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Abstract. Adaptive navigation support is a specific group of technologies that 
support user navigation in hyperspace, by adapting to the goals, preferences and 
knowledge of the individual user. These technologies, originally developed in 
the field of adaptive hypermedia, are becoming increasingly important in 
several adaptive Web applications, ranging from Web-based adaptive 
hypermedia to adaptive virtual reality. This chapter provides a brief 
introduction to adaptive navigation support, reviews major adaptive navigation 
support technologies and mechanisms, and illustrates these with a range of 
examples. 

8.1   Introduction 

Adaptive hypermedia [9] is a research area at the crossroads of hypermedia and user 
modeling. Adaptive hypermedia systems (AHS) offer an alternative to the traditional 
“one-size-fits-all” hypermedia and Web systems by adapting to the goals, interests, 
and knowledge of individual users as they are represented in the individual user 
models. This chapter is focused on adaptive navigation support technologies 
originally developed in the field of adaptive hypermedia. By adaptively altering the 
appearance of links on every browsed page, using such methods as direct guidance, 
adaptive ordering, link hiding and removal, and adaptive link annotation, these 
technologies support personalized access to information. Over the last 10 years, 
adaptive navigation support technologies have been used in many adaptive Web 
systems in a range of application areas from e-learning to e-commerce. The 
evaluation of these technologies has demonstrated their ability to allow users to 
achieve their goals faster, reduce navigational overhead, and increase satisfaction [7; 
18; 50; 52; 73].  

After a brief introduction to the history of adaptive navigation support, this chapter 
offers a state-of-the-art overview of adaptive navigation support. The overview is 
divided into two parts. The first part focuses on adaptation technologies and attempts 
to answer the question: What kind of adaptation effects may be useful to provide 
guidance to the users of Web hypermedia systems? The second part focuses on 



adaptation mechanisms and attempts to answer the question: How can these 
adaptation effects be produced?  Both parts are illustrated with a range of examples. 
The last section discusses the prospects of extending adaptive navigation support 
beyond Web hypermedia. 

8.2   Adaptive Navigation Support: From Adaptive Hypermedia to 
the Adaptive Web 

Research on adaptive navigation support in hypermedia can be traced back to the 
early 1990’s. By that time, several research teams had recognized standard problems 
found in static hypertext within different application areas, and had begun to explore 
various ways to adapt the behavior of hypertext and hypermedia systems to individual 
users. A number of teams addressed problems related to navigation in hypermedia— 
such as the problem of inefficient navigation or the problem of being lost—which had 
been discovered when the field of hypertext reached relative maturity at the end of the 
1980’s [46]. Within a few years, a number of navigation support technologies were 
proposed [4; 19; 33; 52]. While the proposed technologies were relatively different, 
they shared the same core idea: within a hypertext page (node), adapt the presentation 
of links to the goals, knowledge, and preferences of the individual user. The adaptive 
navigation support technologies introduced by early adaptive hypermedia systems 
were later classified as direct guidance, sorting, hiding, annotation, and map 
adaptation [8]. Most of these systems used adaptation mechanisms based on manual 
page indexing and provided navigation support within a closed corpus of documents. 

The Web as "hypermedia for everyone" immediately provided an attractive 
platform for adaptive hypermedia applications. The problem of navigation support in 
Web hypermedia attracted many new researchers to the field. A good number of these 
researchers were motivated by pre-Web adaptive hypermedia and focused on 
exploring a set of known adaptive hypermedia technologies in the new Web context. 
Other researchers suggested new techniques such as link disabling and generation [9]. 
Several new adaptation mechanisms were explored including content-based and 
social mechanisms that allowed navigation support in an open corpus.  As the Web 
has developed, the focus of work has also moved from exploring isolated techniques 
using "lab-level" systems to developing and exploring "real world" systems for 
different application areas such as e-learning, e-commerce, and virtual museums. 

Altogether, pre-Web and Web-based AHS with adaptive navigation support 
explored a broad range of adaptation technologies and mechanisms in many 
application areas. The knowledge of these technologies and mechanisms and their 
effectiveness is important for the developers of future adaptive Web systems. The 
next two sections attempt to summarize this knowledge, presenting the most popular 
adaptation technologies and mechanisms, and pointing out relevant empirical studies. 



8.3   Adaptive Navigation Support: Adaptation Technologies 

8.3.1   Direct guidance 

Direct guidance is the simplest technology for adaptive navigation support. Direct 
guidance suggests the "next best" node (or sometimes, several alternative nodes) for 
the user to visit according to the user's goals, knowledge, or/and other parameters that 
have been represented in the user model. On the interface level, direct guidance can 
be presented to the user in two main forms. If the link to the suggested node is already 
present on the page, it can be outlined or emphasized in some other way. For 
example, WebWatcher [1] and Personal WebWatcher [63] indicated the 
recommended link(s) by a pair of icons showing curious eyes (Fig. 8.1). 
Alternatively, the system can generate a dynamic "next" link which is connected to 
the "next best" node.  

 

 
 

Fig. 8.1. Direct guidance in Personal WebWatcher. The recommended link (second from the 
top) is outlined by a pair of “curious eyes” icons. Used with permission from the author [63]. 

A known problem with direct guidance is that it provides no support for users who 
don’t wish to follow the system's suggestions. Due to this problem, although direct 
guidance was popular in the early days of adaptive hypermedia, it is now mostly 



replaced by other navigation support technologies, which will be introduced below. 
The only group of systems where this approach remains popular are adaptive 
educational hypermedia systems, especially those that have roots in Intelligent 
Tutoring Systems such as HyperTutor [69], ELM-ART [78], or InterBook [14]. In this 
group, direct guidance became the hypermedia form of the traditional curriculum 
sequencing mechanisms. Several studies reviewed in [10] demonstrated that novice 
users with poor domain knowledge have problems in dealing with alternative 
navigation choices and can be best supported by direct guidance technology. 

8.3.2   Link Ordering 

The idea of an adaptive sorting or ordering technology is to prioritize all the links of 
a particular page according to the user model and some user-valuable criteria: the 
closer to the top, the more relevant the link is. While adaptive sorting was first 
introduced in 1990 in the Hypadapter system [49], the most frequently referred 
example of this technology is HYPERFLEX [52]. HYPERFLEX attempts to order 
links from the current page to related pages according to the user-perceived relevance 
of these pages to the current one. If the user thinks that the presented order is 
incorrect, the links can be manually reordered by dragging. Manual link reordering is 
considered by the system as a means of relevance feedback and is used to update the 
user model. If the user selects the current search goal from the list of existing goals 
(new goals can also be introduced), link ordering on every page also takes into 
account link relevance to the selected goal. Most important to the HYPERLEX work 
was not the specific adaptation technology, but rather the study of the user’s link 
ordering, which was reported in the same paper [52]. The study demonstrated that 
adaptive link ordering significantly reduces navigation time and the number of steps 
that are required to locate the information that the user is looking for. These results 
helped to attract attention to link ordering and adaptive navigation support in general. 
It should be noted, though, that time reduction is not exclusively limited to sorting 
technologies. Similar time/steps reduction was later observed for other navigation 
support technologies, such as link hiding and annotation [18; 65] and is currently 
considered to be one of the most important values of adaptive navigation support in 
general. 

Despite its demonstrated effectiveness, link sorting has not become very popular, 
due to its limited applicability. As shown in Table 8.1, it can be used for non-
contextual links, but is difficult to use for an index page or a table of contents (which 
usually have a predefined order of links), and can never be used with contextual links 
or maps. Another problem with adaptive ordering is that this technology makes the 
order of links unstable: it may change each time the user enters the page. Since the 
first introduction of link sorting, several user studies have demonstrated that unstable 
order of options in menus and toolbars creates problems for at least some categories 
of users [34; 53]. As a result, this technology is presently used in only a few contexts 
where the unstable order of links creates no problem.  

One such beneficial context is adaptation of link order to long-term user 
characteristics. In this context, different users may see a different order for links, but 
it is stable for each user for the whole time they are working with the system. For 



example, several adaptive e-learning systems order links to the different educational 
resources available for a topic according to the relevance of these resources to the 
user’s learning style [55].  

Another appropriate context includes several kinds of system where all or some 
pages have an unstable set of links. Since the set of links on a page is not fixed, a 
stable order does not exist anyway. In this situation the “conceptually stable” ordering 
offered by link sorting can become an attractive solution.  Good examples of this may 
be found among adaptive news systems reviewed in Chapter 18 of this book [3] and 
collaborative resource gathering systems such as CoFIND [39] or COMTELLA [26]. 
Adaptive news systems typically present links to recommended news articles in a 
single list or on several pages by category. This list is unstable because new articles 
are constantly added and old articles removed. In this context, it is very natural to sort 
the links according to the modeled interests of the user. This ordering is typically 
performed by content-based mechanisms.  

In collaborative resource gathering systems, users collect useful Web resources by 
adding interesting links to topics. Each topic may have a short introduction and a 
collection of links that is unstable by its nature (since resources are constantly added 
and even sometimes removed). To present these links, the cited systems use social 
mechanisms to sort topic links according to the perceived community interests. For 
similar reasons, link sorting is frequently used in combination with link generation 
(see section 8.3.6 and Fig. 8.10 for examples of this combination).  

8.3.3   Link hiding 

The purpose of navigation support by hiding is to restrict the navigation space by 
hiding, removing, or disabling links to irrelevant pages. A page can be considered 
irrelevant for several reasons: for example, if it is not related to the user's current 
learning goal or if it presents materials which the user is not yet prepared to 
understand. Hiding protects users from the complexity of the whole hyperspace and 
reduces their cognitive overload. Educational hypermedia systems have been the main 
application area where adaptive hiding techniques have been suggested and explored. 
Indeed, beginning with just a part of the whole picture then introducing other 
components step by step as the student progresses through the course is a popular 
educational approach and adaptive hiding offers a simple way to implement this. 
Early adaptive hypermedia systems used a very simple method of hiding links—
essentially removing the link as well as the anchor from a page. A good example is 
the ISIS-Tutor educational hypermedia system [18], which shows very few links 
when the student begins to work with the system but gradually makes more and more 
links visible, reacting to the growth of the student’s knowledge of the subject. De Bra 
and Calvi [29] later called the ISIS-Tutor approach link removal and have suggested 
several other variants for link hiding based on the separation of three features of a 
link: the anchor, the visible indication, and the functionality. For example, link hiding 
preserves the link anchor (hot word), but removes all visual indications that it is a link 
(i.e., blue color and underline). Link disabling removes the functionality, i.e., the 
ability of the link to take the user to the related page. Both technologies (as well as 
their combination) extend the applicability of link hiding to contextual links where the 



anchor simply can’t be removed. An example of link hiding in De Bra’s AHA! 
framework is shown on Fig. 8.2. This example is taken from their adaptive paper, 
which presented their framework [31]. A number of studies of link hiding revealed 
that it is best used as a "unidirectional" technology. While gradual link enabling as 
used in ISIS-Tutor has been acceptable and effective, the reverse approach has been 
found questionable: users become very unhappy when previously available links 
become invisible or disabled. 

 

 

 
 

Fig. 8.2. Link hiding in AHA! framework taken from the adaptive paper [31]. The upper 
fragment shows several links leading to other sections of the paper. On the lower fragment 
these links are hidden—the purple color indicating the presence of a link is replaced by the 
black color of the surrounding text. 

8.3.4   Link Annotation 

The idea of adaptive annotation technology is to augment the links with some form of 
annotation, which lets the user know more about the current state of the nodes behind 
the annotated links. These annotations are most often provided in the form of visual 
cues. Manuel Excel [33] introduced link annotation with different icons, ISIS-Tutor 
[17] changed the color and intensity of the anchors, and Hypadapter [49] explored 
altering anchor font sizes. The Web generation of adaptive hypermedia systems 
introduced several kinds of verbal annotations that could be shown next to the anchor 
[45], on the browser’s status bar [14], or as a gloss that popped up when the user 
moused over a link [82]. All of these approaches to link annotation are now in use, 
but the most popular are probably icon-based annotation and mouseovers. Naturally, 
annotation can be used with all possible forms of links. This technology preserves a 
stable order to the links, thus avoiding problems with incorrect mental maps. 
Annotation is generally a more powerful technology than hiding: hiding can 
distinguish only two states for related nodes—relevant and non-relevant—while the 
currently existing annotation applications can distinguish up to six states. For all the 
above reasons, adaptive annotation has grown into the most frequently used adaptive 
navigation support technology.  

Some of the benefits of adaptive link annotation have been explored in several 
studies. For example, an early study of the ISIS-Tutor system [18] compared three 
versions of the ISIS-Tutor: non-adaptive, adaptive annotation, and a combination of 
both adaptive hiding and annotation. The results of the study demonstrated that the 
same educational goal is achieved with either of the adaptive versions with much less 
navigational overhead than with the non-adaptive version. The overall number of 



navigation steps, the number of unforced repetitions of previously studied concepts, 
and the number of task repetitions (i.e., trials to solve a previously visited task) were 
significantly smaller for both adaptive versions.  

 
Fig. 8.3. Adaptive navigation support in ELM-ART, an electronic textbook for learning LISP. 
Adaptive annotation in the form of colored bullets (a traffic light metaphor) shows the 
educational state of pages behind the links. Adaptive annotation in the form of progress bars 
visualizes the student’s demonstrated level of knowledge of related concepts. 

A popular example of adaptive annotation in Web hypermedia is ELM-ART [20], 
which was one of the first Web-based systems with adaptive navigation support. 
ELM-ART introduced the traffic light metaphor for adaptive navigation support in 
educational hypermedia. In this metaphor, a green bullet in front of a link indicates 
recommended readings, while a red bullet indicates that the student may not be able to 
understand the information behind the link yet. Other colors, like yellow or white, 
indicate more educational states such as the lack of new knowledge behind the link. 
This kind of annotation is produced by an indexing-based mechanism and will be 
explained in more details in section 8.4.4. In addition to link annotation, ELM-ART 
also supports direct guidance. Fig. 8.3 shows adaptive annotation in the most recent 
version of ELM-ART [78]. This version augments the traffic-light annotation (which 
indicates the educational status of a page) with progress-based annotation (which 



indicates the level of user knowledge for a LISP concept associated with this page). A 
combination of these two kinds of annotations is currently very popular in adaptive 
educational hypermedia. A study of ELM-ART [78] demonstrated that casual users 
stay longer within a system when adaptive navigation support is provided. The study 
also provided evidence that direct guidance works best for users with little previous 
knowledge while adaptive annotation is most helpful for users with a reasonable 
amount of subject knowledge. 

8.3.5   Link Generation 

Link generation is the “newest” adaptive navigation support technology. There has 
been little need to introduce link generation in the context of pre-Web adaptive 
hypermedia with its small, well-linked, closed corpus document collections. This 
technology was introduced in several early adaptive Web systems in 1996 [14; 78; 81] 
and became very popular in Web hypermedia with its abundance of resources. Unlike 
classic annotation, sorting or hiding technologies that adapt the presentation of pre-
authored links, link generation actually creates new, non-authored links on a page. 
There are three known kinds of link generation: (1) discovering new, useful links 
between the documents and adding them permanently to the set of existing links; (2) 
generating links for similarity-based navigation between items; and (3) the dynamic 
recommendation of links that are useful within the current context to the current user 
(i.e., the current goal, knowledge, or interests, as reflected in the user model). The 
first two kinds of link generation are typically non-adaptive. We should mention, 
however, several known projects that explored creating new links for a group of users 
as a result of an analysis of group navigation patterns [5; 59; 81] and a few attempts to 
develop adaptive similarity-based navigation [23]. The third technology is naturally 
adaptive, since link generation is driven by the user’s profile and context.  

 Since link generation is now very popular in several kinds of adaptive Web-based 
systems, this section is a good place to comment on the similarities and differences 
between using this technology in adaptive navigation support systems and the various 
Web recommender systems that are presented in chapters 9, 10, 11, and 12 of this 
book [24; 68; 71; 72]. Recommender systems attempt to suggest a list of items that 
are relevant to the user’s short- or long-term interests. These items may or may not be 
part of a hyperspace. If they are, the recommendation can be presented as a set of 
generated links. Even those systems that attempt to recommend items in hyperspace 
typically do not take the current user location in hyperspace (context) into account, 
and instead offer links that should be of interest in general. On the other hand, 
navigation support systems focus on helping users to find their way through 
hyperspace by adapting links on a page. Link adaptation can take into account various 
features of the user and may take many forms as well, including, as a specific case, 
link generation adapted to the user’s interests.  In all cases, navigation support 
techniques provide guidance that takes into account the user’s current location in 
hyperspace. So, when guidance is provided by link generation, a navigation support 
system attempts to introduce additional links that may be useful in the current context. 
Since navigation support systems focus on the interface and recommender systems 
focus on the underlying technology, the difference between these two groups is not 



clear-cut. Evidently, a small class of systems that generates links according to the 
user’s interests and takes into account the user’s current location can be classified as 
both a Web recommender system and an adaptive navigation support system. A well-
known example of this is Amazon.com (http://amazon.com). This system 
recommends links to products that were considered or purchased by other users who 
viewed the current product. 

 

 
 

Fig. 8.4.  Link generation and link annotation in ALICE. Follow-up links are generated in the 
bottom right frame in three groups - next possible units, necessary background units, and all 
learned units. The example on the figure doesn’t suggest next possible units since the current 
unit “Pointers in Java” is not yet ready to be learned (note that it is annotated with red color on 
the table of contents in the left frame). 

A good example of link generation adapted to user knowledge is ALICE [54], an 
electronic textbook about the Java programming language. ALICE includes 13 
chapters and 97 sections devoted to different Java concepts and uses link generation 
as the main navigation support approach. There are no stable links between sections; 
instead, the links are generated dynamically according to the current user level of 
knowledge. These dynamically-generated links are added to the end of the viewed 
section in three groups—next possible units, necessary background units, and all 
learned units (Fig 8.4). The system uses a sophisticated approach to model the user’s 
knowledge of Java, which is reviewed in more detail in Chapter 1 of this book [16]. 
The evaluation of navigation support in ALICE revealed that students who follow the 
generated navigation suggestions score better on tests.  



8.3.6   Comparing and Combining the Technologies 

The link adaptation technologies reviewed above have a lot in common, since they are 
motivated by the same need, guiding the user in hyperspace. At the same time, these 
technologies are quite different in their applicability. Part of this is due to the 
technical applicability of each specific technology for adapting different kinds of 
links. Hypertext links (i.e., visible and "clickable" representations of the related pages 
to which the user can navigate) can be classified in several groups (Table 8.1): 

Contextual links or "real hypertext" links. This type comprises "hotwords" in texts, 
"hot spots" in pictures, and other kinds of links, which are embedded in the context of 
the page content and cannot be removed from it. These links and the corresponding 
anchors, can be annotated or disabled, but cannot be sorted or completely hidden. 

Local non-contextual links. This type includes all kinds of links on regular 
hypermedia pages, which are not embedded in the context of the page. They can 
appear as a set of buttons, a list, or a pop-up menu. These links are easy to 
manipulate—they can be sorted, removed, generated, or annotated, although disabling 
or hiding this kind of links (with the anchor preserved) makes little sense. 

Links from index and table of contents. An index or a table of contents page can be 
considered to be a special kind of page, which contains only links that are organized 
in a specific order (content order for content pages and alphabetic order for index 
pages). As a rule, links from index and content pages are non-contextual, yet these 
links can’t be sorted and application of all hiding technologies in this context has 
questionable usability. 

Links on local maps and links on global hyperspace maps. Maps usually 
graphically represent a hyperspace or a local area of hyperspace as a network of nodes 
connected by arrows. Using maps, the user can directly navigate to all nodes visible 
on the map by merely clicking on a representation of the desired node. From a 
navigation point of view, these clickable representations of nodes are navigational 
links, while paradoxically, the arrows serving as a representation of links are not used 
for direct navigation. 

In brief, the analysis of technical applicability demonstrates that some technologies 
have much wider applicability than others. It is not surprising that the most universal 
technologies—annotation and generation—are also currently the most popular. 
However, there is also another aspect to the applicability: A range of studies of 
adaptive navigation support systems indicates that the effect of a specific technology 
may be different for different classes of users. For example, a number of studies 
provide evidence that direct guidance is beneficial to users with a low level of domain 
knowledge, while link annotation works best with users who are already above the 
starting level of knowledge [10]. The applicability of different technologies is 
important to consider when developing adaptive navigation support systems. 

In addition to the applicability limits, different technologies may be best suited for 
the different needs of an adaptive system. As a result, we see fewer and fewer “purist” 
systems that use exactly one of the technologies. The majority of practical systems 
use different technologies in parallel or in different parts of the system. For example, 
among the systems already mentioned above, ISIS-Tutor uses direct guidance, hiding, 
and annotation; Hypadapter uses sorting, hiding, and annotation; AHA! uses hiding 
and annotation; ALICE uses generation and annotation, and both InterBook and 



ELM-ART use direct guidance, annotation, and generation. Sometimes different 
technologies used in the same system are based on different mechanisms, but more 
frequently the same mechanism powers all adaptation technologies in a system. An 
example of using an index–based mechanism to produce direct guidance, annotation, 
and generation in InterBook is reviewed in section 8.4.4. 

Table 8.1.  Adaptive navigatßion support technologies and their applicability. 

 
 Direct 

guidance 
Sorting Hiding Annotation Generation 

Contextual links OK  Disabling OK  
Non-contextual links OK OK OK OK OK 

Table of contents OK   OK  
Index OK   OK  

Hyperspace maps OK  OK OK  

8.4   Adaptation Mechanisms for Adaptive Navigation Support 

8.4.1   Simple Adaptation Mechanisms 

To make the presentation complete, we must start with simple adaptation mechanisms 
that do not require advanced adaptation algorithms and yet can be of real use in a 
range of contexts. The most popular examples are history-based and trigger-based 
mechanisms 

History-based mechanisms. History-based mechanisms simply count how many 
times each node in the hyperspace is accessed and attempt to represent this 
information visually. The oldest example is the rendering of visited links in an 
alternative color—a feature of every Web browser since Mosaic times (and actually 
inherited from hypertext research).  Early research on adaptive navigation support 
attempted to extract more value from the stored history. For example, the MANUEL 
EXCEL system [33] dynamically annotated hypertext links with three different icons 
(a clear, gray, or black magnifying lens) to express the extent to which the area of 
hyperspace behind each link had previously been visited by the user (Fig. 8.5). 
Experiments with the system provided early evidence in favor of adaptive link 
annotation. 

Trigger-Based Mechanisms. A trigger-based mechanism can be considered as an 
extension of a simple history-based adaptation. The idea of trigger-based adaptation is 
to connect a link with some simple event. Once this event has happened, the state of a 
binary trigger associated with a link is changed, resulting in a changed link 
appearance. A number of Learning Management Systems such as TopClass [77] use 
the simple trigger-based mechanism to control student access to learning content. A 
link to a section with learning content can be disabled or enabled at a specified time 



or after a specific quiz is completed by the user with a score under or above a 
threshold.  A combination of these triggers allows teachers to provide some amount of 
class-level and individual personalization. 

 

 
 

Fig. 8.5. Annotations for topic states in MANUEL EXCEL: not seen (clear magnifying lens), 
partially seen (grey lens), and completed (black lens). 

Progress-Based Mechanisms. The power of simple history-based mechanisms can 
be expanded if the adaptive system is able to track user visit to a page on a deeper 
level. For example, an information system may track time spent reading a page [64] 
or amount of page exploration (using eye-tracking or mouse tracking). Educational 
systems can measure the success of user work, e.g., a quiz that a link leads to can be 
solved partially, completely, or not yet attempted. The progress can be shown 
graphically next to each link to pages with educational activities helping the user to 
decide whether to visit these pages or not. The use of information about the hypertext 
structure can further expand the power of progress-based adaptation. For example, in 
a hierarchically organized hyperspace, progress can be propagated up the hierarchy. 
Visual presentation of user progress for the top-level hyperspace topics provides an 
easy-to-grasp overview of the current state of work.  

An example of using a progress-based mechanism with propagation in an 
educational context is provided by QuizGuide [21]. This system attempts to guide 
students to the most relevant self-assessment quizzes.  Quizzes are grouped into 
topics. Once a topic link is “expanded,” the links to all topic quizzes become 
available. Adaptive navigation support is provided on the topic level. The system 
traces correct and incorrect answers for all questions, calculating mastery levels for 
each quiz. These levels are propagated to the topic level, forming the mastery view of 



the whole topic. The icon annotating the link to the topic expresses this mastery in a 
target-arrow metaphor: the more arrows, the higher the level of mastery achieved for 
the topic (Fig. 8.6). These annotations allow students to see which topics are 
sufficiently mastered and which require additional work. The color of the target in 
QuizGuide attempts to express how important it is to attend to the topic, from the 
perspective of the class schedule. Current topics are marked by bright blue targets, 
their prerequisites by light blue targets, and other past topics by gray targets. Topics 
that are not yet introduced in class are crossed out, suggesting that the student is not 
ready to attempt them. This kind of annotation is supported by a trigger-based 
mechanism controlled by the teacher through the class schedule. The evaluation of 
progress-based navigation support in QuizGuide demonstrated that this technology 
has succeeded in guiding the user to the most appropriate quizzes (as demonstrated by 
an increased rate of correct answers). In addition, the provision of adaptive visual 
cues significantly increased user motivation to work with the system, more than 
doubling the amount of non-mandatory work with the self-assessment quizzes that the 
students were willing to do [22]. 
 

 
 

Fig. 8.6. Progress-based adaptive navigation support in QuizGuide. Depending on the 
percentage of correct answers to questions belonging to a topic, the icon annotating the link to 
the topic shows from zero to three arrows. 

8.4.2   Content-Based Mechanisms 

Content-based adaptive navigation support mechanisms make a decision whether to 
suggest the user a path to a specific page by analyzing page content. Most of these 
mechanisms process pages to obtain keyword vectors and compare them with the 
profile of user interests. Link following is treated as an expression of user interests 



and is used for updating the user profile. More information on user profiles and 
document modeling can be found in Chapters 2 and 5 of this book [44; 60].  

Content-based approaches were rarely used in pre-Web hypermedia. Interest in this 
area was attracted by the development of several pioneer systems in 1995-1996, such 
as WebWatcher [1], Letizia [58], Syskill & Webert [67], and Personal WebWatcher 
[63]. These systems influenced a number of more recent projects on both Web 
recommenders and content-based navigation support. While some of the pioneer 
systems with content-based navigation support were applied in the closed corpus 
context (i.e., a single Web site), others clearly demonstrated the most important 
innovation of content-based approaches: the ability to work with the open corpus 
Web. This idea was most clearly spelled out in the Letizia system, which was 
designed as an agent assisting user browsing by “running ahead” of the user, checking 
the content of pages behind the links, and suggesting the most relevant links to 
follow. 
 

 
 

Fig. 8.7. Content-based navigation support in Syskill & Webert. Thumb icons identify pages 
that were previously rated, smiley icons point to a potentially interesting but not yet visited 
page. Used from [67] with author’s permission. 

It is probably due to this common root that a number of systems with content-based 
navigation use essentially the same decision-making mechanisms as content-based 
recommender systems. A review of these mechanisms is provided in Chapter 10 of 
this book [68]. A good example of the application of content-based recommender 
approaches in the context of navigation support is provided by the Syskill & Webert 
system [67]. Syskill & Webert attempts to learn user interests related to several topics 
while assisting user browsing. To provide relevance feedback to the system, the user 
explicitly rates encountered pages as hot, cold, or lukewarm. User ratings along with 
page representations as a bag-of-words are used to build a profile of user interests on 
different topics. As soon as the topic profile is discovered, the system starts 
suggesting interesting links on the current page by pre-fetching pages behind the links 
and classifying them according to the profile. Navigation support is provided by link 
annotation, i.e., links annotated with icons. Several different icons allow the user to 
differentiate previously rated pages and new, potentially interesting pages (Fig. 8.7). 
The prefetching-classification-annotation approach suggested in Syskill & Webert is 



straightforward, powerful, and universal. It could be used to recommend links on any 
page, whether a regular hypertext page with embedded links, a generated page with 
recommended links, or a page with links returned by a search engine in response to a 
query. Syskill & Webert demonstrated this flexibility by providing link annotation on 
a page generated by the Lycos search engine. 

 

 
 

Fig. 8.8. Content-based navigation support in ScentTrails. The size of the link font indicates 
how relevant the region of hyperspace behind this link is to the user’s search goal. Used from 
[65] with the author’s permission. 

An example of content-based navigation support that differs from Syskill & 
Webert in several aspects is ScentTrails [65]. To start with, this system adapts to the 
user’s search goal (formulated as a query), not to user interests. While this system 
also applies link annotations, it uses font size, not icons, in order to express more 
levels, when judging the relevancy of the path started by this link to the user goal 
(Fig. 8.8). However, most importantly, ScentTrails demonstrates the ability to look 
more than one step ahead when guiding users in hyperspace. The size of the link font 
shows the cumulative relevance of a whole region of hyperspace behind this link, i.e., 
a larger link font may indicate that the relevant page is not directly behind the link, 
but several steps ahead, on the path started by this link. The system is able to generate 
this advanced level of guidance by taking into account not only page content but also 



links between pages. The mechanism used in ScentTrails is based on the idea of an 
information scent. The simple scent of a page is its relevance to the user goal (a 
query) that is calculated using traditional information retrieval techniques. The full 
scent of pages in a connected set is calculated by propagating simple scents along the 
links. The assumption is that scent emanates equally from a page along each of its 
links, but decreases on each iteration. Potentially, this approach can work in the open 
corpus context by calculating information scent on the fly, but it is very time 
consuming due to the large number of pages that have to be processed. To keep 
response time small, the authors suggested a scent-calculating approach that is based 
on a relevance matrix recursively computed in advance. This effectively restricted the 
scope of this approach to a closed corpus context, such as a Web site. The evaluation 
of ScentTrails demonstrated that a full-scent version of the system allowed the user to 
achieve their goal significantly faster and with a much higher rate of success. 

8.4.3   Social Mechanisms 

Social mechanisms are based on the idea of social navigation, which capitalizes on 
the natural tendency of people to follow the direct and indirect cues of the activities of 
others, e.g., going to a restaurant that seems to draw many customers, or asking others 
what movies to watch. Social navigation in information space was originally 
introduced by Dourish and Chalmers as “moving towards clusters of people” or 
“selecting subjects because others have examined them” [38]. Social navigation 
support can be offered in a direct or indirect form. Direct social navigation means the 
direct interaction of users with each other in an information space. Indirect social 
navigation traces the activities of the community of users in the information space to 
guide new users in the system. 

A typical approach to implement direct social navigation in hyperspace is to 
annotate links to pages that are currently being visited by other users with special 
icons. Several projects suggested technical solutions on how to augment links with 
this information [2]. Once visiting the same page, the users can typically 
communicate with each other. An elaborate implementation of this approach, using 
link annotation on a document map, was implemented in the EDUCO system [56]. 

Systems with indirect social navigation are typically classified into two groups: 
history-enriched environments and collaborative filtering systems [36]. History-
enriched environments provide support for navigating through an information space 
by making the aggregated or individual action of others visible. This form is 
predominantly used by social navigation support mechanisms. The term history-rich 
information space was introduced by Wexelblat and Maes who implement this 
concept in their Footprints system [80], which visualizes usage paths throughout a 
web site. With the Footprints system, new users can see the popularity of each link on 
the current page and make navigation decisions. This approach is based on counting 
user passage through a link or user visits to a page and is known as a footprint-based 
approach. It was later implemented in several other systems such as CoWeb [37] and 
the first version of Knowledge Sea II [11]. A more recent version of the Knowledge 
Sea II system [40; 41] extended the footprint-based approach and explored 
annotation-based social navigation support. The extended version of the footprint-



based approach takes into account time spent reading each page in order to scale 
footprints left by incomplete and accidental page visits and to obtain more reliable 
evidence of this page’s relevance to the community of users [40]. Annotation-based 
social navigation support creates a history-rich environment by visualizing page 
annotations made by a community of users. This system is presented in more detail in 
Chapter 22 of this book [15]. 

Collaborative filtering is a technique for providing recommendation based on 
earlier expressed preferences or the interests of similar users. Collaborative filtering 
mechanisms are frequently powered by explicit user ratings, although recent systems 
have explored the use of implicit interest indicators [28]. While collaborative filtering 
mechanisms are mostly used in collaborative Web recommender systems reviewed in 
Chapter 9 of this book [71], a few of systems used it for providing social navigation 
support. A straightforward example of navigation support based on community 
ratings is provided by collaborative resource gathering systems such as CoFIND [39] 
or COMTELLA [26], which were reviewed in section 8.3.2 above. A more elaborate 
example is shown by the CourseAgent system [42].  

 

 
Fig. 8.9. Social navigation support in the schedule view of the CourseAgent system. Thumbs-
up icons express the predicted usefulness of the course for the student. Darker background 
colors (blue and gold) indicate previously taken or planned courses. 

CourseAgent attempts to recommend relevant courses to graduate students in 
Information Science taking into account the ratings of users who already took these 
courses. To make recommendations more reliable, the system uses a taxonomy of 
career goals. Every user is expected to select several career goals. Every course is 
rated independently in regard to each career goal of the rater. To predict the 
usefulness of a course for a student with a specific set of career goals, the system 
integrates existing ratings of this course in regard to these career goals. Course ratings 
are presented to students through link annotation. Wherever a link to a useful course 
is shown in the system (i.e., in a course schedule for the current semester or in a 
course catalog), it is augmented with thumb-up icons. The number of icons (one to 
three) expresses the predicted usefulness of the course (Fig. 8.9). The system also 
applies simple history-based navigation support, using special background colors to 
mark previously taken (gold) or planned (blue) courses.  



8.4.4  Indexing-Based Mechanisms 

Indexing-based mechanisms are the most popular and powerful mechanisms for 
providing adaptive navigation support in adaptive hypermedia. The idea of the 
indexing-based approach is similar to that of the content-based approach: represent 
some information about each page that can be matched to the user model and used to 
make a decision about whether and how to provide guidance. The difference between 
these two appoaches come from the representation. Content-based mechanisms use 
automatically-produced word-level document representations (presented in Chapter 5 
of this book [60]) and similar user profiles (presented in Chapter 2 of this book [44]). 
Indexing-based mechanisms use manually-produced concept-level document 
representation and concept-level overlay models (presented in Chapter 1 of this book 
[16]). Concept-level representation is more powerful and precise, but due to involved 
manual processing it is rather expensive, which limits the application of indexing-
based mechanisms to the closed corpus context. 

The concept-level page representation is produced by expressing the content of 
each page in terms of external concept-level models. It means that each page is 
connected (associated) to one or more concepts that describe some aspect of this page. 
This process is known as indexing, because specifying a set of underlying concepts 
for every page is similar to indexing a page with a set of keywords. To provide a 
match between page indexing and user models, the same external model must be used 
for both building an overlay user model and page indexing. In the majority of 
adaptive hypermedia systems, the external model used for indexing is simply a 
concept-level domain model introduced in Chapter 1 of this book [16]. However, a 
number of systems use different kinds of models for indexing, such as a hierarchy of 
tasks, a taxonomy of learning styles, etc. These models are reviewed as generalized 
models in Chapter 1 of this book [16]. Since the aspects of page representation by 
indexing are not covered anywhere else in this book, the following subsections 
provide a brief review of these indexing approaches.  For simplicity, this section 
refers to the elements of the external models as concepts regardless of their nature. 
Following this review, we present an example of using the indexing-based approach 
in the InterBook system. 

Classification of Indexing Approaches. There are three attributes that are important 
to distinguish different indexing approaches, from the adaptive navigation support 
perspective: cardinality, expressive power, and navigation. 

From the cardinality aspect, there are essentially only two different cases: single-
concept indexing, where each page is related to one and only one external model 
concept; and multi-concept indexing, where each page can be related to many 
concepts. Single-concept indexing (categorization) is simpler and more intuitive for 
the authors. Multi-concept indexing is more powerful, but it makes the system more 
complex and requires more elaborate external models. In many cases, the choice of 
single or multi-concept indexing is a design decision for the authors of the system. To 
provide some simple navigation support functionalities the authors can use or build a 
coarse-grain model and use single-concept indexing. To provide more elaborate 
adaptations, they may need a finer-grained model and apply multi-concept indexing. 



The Navigation aspect is important when distinguishing between cases where the 
link between a concept and a page exists only on a conceptual level (used only by 
internal adaptation mechanisms of the system) from cases where each link also 
defines a navigation path.  

Expressive power concerns the amount of information that the authors can 
associate with every link between a concept and a page. Of course, the most important 
information is the very presence of the link. This case could be called flat indexing 
and is used in the majority of existing systems. Still, some systems with a large 
hyperspace and advanced adaptation techniques may want to associate more 
information with every link by using roles and/or weights. Assigning a role to a link 
helps distinguish several kinds of connections between concepts and pages. For 
example, some systems want to distinguish whether a page provides an introduction, a 
core explanation or a summary of a concept. Other systems use prerequisite role to 
mark the case when the concept is not presented on a page, but instead, the page is a 
required prerequisite for understanding the concept [14]. A case for a more elaborate 
indexing with multiple roles can be found in [12]. Another way to increase the 
expressive power of the indexing is to specify the weight of the link between a 
concept and a page. The weight may specify, for example, the percentage of 
knowledge about a concept presented on this page [30; 70].  

Existing AH systems suggest various ways of indexing that differ in all the aspects 
listed above. However, for simplicity, all this variety can be described in terms of two 
basic approaches that are described in the remaining part of this section. Systems 
using the same indexing approach have a similar hyperspace structure and share 
specific adaptation techniques that are based on this structure. Thus the indexing 
approach selected by developers to a large extent defines the navigation support 
functionality of the system. 

Concept-Based Hyperspace. The simplest approach to organizing connections 
between external models and hyperspace pages is known as concept-based 
hyperspace. This approach is naturally appearing in any system that uses single-
concept indexing. It is useful to distinguish simple and enhanced concept-based 
hyperspace. Simple concept-based hyperspace is used in systems that have exactly 
one page for every concept. With this approach, the hyperspace is built as an exact 
replica of the external model. Each concept of the external model is represented by 
exactly one node of the hyperspace, while the semantic links between the concepts 
constitute main paths between hyperspace nodes [17; 19; 49]. The simple concept 
based approach was quite popular among early educational AH systems that have 
their roots in the ITS field. For these systems the concept-based hyperspace was 
simply the easiest and the most natural way to produce a well-structured hyperspace. 
Currently it is rarely used in AH systems in its pure form because it requires each 
page of the hyperspace to be devoted to exactly one concept. It is very appropriate for 
developing encyclopedically structured hyperspaces such as encyclopedias [6; 62] or 
glossaries [14], but too restrictive for other cases. 

With an enhanced concept-based hyperspace design approach, each concept has a 
corresponding “hub” page in the hyperspace. The concept hub page is connected by 
links to all pages categorized with this concept. For example, news articles can be 



classified by category and presented on a dedicated category page; Web links can be 
assembled under Web directory categories. The links can be typed or weighted [66; 
70]. This approach is typical for adaptive e-learning systems with rich content. In this 
context, a variety of educational resources can be used to present different aspects of 
the same topic in different ways. Each page (resource) can be typed with the kind of 
material (video, audio, text, etc) and this typing is used for both presenting and 
adaptive ordering of links. With the enhanced concept-based approach users can 
navigate between concept pages along links that connect concepts in external models 
and from concept pages to the pages categorized under the concept. This approach 
was used for creating relatively large hyperspaces with quite straightforward structure 
and meaningful adaptation techniques [66; 75]. 

The concept-based hyperspace design approach sets strong requirements to the 
external model. It always requires a model with established links between concepts 
(preferably, several types of links) that will be used to establish hyperlinks. Another 
restriction is that this approach can hardly be used "post-hoc" to turn an existing 
traditional hypermedia system into an AH system. It has to be used from the early 
steps of a hypermedia system design [79]. However, this approach is quite powerful 
and provides excellent opportunities for adaptation. With concept-based approach, the 
system knows exactly the type and content of each page and the type of each link. 
This knowledge can be used by various adaptive navigation support techniques. 
Annotation is the most popular technology here. For example, ISIS-Tutor [17], ELM-
ART [78], InterBook [14], INSPIRE [66] use different kinds of link annotation to 
show the current educational state of the concept (not known, known, well known). 
ISIS-Tutor, ELM-ART, and a number of other systems use annotation to show that a 
concept page is not ready to be learned (i.e., its prerequisite concepts are not learned 
yet). Hiding technology can be used to hide links to concept pages that are not 
relevant to the user knowledge or interests. For example, links to news categories that 
the user wants to ignore, links to concepts that do not belong to the current 
educational goal [17; 66] or with not yet learned prerequisite concepts [17; 43].  

Note that the concept-based hyperspace is just one of the possible design 
approaches for AHS with single concept indexing. There are a few known systems, 
especially among early AHS [69] with single concept indexing but without concept-
based navigation. The concept-based hyperspace in these systems is not formed since 
concepts have no external hyperspace representation and/or links between concepts 
and pages are purely conceptual and not used for hyperspace navigation. However, 
once discovered, the concept-based hyperspace approach became most popular in 
systems with single-concept indexing. 



Page Indexing. Page indexing is the standard design approach for systems with 
multi-concept indexing. With this approach, the hypermedia page is indexed with 
several external model concepts. In other words, links are created between a page and 
each concept that describes the page. The simplest indexing approach is flat, content-
based indexing when a concept is included in a page index if it expresses some aspect 
of page content. For example, the content is relevant to a specific task (a concept in a 
taxonomy of tasks) [76] or it presents knowledge designated by a specific domain 
concept [17; 47; 57]. A more general but less often used way to index the pages is to 
add the role for each concept in the page index (role-based indexing) as was discussed 
above. 

Page indexing can be applied even to vector external models that have no links 
between concepts [32; 57]. At the same time, indexing is a very powerful mechanism, 
because it provides the system with knowledge about the content of its pages. With 
content-based indexing, the system knows quite reliably what each page is about. This 
knowledge can be used in multiple ways by various navigation support techniques.  



Concept-Based Navigation. An interesting combination of concept-based 
hyperspace and page indexing known as concept-based navigation was introduced in 
InterBook [14]. This approach merges a hyperspace of multi-concept-indexed pages 
and a hyperspace of concepts. Each concept used to index hyperspace pages becomes 
a node in the hyperspace and a navigation hub. Every link between a page and the 
concept established during indexing becomes visible as a two-way navigational link 
between this page and the hub page of the concept. Thus, from any content page, 
users can navigate to hubs of all concepts used to index this page. Vice versa, the 
concept hub page provides links to all content pages indexed with this concept. This 
approach creates rich navigation opportunities. A user can start from a content page, 
move to one of the related concepts and then move to another page connected to the 
same concept. Concept hubs are used here as bridges for navigation to concept-related 
pages that have no direct hypertext links. A similar tag-based navigation approach is 
now popular in collaborative tagging systems, in order to navigate from one resource 
to another resource through tags [61]. 

The Indexing-Based Mechanism in InterBook. The InterBook system [18], the first 
authoring platform for Web-based adaptive hypermedia, refined the ideas of the 
adaptive electronic textbook introduced by ELM-ART (see section 8.3.4). A 
document collection in InterBook was formed by grouping several hierarchically 
structured textbooks into bookshelves. The books on the same shelf shared the same 
domain model. This domain model was used to create an overlay model of user 
knowledge (see Chapter 1 of this book [16])and to index each section of each book on 
the shelf. Connections between pages and concepts were typed: a concept served 
either as a prerequisite of a page or as an outcome. Following the concept-based 
navigation approach, each domain model concept was represented in the hyperspace 
as a glossary page that contained a brief description of the concept and links to all 
pages indexed by this concept. To complete concept-based navigation, every book 
page included a sidebar with links to all concepts used to index this page. In both 
contexts, the links were grouped by type, i.e., prerequisite and outcome links were not 
intermixed (Fig. 8.10). 

InterBook offered several kinds of navigation support. The most important was 
link annotation, using the traffic light metaphor for adaptive navigation support in 
educational hypermedia (Fig. 8.10). Propagated by ELM-ART and InterBook, this 
metaphor has later been used in numerous adaptive educational hypermedia systems, 
including AST [74], KBS-HyperBook [48], and SIGUE [25]. The traffic-light 
annotation was produced taking into account the current model of user knowledge and 
the type of links between pages and concepts. A page with all outcome concepts 
already learned was marked with a white bullet. A page with at least some outcome 
concepts not learned, but with all prerequisite concepts learned was marked with a 
green “go” bullet. A page with at least one prerequisite concept not yet learned was 
marked with a red “stop” bullet. Regardless of the type of annotation, all links were 
functional; there was no hiding, removing or disabling. Surprisingly, the study 
recorded that some percentage of users most frequently chose the red link. However, 
it harmed their performance on tests [13]. In addition, concepts links on the concept 
bar were annotated with checkmarks of several difference sizes, where each size 



corresponded to a specific knowledge level. This feature allowed the users to see 
immediately which new concepts are introduced on a page and which unknown 
prerequisite concepts made this page hard to understand.  
 
 

 

Fig. 8.10. Adaptive Navigation support in InterBook. Icons using the traffic light metaphor 
annotate links to book pages. Checkmarks annotate links to glossary items. By user “help” 
request, links to pages that can help the student to understand the current page were adaptively 
generated, ordered, and annotated (lower left window). 

For users who have troubles selecting a link, the system offered direct guidance 
using a “teach me” button. The sequencing algorithm was simple: the system selected 
the most sequentially close green link. Finally, the system included link generation to 
answer help requests. The idea of providing help was to assemble a list of links to 
pages that could be useful for understanding the current not-ready-to-be-learned page. 
To assemble this list, the system collected all pages that might be useful for teaching 
the missing prerequisite concepts of the current page and ordered them adaptively, 
according to a polynomial “usefulness” measure. The measure took into account how 
many goal concepts were introduced on a page (the more, the better), how many non-
goal concepts (the fewer, the better), and what the page’s current state was (green is 
better than red). In addition to adaptive ordering, all links were also annotated (Fig. 
8.10).  

Altogether, InterBook produced several kinds of navigation support using the same 
concept-level models for the user and the documents. A study of InterBook 
demonstrated that adaptive navigation support encourages non-sequential navigation 



and helps users who follow the system's guidance achieve a better level of knowledge 
[13]. 

8.5  Beyond Hypermedia: Adaptive Navigation Support for Virtual 
Environments 

Adaptive navigation support techniques have demonstrated their ability to help 
individual users of hypermedia and Web systems. A review of adaptation techniques 
and mechanisms provided in this chapter could possibly serve as a collection of useful 
recipes for future developers of Web hypermedia systems who are interested in 
providing personalized assistance to users. However, a hyperspace of connected 
pages—which is the context of existing AH technologies—is not the only kind of 
"virtual space" that is available for Internet users. Even in the early days of the 
Internet, a lot of people were navigating in text-based virtual environments, now 
called MUDs and MOOs (http://www.moo.mud.org/moo-faq/) that are currently still 
accessible over the Web. More recently, Web-based virtual reality has become an 
alternative type of virtual environment for browsing and exploration on the Web. 
While MUD/MOO, hypermedia, and the 3D virtual environments are quite different 
in their nature, all these environments are targeted for user-driven navigation and 
exploration. As a result, in all these contexts, users can benefit from the navigation 
support provided by an adaptive system. We believe that the theories behind adaptive 
navigation support go beyond the scope of hypermedia, although a different set of 
technologies may be required to provide support in these different contexts. 

A pioneer attempt to develop navigation support in the MOO context, using social 
navigation mechanisms was done by Dieberger [35] in his system Juggler. While 
Juggler’s concept of employing history-rich environments has been explored before, 
Juggler suggested a unique implementation of this idea adapted to the narrative, text-
based information presentation context of MOO. A number of more recent projects 
explored the use of navigation support in the context of Web virtual reality. For 
example, [51] attempted to develop virtual reality analogs to direct guidance and link 
annotation. A review of work in this direction is presented in Chapter 14 of this book 
[27]. 
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