1User Modeling and User Adapted Interaction, 1996, v 6, n 2-3, pp 87-129(Special issue on adaptive hypertext and hypermedia)Methods and techniques of adaptive hypermediaPeter BrusilovskyHCII, School of Computer ScienceCarnegie Mellon UniversityPittsburgh, PA 15213.E-mail: plb+@andrew.cmu.eduAdaptive hypermedia is a new direction of research within the area of adaptiveand user model-based interfaces. Adaptive hypermedia (AH) systems build amodel of the individual user and apply it for adaptation to that user, for example,to adapt the content of a hypermedia page to the user’s knowledge and goals, orto suggest the most relevant links to follow. AH systems are used now in severalapplication areas where the hyperspace is reasonably large and where ahypermedia application is expected to be used by individuals with differentgoals, knowledge and backgrounds. This paper is a review of existing work onadaptive hypermedia. The paper is centered around a set of identified methodsand techniques of AH. It introduces several dimensions of classification of AHsystems, methods and techniques and describes the most important of them.Keywords: adaptive hypermedia, navigation support, collaborative usermodeling, adaptive text presentation, intelligent tutoring systems, studentmodels. 1 IntroductionHypermedia systems have become increasingly popular in the last five years as tools for user-driven access to information. Adaptive hypermedia is a new direction of research within the area ofuser-adaptive systems. The goal of this research is to increase the functionality of hypermedia bymaking it personalized. Adaptive hypermedia (AH) systems build a model of the goals,preferences and knowledge of the individual user and use this throughout the interaction foradaptation to the needs of that user.AH systems can be useful in any application area where the system is expected to be used bypeople with different goals and knowledge and where the hyperspace is reasonably big. Userswith different goals and knowledge may be interested in different pieces of information presentedon a hypermedia page and may use different links for navigation. AH tries to overcome thisproblem by using knowledge represented in the user model to adapt the information and linksbeing presented to the given user. Adaptation can also assist the user in a navigational sense,which is particularly relevant for a large hyperspace. Knowing user goals and knowledge, AHsystems can support users in their navigation by limiting browsing space, suggesting mostrelevant links to follow, or providing adaptive comments to visible links. The goal of this paper isto provide an overview of recent work on the development of adaptive hypermedia systems.

2Since this area of research is very new, the concept of adaptive hypermedia systems has notbeen clearly defined yet. To make the scope of the review more clear we use in this paper thefollowing working definition:by adaptive hypermedia systems we mean all hypertext and hypermedia systemswhich reflect some features of the user in the user model and apply this model toadapt various visible aspects of the system to the user.In other words, the system should satisfy three criteria: it should be a hypertext or hypermediasystem, it should have a user model, and it should be able to adapt the hypermedia using thismodel (i.e. the same system can look different to the users with different models). We haveidentified more than 20 systems which can be named as adaptive hypermedia systems according toour criteria (Appendix 1). The analysis of these systems is the main content of our review. Notethat not all known systems which are named or referred to as adaptive hypermedia satisfy ourdefinition. Some of them are not full-fledged hypermedia systems (Brusilovsky, 1992b; Yetim,1993; Andr� & Rist, 1996); some of them are not really adaptive, but rather adaptable(Waterworth, 1996) (this distinction will be made clearer later). There are also some projectswhich suggest interesting relevant ideas but have not yet reached the implementation stage(Tomek, Maurer & Nassar, 1993; Zyryanov, 1996). All these works, however, contain interestingideas and we refer to them when it is relevant to the main line of presentation..

System

ProcessesUser Model

CollectsData about userAdaptation effectUser ModelingAdaptation

Processes

Figure 1. Classic loop "user modeling - adaptation" in adaptive systemsIn this paper, the critical feature of adaptive hypermedia systems is the possibility of providinghypermedia adaptation on the basis of the user model. Therefore, the paper is centered around theproblems of adaptation, the second part of the overall adaptation process in adaptive computersystems (Figure 1). The main content of the paper (sections 2-6) is a review of existing methodsand techniques of adaptation in AH systems. The problems of user modeling, i.e. building andupdating the user model in AH systems, are not a focus of the paper because they are not as criticalfor AH systems as a subclass of adaptive computer systems. Specific problems of user modelingin AH systems are discussed in section 7 which provides a comparative review of several methodsof user modeling in AH systems. Special attention is paid to collaborative user modeling which areespecially important for this AH system. The conclusion summarizes the content of the paper anddiscusses the prospects for research in the area of adaptive hypermedia.2 Methods and techniques of adaptive hypermediaAdaptation techniques refers to methods of providing adaptation in existing AH systems.These techniques are a part of the implementation level of an AH system. Each technique can be

3characterized by a specific kind of knowledge representation and by a specific adaptationalgorithm. Adaptive hypermedia is a new area of research and most of the adaptation techniquesare still unique in the sense that each of them was suggested in conjunction with the developmentof an AH system. However, some popular techniques were already implemented with minorvariants in several earlier systems.Adaptation methods are defined as generalizations of existing adaptation techniques. Eachmethod is based on a clear adaptation idea which can be presented at the conceptual level. Forexample, "...insert the comparison of the current concept with another concept if this other conceptis already known to the user", or "...hide the links to the concepts which are not yet ready to belearned". The same conceptual method can be implemented by different techniques. At the sametime, some techniques are used to implement several methods using the same knowledgerepresentation.The set of methods and techniques forms a tool kit or an "arsenal" of adaptive hypermedia andcan be used as a source of ideas for the designers and developers of adaptive hypermedia systems.

Techniques,implementation level(section 6)

Methods,conceptual level(section 6)Adaptation goals(sections 3 & 6)

Adaptationtechnologies(section 5) Application areas(section 3)Systems(appendix 1)To what?User features(section 4)

Where?Why?How?

What?How?Figure 2. Possible classifications for AH methods and techniques.An arrow stands for 1-to-N relationship.To review AH systems it is first necessary to establish the basis for the classification ofadaptive hypermedia methods and techniques (Figure 2). The identified dimensions are quitetypical for the analysis of adaptive systems in general (Dieterich et al., 1993).¥The first dimension considered is where adaptive hypermedia systems can be helpful. Thereview identifies several application areas for AH systems (see Table 1) and for each areapoints the problems which can be partly solved by applying adaptive hypermedia techniques(section 3).¥The second dimension is what features of the user are used as a source of the adaptation, i.e.to what features of the user the system can adapt its behavior. The review identifies several

4user features which are considered important by existing AH systems and discusses thecommon ways to represent them (section 4).¥The third dimension is what can be adapted by a particular technique. Which features of thesystem can be different for different users. Along this dimension the review identifies sevenways to adapt hypermedia (see Figure 4). They can be divided into two essentially differentgroups - content adaptation and link adaptation (section 5). I call different ways to adapthypermedia technologies of adaptation.¥The fourth dimension of classification is the adaptation goals achieved by different methodsand techniques: why these methods and techniques are applied, and which problems of theusers they can solve. The adaptation goals are dependent on application areas. Each applicationarea has its own set of problems and each goal is important in some range of application areas(section 3). The adaptation goals are considered in parallel with reviewing of relevantadaptation methods and techniques which implement these methods (section 6).The four identified dimensions are very suitable to classify various application methods.Usually, each method is an application of a particular adaptation technology (such as textadaptation or hiding of links) to achieve one of possible adaptation goals using one of the usersfeatures as a source for adaptation (As an exception, methods can achieve more than one goal oruse more than one feature of the user). According to its goals and used features a particular methodcan be useful in a subset of application areas.3 Where and why adaptive hypermedia can be helpfulUnlike other kinds of application systems, any hypermedia system is adaptive in some sense:using free browsing different users can adapt the system to their information needs. Manyresearchers hold that it is the user who should bring the adaptivity to the man-machine hypermediasystem. Why do we need any other kind of adaptation? Why do we need that a hypermedia systemadapts itself to the particular user? The answer depends on an application area perspective.Analysis of existing AH systems allow us to name six kinds of hypermedia systems which areused at present as application areas in most of research projects on adaptive hypermedia. Theseare: educational hypermedia, on-line information systems, on-line help systems, informationretrieval hypermedia systems, institutional information systems, and systems for managingpersonalized views (Table I). In each of these areas adaptive hypermedia techniques can be helpfulbecause they help solve the identified problems. This section characterizes all these applicationareas, pointing out their specific features and identifying problems.Educational HypermediaSystemsAnatom-Tutor, C-Book, <Clibbon>, ELM-ART, ISIS-Tutor,ITEM/PG, HyperTutor, Land Use Tutor, Manuel Excel,SHIVA, SYPROS, ELM-PE, Hypadapter, HYPERCASE

On-line InformationSystemsHypadapter, HYPERCASE, KN-AHS, MetaDoc, PUSH,HYPERFLEX, CID, Adaptive HyperMan

On-line Help SystemsEPIAIM, HyPLAN, Lisp-Critic, ORIMUHS, WING-MIT,SYPROS

Information RetrievalHypermediaCID, DHS, Adaptive HyperMan, HYPERFLEX, WebWatcher

Institutional HypermediaHynecosum

Personalized ViewsBasar, Information Islands

Table I. Existing adaptive hypermedia systems classified according their application areas. Second entries for thesystems that fit two categories are shown in italics.Bibliographic references are provided in Appendix 1.

5The most popular area for adaptive hypermedia research is educational hypermedia. Existingeducational hypermedia systems have relatively small hyperspaces representing a particular courseor section of learning material on a particular subject. The goal of the student is usually to learn allthis material or a reasonable part of it. The hypermedia form supports student-driven acquisition ofthe learning material. The most important user feature in educational hypermedia is userknowledge of the subject being taught. Adaptive hypermedia techniques can be useful to solve anumber of the problems associated with the use of educational hypermedia. Firstly, the knowledgeof different users can vary greatly and the knowledge of a particular user can grow quite fast. Thesame page can be unclear for a novice and at the same time trivial and boring for an advancedlearner. Second, novices enter the hyperspace of educational material knowing almost nothingabout the subject. Most of the offered links from any node lead to the material which is completelynew for them. They need navigational help to find their way through the hyperspace. Without sucha help they can "get lost" even in reasonably small hyperspaces, or use very inefficient browsingstrategies (Hammond, 1989).Another popular application for adaptive hypermedia is the area of various on-line informationsystems from on-line documentation to electronic encyclopedias. The goal of these systems is toprovide reference access to information (rather then a systematic introduction as in educationalhypermedia) for the users with different knowledge level of the subject. Each node of thehyperspace usually represents one concept of the subject and contains several pages ofinformation. Depending on the subject, the size of the hyperspace can range from reasonably smallto very large. Similar to educational hypermedia, on-line information systems have problems withsatisfying the needs of very different users. Those with different knowledge and background needdifferent information about a concept and at different levels of detail. They usually have no time tobrowse all the information about the concept to look for the required portion of information. Usersalso have different goals when accessing an information system. In some cases they know whichconcepts to access to achieve their goals and do not need any navigational support (Boyle &Encarnacion, 1994; Kobsa, M�ller & Nill, 1994). However, when the goal can not be directlymapped to the structure of the hyperspace or when the hyperspace is large, users need help innavigation and in finding relevant pieces of information. To provide such help, the system has toknow the user’s goal (H�k et al., 1996; Micarelli & Sciarrone, 1996). As we will see later(section 7) inferring the user’s goal is a difficult problem in on-line information systems unless thegoal is provided directly by the user (H�k et al., 1996).Very close to on-line information systems are on-line help systems. These systems serve on-line information about computer applications (such as a spreadsheet, programming environment,or expert system) which is required to help the users this system. The difference from the formercategory is that on-line help systems are not independent as on-line information systems but areattached to their application system. Another difference is that the hyperspace in existing on-linehelp systems is reasonably small. As we will see later, the distinction between small and largehyperspace is important from adaptation point of view, and that gives a reason to distinguish theseapplication areas. On-line help systems and on-line information systems share the problem ofserving different information to different users. At the same time, the problem of helping users tofind relevant pieces of information is less important for on-line help systems because thehyperspace is not large and because the system knows the context from which the user called foron-line help (context-sensitive help). The context of work in an application system provides areliable source of information for an adaptive on-line help system to determine the user’s goal andto offer the most relevant help items (Encarna�o, 1995b; Grunst, 1993; Kim, 1995).The three application areas listed above belong to traditional application areas for hypermedia.The majority of existing hypermedia systems belong to one of these three areas. It is not surprisingthat most adaptive hypermedia systems also belong to these areas. The three areas listed below aremore recent application areas for hypermedia.Information retrieval (IR) hypermedia systems is a new class of IR systems which combinetraditional information retrieval techniques with a hypertext-like access from the index terms todocuments and provide the possibility of browsing the hyperspace of documents using similaritylinks between documents (Agosti, Melucci & Crestani, 1995; Helmes, Razum & Barth, 1995). It

6is known that browsing can help users to find the required documents when they have problemswith constructing a proper formal query. The size of hyperspace in regular IR hypermedia isusually very large and can not be structured "by hand". It means that the links in this hyperspaceare not provided by a designer as in on-line information systems, but are calculated by the system(for example, using similarity measurements). Another difference from on-line informationsystems is that users of IR hypermedia are more often professionals in different areas who use thesystem in their everyday work with different IR goals. A very new special kind of IR hypermediais IR systems on Word Wide Web which have slightly different nature in their links and apotentially unlimited hyperspace. Existing adaptive IR systems (Kok, 1991) show some ways tohelp the user in pure IR settings. Adaptive IR hypermedia systems can offer some additional helpby limiting the navigation choice (Boy, 1991; Math� & Chen, 1996) and by suggesting the mostrelevant links to follow (Armstrong et al., 1995; Kaplan, Fenwick & Chen, 1993; Katsumoto,Fukuda & Shibata, 1996; Math� & Chen, 1996).Another new area of application for adaptive hypermedia is institutional information systemswhich serves on-line all the information required to support the work of some institution, forexample, a hospital (Vassileva, 1996). Originally, these kinds of systems were developed as a setof loosely related databases, but in some recent systems such databases are joined into a singlehyperspace which can be reasonably large. A specific feature of these systems is that they are amedium for everyday work of many institution employees. According to their profession they mayalways use only a specific area of hyperspace, and according to the current working goal they mayneed an access to a very small subset of it. Most of users never need to access the parts of thehyperspace outside their working area, moreover, too many navigation opportunities somewhatdistract them from their primary work. In this respect work-oriented institutional informationsystems significantly differs from search-oriented IR hypermedia and on-line information systemswhere the "working area" of a user is the entire hyperspace. At the same time users of institutionalinformation systems may need assistance in organizing a more convenient personalized access totheir working areas (Vassileva, 1996). Another problem of institutional information systemswhich is similar to one of the problems of educational hypermedia is related to new employeeswho are not familiar with the structure of the hyperspace (though they can be familiar with theapplication domain itself) and can get lost even in their small professional subarea.The last of the new application areas is systems for managing personalized views ininformation spaces such as Information Islands (Waterworth, 1996) and Basar (Thomas, 1995).Existing telecommunication systems such as World-Wide Web (WWW) offer huge amount ofdifferent information and on-line services which form a really unlimited hyperspace. Many usersneed to have an access too one or more subsets of all the hyperspace for their everyday work. Toprotect themselves from the complexity of the overall hyperspace, they maybe interested to definepersonalized views on the entire hyperspace. Each view can be devoted to one of the goals orinterests related with the work of the user. Partly, this application area is similar to institutionalhypermedia and other kinds of information systems where users need a convenient access to asubset of an information space for everyday work. A new factor which affects systems dealingwith wide (and world-wide) information spaces is the dynamic character of hyperspace whereitems can appear, disappear, or evolve. Personalized views in world-wide information spacesrequire permanent management: searching for new and relevant items and identifying expired orchanged items (in this sense, this application area is similar to IR hypermedia). Adaptation to theuser goals, interests, and background can help to solve the identified problems (Thomas, 1995;Thomas & Fischer, 1996).It is worthwhile to stress again that all six listed application areas are not mutually exclusive.Some of them are pairwise similar and share the same problems. These pairs are: IR hypermediaand on-line information systems, on-line information/help systems and educational hypermedia,educational hypermedia and institutional hypermedia, institutional hypermedia and informationspace management systems. Also, the difference between neighboring areas is not always clear-cutand some systems belong to both areas, for example, Hypadapter (Hohl, B�cker &Gunzenh�user, 1996) and HYPERCASE (Micarelli & Sciarrone, 1996) share features ofeducational hypermedia and on-line information systems, and HYPERFLEX shares features of

7on-line information systems and IR hypermedia. In fact, all mentioned application areas can beordered along a continuum (Figure 3) where similar areas are placed together. This diagram offersus some interesting insights to the order and structure of hypermedia.More traditional educational hypermedia and on-line help are located in the center. Thesesystems are "real hypermedia," and can demonstrate all classic hypermedia features: all kinds oflinks including contextual links, indexes, local and global maps, guided tours, etc. The systemslocated at the ends of the continuum use only some of the traditional hypermedia features. The sizeof the hyperspace grows from reasonably small in the center to huge on both ends. It is notsurprising that the systems standing on both the ends of the continuum are also similar, becausethey share the problems related with large hyperspace. The systems above the center are moresearch-oriented while the systems below are more work-oriented. According to that, the relativesize of working subset decreases gradually from top to bottom from the entire hyperspace in IRhypermedia to a very small personalized subset of it in Basar-like systems..

IRHypermediaOn-Line HelpSystemsOn-LineInformationSystemsEducationalHypermediaInstitutionalHypermediaPersonalizedViews inInformationSpaces

Local GuidanceGlobalGuidanceLocal OrientationSupportGlobal OrientationSupportManagingPersonalizedViewsApplication areaSize ofhyperspaceGoals of adaptivenavigation support search workFigure 3. The continuum of adaptive hypermedia systems4 Adapting to what?The second question to pose when speaking about a particular kind of adaptive system is:What aspects of the user working with the system can be taken into account when providingadaptation? To which features — that can be different for different users (and may be different forthe same user at different time) — can the system adapt? Generally, there are many features relatedto the current context of the user work and to the user as an individual which can betaken into

8account by an adaptive system. So far, this paper identifies five features which are used byexisting adaptive hypermedia systems: users’ goals, knowledge, background, hyperspaceexperience, and preferences.4.1 KnowledgeUser’s knowledge of the subject represented in the hyperspace appears to be the mostimportant feature of the user for existing adaptive hypermedia systems. It is used by about onethird of adaptation techniques. Almost all adaptive presentation techniques rely on user’sknowledge as a source of adaptation. User’s knowledge is a variable for a particular user. Thismeans that an adaptive hypermedia system which relies on user’s knowledge has to recognize thechanges in the user’s knowledge state and update the user model accordingly.User’s knowledge of the subject is most often represented by an overlay model (Hypadapter,EPIAIM, KN-AHS, ITEM/PG, ISIS-Tutor, ELM-ART, SHIVA, HyperTutor) which is based onthe structural model of the subject domain. Generally, the structural domain model is representedas a network of domain concepts. The concepts are related with each other thus forming a kind ofsemantic network which represents the structure of the subject domain. These concepts can benamed differently in different systems - topics, knowledge elements, objects, learning outcomes -but in all the cases they are just elementary pieces of knowledge for the given domain. Somesystems use a simplified form of the domain model (Boyle & Encarnacion, 1994; Zeiliger, 1993)without any links between concepts, but the majority of AH systems use a rather advanced domainmodels with several types of concepts which represent different kinds of knowledge elements orobjects and several kinds of links which represent different kinds of relationships betweenconcepts (Hypadapter, EPIAIM, PUSH, Anatom-Tutor, KN-AHS, ITEM/PG, ELM-ART,ITEM/IP, SHIVA, HyperTutor).The idea of the overlay model is to represent an individual user’s knowledge of the subject asan "overlay" of the domain model. For each domain model concept, an individual overlay modelstores some value which is an estimation of the user knowledge level of this concept. This can bejust a binary value (known—not known), a qualitative measure (good-average-poor), or aquantitative measure, such as a probability that the user knows the concept. An overlay model ofuser knowledge can be represented as a set of pairs "concept - value", one pair for each domainconcept. Overlay models are powerful and flexible, they can independently measure userknowledge of different topics. Overlay models were originally developed in the area of intelligenttutoring systems and student modeling (Greer & McCalla, 1993). In many ITS the student modelis just the overlay model of student knowledge. As a result, in the area of adaptive interfaces, anoverlay model of user’s knowledge (which is a part of the overall user model) is sometimes calledthe student model (Benyon & Murray, 1993).Sometimes a simpler stereotype user model is used to represent the user’s knowledge(Beaumont, 1994; Boyle & Encarnacion, 1994; Hohl, B�cker & Gunzenh�user, 1996). Astereotype user model distinguishes several typical or "stereotype" users. For each dimension ofuser modeling the system can have a set of possible stereotypes. For example, MetaDoc uses twodimensions of classification and two sets of stereotypes (novice - beginner - intermediate - expert):one to represent user’s knowledge of general computer concepts, another to represent user’sknowledge of UNIX (which is the domain of the system). A particular user is usually modelled byassigning this user to one of stereotypes for each dimension of classification (for example,intermediate for general computer concepts, novice for UNIX).A stereotype user model can also be represented as a set of pairs or "stereotype-value", wherethe value can be not only "true" or "false" (what means that the user belongs or does not belong tothe stereotype) but also some probabilistic value (what represents the probability that the userbelongs to the stereotype). Stereotype model is simpler and less powerful then overlay model but itis also more general and much easier to initialize and to maintain.A problem with the stereotype model of knowledge is that many efficient adaptation techniquesrequire a more fine-grained overlay model. One way to solve this problem is to provide a mappingfrom stereotype to overlay model. This can be done by associating a fixed set of pairs concept-

9value with each stereotype (Boyle & Encarnacion, 1994; de Rosis, De Carolis & Pizzutilo, 1993),or by a more flexible way which is based on the "difficulty" of concepts (Hohl et al., 1996). Inturn, an overlay user model has the problem of initialization - it is very hard to set all its valuesafter a short interview with a new user. Good results can be achieved by combining stereotype andoverlay modeling (Anatom-Tutor, EPIAIM, KN-AHS, Hypadapter). They can be combined in thefollowing way (de Rosis et al., 1993; Hohl et al., 1996): stereotype modeling is used at thebeginning of work to classify a new user and to set initial values for overlay model, then a regularoverlay model is used.4.2 GoalsUser’s goal or user’s task is a feature related with the context of a user’s work in hypermediarather than with the user as an individual. Depending on the kind of system, it can be the goal ofthe work (in application systems), a search goal (in information retrieval systems), and a problem-solving or learning goal (in educational systems). In all of these cases the goal is an answer to thequestion "Why is the user using the hypermedia system and what does the user actually want toachieve?" User’s goal is the most changeable user feature: almost always it changes from sessionto session and often can change several times within one session of work. In some systems it isreasonable to distinguish local or low-level goals which can change quite often and general or highlevel goals and tasks which are more stable. For example, in educational systems the learning goalis a high-level goal, while the problem-solving goal is a low-level goal which changes from oneeducational problem to another several times within a session. The user’s goal can be consideredas a very important feature of the user for adaptive hypermedia systems. Almost one third ofexisting adaptation techniques rely on it. Interestingly, nearly all of these techniques are adaptivenavigation support techniques.The user current goal is usually modeled by a way which is somewhat similar to overlayknowledge modeling. As a rule, each system supports a set of possible user goals or tasks whichit can recognize (HyPLAN, ORIMUHS, PUSH, HYPERCASE, Hynecosum, HYPERFLEX). Insome cases, the set of goals is very small and the goals are not related to each other (H�k et al.,1996; Kaplan, Fenwick & Chen, 1993). To model the current user goal, the system includes oneof these goals into the user model. More advanced goal-based systems (Encarna�o, 1995;Grunst, 1993; Vassileva, 1996) use a more advanced representation of possible goals and currentuser goals. The most advanced representation of possible user goals is a hierarchy (a tree) of tasks(Vassileva, 1996). The most advanced representation of user current goals is a set of pairs "goal-value" where the value is usually the probability that the corresponding goal is the current goal ofthe user (Encarna�o, 1995; Grunst, 1993; Micarelli & Sciarrone, 1996).4.3 Background and ExperienceTwo features of the user which are similar to user’s knowledge of the subject but functionallydiffer from it are user’s background and user’s experience in the given hyperspace. By user’sbackground we mean all the information related to the user’s previous experience outside thesubject of the hypermedia system, which is relevant enough to be considered. This includes theuser’s profession, experience of work in related areas, as well as the user’s point of view andperspective. The systems EPIAIM, C-Book, and Anatom-Tutor include user’s background featurein the user model and apply it to adaptive presentation and Adaptive HyperMan applies it toadaptive navigation support.By user’s experience in the given hyperspace we mean how familiar is the user with thestructure of the hyperspace and how easy can the user navigate in it. This is not the same as user’sknowledge of the subject (Vassileva, 1996). Sometimes, the user who is generally quite familiarwith the subject itself is not familiar at all with the hyperspace structure. Vice versa, the user canbe quite familiar with the structure of the hyperspace without deep knowledge of the subject. Onemore reason to distinguish hyperspace experience from knowledge level is the existence of an

10adaptive navigation technique (P�rez, Guti�rrez & Lopist�guy, 1995; Vassileva, 1996) whichrelies on this feature of the user (see section 6.4).Such individual features of a user as background or experience are usually also modeled by astereotype user model (MetaDoc, Anatom-Tutor, EPIAIM, C-Book). The stereotype can be anexperience stereotype (P�rez et al., 1995; Vassileva, 1996), or a background stereotype for suchdimensions as profession (de Rosis et al., 1993), prospect (Beaumont, 1994), or native language(Kay & Kummerfeld, 1994).4.4 PreferencesThe last, but not the least important feature of the user considered by adaptive hypermediasystems is user’s preferences. For different reasons the user can prefer some nodes and links overothers and some parts of a page over others. These preferences can be absolute (Hypadapter,Information Islands) or relative, i.e., dependent from the current node, goal (PUSH,HYPERFLEX) and current context in general (WebWatcher, CID, DHS, Adaptive HyperMan).Preferences are used most heavily in IR hypermedia and, at the same time, in most adaptive IRhypermedia systems preferences are the only stored information about the user.User’s preferences differ from other user model components in several aspects. Unlike othercomponents, the preferences can not be deduced by the system. The user has to inform the systemdirectly or indirectly (by a simple feedback) about such preferences. It looks more close toadaptability then to adaptivity. The difference is that adaptive hypermedia systems can generalizethe user’s preferences and apply it for adaptation in new contexts (Armstrong et al., 1995; Boy,1991; H�k et al., 1996; Kaplan et al., 1993; Katsumoto et al., 1996; Math� & Chen, 1996).Another specific feature of preference modeling is the way of representation. While other parts ofthe user model are usually represented symbolically, preferences are often represented andcalculated numerically by very special ways (Kaplan et al., 1993; Katsumoto et al., 1996; Math� &Chen, 1996). The numeric way of presentation has some preferences over the symbolic way: itopens the possibility to combine several user models and to accumulate a group user model(Kaplan et al., 1993; Math� & Chen, 1996). Group models accumulate preferences of a specificgroup of users (such as a research laboratory). A group model is a nice starting model for a newmember of the group. Group models are important also for collaborative work (it is very hard tocollaborate when collaborators use individual user models and thus have different adapted viewson the same subject).5 What can be adapted in adaptive hypermedia?An important question to ask when speaking about any kind of adaptive systems is: what canbe adapted in this system? Which features of the system can differ for different users? What is thespace of possible adaptations? In adaptive hypermedia, the adaptation space is quite limited: thereare not so many features which can be altered. At some level of generalization, hypermedia consistof a set of nodes or hyperdocuments (for the purpose of brevity we will call them "pages")connected by links. Each page contains some local information and a number of links to relatedpages. Hypermedia systems can also include an index and a global map which provide links to allaccessible pages. What can be adapted in adaptive hypermedia are the content of regular pages(content-level adaptation) and the links from regular pages, index pages, and maps (link-leveladaptation). We distinguish content-level and link-level adaptation as two different classes ofhypermedia adaptation and call the first one adaptive presentation and the second one adaptivenavigation support (Figure 4).

11

Adaptive multimediapresentationAdaptationtechnologiesDirect guidanceAdaptive sorting of linksAdaptive hiding of linksAdaptive annotation of linksMap adaptationAdaptive textpresentationAdaptive navigation supportAdaptive presentationFigure 4. Adaptation technologies in adaptive hypermedia5.1 Adaptive presentationThe idea of various adaptive presentation techniques is to adapt the content of a page accessedby a particular user to current knowledge, goals, and other characteristics of the user. Forexample, a qualified user can be provided with more detailed and deep information while a novicecan receive additional explanations. In hypermedia systems, the content of a regular page may benot only a text as in classic hypertext systems but also a set of various multimedia items. From thispoint of view, we could distinguish adaptive text presentation and adaptive multimediapresentation in hypermedia systems. However, at present all work on adaptive presentation inhypermedia are really the works on adaptive text presentation. Some existing adaptive hypermediasystems do contain non-textual items (Brusilovsky & Zyryanov, 1993; de Rosis et al., 1993;Kobsa et al., 1994), but can not present these items adaptively. At the same time, there are anumber of good techniques for adaptive multimedia presentation (Maybury, 1993; Andr� & Rist,1996) but these techniques have never been used in full-fledged hypermedia systems.As for adaptive text presentation, it is the most studied technology of hypermedia adaptation.Most part of the early works on adaptive hypermedia was centered around adaptive textpresentation (Beaumont, 1994; B�cker et al., 1990; Boyle & Encarnacion, 1994; Brusilovsky,1992b; de Rosis et al., 1993; Fischer et al., 1990). This direction of research was influenced bythe research on adaptive explanation and adaptive presentation in intelligent systems (Moore &Swartout, 1989; Paris, 1988; Zukerman & McConachy, 1993). As we will show in the followingsections, there are a number of different techniques for adaptive text presentation. We group thesetechniques into one single technology because they look very similar from a "what can be adapted"point of view: users with different user models get different texts as a content of the same page.5.2 Adaptive navigation supportThe idea of adaptive navigation support techniques is to help users to find their paths inhyperspace by adapting the way of presenting links to goals, knowledge, and other characteristics

12of an individual user. Though this area of research is very new, a number of interesting techniqueshave been already suggested and implemented. These techniques can be classified in five groupsaccording to the way they use to adapt presentation of links. We distinguish five technologies foradapting link presentation which are different from a "what can be adapted" point of view: directguidance, sorting, hiding, annotation, and map adaptation (Figure 4). To compare thesetechnologies we first need to understand how and in which context the links are usually presented.Here we mean links in the user’s sense (i.e., visible and "clickable" representation of the relatedpages to which the user can navigate). We distinguish four kinds of link presentation which aredifferent from the point what can be altered and adapted:Local non-contextual links. This type includes all kinds of links on regular hypermedia pageswhich are independent from the content of the page. They can appear as a set of buttons, a list, ora pop-up menu. These links are easy to manipulate - they can be sorted, hidden, or annotated.Contextual links or "real hypertext" links. This type comprises "hotwords" in texts, "hotspots" in pictures, and other kinds of links which are embedded in the context of the page contentand can not be removed from it. These links can be annotated but can not be sorted or completelyhidden.Links from index and content pages. An index or a content page can be considered as a specialkind of page which contains only links. These links are usually presented in a fixed order (contentorder for content pages and alphabetic order for index pages). As a rule, links from index andcontent pages are non-contextual, unless such a page is implemented in a form of a picture.Links on local maps and links on global hyperspace maps. Maps usually graphically representa hyperspace or a local area of hyperspace as a network of nodes connected by arrows. Usingmaps, the user can directly navigate to all nodes visible on the map just by clicking on arepresentation of the desired node. From a navigation point of view, these clickablerepresentations of nodes are exactly what we mean above by links, while the arrows serving as arepresentation of links are not used for direct navigation.Now we can compare existing technologies of link adaptation. Direct guidance is the mostsimple technology of adaptive navigation support. Direct guidance can be applied in any systemwhich can decide what is the next "best" node for the user to visit according user’s goal and otherparameters represented in the user model. To provide direct guidance, the system can outlinevisually the link to the "best" node as it is done in Web Watcher (Armstrong et al., 1995), orpresent an additional dynamic link (usually called "next") which is connected to the "best" node asin ISIS-Tutor (Brusilovsky & Pesin, 1994), SHIVA (Zeiliger, 1993), HyperTutor (P�rez et al.,1995), and Land Use Tutor (Kushniruk & Wang, 1994). The former way is more clear, while thelatter is more flexible, because it can be used to recommend the node which is not connecteddirectly to the current one (and not represented on the current page). Direct guidance is a clear andeasy to implement technology, it can be used with all four kinds of link presentation listed above.The problem with direct guidance is that it provides limited support: "follow me or no help". Directguidance can hardly be the primary form of navigation support because it provides no support forthe users who would not like to follow the system’s suggestion. Direct guidance is useful but ithas to be used together with a "more supportive" technology.The idea of adaptive ordering technology is to sort all the links of a particular page accordingto the user model and to some user-valuable criteria: the more close to the top, the more relevantthe link is. 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 and can never be used with contextual linksand maps. Another problem with adaptive ordering is that this technology makes the order of linksnon-stable: it may change each time the user enters the page. At the same time, some recentresearch shows that the stable order of options in menus is important for novices (Debevc, Rajko& Donlagic, 1994; Kaptelinin, 1993). However, this technology seems to be useful forinformation retrieval (IR) applications (Armstrong et al., 1995; Kaplan et al., 1993; Math� &Chen, 1996). Experimental research (Kaplan et al., 1993) showed that adaptive ordering cansignificantly reduce navigation time in IR applications where each page can have many non-contextual links. A similar area where adaptive ordering can be used is on-line documentation

13systems (Hohl, B�cker & Gunzenh�user, 1996). There are also some suggestions on usingadaptive ordering in educational hypermedia (Tomek et al., 1993).Hiding is currently the most often used technology for adaptive navigation support. The ideaof navigation support by hiding is to restrict the navigation space by hiding links to "not relevant"pages. The page can be considered as not relevant for several reasons: for example, if it is notrelated to the user’s current goal (Boy, 1991; Brusilovsky & Pesin, 1994; Grunst, 1993; H�k etal., 1996; Vassileva, 1996) or if it presents materials which the user is not prepared yet tounderstand (Brusilovsky & Pesin, 1994; Clibbon, 1995; Gonschorek & Herzog, 1995; P�rez etal., 1995). From the surface view, hiding looks like the most obvious and the most easy toimplement technology. It protects users from the complexity of the unrestricted hyperspace andreduces their cognitive overload. Hiding has a wide applicability: it can be used with all kinds ofnon-contextual, index, and map links by real hiding buttons or menu items (Brusilovsky & Pesin,1994), and with contextual links by transferring clickable "hot words" to normal text (Gonschorek& Herzog, 1995; P�rez et al., 1995). Hiding is also more transparent to the user and looks more"stable" for them than adaptive ordering (links are usually added incrementally, but not removed orreordered).The idea of adaptive annotation technology is to augment the links with some form ofcomments which can tell the user more about the current state of the nodes behind the annotatedlinks. These annotations can be provided in textual form or in the form of visual cues using, forexample, different icons (de La Passardiere & Dufresne, 1992; Schwarz et al., 1996), colors(Brusilovsky & Pesin, 1994; Brusilovsky & Zyryanov, 1993), or font sizes (Hohl, B�cker &Gunzenh�user, 1996). A good review of various visual cues which can be used in hypermediasystems can be found in (Arens & Hammw�hner, 1995). Link annotation is known as an effectivetechnology of navigation support in hypermedia (Zhao et al., 1993). The typical kind of annotationconsidered in traditional hypermedia is static (user independent) annotation. Adaptive navigationsupport can be provided by dynamic user model-driven annotation. Adaptive annotation in itssimplest history-based form (outlining the links to previously visited nodes) has been applied insome hypermedia systems including several World-Wide Web browsers. Even this simplest formof adaptive annotation which can distinguish only two states of links (links to visited/not visitednodes) appears to be quite useful. Current adaptive hypermedia systems (Brusilovsky & Pesin,1994; Schwarz et al., 1996) can distinguish and annotate differently up to six states on the basis ofthe user model (see section 6.4)Annotation seems to be a very relevant form of adaptive navigation support. Annotation can benaturally used with all four possible forms of links. This technique supports stable order of linksand avoids problems with incorrect mental maps. Annotation is generally a more powerfultechnology than hiding: hiding can distinguish only two states for the nodes - relevant and nonrelevant - while annotation, as mentioned above, up to six states, in particular, several levels ofrelevancy as it implemented in Hypadapter (Hohl, B�cker & Gunzenh�user, 1996). Annotationsdo not restrict cognitive overload as much as hiding does, but the hiding technology can be quitewell simulated by the annotation technology using a kind of "dimming" instead of hiding for "notrelevant" links. Dimming can decrease cognitive overload in some extent (the user can learn toignore dimmed links), but dimmed links are still visible (and traversable, if required) whichprotects the user from forming wrong mental maps.Map adaptation technology comprises various ways of adapting the form of global and localhypermedia maps presented to the user. Such technologies as direct guidance, hiding, andannotation also can be used to adapt hypermedia maps, but all these technologies do not change theform or the structure of maps. Human-computer interaction research offers a number of techniquesto adapt the structure and the form of various kinds of networks, including hypermedia maps(Furnas, 1986; Mukherjea & Foley, 1995; Mukherjea, Foley & Hudson, 1995; Rivlin, Botafogo& Shneidermann, 1994). However, most of these ideas have not been applied yet in adaptivehypermedia systems. The only known exeption (see section 6.4) is the HYPERCASE system(Micarelli & Sciarrone, 1996) which is partly based on the ideas of (Rivlin et al., 1994).Direct guidance, sorting, hiding, annotating, and map adaptation are the primary technologiesfor adaptive navigation support. As we will see in the following sections, most existing adaptation

14techniques use exactly one of these ways to provide adaptive navigation support. However, thesetechnologies are not contradictory and can be used in combinations. For example, ISIS-Tutor(Brusilovsky & Pesin, 1994) uses direct guidance, hiding, and annotation and Hypadapter (Hohl,B�cker & Gunzenh�user, 1996) uses sorting, hiding, and annotation. In particular, the directguidance technology can be naturally used in combination with any of the three other technologies.6 How adaptive hypermedia can helpIn this section we consider methods by which adaptive hypermedia systems can help to solvesome hypermedia problems and describe the most interesting techniques applied by existing AHsystems to implement these methods. Since content adaptation techniques and adaptive navigationsupport techniques are intended to solve different problems we consider them separately.6.1 How content adaptation can help: methodsAt present, content adaptation is used in three classic hypermedia application areas: on-lineinformation systems - Hypadapter (Hohl, B�cker & Gunzenh�user, 1996), MetaDoc (Boyle &Encarnacion, 1994), KN-AHS (Kobsa et al., 1994), and PUSH (H�k et al., 1996), on-line helpsystems - Lisp-Critic (Fischer et al., 1990), EPIAIM (de Rosis et al., 1993), WING-MIT (Kim,1995), and ORIMUHS (Encarna�o, 1995b), and educational hypermedia - Anatom-Tutor(Beaumont, 1994), ITEM/IP (Brusilovsky, 1992b), C-book (Kay & Kummerfeld, 1994b), andSYPROS (Gonschorek & Herzog, 1995) (Table II).The goal of the most popular method of content adaptation (we call it additional explanations)is to hide from the user some parts of information about a particular concept which are not relevantto the user’s level of knowledge about this concept. For example, low level details can be hiddenfrom users a with poor level of knowledge of this concept because they can not understand thesedetails. On the contrary, additional explanations usually required by novices to understand theconcept can be hidden from a user with a good level of knowledge of the concept because they donot need these explanations anymore. In more general terms, in addition to the basic presentation,some category of users can get some additional information which is specially prepared for thiscategory of users and will not be shown to users of other categories. This method is used inMetaDoc (Boyle & Encarnacion, 1994), KN-AHS (Kobsa et al., 1994), ITEM/IP (Brusilovsky,1992b), EPIAIM (de Rosis et al., 1993), and Anatom-Tutor (Beaumont, 1994). A goal-basedvariant of this method is to hide from the user some parts of information about a particular conceptwhich are not relevant to the current user’s goal (H�k et al., 1996).Two other methods prerequisite explanations and comparative explanations change theinformation presented about a concept depending on the user knowledge level of related concepts.The first method is based on prerequisite links between concepts. The idea is the following: beforepresenting an explanation of a concept the system inserts explanations of all its prerequisiteconcepts which are not sufficiently known to the user. This method is used in Lisp-Critic (Fischeret al., 1990) and C-book (Kay & Kummerfeld, 1994b). The second method is based on similaritylinks between concepts. If a concept similar to the concept being presented is known, the user getsa comparative explanation which stress similarities and differences between the current conceptand the related one. Such comparative explanations are particularly effective in the domain ofprogramming languages. Interestingly, all systems which apply this method (ITEM/IP, Lisp-Critic, and C-book) belong to this domain.Another method (we call it explanation variants) assumes that showing or hiding some portionof the content is not always sufficient for the adaptation because different users may needessentially different information. With this method, the system stores several variants for someparts of the page content and the user gets the variant which corresponds to his or her user model.This method is used in Anatom-Tutor (Beaumont, 1994), Lisp-Critic (Fischer et al., 1990),Hypadapter (Hohl, B�cker & Gunzenh�user, 1996), ORIMUHS (Encarna�o, 1995b), SYPROS(Gonschorek & Herzog, 1995), and WING-MIT (Kim, 1995).

15An interesting method which can take into account both the user’s background and knowledgelevel is sorting the fragments of information about the concept where the information which ismost relevant to user’s background and knowledge is placed toward the front. This method isimplemented in Hypadapter (Hohl, B�cker & Gunzenh�user, 1996) and EPIAIM (de Rosis et al.,1993).ConditionaltextStretchtextFragmentvariantsPage variantsFrame-basedtechnique

Additional,prerequisite, andcomparativeexplanationsC-BookITEM/IPLisp-CriticMetaDocKN-AHSPUSHEPIAIMPUSH

ExplanationvariantsC-BookAnatom-TutorLisp-CriticWING-MITAnatom-TutorC-BookEPIAIMORIMUHSSYPROSHypadapter

SortingEPIAIMHypadapter

Table II. Adaptive presentation: methods, techniques, and systems6.2 How content adaptation can help: techniquesA simple, but effective technique for content adaptation is the conditional text technique whichis used in ITEM/IP (Brusilovsky, 1992b), Lisp-Critic (Fischer et al., 1990), and C-book (Kay &Kummerfeld, 1994b). With this technique, all possible information about a concept is divided intoseveral chunks of texts. Each chunk is associated with a condition on the level of user knowledgerepresented in the user model. When presenting the information about the concept, the systempresents only the chunks where the condition is true. This technique is a low-level technique — itrequires some "programming" work from the author to set all the required conditions — but it isalso very flexible. By choosing appropriate conditions on the knowledge level of the currentconcept and related concepts represented in the user model, the author can implement all themethods of adaptation listed above excluding sorting. A simple example is hiding chunks withirrelevant explanations if the user’s knowledge level of the current concept is good enough, orturning on a chunk with comparative explanations if the corresponding related concept is alreadyknown.A more high level technique which can also turn off and on different parts of the contentaccording to the user knowledge level is suggested in the MetaDoc (Boyle & Encarnacion, 1994)and developed further in KN-AHS (Kobsa et al., 1994). This technique is based on stretchtextwhich is a special kind of hypertext. In a regular hypertext, a result of activation of a hot word ismoving to another page with related text. In stretchtext this related text can simply replace theactivated hotword (or a phrase with this hotword) extending the text of the current page. Ifrequired, this extended or "uncollapsed" text may be collapsed back to a hotword. Each node inMetaDoc is a stretchtext page which may contain many "uncollapsable" hotwords. The idea ofadaptive stretchtext presentation in MetaDoc is to present a requested page with all stretchtextextensions non-relevant to the user being collapsed and all extensions relevant to the user beinguncollapsed. To achieve this result an author can declare some uncollapsable textual informationcontained in a node as an additional explanation of a particular concept, or as a low level detail of aparticular concept. Optionally, the user of MetaDoc with a high degree of knowledge of a conceptwill always get additional explanations of this concept hidden (collapsed) and all low level detailsuncollapsed. On the contrary, the user with poor knowledge of a concept will always getadditional explanations of this concept visible and all low level details collapsed. The user with

16medium level knowledge will see both kinds of information. An important feature of the adaptivestretchtext technique is that it lets both the user and the system adapt the content of a particularpage and that it can take into account both the knowledge and the preferences of the user. Afteroptional presentation of the stretchtext page, it can be further adapted by the user who canuncollapse and collapse appropriate explanations and details according to his or her preferences.The system updates the user model according to the preferences demonstrated by the user toensure that the user will always see a preferred combination of collapsed and uncollapsed parts.For example, if the user has collapsed additional explanations of a particular concept, the systemwill always show additional explanations of this concept collapsed until the user changes thepreferences.The explanation variants method can be implemented by fragment variants and page variantstechniques. Page variants is the most simple adaptive presentation technique. With this technique,a system keeps two or more variants of the same page with different presentations of the samecontent. As a rule, each variant is prepared for one of possible user stereotypes. When presentinga page, a system select the page variant according to the user stereotype. This technique is used inAnatom-Tutor (Beaumont, 1994) with background stereotypes, in ORIMUHS (Encarna�o,1995b) and WING-MIT(Kim, 1995) with knowledge stereotypes, and in C-book (Kay &Kummerfeld, 1994b) with stereotypes reflecting user proficiency with the language ofpresentation(English). A similar technique is used in EPIAIM (de Rosis et al., 1993) and C-bookto adapt example presentation to the user background. These systems store several examplesillustrating particular concept and offers the user the example which is most suitable to the user’sprevious experience and interests.Fragment variants is a more fine-grained implementation of explanation variants method. Angood example here is Anatom-Tutor (Beaumont, 1994). In Anatom-Tutor, a page is not equal to aconcept as in some other systems and it can include explanations of several concepts. The systemstores several variants of explanations for each concept and the user gets the page which includesvariants corresponding to his or her knowledge about the concepts presented in the page. This ideais supported by the work of Paris (Paris, 1988) who shows that users with different knowledge ofa particular concept need structurally different explanations about the concept. An interestingfeature of Anatom-Tutor is a combination of page variants and fragment variants methods tosupport adaptation to both the user’s background and the user’s knowledge. The current pagevariant for an accessed node is selected according to the user’s background. This page can befurther adapted: for each concept mentioned in the page, the system selects the explanation whichis most suitable to the user’s knowledge level.The most powerful of the all content adaptation techniques is the frame-based techniqueimplemented in Hypadapter (Hohl, B�cker & Gunzenh�user, 1996), and EPIAIM (de Rosis et al.,1993). With this technique all the information about a particular concept is represented in form of aframe. Slots of a frame can contain several explanation variants of the concept, links to otherframes, examples, etc. Special presentation rules are used to decide which slots should bepresented to a particular user and in which order. More exactly, in EPIAIM these rules are used toselect one of the existing presentation schemes (each scheme is an ordered subset of slots) and thescheme is used to present the concept. In Hypadapter, the rules are used to calculate the"presentation priority" for each slot and then a subset of slots with high priority is presented inorder of decreasing priority. In their conditional parts, these rules can refer not only to the userknowledge level of a concept being presented, but also to any feature represented in the usermodel. In particular, both systems which use this technique take into account the background ofthe user. In Hypadapter and EPIAIM, the frame-based technique is used to implement all methodsmentioned above except prerequisite and comparative explanation. However, the latter twomethods also can be implemented with the frame-based technique by setting appropriate conditionson the knowledge level of related concepts.The very recent technique developed in the PUSH project (H�k et al., 1996) can beconsidered as a combination of stretchtext and frame-based adaptation. A hypermedia page in thison-line information system provides a complete description of a particular object structured as aordered sequence of typed information entities. Each type of objects in PUSH has its own

17assortments of information entity types which are used to describe an object of this type. It is veryclose to the frame-based model where information entities play roles of slots describing variousaspects of an object. A specific feature of PUSH, however, is that each information entity is areasonably big portion of hypertext. The complete description of an object is usually very big andtakes several pages of information. To protect users from the information overflow and to helpthem to find a required piece of information, the system use hiding: it presents only those types ofinformation entities about the current object which are relevant to the current goal of the user (thegoal can be set by the user or deduced by the system). At the same time, to keep the adaptationtransparent, the system maintains the stable presentation order of the information entities and neverhides non-relevant entities completely: the titles of hidden non-relevant entities are always shown.If the user is not satisfied with the system’s decision to show or to hide a particular entity, he cancollapse or uncollapse the content of the information entity by clicking on an icon near its title. Theresulting interface looks quite similar to MetaDoc stretchtext interface: non-relevant pieces ofmaterial are not presented to the user, showing only a keyword (in MetaDoc) or the title (inPUSH), but the user can override the adaptation by opening and closing any desired piece ofinformation.6.3 How adaptive navigation support can help: methodsAdaptive navigation support techniques are used to achieve several adaptation goals: to provideglobal guidance, to provide local guidance, to support local orientation, to support globalorientation, and to help with managing personalized views in information spaces (Table III).Generally, these goals are different, but at the same time each pair of neighboring goals in this listhas something in common. So, it is rather a continuum of goals where the borders betweenneighbors are not clear-cut, and some methods and techniques work for more than one goal(Figure 3).DirectguidanceSortingHidingAnnotationMapadaptation

GlobalguidanceWebWatcherITEM/IPISIS-TutorSHIVAAdaptiveHyperManCIDHYPERFLEX

LocalguidanceLand UseTutorHyperTutorAdaptiveHyperManELM-PEHypadapterHYPERFLEXHypadapterPUSHISIS-TutorELM-ARTHYPERCASE

Localorientationsupport(knowledge)HypadapterELM-PE[Clibbon]HyperTutorHypadapterISIS-TutorELM-ARTISIS-TutorITEM/PGManuel Excel

Localorientationsupport(goal)HynecosumHyPLANISIS-TutorPUSHSYPROSELM-ARTISIS-TutorHYPERCASE

Globalorientationsupport[Clibbon]HynecosumHyperTutorISIS-TutorSYPROSITEM/PGISIS-TutorELM-ARTManuel ExcelHYPERCASE

Table III. Adaptive navigation support: goals, technologies, and systems

186.3.1 Global guidanceGlobal guidance can be provided in hypermedia systems where users have some "global"information goal (i.e., need information which is contained in one or several nodes somewhere inthe hyperspace) and browsing is the way to find the required information. The goal of globalguidance methods is to help the user to find the shortest way to the information goal with minimalfloundering. Global guidance is the primary goal of adaptive navigation support in IR hypermediaand also an important goal in on-line help and on-line information systems with reasonably bighyperspaces. The user’s information goal which is usually clearly (Kaplan et al., 1993) or partly(Armstrong et al., 1995; Math� & Chen, 1996) provided by the user is the primary user feature foradaptive guidance. The most direct method of providing global guidance is to suggest to the user ateach step of browsing which of the links from the given node to follow (i.e., to apply the directguidance technology). This method is used in WebWatcher (Armstrong et al., 1995). A moresupportive method is to apply adaptive sorting technology and to sort all the links from the givennode according to their relevance to the global goal (the most relevant - first). Here, users still havethe possibility of proceeding along the first most relevant link, but also have some moreinformation (relevance of the other links) to make a free choice. This method is used in AdaptiveHyperMan (Math� & Chen, 1996), and HYPERFLEX (Kaplan et al., 1993).A special case for global guidance is educational hypermedia. In an educational hypermediasystem a student usually has a global goal, but it is the learning goal — the knowledge which theuser has to learn. The learning goal is different from an information goal, it is not a small piece,but a big subset of the hyperspace (sometimes the total hyperspace). Another specific feature ofeducational hypermedia is that to provide global guidance a system has to know not only the globallearning goal itself, but also the current state of user knowledge of the subject being taught. Whatis similar with IR hypermedia is the choice of adaptation technologies: it can be either directguidance or adaptive sorting. A most popular method of providing global guidance in educationalhypermedia is direct guidance with the dynamic button "next". There are a number of differentelaborated techniques which implement this method. Usually, these techniques are hypermedia-adjusted implementations of curriculum sequencing techniques from the domain of intelligenttutoring systems (ITS). Curriculum sequencing techniques (Brusilovsky, 1992a) can build for auser the shortest individual sequence of learning units (presentations, examples, problems) toachieve the learning goal. The button "next" in educational hypermedia activates a similarsequencing mechanism which selects the node with most relevant educational material according tothe current user knowledge, learning goal, and system tutoring strategy (Brusilovsky & Pesin,1994; Brusilovsky, 1992b; Zeiliger, 1993).As for the use of adaptive sorting for global guidance in educational hypermedia, at least onemethod based on sorting links according to the global learning goal was suggested (Tomek et al.,1993), but there are no techniques which implement it. Direct guidance seems to be a very relevanttechnology for global guidance in educational hypermedia. Users of educational hypermedia areusually novices who have problems with making their own choice and rely heavily on thesuggestion of the system. For the novices, the button "next" is the most often used navigation tool(Reed et al., 1995). On the contrary, sorting seems to have a limited applicability in educationalhypermedia. First, it can be used only with non-contextual links which are not very popular ineducational hypermedia. Second, even for non-contextual links it is not as relevant as in IRhypermedia (where users are mostly professionals) because novices prefer to have a stable orderof items (i.e., links) in menus (Debevc et al., 1994; Kaptelinin, 1993).6.3.2 Local guidanceThe goal of local guidance methods is to help the user to make one navigation step bysuggesting the most relevant links to follow from the current node. This goal is somewhat similar,but more "modest" than the goal of global guidance. Local guidance methods do not expect aglobal goal to provide a guidance. They make a suggestion according to the preferences,knowledge, and background of the user — whatever is more important for the given application

19area. For example, a relevant method of local guidance for IR hypermedia and on-line informationsystems is sorting links according to user preferences (Adaptive HyperMan, HYPERFLEX) andbackground (Adaptive HyperMan). Methods used in educational hypermedia are: sorting linksaccording to the user’s knowledge (Brusilovsky & Weber, 1996) and direct guidance according tothe user knowledge (Kushniruk & Wang, 1994; P�rez et al., 1995). The latter method is usuallyapplied to select the most relevant problem from the set of problems available from the currentpoint. If a system shares the features of both on-line information systems and educationalhypermedia like Hypadapter (Hohl, B�cker & Gunzenh�user, 1996), a local guidance techniquecan take into account all the features mentioned above: preferences, knowledge, and background.6.3.3 Local orientation supportThe goal of local orientation support methods is to help the user in local orientation (i.e., tohelp them in understanding what is around and what is his or her relative position in thehyperspace). Existing AH systems implement local orientation support by two different ways:providing additional information about the nodes available from the current node (i.e., use ofannotation technology) and limiting the number of navigation opportunities to decrease thecognitive overload and let the users concentrate themselves on analyzing the most relevant links(i.e., use of hiding technology).Methods based on hiding technology have the same idea: to hide from the user all the links(either from index or from a local node) which are not relevant to him or her at the given moment,or in other words, to show only relevant links. Methods differ with respect to the principles usedto decide which links are relevant and which are not. This decision can be made according to theuser’s knowledge, goals, experience, and preferences. The most simple method in this category isto show only the links relevant to the user’s preferences (Waterworth, 1996), but existingimplementation of this method is not really adaptive. The most universal method is to show onlythe links which are relevant to the user’s current goal. This method was used in the on-line helpsystem HyPLAN (Grunst, 1993), the institutional hypermedia system Hynecosum (Vassileva,1996), and in the on-line information systems CID (Boy, 1991) and PUSH (H�k et al., 1996).Another method which is based on the user’s experience in the given hyperspace is to show morelinks for users who have more experience in the hyperspace, as is done in HyperTutor (P�rez,Guti�rrez & Lopist�guy, 1995) and Hynecosum (Vassileva, 1996). Novices in these systems willsee quite a small number of links. Along the growth of users’ experience they will be able to seegradually more links from the same place.Two methods based on the hiding technology are specific for educational hypermedia. A verypopular method in this application area is to hide the links to the nodes which are not yet ready tobe learned (usually it means that these nodes have unlearned prerequisite nodes). This method isused in several systems: ISIS-Tutor (Brusilovsky & Pesin, 1994), HyperTutor (P�rez et al.,1995), (Clibbon, 1995), and Hypadapter (Hohl, B�cker & Gunzenh�user, 1996). Anothermethod specific for educational hypermedia is to hide the links to the nodes which belong to theeducational goals of subsequent lessons and do not belong to the current educational goal, as isdone in ISIS-Tutor and SYPROS (Gonschorek & Herzog, 1995).The idea of methods based on annotation technology is to inform the user about the current"state" of the nodes behind visible links. At present, four basic methods have been suggested forthis. First, annotation can be used to show several gradations of link relevancy. For exampleHypadapter uses three different font sizes to annotate links as very relevant, relevant, and lessrelevant. Second, annotation can reflect several levels of user knowledge of the nodes behind theannotated links. At present the techniques implementing this method distinguish three levels ofuser knowledge of the node: not-known, in-work and well-learned (Brusilovsky & Pesin, 1994;Brusilovsky & Zyryanov, 1993; de La Passardiere & Dufresne, 1992; Schwarz et al., 1996). Twoother methods use annotation in situations where hiding is usually used. The first one is outliningthe links related to the current goal (Brusilovsky & Pesin, 1994). The second one is providingspecial annotation for links to not ready to be learned nodes (ITEM/PG and ISIS-Tutor use a kindof dimming and ELM-ART uses "red" traffic light icon). The latter examples show that in many

20cases methods based on the hiding technology also can be implemented with the annotationtechnology either by outlining the relevant links or by dimming not relevant links. However,annotation can hardly be used in the cases where the number of visible links is very big (andwhere hiding is still applicable).As we see, local orientation support methods do not guide the user directly, but provide helpin understanding what are the proximal links and in making well-grounded navigation choices.From another perspective, global and local guidance methods based on sorting technology cansupport local orientation to some extent, but not as effectively as special orientation supportmethods described above because the position of a link in a sorted list gives the user very littleadditional information about this link.6.3.4 Global orientation supportThe goal of global orientation support methods is to help the user to understand the structureof the overall hyperspace and his or her absolute position in it. In non-adaptive hypermedia, thisgoal is usually achieved by providing visual landmarks and global maps which can directly helpthe user in global orientation and by providing guided tours to help the user gradually learn thehyperspace (Linard & Zeiliger, 1995). Adaptive hypermedia can provide more support for the useralong the same lines by applying hiding and annotation technologies. In fact, all those hiding andannotation methods considered above which are systematic — i.e., when the decision about hidingand annotating a link depends only on the state of the node behind the link and does not dependsnot from the user’s position in the hyperspace — support also user global orientation.Annotations function as landmark: since a node keeps the same annotation when the user looksat it from different positions in the hyperspace, the user can more easily recognize the nodes he orshe met before and understand the current position. Especially useful here is the method whichprovides different annotations depending on the user knowledge level (Brusilovsky & Pesin,1994; Brusilovsky & Zyryanov, 1993; de La Passardiere & Dufresne, 1992; Schwarz et al.,1996). Hiding reduces the size of the visible hyperspace and can simplify both orientation andlearning. In such application areas as educational or institutional hypermedia where the hyperspaceis not especially big, hiding can effectively support gradual learning of the hyperspace. The usefulhiding methods for this purpose are those which gradually show the user incrementally larger partsof the hyperspace. The examples from educational hypermedia are the methods of hiding not-ready-to-be-learned nodes as in ISIS-Tutor (Brusilovsky & Pesin, 1994), HyperTutor (P�rez etal., 1995), (Clibbon, 1995), and Hypadapter (Hohl, B�cker & Gunzenh�user, 1996) and nodeswhich are the educational goals of subsequent lessons as in ISIS-Tutor and SYPROS(Gonschorek & Herzog, 1995). An example of a more universal method is the method whichshows gradually more links with the growth of the user experience in the given hyperspace, as isdone in HyperTutor and Hynecosum (Vassileva, 1996).A promising direction of adaptive global orientation support is adaptation of local and globalmaps (Zyryanov, 1996), but this direction is really underinvestigated. Generally, all systematichiding and annotation methods can be applied to adapt hyperspace maps, but no existing AHsystems really do that. Another possibility is applying the map adaptation technology (i.e., theadaptive construction of local and global maps where the very structure of the map can depend onthe user characteristics). The only existing work in this area is the HYPERCASE system (Micarelli& Sciarrone, 1996) which suggests a technique to generate global and local maps according to thecurrent user goal.6.3.5 Managing personalized viewsManaging personalized views is a new goal for adaptive hypermedia systems. Personalizedviews is a way to organize an electronic workplace for the users who need a access to a reasonablysmall part of a hyperspace for their everyday work. The usual way to protect these users from thecomplexity of the overall hyperspace is to let them organize personalized goal-oriented views.Each view is just a list of links to all hyperdocuments which are relevant to a particular working

21goal. Traditionally, it is the duty of the users to create and to manage their personalized views(adaptability). Classic hypermedia systems and modern WWW browsers suggest bookmarks andhotlists as a way to make personal views. More advanced systems suggest some more high-leveladaptability mechanisms based on metaphors (Waterworth, 1996) and user models (Vassileva,1996).Adaptive solutions, i.e., system supported management of personalized views, are required inWWW-like dynamic information spaces where items can appear, disappear, or evolve. By nowwe can mention only BASAR (Thomas & Fischer, 1996) as an example of a system whichprovides adaptive management of personalized views. BASAR uses intelligent agents to collectand maintain an actual set of links relevant to one of the user’s goals. The agents can searchregularly for new relevant items and identify expired or changed items. Currently we can hardlyformulate any methods (as generalization of existing techniques) for managing personalized views,but it can be done very soon because several research groups are start working on BASAR-likesystems for WWW.6.4 How adaptive navigation support can help: techniquesOne of the most often referenced techniques for adaptive sorting of links was implemented inHYPERFLEX (Kaplan et al., 1993) which can be considered as an on-line information system orIR hypermedia system. HYPERFLEX provides the user with global and local guidance bydisplaying an ordered list of nodes related to the current node. The links are ordered according totheir relevance to the current node (most relevant - first). If the user selects the current search goalfrom the list of existing goals, sorting also takes into account the relevance of the displayed linksto the selected goal. New goals can be also created by users themselves. The main component ofthe user model in HYPERFLEX is a matrix of relevance which stores relevance values betweeneach pair of documents and from each goal to each document. This matrix reflects mainly userpreferences on the link order: in HYPERFLEX the user can move the links to tell the systemdirectly his or her preferences regarding the relative order of links (i.e., which are the relevantlinks and in which order he or she would like to see them when a particular document is thecurrent document or when a particular goal is the current goal). These preferences are processedby the system to update the user model. Therefore the preferences shown in one context caninfluence adaptation in another context.A powerful and universal technique for ordering the links according their relevance isimplemented in Adaptive HyperMan (Math� & Chen, 1996). The system takes into account manyfactors or inputs: user background (profile), user search goal (set of keywords), current node ofinterest, etc., and returns as an output an ordered set of documents relevant to the provided input.If the search goal is set, the system can provide global guidance, otherwise it can provide localguidance. To calculate the relevancy for the documents the system uses a personal relevancenetwork which stores in this special form individual preferences of the users. To providefeedback, the user judges the set of nodes selected by the system as relevant or not relevant to theinput from his or her personal point of view. This feedback is used by the system to update theindividual relevance network so it gradually learns user preferences.A flexible original (and actually the first known) technique for local guidance and localorientation support is implemented in Hypadapter (Hohl, B�cker & Gunzenh�user, 1996). A nodein Hypadapter is represented as a frame which usually has several "relation" slots storing differentkinds of links to related nodes. Hypadapter uses a set of rules to calculate the relevance of links foreach relational slot from the current node. Each applicable rule can increment or decrement therelevance value of the link depending on specific features of the link and the node behind it. Thenthe system uses a combination of sorting, hiding, and annotation to show relevance to the user:first, the links are sorted according to the relevance, second, the system uses three different fontsizes to annotate very relevant, relevant, and less relevant links, third, the system hides irrelevantlinks. For example, the links to concepts not ready to be learned can be hidden in this way.Another example of a rule-based adaptive navigation support technique is the rule-based hidingtechnique implemented in the educational hypermedia systems HyperTutor (P�rez et al., 1995) and

22SYPROS (Gonschorek & Herzog, 1995). Both systems use special sets of pedagogical rules todecide which concepts and nodes should be visible at a given moment and which should not.These rules take into account the type of the concept, the types of its links to other concepts, andthe current state of the user’s knowledge as reflected in the user model. If a node is not to bevisible, then all contextual links to this node will be changed from hot words to normal text. Therule-based hiding technique is very flexible. By manipulating with hiding rules it is possible toimplement several local and global orientation support methods based on hiding, such as hidingnot ready to be learned nodes, or hiding nodes which belong to the subsequent lessons. InSYPROS hiding is used to implement the explanation variants method of content adaptation. Thehyperspace contains several nodes devoted to the same concepts which are oriented toward userswith different levels of knowledge. Hiding rules always keep visible only those nodes which suitto the user’s current level of knowledge.A very different hiding technique is suggested in Hynecosum (Vassileva, 1996). This systemsupports hierarchies of tasks for users of different categories. Each hyperspace node in the systemis indexed by the elementary (terminal) tasks which require access to this node. Thus, for eachterminal task the system can compile the associated list of nodes relevant to this task. Bydefinition, a list of relevant nodes for higher level tasks includes all the nodes relevant at least toone of its subtasks. Using this knowledge Hynecosum can provide local orientation support byhiding. Working with Hynecosum the user always informs the system which task he or she iscurrently performing by selecting one of the tasks from a personal hierarchy. Knowing the user’stask, the system can hide from the user all nodes which are not relevant to the current task. Thismakes the set of visible nodes manageable. When the selected task is a high level task in thehierarchy, the number of visible nodes can still be too big. To provide additional support fornovices, Hynecosum will not show links to document nodes until the user sets the current taskmore exactly by selecting a lower level task in the hierarchy. The more experienced the user is, thehigher the level is when the user gets access to document nodes. Thus, the technique implementedin Hynecosum supports both goal-based and experience-based methods of hiding.The techniques implemented in ISIS-Tutor (Brusilovsky & Pesin, 1994), ITEM/PG(Brusilovsky & Zyryanov, 1993), and ELM-ART (Schwarz, Brusilovsky & Weber, 1996)support several methods of local and global orientation support based on annotation and hiding.The backbone of the hyperspace in these systems is formed by a conceptual network whichrepresents the pedagogical structure of the subject being taught. Each concept in the conceptualnetwork is represented by a node of the hyperspace. Concept nodes in the network are connectedby different kinds of relationships such as "is-a", "part-of", and "prerequisite". Another kind ofnode in the hyperspace is a learning unit (such as a textbook section, a problem, or an example).Each learning unit is connected to all concept nodes which are required to work with this unit. Theoverlay student model separately represents the level of the student’s knowledge of each of theconcepts. Using this student model and prerequisite links, the systems can distinguish foureducational states for each node represented by a hypermedia page: not-ready-to-be-learned (i.e.,has unlearned prerequisites), ready-to-be-learned, in-work (learning started), and learned (studenthas solved the required number of problems for the concept). Our idea is that concepts withdifferent educational states have different meanings for the student and making educational statesvisible would help the student in hyperspace navigation. To make educational states visible, linksto the concepts with different educational states are annotated differently using different colors(ITEM/PG and ISIS-Tutor) and different icons (ELM-ART). As an option, the links to not-ready-to-be-learned pages in ISIS-Tutor can be hidden.The same framework was used in ISIS-Tutor and ELM-ART to implement one additionaladaptation method based on the learning goal. The teacher can set for each student a sequence oflearning goals (here a goal is a set of concept nodes of the network which have to be learned).Each goal serves as a chapter in a book: Concepts belonging to the same goal are expected to belearned together and then mastered by solving a number of problems before a student moves to thenext goal. Two technologies are used for adaptation to the learning goal: first, to attract thestudent’s attention the system outlines links to the concepts belonging to the current goal (ISIS-

23Tutor, ELM-ART), second, to decrease the student’s cognitive load it hides concepts whichbelong to the next learning goals (ISIS-Tutor).The technique used in HYPERCASE (Micarelli & Sciarrone, 1996) is the only knownexample of map adaptation. This technique supports local and global orientation by adapting theform of local and global maps to the didactic or information goal of the users. Similar toHYPERFLEX, HYPERCASE represents and uses knowledge about possible goals for goaladaptation, but the type of goal knowledge is very different from HYPERFLEX. HYPERCASEuses a case-based approach and a neural network technology to store in the database of casesseveral typical navigation paths for each of the didactic goals. Using this knowledge, the systemcan find the most similar standard path (and thus the most probable didactic goal) for thenavigation path of a real student supplied as an input to the case-based mechanism. When thestudent requests help, HYPERCASE can show where he or she is located in the hyperspace bydrawing a wide-area or local area hierarchical map using the technique suggested in (Rivlin et al.,1994). As the root of the hierarchy the system uses the "central node" of the hyperspace (which iscomputed by a special method) for the wide-area map and the closest node of a deduced standardpath for the local-area map. This technique is suitable for educational hypermedia and on-lineinformation systems.7 User modeling in adaptive hypermedia.All previous sections were devoted to the issues related to adaptation techniques in adaptivehypermedia (i.e., techniques which use the student model to provide some kind of adaptation tothe user). This is, however, only the second part of the overall adaptation process (Figure 1). Inthis chapter we will consider some issues related with the first part of this process - the usermodeling. We will not discuss here all issues of user modeling in adaptive hypermedia becausemost of them are not really specific to adaptive hypermedia (unlike the issues related withadaptation) and have been discussed in a number of other papers on adaptive systems - see(Kobsa, 1993; Kok, 1991) for a comprehensive review. What seems to be quite specific for usermodeling in adaptive hypermedia is the sharing of the duties between the user and the system inthe process of user modeling. The discussion in this section is centered around the problems ofcollaborative user modeling in AH systems.A recent review of adaptive user interfaces (Dieterich et al., 1993) provides a very fine-grainedtaxonomy to describe sharing duties between the system and the user in the process of adaptation.We will base our discussion on a different model which is more suitable for our domain. Weoutline three stages in the adaptation process (Figure 1): collecting data about the user, processingthe data to build or update the user model, and applying the user model to provide the adaptation.In our case, the last stage of this process is always performed by the system because we define asadaptive hypermedia systems exactly the systems which can provide automatic adaptation on thebasis of the user model. In the case of "classic" or fully adaptive systems, the system alsoperforms both of the previous stages of the overall process: while the user is simply working in anapplication system, the adaptation component watches what the user is doing, collects the datadescribing user’s activity, process these data to build the user model, and then provides anadaptation. Unfortunately, such an ideal situation is very rarely met in adaptive hypermediasystems. Almost all of them rely on external sources of information about the user. The mainsource of information for many of the systems is the information provided by the users themselvesin several forms.7.1 Problems with automatic user modeling in hypermedia systemsThere are some general problems related to automatic user modeling in adaptive systems. Wename only two of them. First, automatic user modeling is not completely reliable. As it waspointed out in (de Rosis et al., 1993), systems which perform both user modeling and adaptationwithout user influence are twice unreliable - they can make an error when deducing the student

24model and they can make an error when providing adaptation (even if the model itself is correct).Second, some components of the user model, such as background and preferences of the user, cannot be deduced at all and have to be provided directly by the user. At the same time, research onadaptive dialogue systems demonstrates a number of effective technologies of automatic usermodeling. In particular, two widely used standard technologies which have been shown to beeffective for different applications involve (1) tracking the user’s actions to understand whichcommands and concepts are known to the user and which are not, and (2) using the planknowledge base to deduce the goal of the user.The situation with automatic user modeling in adaptive hypermedia seems to be specific.Unlike in other kinds of application systems, watching what the user is doing in hypermediaprovides insufficient information for user modeling. This fact was emphasized in several works onadaptive hypermedia (Beaumont, 1994; Boyle & Encarnacion, 1994; Vassileva, 1996). Mostknown techniques for automatic user modeling can hardly be applied in this area. The onlyinformation about the user’s actions which the system can record is the user’s path through thehyperspace and the time spent on each node. The user’s path itself and patterns of user navigationare an interesting source of information, but it is very hard to update the user model using only thisinformation. There are only two adaptive hypermedia systems which offer some techniques forthis. Hynecosum can deduce the user level of experience based on the patterns of user navigationand HYPERCASE (Micarelli & Sciarrone, 1996) can deduce the user’s didactic goal from theuser’s path. Some cumulative information about user navigation, such as the time spent on aparticular node or the number of visits to it is easier to use. For example, HYPERFLEX uses thetime spent on a node to measure how relevant the node is to the current goal, and ISIS-Tutor usesthe number of visits to predict the user knowledge level of the visited concept nodes. However,the fact that the user has visited a page several times or spent reasonable time on it does not evenguarantee that the user attentively read its content. This kind of information is not reliable and cannot be used as the only source for building the user model. In fact, both HYPERFLEX and ISIS-Tutor use this information along with additional sources to update the user model.7.2 Additional sources of information for automatic user modelingIf automatic user modeling in adaptive hypermedia is hard and unreliable what are the ways forthese systems to learn the information about the user? The answer depends on the application area.Two kinds of adaptive hypermedia systems - on-line help systems and educational hypermedia inintelligent tutoring systems - are more lucky to have an additional source of information to updatethe user model (Figure 5). On-line help systems are designed to serve as a part of a complexinteractive system. Regular methods of user modeling can be applied in these systems to recognizethe goal and the level of user experience. A good example is provided by HyPLAN (Grunst,1993) which can infer the goal of the user working in a spreadsheet application and offer anadaptive help index which shows only the links relevant to this goal. Educational hypermedia inintelligent tutoring systems can use the information about the user (i.e., the student) from thestudent model which is an important part of any ITS. The student model in ITS is updated mainlyby analyzing the student’s answers to the offered tests, questions, or problems. This informationabout the student is usually more reliable than information inferred by watching the studentnavigation. It is not surprising that most existing adaptive educational hypermedia systems(Anatom-Tutor, ELM-ART, ELM-PE, HyperTutor, ISIS-Tutor, ITEM/PG, Land Use Tutor,SHIVA, SYPROS) are designed in ITS context. 7.3 Three approaches to collaborative user modelingIn all other cases, the only way for the system to get the required information about the user isto involve the user in the process of user modeling and to collaborate with the user in gathering theinformation. It can be called collaborative or cooperative (Kay, 1995) user modeling. According tothe three stages of user modeling process, we distinguish three approaches to involving the user inthe process of user modeling (Figure 5). First, users can provide the data required for the user

25modeling mechanism. For example, rather than guessing whether a particular page is relevant tothe user’s goal using the time spent on it (as it was done in HYPERFLEX) the system can directlyrequest this feedback from the user (as it was done in Adaptive HyperMan). Similarly, rather thanguessing whether the user understands a particular page, the system can get feedback from theuser. Such a feedback is a more reliable source of information and not very difficuilt for the user toprovide. Data received from the user can be further processed by the system to update the usermodel..

System

ProcessesUser Model

CollectsData about userUser

Processes

ApplicationProvides

"Administrator"Edits

Provides

Provides

EditsAdaptation effectFigure 5. Collaborative user modeling in adaptive hypermediaSecond, users can make the desired adaptation themselves, directly showing the system whatthey would like to see on the screen in the given context. HYPERFLEX (Kaplan et al., 1993),MetaDoc (Boyle & Encarnacion, 1994), KN-AHS (Kobsa et al., 1994), and PUSH (H�k et al.,1996) demonstrate how this can be done in adaptive hypermedia for both link and contentadaptation. HYPERFLEX adapts the list of links to related nodes by sorting the links according totheir relevance to the current node and current user goal. The users can drag the links in the list tochange their order thus telling the system which order of links they expect to see for the currentgoal and node. HYPERFLEX takes this information into account updating the main part of theuser model — the relevance matrix. MetaDoc, KN-AHS, and PUSH adapt the context of astretchtext page before presenting it to the user by showing or hiding some pieces of stretchtextaccording to the user’s knowledge. Users can further adapt the content of the page by collapsingor uncollapsing pieces of stretchtext thus showing the system which information they actuallywant (or do not want) to see on the given page. These changes let MetaDoc and KN-AHS updatethe user knowledge level in the user model and help PUSH to infer the user’s goal.To proceed according to this second approach the system has to provide users with specialinterface features to make the adaptation (such as the possibility of dragging the links orcollapsing/uncollapsing the text), i.e., the system should be user-adaptable. At the same time, thesystem has to be able to update the user model according to the preferences demonstrated by theuser-driven adaptation. As a result, the preferences demonstrated by the user in one context can beused to adapt the interface in other contexts. The latter feature distinguish systems likeHYPERFLEX and MetaDoc from simple user-adaptable systems which just store the set of userpreferences "as is" and which can not apply it in different contexts.Third, the information in the user model can be updated directly by the information receivedfrom the users. In adaptive hypermedia systems Adaptive HyperMan (Math� & Chen, 1996),Hypadapter (Hohl, B�cker & Gunzenh�user, 1996), Anatom-Tutor (Beaumont, 1994), EPIAIM(de Rosis et al., 1993), and C-Book (Kay & Kummerfeld, 1994b) as well as in many other kindsof adaptive systems, this method is used to set various features related to user background(profession, relevant experience, prospects, etc.) which can be provided only by the users

26themselves. More specific to adaptive hypermedia systems (Armstrong et al., 1995; H�k et al.,1996; Kaplan et al., 1993; Math� & Chen, 1996; Thomas & Fischer, 1996; Vassileva, 1996) is thepossibility for users to set their current goals (which are hard for the system to infer). The finalstep here is to make the user model viewable and changeable (Cook & Kay, 1994; Kay, 1995) —i.e., to provide a special interface for the users to inspect the content of the user model and toupdate it. With such an interface, the users can inspect all aspects of their models (Hohl, B�cker &Gunzenh�user, 1996) and make quite complicated changes, for example, changing the personaltask hierarchy and visibility of nodes (Vassileva, 1996). In some cases, end users are not skilledenough to change a nontrivial part of the user model reliably while this part is very important forthe correct functioning of the adaptation. In these cases the system can provide an interface for askilled responsible person (administrator) to set the model correctly (Figure 5). For example,setting user classes and hierarchies in Hynecosum is expected to be done by an administrator. Ineducational hypermedia systems, the role of such an administrator is usually played by the teacher.In ISIS-Tutor it is the role of the teacher to set individual sequences of learning goals (an importantpart of the student model) for each student.What is similar for the three analyzed approaches is the idea of involving the user in theprocess of user modeling to get additional information from the user and - as a result - to makeuser modeling more simple and more reliable. What is different with these approaches is theapplicability. Providing feedback is the most simple method for users. It requires very smallchanges in the interface and can be used with any category of users. This method can providesome reliable data for inferring student preferences or knowledge. From another perspective, theamount of information provided with the feedback method is limited. Providing feedback is a sideactivity for users and should not disturb them from their main work. Feedback which requiresmore than two mouse clicks can be considered obtrusive. However, even one-click feedbackcombined with a powerful user modeling technique can give good results as demonstrated byAdaptive HyperMan (Math� & Chen, 1996).Receiving information for the user model directly from the student is the most simple methodfor the system. It requires a rather complicated interface but does not require complicated inferencemethods. It is definitely the most relevant method of getting the information which can be providedeasily - such as goal or background aspects. Updating some more complicated data as an overlayknowledge model or a goal hierarchy requires considerable time and experience level.Understanding the relationships between updated information in the user model and changedbehavior also implies reasonable experience. This method is suitable for an experienced user whouses the system in everyday work or for an administrator.The method based on user-driven adaptation is in the middle between the above extremes. Toprovide adaptation requires more time for the user than to provide feedback, but it is still not verydistracting and can be done by a not very skilled user (because the user has to provide just adesired effect, not the changes in the user model). Data provided by the user still have to beprocessed to update the student model, but the amount of information provided is greater and theprocessing methods can not be as complicated. This way is also the most transparent one for usersbecause the relation between their actions and the received adaptation is straitforward. Finally, itnaturally joins adaptivity and adaptability (Fischer, 1993; H�k et al., 1996) and opens the way toapply such a promising method as adaptively supported adaptability (Oppermann, 1994a;Oppermann, 1994b). We think that this approach is the most relevant one for the continuum ofusers excluding beginners on one side (for them feedback is more easy) and experiencedprofessionals on the other side (they can get more control by updating the user model).8 Concluding remarksAdaptive hypermedia is a new but very quickly developing area of research. More than 20truly adaptive hypermedia systems have been developed and described within the last 3 years. Bynow, most existing AH systems are applied in the traditional hypertext and hypermedia areas, suchas on-line information systems, on-line help systems, and educational hypermedia. Some recent

27work demonstrates that AH techniques can be applied in a number of other application areas: IRhypermedia, institutional hypermedia, and personalized information spaces. In each of theseapplication areas AH techniques can help to solve several groups of problems related to navigationin large hyperspaces and differences between hypermedia users.Though adaptive hypermedia is a new area where most existing AH systems are original andvery different from each other, it is already possible to identify a set of effective AH methodswhich have been implemented in several systems. These methods can be used as a set of buildingtools for creating future AH systems. In real AH systems, these methods have been implementedby different techniques which use different knowledge representations and different adaptationalgorithms. Many of these techniques are well-described in the literature and can be re-used by thedesigners of AH systems.The main characteristic of all methods and techniques of adaptive hypermedia is the appliedtechnology of adaptation. We have identified seven adaptation technologies which are differentfrom a "what can be adapted" point of view: adaptive text presentation, direct guidance, adaptivesorting, hiding, and annotation of links, adaptive multimedia presentation, and map adaptation.The first five of these technologies are well-investigated and used by many AH methods andtechniques. The last two technologies are currently under-investigated and need further research.More work has to be done in applying current techniques of adaptive multimedia presentation toreal-world hyperspaces and in making adaptive known techniques for generation of hypermediamaps.One of the special features of AH systems is the important role of users in the user modelingprocess. Most existing AH systems can not rely on "classic" automatic user modeling and mustuse external sources of information about the user. Many of the systems extend traditional "lookand browse" hypermedia interface with special features that let users provide more informationabout their goals, knowledge, and preferences. A promising approach here is to let the user adaptpresented hypermedia pages and take the user’s changes into account to update the user model.This paper is an attempt at conducting a comprehensive review of existing AH systems. Thereview classifies existing AH techniques and methods according to several introduced dimensionsand systematically presents the most interesting AH methods and techniques for both theadaptation and user modeling parts of the overall adaptation loop. At the end, we want to mentionthree important issues related with the topic of the paper which have been left outside the scope ofthe review. These issues are currently underinvestigated. For each of them we can name 2-4papers which are useful as a background for further research but can not be used for providing acomprehensive review. We consider the three issues listed below as the important directions ofresearch in AH area.The first issue is the efficiency of AH methods and techniques. Unfortunately, the situationwith experimental testing of AH systems is not as advanced as the situation with development ofthese systems. As we have shown, a good number of interesting techniques were suggested andimplemented in AH systems. The problem is that very few of them have been evaluated by aproperly designed experiment. By now, we can name only three systems which have been testedby a comprehensive experiment with the number of subjects large enough to get statisticallysignificant data: MetaDoc (Boyle & Encarnacion, 1994), HYPERFLEX (Kaplan et al., 1993), andISIS-Tutor (Brusilovsky & Pesin, 1995). The lack of experimental studies is a weak point of AHresearch and more work has to be done in this direction.The second issue which is related to the previous one is the usability of adaptation. This issueis important for any adaptive computer system. Adaptivity is not a silver bullet. Adding adaptivitydoes not always makes a system better, moreover, it can make system much less usable if theusers will not be able to understand what is going on in an adaptive system and lose the controlover the system. What are the conditions and features of "usable" adaptation? Currently, very fewpapers contribute directly to this issue. We should specially mention the paper (Vassileva, 1996)which introduces the idea of "stepwise" adaptation and the papers (H�k et al., 1996; Kay, 1995)which discuss the problems of "transparent" adaptation.The third issue to mention is the relations between AH research and the World Wide Web.WWW, a hyperspace spread over the Internet, has potentially unlimited number of nodes and

28variety of users. WWW is currently a promising direction for application of AH techniques.Moreover, we think that WWW will be the most important factor stimulating AH research in thenext several years. In fact, several AH systems reviewed in this paper are completely or partlyimplemented on WWW (Armstrong et al., 1995; H�k et al., 1996; Schwarz et al., 1996; Thomas& Fischer, 1996). These works are very different and can hardly be used to provide somegeneralizations, for example, which adaptation techniques are most suitable for WWW. However,they already show some useful and re-usable ways of implementing AH methods and techniqueson WWW.AcknowledgmentsI would like to thank Julita Vassileva, Gerhard Weber, Kristina H�k, Richard Keller andJohn Eklund for providing comments on the earlier version of this paper. Special thanks to AlfredKobsa for his permanent support in preparing this review. I would like to thank also the reviewersof this paper for their useful and constructive comments. Part of this work was supported by anAlexander von Humboldt-Stiftung Fellowship to the author.Appendix 1: List of adaptive hypermedia systems"Real" AHSAdaptive HyperMan (Math� & Chen, 1994, Math� & Chen, 1996),Anatom-Tutor (Beaumont, 1994),Basar (Thomas, 1995; Thomas & Fischer, 1996),C-Book (Kay & Kummerfeld, 1994a; Kay & Kummerfeld, 1994b),CID (Boy, 1991),[Clibbon] (Clibbon, 1995),DHS (Shibata & Katsumoto, 1993; Katsumoto et al., 1994; Katsumoto et al., 1996),ELM-ART (Brusilovsky, Schwarz & Weber, 1996; Schwarz, Brusilovsky & Weber, 1996),ELM-PE (Brusilovsky & Weber, 1996),EPIAIM (de Rosis et al., 1993; de Rosis, De Carolis & Pizzutilo, 1994),Hynecosum (Vassileva, 1994, Vassileva, 1996),Hypadapter (B�cker et al., 1990; Hohl, B�cker & Gunzenh�user, 1996),HYPERCASE (Micarelli & Sciarrone, 1996),HYPERFLEX (Kaplan et al., 1993),HyperTutor (P�rez et al., 1995; P�rez et al., 1995),HyPLAN (Fox, Grunst & Quast, 1993; Grunst, 1993),ISIS-Tutor (Brusilovsky & Pesin, 1994; Brusilovsky & Pesin, 1995),ITEM/PG (Brusilovsky, Pesin & Zyryanov, 1993; Brusilovsky & Zyryanov, 1993),KN-AHS (Kobsa et al., 1994),Land Use Tutor (Kushniruk & Wang, 1994),Lisp-Critic (Fischer et al., 1990),Manuel Excel (de La Passardiere & Dufresne, 1992)MetaDoc (Boyle & Encarnacion, 1994),ORIMUHS (Encarna�o, 1995a; Encarna�o, 1995b),PUSH (H�k et al., 1996),SYPROS (Gonschorek & Herzog, 1995)SHIVA (Zeiliger, 1993),WebWatcher (Armstrong et al., 1995),WING-MIT (Kim, 1995).

29Some systems close to AHSITEM/IP (Brusilovsky et al., 1993; Brusilovsky, 1992b)Information Islands (Waterworth, 1996)PPP (Andr� & Rist, 1996)[Yetim] (Yetim, 1993)ReferencesAgosti, M., M. Melucci, and F. Crestani: 1995, �Automatic authoring and construction ofhypermedia for information retrieval�. Multimedia Systems 3 (1), 15-24.Andr�, E. and T. Rist: 1996, �Towards a New Generation of Hypermedia Systems: ExtendingAutomated Presentation Design for Hypermedia�, Report, DFKI GmbH, Saarbr�cken.Arens, S. and R. Hammw�hner: 1995, �Ein graphischer Browser f�r das Konstanzer Hypertext-System�. In: R. Kuhlen and M. Ritterberg (eds.): Hypertext - Information Retrieval -Multimedia. Konstanz: Universit�tsverlag Konstanz, pp. 175-189.Armstrong, R., D. Freitag, T. Joachims, and T. Mitchell: 1995, �WebWatcher: A learningapprentice for the World Wide Web�. AAAI Spring Symposium on Information Gatheringf r o m D i s t r i b u t e d , H e t e r o g e n e o u s E n v i r o n m e n t s , Stanford, CA,http://www.isi.edu/sims/knoblock/sss95/mitchell.ps.Beaumont, I.: 1994, �User modeling in the interactive anatomy tutoring system ANATOM-TUTOR�. User Models and User Adapted Interaction 4 (1), 21-45.Benyon, D. R. and D. M. Murray: 1993, �Applying user modeling to human-computer interactiondesign�. AI Review 6, 43 - 69.B�cker, H.-D., H. Hohl, and T. Schwab: 1990, �¡pAdapter - Individualizing Hypertext�. In: D.Diaper (ed.) INTERACT’90. Amsterdam: North-Holland, pp. 931-936.Boy, G. A.: 1991, �On-line user model acquisition in hypertext documentation�. IJCAI’91Workshop ’Agent Modeling for Intelligent Interaction’, Sydney, Australia, pp. 34-42.Boyle, C. and A. O. Encarnacion: 1994, �MetaDoc: an adaptive hypertext reading system�. UserModels and User Adapted Interaction 4 (1), 1-19.Brusilovsky, P. and L. Pesin: 1994, �ISIS-Tutor: An adaptive hypertext learning environment�.JCKBSE’94, Japanese-CIS Symposium on knowledge-based software engineering, Pereslavl-Zalesski, Russia, pp. 83-87.Brusilovsky, P. and L. Pesin: 1995, �Visual annotation of links in adaptive hypermedia�. CHI’95Conference Companion, Denver, pp. 222-223.Brusilovsky, P., L. Pesin, and M. Zyryanov: 1993, �Towards an adaptive hypermedia componentfor an intelligent learning environment�. In: L. J. Bass, J. Gornostaev and C. Unger (eds.):Human-Computer Interaction. Lecture Notes in Computer Science, Vol. 753, Berlin: Springer-Verlag, pp. 348-358.Brusilovsky, P., E. Schwarz, and G. Weber: 1996, �ELM-ART: An intelligent tutoring system onWorld Wide Web�. Third International Conference on Intelligent Tutoring Systems, ITS-96,Montreal.Brusilovsky, P. and G. Weber: 1996, �Collaborative example selection in an intelligent example-based programming environment�. International Conference on Learning Sciences, ICLS-96,Evanston, USA.Brusilovsky, P. and M. Zyryanov: 1993, �Intelligent tutor, environment and manual for physicalgeography�. Seventh International PEG Conference, Edinburgh, pp. 63-73.

30Brusilovsky, P. L.: 1992a, �A framework for intelligent knowledge sequencing and tasksequencing�. In: C. Frasson, G. Gauthier and G. I. McCalla (eds.): Intelligent TutoringSystems. Berlin: Springer-Verlag, pp. 499-506.Brusilovsky, P. L.: 1992b, �Intelligent Tutor, Environment and Manual for IntroductoryProgramming�. Educational and Training Technology International 29 (1), 26-34.Clibbon, K.: 1995, �Conceptually adapted hypertext for learning�. CHI’95 ConferenceCompanion, Denver, pp. 224-225.Cook, R. and J. Kay: 1994, �The justified user model: a viewable, explained user model�. 4-thInternational Conference on User Modeling, Hyannis, MA, pp. 145-150.de La Passardiere, B. and A. Dufresne: 1992, �Adaptive navigational tools for educationalhypermedia�. In: I. Tomek (ed.) Computer Assisted Learning. Berlin: Springer-Verlag, pp.555-567.de Rosis, F., B. De Carolis, and S. Pizzutilo: 1993, �User tailored hypermedia explanations�.INTERCHI’93 Adjunct proceedings, Amsterdam, pp. 169-170.de Rosis, F., B. De Carolis, and S. Pizzutilo: 1994, �User tailored hypermedia explanations�.Workshop Adaptive Hypertext and Hypermedia at 4-th International Conference on UserModeling, Hyannis, MA, http://www.cs.bgsu.edu/hypertext/adaptive/deRosis.html.Debevc, M., S. Rajko, and D. Donlagic: 1994, �Adaptive bar implementation and ergonomics�.Informatica : Journal of Computing and Informatics 18, 357-366.Dieterich, H., U. Malinowski, T. K�hme, and M. Schneider-Hufschmidt: 1993, �State of the artin adaptive user interfaces�. In: M. Schneider-Hufschmidt, T. K�hme and U. Malinowski(eds.): Adaptive user interfaces: Principles and practice. Amsterdam: North-Holland, pp. 13-48.Encarna�o, L. M.: 1995a, �Adaptive help for interactive graphics systems: an application-independent approach�. Workshop Adaptivit�t und Benutzermodellierung in interactivenSystemen (ABIS 95), M�nchen.Encarna�o, L. M.: 1995b, �Adaptivity in graphical user interfaces: An experimental framework�.Computers & Graphics 19 (6), 873-884.Fischer, G.: 1993, �Shared knowledge in cooperative problem-solving systems - integratingadaptive and adaptable components�. In: M. Schneider-Hufschmidt, T. K�hme and U.Malinowski (eds.): Adaptive user interfaces: Principles and practice. Amsterdam: North-Holland, pp. 49-68.Fischer, G., T. Mastaglio, B. Reeves, and J. Rieman: 1990, �Minimalist explanations inknowledge-based systems�. 23-th Annual Hawaii International Conference on SystemSciences, Kailua-Kona, HI, pp. 309-317.Fox, T., G. Grunst, and K.-J. Quast: 1993, �HyPlan - a context-sensitive hypermedia helpsystem�, Report No. 743: Arbeitspapiere der GMD, GMD, Germany.Furnas, G. W.: 1986, �Generalized fisheye views�. CHI’86, pp. 16-23.Gonschorek, M. and C. Herzog: 1995, �Using hypertext for an adaptive helpsystem in anintelligent tutoring system�. AI-ED’95, 7th World Conference on Artificial Intelligence inEducation, Washington, DC, pp. 274-281.Greer, J. and G. McCalla (eds.): 1993, �Student modeling: the key to individualized knowledge-based instruction�. NATO ASI Series F, Vol. 125, Berlin: Springer-Verlag.Grunst, G.: 1993, �Adaptive hypermedia for support systems�. In: M. Schneider-Hufschmidt, T.K�hme and U. Malinowski (eds.): Adaptive user interfaces: Principles and practice.Amsterdam: North-Holland, pp. 269-283.Hammond, N.: 1989, �Hypermedia and learning: Who guides whom?�. In: H. Maurer (ed.)Computer Assisted Learning. Lecture Notes in Computer Science, Vol. 360, Berlin: Springer-Verlag, pp. 167-181.

31Helmes, L., M. Razum, and A. Barth: 1995, �Concept of a hypertext interface for the informationretrieval in complex factual databases�. In: R. Kuhlen and M. Ritterberg (eds.): Hypertext -Information Retrieval - Multimedia. Konstanz: Universit�tsverlag Konstanz, pp. 175-189.Hohl, H., H.-D. B�cker, and R. Gunzenh�user: 1996, �Hypadapter: An adaptive hypertextsystem for exploratory learning and programming�. User Models and User Adapted Interaction6 (this issue).H�k, K., J. Karlgren, A. W�rn, N. Dahlb�ck, C. G. Jansson, K. Karlgren, and B. Lemaire:1996, �A glass box approach to adaptive hypermedia�. User Models and User AdaptedInteraction 6 (this issue).Kaplan, C., J. Fenwick, and J. Chen: 1993, �Adaptive hypertext navigation based on user goalsand context�. User Models and User Adapted Interaction 3 (3), 193-220.Kaptelinin, V.: 1993, �Item recognition in menu selection: The effect of practice�. INTERCHI’93Adjunct Proceedings, Amsterdam, pp. 183-184.Katsumoto, M., M. Fukuda, N. Irie, and Y. Shibata: 1994, �Dynamic hypermedia system basedon Perceptional Link Method for distributed design image database�. 9th InternationalConference on Information Networking (ICOIN-9), pp. 49-54.Katsumoto, M., M. Fukuda, and Y. Shibata: 1996, �The Kansei Link Method for MultimediaDatabase�. 10th International Conference on Information Networking (ICOIN-10), pp. 382-389.Kay, J.: 1995, �The UM toolkit for cooperative user models�. User Models and User AdaptedInteraction 4 (3), 149-196.Kay, J. and R. Kummerfeld: 1994a, �Adaptive hypertext for individualised instruction�.Workshop on Adaptive Hypertext and Hypermedia at Fourth International Conference on UserModeling, Hyannis, MA, http://www.cs.bgsu.edu/hypertext/adaptive/Kay.html.Kay, J. and R. J. Kummerfeld: 1994b, �An Individualised Course for the C ProgrammingLanguage�. Second International WWW Conference "Mosaic and the Web", Chicago, IL,http://www.ncsa.uiuc.edu/SDG/IT94/Proceedings/Educ/kummerfeld/kummerfeld.html.Kim, D.-W.: 1995, �WING-MIT: Das auf einer multimedialen und intelligentedBenutzerschnittstelle basierende tutorielle Hilfesystem f�r das WerkstoffinformationssystemWING-M2�. Workshop Adaptivit�t und Benutzermodellierung in interactiven Systemen (ABIS95), M�nchen.Kobsa, A.: 1993, �User modeling: Recent work, prospects and hazards�. In: M. Schneider-Hufschmidt, T. K�hme and U. Malinowski (eds.): Adaptive user interfaces: Principles andpractice. Amsterdam: North-Holland, pp. 111-128.Kobsa, A., D. M�ller, and A. Nill: 1994, �KN-AHS: An adaptive hypertext klient of the usermodeling system BGP-MS�. 4-th International Conference on User Modeling, Hyannis, MA,pp. 31-36.Kok, A. J.: 1991, �A review and synthesis of user modeling in intelligent systems�. TheKnowledge Engeneering Review 6 (1), 21-47.Kushniruk, A. and H. Wang: 1994, �A hypermedia-based educational system with knowledge-based guidance�. ED-MEDIA’94 - World conference on educational multimedia andhypermedia, Vancouver, Canada, pp. 335-340.Linard, M. and R. Zeiliger: 1995, �Designing a navigational support for educational software�. In:B. Blumental, J. Gornostaev and C. Unger (eds.): Human-Computer Interaction. LectureNotes in Computer Science, Vol. 1015, Berlin: Springer-Verlag, pp. 63-78.Math�, N. and J. Chen: 1994, �A user-centered approach to adaptive hypertext based on aninformation relevance model�. 4-th International Conference on User Modeling, Hyannis, MA,pp. 107-114.

32Math�, N. and J. Chen: 1996, �User-centered indexing for adaptive information access�. UserModels and User Adapted Interaction 6 (this issue).Maybury, M. T. (ed.) 1993, �Intelligent Multimedia Interfaces�. Boston: AAAI Press/MIT Press.Micarelli, A. and F. Sciarrone: 1996, �A case-based toolbox for guided hypermedia navigation�.Fifth International Conference on User Modeling, UM-96, Kailua-Kona, Hawaii, pp. 129-136.Moore, J. D. and W. R. Swartout: 1989, �Pointing: A way toward explanation dialogue�. EightNational Conference on Artificial Intelligence, pp. 457-464.Mukherjea, S. and J. D. Foley: 1995, �Visualizing the World-Wide Web with navigational viewbuilder�. Third International World-Wide Web Conference. In: Computer Networks and ISDNSystems 27 (6), 1075-1087.Mukherjea, S., J. D. Foley, and S. Hudson: 1995, �Visualizing complex hypermedia networksthrough multiple hierarchical views�. CHI’95, Denver, pp. 331-337.Oppermann, R. (ed.) 1994a, �Adaptive user support - ergonomic design of manually andautomatically adaptable software�. Computers, Cognition, and Work, Vol. 40, Hillsdale, NJ:Lawrence Erlbaum Associates.Oppermann, R.: 1994b, �Adaptively supported adaptability�. International Journal on Human-Computer Studies 40, 455-472.Paris, C. L.: 1988, �Tailoring object description to a user’s level of expertise�. ComputationalLinguistics 14 (3), 64-78.P�rez, T., J. Guti�rrez, and P. Lopist�guy: 1995, �An adaptive hypermedia system�. AI-ED’95,7th World Conference on Artificial Intelligence in Education, Washington, DC, pp. 351-358.P�rez, T., P. Lopist�guy, J. Guti�rrez, and I. Usandizaga: 1995, �HyperTutor: From hypermediato intelligent adaptive hypermedia�. ED-MEDIA’95, World conference on educationalmultimedia and hypermedia, Graz, Austria, pp. 529-534.Reed, W. M., J. M. Oughton, D. J. Ayersman, S. F. Giessler, and J. R. Ervin: 1995, �Computerexperience and learning style: Lynear versus nonlinear navigation�. ED-MEDIA’95 - Worldconference on educational multimedia and hypermedia, Charlottesville, pp. 802.Rivlin, E., R. Botafogo, and B. Shneidermann: 1994, �Navigating in hyperspace: designing astructure-based toolbox�. Communications of the ACM 37 (2), 87-96.Schwarz, E., P. Brusilovsky, and G. Weber: 1996, �World-wide intelligent textbooks�. ED-MEDIA’96 - World conference on educational multimedia and hypermedia, Boston, MA.Shibata, Y. and M. Katsumoto: 1993, �Dynamic Hypertext and knowledge agent systems formultimedia information�. ACM Hypertext’93, Seattle, WA, pp. 82-93.Thomas, C. G.: 1995, �Basar: A framework for integrating agents in the World Wide Web�. IEEEComputer 28 (5), 84-86.Thomas, C. G. and G. Fischer: 1996, �Using agents to improve the usability and usefulness of theWorld-Wide Web�. Fifth International Conference on User Modeling, UM-96, Kailua-Kona,Hawaii, pp. 5-12.Tomek, I., H. Maurer, and M. Nassar: 1993, �Optimal presentation of links in large hypermediasystems�. ED-MEDIA’93, World conference on educational multimedia and hypermedia,Orlando, FL, pp. 511-518.Vassileva, J.: 1994, �A practical architecture for user modeling in a hypermedia-based informationsystem�. 4-th International Conference on User Modeling, Hyannis, MA, pp. 115-120.Vassileva, J.: 1996, �A task-centered approach for user modeling in a hypermedia officedocumentation system�. User Models and User Adapted Interaction 6 (this issue).Waterworth, J. A.: 1996, �A pattern of islands: exploring public information space in a privatevehicle�. In: P. Brusilovsky, P. Kommers and N. Streitz (eds.): Multimedia, Hypermedia and

33Virtual Reality: Models, Systems, and Applications. Lecture Notes in Computer Science,Berlin: Springer-Verlag, pp. 266-279.Yetim, F.: 1993, �User-adapted hypertext explanation�. In: T. Grechenig and M. Tscheligi (eds.):Human-Computer Interaction. Berlin: Springer-Verlag, pp. 348-358.Zeiliger, R.: 1993, �Adaptive testing: contribution of the SHIVA model�. In: D. Leclercq and J.Bruno (eds.): Item banking: Interactive testing and self-assessment. NATO ASI Serie F, Vol.112, Berlin: Springer-Verlag, pp. 54-65.Zhao, Z., T. O’Shea, and P. Fung: 1993, �Visualization of semantic relations in hypertextsystems�. ED-MEDIA’93, World conference on educational multimedia and hypermedia,Orlando, FL, pp. 556-564.Zukerman, I. and R. McConachy: 1993, �Consulting a user model to address a user’s inferencesduring content planning�. User Models and User Adapted Interaction 3 (2), 155-185.Zyryanov, M.: 1996, �Adaptive local maps in the hypermedia components of intelligent learningenvironments�. In: P. Brusilovsky, P. Kommers and N. Streitz (eds.): Multimedia,Hypermedia and Virtual Reality: Models, Systems, and Applications. Lecture Notes inComputer Science, Berlin: Springer-Verlag, pp. 306-310.