteguy, 1995). 
Hiding has a wide applicability, it protects users from 
the complexity of the unrestricted hyperspace and 
reduces their cognitive load. Hiding has, however, 
another problem: as noted by some psychologists, 
hiding can provoke the formation of incorrect mental 
models of the hyperspace. 

Adaptive annotation technology augments the 
links with a comment which inform the user more 
about the current state of the nodes behind the 
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annotated links (Brusilovsky, Pesin, and Zyryanov, 
1993; de La Passardiere and Dufresne, 1992; Hohl, 
Bocker, and Ounzenhauser, 1996; Schwarz, 
Brusilovsky, and Weber, 1996). Link annotations can 
be provided in textual form or in the form of visual 
cues, for example, using different icons, or colours, 
font sizes, or font types. The typical kind of 
annotation considered in traditional hypermedia is 
static (user independent) annotation. Adaptive 
navigation support can be provided by dynamic user 
model-driven annotation. Adaptive annotation in its 
simplest history-based form (outlining the links to 
previously visited nodes) has been applied in some 
hypermedia systems including several World-Wide 
Web browsers. Even this form adaptive annotation 
which can distinguish only two states of links (links 
to visited/not visited nodes) appears to be quite useful. 

Annotation appears to be a good means of 
implementing adaptive navigation support. 
Annotation can be naturally used with all possible 
forms of links, and this technique supports stable 
order of links and avoids problems with incorrect 
mental maps. Annotation is generally a more 
powerful technology than hiding: hiding can 
distinguish only two states for the related nodes -
relevant and non relevant - while annotation, as 
mentioned above, can distinguish up to six states (for 
example, Hyperadapter (Hohl, Bocker, and 
Ounzenhauser, 1996) uses annotations to show several 
levels of relevancy). 

An example of annotation-based adaptive 
navigation support technique can be provided by 
systems ISIS-Tutor (Brusilovsky and Pesin, 1994) and 
ITEM/PO (Brusilovsky, Pesin, and Zyryanov, 1993) 
The backbone of the hyperspace in these systems is 
formed by a conceptual network which represents the 
pedagogical structure of the subject being taught. Each 
concept of the conceptual network and each learning 
units (such as presentation units, problems, and 
examples) is represented by a node of the hyperspace. 
Each learning unit is connected to all concept nodes 
which are required to work with this unit. The 
weighted overlay student model represents separately 
the level of the student's knowledge of each of the 
concepts. Using this student model and the conceptual 
network, the systems can distinguish four educational 
states for each node represented by a hypermedia page: 
not-ready-to-be-Iearned (i.e., has unlearned 
prerequisites), ready-to-be-Iearned, in-work (concept 
node is visited and learning started), and learned 
(student has solved the required number of problems 

for the concept). The idea of ANS in ISIS-Tutor and 
ITEM/PO is that concepts with different educational 
states have different meanings for the student and 
making educational states visible will help the student 
in hyperspace navigation. To make educational states 
visible, links to the concepts with different 
educational states are annotated with different colours 
and some special characters. 

The methods of annotation-based ANS applied in 
ISIS·Tutor and ITEM/PO are relatively simple, but 
they have shown to be very efficient. The adaptive and 
non-adaptive versions of ISIS-Tutor have been 
compared in a recent experiment (Brusilovsky and 
Pesin, 1995). The results of the experiment showed 
that the overall number of navigation steps and the 
number of repetitions of previously studied concepts 
are about twice as less for a version with ANS (and 
this difference is significant). This implies that ANS 
methods methods applied in ISIS-Tutor and ITEM/PO 
can improve user performance in hypermedia by 
significantly reducing navigation difficulty. With 
these kinds of ANS, the user can achieve the same 
result using a smaller number of navigation steps and 
visits to hypermedia nodes. 

3. KNOWLEDGE-BASED AND 
PREREQUISITE-BASED 
ANNOTATION FOR WWW 

As we mentioned in the previous section, adaptive 
annotation is familiar to WWW users because any 
WWW browser allows them to distinguish visited and 
unvisited nodes, showing them in different colours. 
This simple "history" - based annotation has shown to 
be very useful. We claim that more advanced ways of 
adaptive annotation could be also very helpful for 
WWW users. In this section we would like to 
generalise the experience of ISIS-Tutor and ITEMIPO 
systems and suggest some more annotation-based 
ANS methods to be used on WWW. These methods 
take into account the user's knowledge of the subject 
represented in the hypermedia system. All these 
methods are based on the three main decisions about 
representing the knowledge about the domain, the 
course, and the student described below. 

The knowledge about the domain is represented in 
the form of a concept-based domain model. The 
simplest form of domain model is just a set of domain 
concepts. These concepts can be named differently in 
different systems - topics, attributes, knowledge 
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elements, objects, learning outcomes, but in all the 
cases they are just elementary pieces of knowledge for 
the given domain. Depending on the domain and the 
application area, the concepts can represent larger or 
smaller pieces of domain knowledge. A more advanced 
form of the domain model is a network with nodes 
corresponding to domain concepts (and with links 
reflecting several kinds of relationships between 
concepts. This network represents the structure of the 
domain covered by a hypermedia system. 

The domain model provides a structure for the 
representation of the user's knowledge of the subject. 
For each domain model concept, an individual user 
knowledge model stores some value which is an 
estimation of the user knowledge level of this 
concept. This can be a binary value (known - not 
known), a qualitative value (good-average-poor), or a 
quantitative value, such as the probability that the 
user knows the concept. This type of model, which is 
called an overlay model, is most often used in adaptive 
hypermedia systems. An overlay model of user 
knowledge can be represented as a set of pairs "concept 
- value", one pair for each domain concept. The 
overlay model is powerful and flexible, it can measure 
independently the user's knowledge of different topics. 

The knowledge about the course is represented by 
indexing hypermedia nodes containing various units of 
learning material (presentations, tests, examples, 
problems) with domain model concepts which are 
related to the content of the unit. This is a relatively 
popular direction for the development of education
oriented hypermedia systems. There are two major 
types of indexing: content-based indexing and 
prerequisite-based indexing. With content-based 
indexing, a concept is included in a page index if some 
part of this page presents the piece of knowledge 
designated by the concept (Brusilovsky and Pesin, 
1994; Schwarz, Brusilovsky, and Weber, 1996; 
Zeiliger, 1993). With prerequisite-based indexing, a 
concept is included in a page index if a student has to 
know this concept to understand the content of the 
page (Schwarz, Brusilovsky, and Weber, 1996). 

We identify two further methods for intelligent 
ANS on WWW: knowledge-based annotation and 
prerequiste-based annotation. The idea of the 
"knowledge-based" method is to distinguish different 
levels of the user's knowledge of the node. We suggest 
the use of three graduations: not-known, in-work 
(partially known) and well-learned, and annotate 
differently the links to the nodes of these three classes 
as in (Brusilovsky, Pesin, and Zyryanov, 1993; de La 

Passardiere and Dufresne, 1992). Here by "not-known" 
we mean that the user has never heard about some of 
the concepts from the node's outcome. "In-work" 
means that the user has acquired some information 
about all the concepts presented in this node (it does 
not necessarily imply that the user has just visited 
this node!). "Well-known" means that the user 
confirmed his or her knowledge of all the concepts 
presented in this node by answering tests or solving 
problems. This method requires a user model which 
could distinguish three levels of user knowledge of the 
concept: the user has never heard about a concept, the 
users has read some information about a concept, and 
finally that the user has correctly answered a test or 
solved a problem which requires this concept. 

The idea of the second "prerequisite-based" method 
is to distinguish nodes which are ready and not-ready 
to be learned as in (Brusilovsky and Pesin, 1994). The 
node is considered as not-ready-to-be-Iearned in two 
cases: first if any of the concepts in the prerequisite 
section of node index is not-known and second is any 
concept from the outcome section of node index has a 
not-known prerequisite concept. This method could be 
implemented with the simplest form of overlay model 
which only distinguishes known from not-known. 

4. IMPLEMENTING ANNOTATION· 
BASED ANS ON WWW 

In this section we will demonstrate how these two 
knowledge-based ANS methods could be implemented 
in WWW context. We describe briefly two educational 
Web-based systems, InterBook and WEST-KBNS. 

4.1. Adaptive Navigation Support in 
InterBook 

InterBook 1 (Brusilovsky, Schwarz, and Weber, 
1996) is a system for authoring and delivering 
adaptive electronic textbooks on WWW. All 
InterBook-served electronic textbooks have generated 
table of content, a glossary, and a search interface. In 
InterBook, the structure of the glossary resembles the 
pedagogic structure of the domain knowledge. Each 
node of the domain network is represented by a 
glossary entry. Likewise each glossary entry 
corresponds to one of the domain concepts. 

1 http://www.eonlrib.andrew.emu.edu/-plb/lnlerBook.hlml 
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Figure I. Adaptive navigation support in InterBook. Green bullet (bold fond) means recommended, red bullet (italic) 
means "not ready to be learned", while bullet (nonnal font) means "nothing new". 

All sections of an electronic textbook are indexed 
with domain model concepts. For each section, a list 
of concepts related with this section is provided (we 
call this list spectrum of the section). The spectrum of 
the section can represent also the role of a concept in 
the section (each concept can be either an outcome 
concept or a background concept). 

The knowledge about the domain and about the 
textbook content is used by InterBook to serve a well
structured hyperspace. In particular, InterBook 
generates links between the glossary and the textbook. 
Links are provided from each textbook section to 
corresponding glossary entries for each involved 
background or outcome concept. Similarly from each 
glossary entry describing a concept InterBook provides 

links to all textbook units that can be used to learn 
this concept. It means that an InterBook glossary 
integrates features of an index and a glossary. These 
links are not stored in an external fonnat but generated 
on the fly by a special module that takes into account 
the student's current state of knowledge represented by 
the user model. 

InterBook uses special icons (coloured bullets) and 
different fonts to provide adaptive navigation support 
(Figure I). Wherever a link appears on InterBook 
pages: in the table of content, in the gossary or on a 
regular page, its font and colour of its bullet will tell 
the user about the status of the node behind the link. 
InterBook integrates all three methods of annotation: 
history-based, knowledge-based and prerequisite-based. 
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Currently four colours and three fonts are used. Green 
bullet and bold font means 'ready and recommended', 
ie., the node is ready-to-be-Iearned but still not learned 
and contains some new material. A red bullet and an 
italic font warns about a not-ready-to-be-Iearned node, 
while white means 'clear, nothing new', ie., all 
concepts presented on a node are known to the user. 
Violet is used to mark nodes which have not been 
annotated by an author. A check mark is added for 
already visited nodes. Currently, InterBook does not 
support tests and can not provide "well-learned" 
annotation. 

4.2. Adaptive Navigation Support in 
WEST-KBNS 

WEST-KBNS2 (WEST-Knowledge Based 
Navigation Support) (Eklund and Sawers, 1996) is a 
system under development in which the user is offered 
annotated links on an overview map generated from a 
Web-delivered course. WEST-KBNS uses an existing 
online course authoring and delivery tool WEST3 as 
its central component, and involves the application of 
elements of formal concept analysis for the domain 
model. 

Students enter the course via a web page which 
uses a script to hide the Netscape location, toolbar and 
the directory buttons, and establishes a frameset with a 
large frame at the top of the screen in which the 
WEST pages appear, and a smaller bottom frame in 
which a clickable overview map is generated for each 
student showing the annotated hypermedia nodes. The 
courseware is sectioned into chapters, each containing 
a number of pages of instructional material with text, 
hypertext, and graphics. Each chapter has a set of 
automarked multiple choice tests. Presently, the 
overview map shows the links as visited, unvisited, 
current and suggested. With further development it 
will show the links in one of four states: unvisited, 
visited, current, and learned. This means it will be 
both history-based and knowledge-based according to 
the methods we have suggested earlier in this paper. 

The overview map is generated dynamically with 
Javascript, and loaded by a script placed in each of the 
WEST course pages in the top frame extracting the 
context in which the course page is being delivered. In 
other words the map is individual for the particular 

2http://www.education.uts.edu.aulwestIKBNSI 

3http://www.west.ie 

user, extracting not just the connection 10 (particular 
to the user) but also the URL of the page in the top 
frame. KBNS-WEST does not generate the link set 
automatically (although this is being considered for 
development), so as pages are added to the WEST 
course in the top frame, some manual rewriting of the 
Javascript is required. 

This system uses a relatively simple component of 
concept analysis (Willie, 1982), an unsupervised 
learning algorithm, that produces a containment lattice 
called a concept lattice. The basic structure of formal 
concept analysis is the context. A context is 
comprised of a set of objects (denoted by G), a set of 
attributes (denoted by M), and a relation that describes 
which objects possess which attributes. The attributes 
are the finest-grained elements of knowledge. An 
attribute may be a simple declarative term, or 
represent some structural knowledge which relates 
terms. A cross-table marks if an attribute exists on a 
page, or in a test. For instance if attribute I is related 
to a page I, an x is placed in the lattice cell, if 
attribute 2 is not related to page I an x is not placed 
in the corresponding cell. The same attributes are 
located in each multi-choice test item using another 
cross-table. Implicitly a cross-table links the test 
items to the pages in the courseware through an 
attribute set. Attributes in this system play the same 
role as concepts in InterBook. The hypermedia nodes 
or pages represented in the overview map represent the 
objects. From the context a set of concepts is derived. 
This means that the concepts are not hypermedia 
components within themselves, such as nodes or 
terms, but are implicitly defined by the context. Each 
concept is a pair (A,B) where A is a set of objects and 
B is a set of attributes, and each of these is translated 
into an individual test question. Thus a concept is 
defined by a set of objects and a set of attributes, and 
is represented by one or more test questions. The test 
questions are the hypermedia components which best 
represent the concepts. The rationale for this structure 
is that concepts are not necessarily explicity 
identifiable hypermedia components, but may be 
distributed over many pages of instruction or may be 
in the "subtext" of the learning material; however, 
when we test student's learning, we wish to test their 
acquisition of concepts. The system records which 
node, or object, has been visited, and this permanently 
changes the colour of the node for that student. 
Students answer the auto-marked multi-choice tests 
and the data is then interpreted to create the student's 
overview map, along with the data about where the 
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student has been. Together this will show which of 
the pages are current, learned or visited. A page is 
marked as learned (and thus annotated on the overview 

map with a different colour) when a certain percentage 
of the attributes that belong to that page are recorded 
in the student model as known. 

Multi~hoice test node 

Yel low.= learned 

Figure 2. Colour-annotated c1ickable overview map of the pages in the WEST course 

The structure of the courseware itself somewhat 
negates the need to suggest the next best link for the 
user to follow, as the well-structured and goal-oriented 
content of the hypermedia makes it clear to the user 
which node to revisit before proceeding. In other 
words, it is which suggests prerequisites to the user, 
who may assume that Chapter 3 is a prerequisite to 
Chapter 4, for instance. It should be noted that it 
would be relatively simple using this annotation to 
also direct the user to remedial or extension material 
depending on the outcomes of the tests. 

The history-based mechanism in KBNS-WEST 
extends beyond that provided by the browser, and is 
accomplished by recording which nodes the student 
has visited and writing this to a file. This is the 
history component of the student model and may be 
considered to be similar to the "partially learned" 
annotation, if we assume that by visiting a node the 
student will acquire at least a partial knowledge of its 
content. However, this does not take into account 
students browsing ahead, similar to quickly flipping 
the pages of a book before beginning a close reading. 

S. CONCLUSION 

In this paper we have specifically discussed 
adaptive navigation support (ANS) on the Web, 
describing some reasonably simple yet effective ANS 

methods. After placing adaptive navigation support in 
the context of adaptive hypermedia systems 
implemented on WWW, we have discussed several 
methods of ANS and suggest a specific method of 
adaptive navigation support based on adaptive 
annotation technology. Using two Web-based adaptive 
educational systems which use ANS, InterBook and 
WEST-KBNS, we have shown how adaptive 
annotation technologies may be implemented. 

InterBook provides an authoring and delivery 
mechanism into which the content of a book may be 
structured through the identification of key domain 
concepts to create an adaptive electronic textbook 
(Schwarz, Brusilovsky, and Weber, 1996). Based on 
the user's path through the structured hyperspace using 
a domain model and a user model, InterBook annotates 
links as visited, learned, ready-to-be learned and not 
ready-to-be learned, integrating the history-based, 
knowledge-based and prerequisite-based methods of 
ANS. 

WEST-KBNS is a system under development in 
which the user is offered annotated links on an 
overview map generated from a WEST course, and 
involves the application of concept analysis to provide 
the knowledge representation such that the overview 
map annotates nodes as visited and unvisited, learned 
and unlearned offering the student a visual 
representation of the student model. The ANS in this 
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system is both history and knowledge-based. By 
describing these adaptive systems we have illustrated 
some simple but efficient ANS methods for Web
based systems, and highlighted the diverse ways in 
which they may be implemented. The history-based, 
knowledge-based and prerequisite-based methods of 
adaptive navigation support provide opportunities to 
provide individualised instruction in closed corpus 
WWW-basedcourseware. 
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