In: C. Nicholas and J. Mayfield (eds.): Intelligent hypertext: Advanced techniques for theWorld Wide Web. Lecture Notes in Computer Science, 1326, Berlin: Springer-Verlag, 12-30.Efficient Techniques for Adaptive HypermediaPeter BrusilovskyHuman Computer Interaction InstituteSchool of Computer ScienceCarnegie Mellon UniversityPittsburgh, PA 15213 USAE-mail: plb+@andrew.cmu.eduAbstract. Adaptive hypermedia is a new direction of research within the areaof adaptive and user model-based interfaces. Adaptive hypermedia (AH)systems build a model of the individual user and apply it for adaptation to thatuser, for example, to adapt the content of a hypermedia page to the user’sknowledge and goals, or to suggest the most relevant links to follow. AHsystems are now used in several application areas where the hyperspace isreasonably large and where a hypermedia application is expected to be used byusers with different goals, knowledge and backgrounds. This chapter provides abrief survey of existing adaptive hypermedia techniques. Special attention ispaid to the techniques implemented in the World Wide Web and to techniqueswhich have been approved by an experimental study and shown to be effective.Among few others approved techniques we describe adaptive annotationtechniques developed by our group at the Moscow State University.1 IntroductionThe use of adaptive hypermedia (AH) systems is one way to increase thefunctionality of hypermedia. AH systems can be useful in any situation when thesystem is expected to be used by people with different goals and knowledge andwhere the hyperspace is reasonably big. Users with different goals, knowledge, andbackgrounds may be interested in different pieces of information presented on ahypermedia page and may use different links for navigation. AH tries to useknowledge about a particular user, represented in the user model, to adapt theinformation and links being presented to that user. Adaptation can also protect theuser from being lost in hyperspace. Knowing user goals and knowledge, AH systemscan support users in their navigation by limiting the browsing space, suggesting themost relevant links to follow, or providing adaptive comments to visible links.The goal of this chapter is to present the ideas of adaptive hypermedia to ageneral hypermedia and WWW-oriented audience and to show some ways toimplement AH systems. The main content of the chapter is a selective survey ofadaptive hypermedia techniques (a complete review of AH techniques can be foundin (Brusilovsky, 1996)). In selecting the techniques to present, we gave first priority to "efficient" techniques (i.e., to the techniques which have been validated byexperiment), second priority to the techniques which were implemented in WorldWide Web (WWW) context, and third priority to the techniques similar to thetechniques of the two above groups. The survey itself is presented in the Section 3.Before presenting the survey, in Section 2, we discuss the issue "what can be adaptedin adaptive hypermedia". From this point of view, we provide a simple classificationof existing adaptive hypermedia techniques distinguishing two major ways to adapthypermedia (adaptive presentation and adaptive navigation support) and five adaptivehypermedia technologies. After the survey, in Section 4, we review briefly the mostimportant reported experiments with adaptive hypermedia. These experimentsprovide guidelines for the designers of new AH systems showing what adaptivehypermedia can and what cannot do. A reasonable part of Sections 3 and 4 is devotedto several adaptive hypermedia techniques designed by our group in the MoscowState University. In conclusion we summarize main arguments of the chapter. 2 What Can be Adapted in Adaptive HypermediaAt some level of generalization, hypermedia consist of a set of nodes or "pages"connected by links. Each page contains some local information and a number of linksto related pages. These links can appear within the content of a page, in a separatemenu, or on a separate local map. Hypermedia systems can also include an index anda global map which provide links to all accessible pages. What can be adapted inadaptive hypermedia are the content of regular pages (content-level adaptation) andthe links from regular pages, index pages, and maps (link-level adaptation). As a rule,content-level adaptation is used to solve the problem of hypermedia systems whichare used by different classes of users, while link-level adaptation is used to providenavigation support and prevent users from getting lost in hyperspace. We distinguishcontent-level and link-level adaptation as two different ways of hypermediaadaptation and call the former adaptive presentation and the latter adaptivenavigation support.2.1 Adaptive PresentationThe idea of various adaptive presentation techniques is to adapt the content of a pageaccessed by a particular user to current knowledge, goals, and other characteristics ofthe user. For example, a qualified user can be provided with more detailed and deepinformation while a novice can receive additional explanations. Existing adaptivepresentation techniques deals with text adaptation. Text adaptatioin implies thatdifferent users in different time may get different texts as a content of the same page.We group all these techniques into one technology which we call adaptive textpresentation technology. Currently, this technology is the most studied technology ofhypermedia adaptation. Most part of the early works on adaptive hypermedia was centered around adaptive text presentation (Beaumont, 1994; Boyle and Encarnacion,1994; Brusilovsky, 1992; de Rosis et al., 1993; Fischer et al., 1990). This direction ofresearch was influenced by the research on adaptive explanation and adaptivepresentation in intelligent systems (Moore and Swartout, 1989; Paris, 1988). As wewill show in the following sections, a number of different techniques for adaptive textpresentation have been developed.2.2 Adaptive Navigation SupportThe idea of adaptive navigation support techniques is to help users to find their pathsin hyperspace by adapting link presentation to the goals, knowledge, and othercharacteristics of an individual user. Though this area of research is new, a number ofinteresting techniques have been already suggested and implemented. Thesetechniques can be classified in several groups according to the way they adaptpresentation of links. We consider these groups of techniques as differenttechnologies for adapting link presentation. The most popular technologies are directguidance, sorting, hiding, and annotation.Direct guidance is the most simple technology of adaptive navigation support.Direct guidance can be applied in any system which can decide what is the next"best" node for the user to visit according user’s goal and other parametersrepresented 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), or present an additional dynamic link (usually called "next") which isconnected to the "best" node as in ISIS-Tutor (Brusilovsky and Pesin, 1994), SHIVA(Zeiliger, 1993), HyperTutor (P�rez et al., 1995), and Land Use Tutor (Kushnirukand Wang, 1994). The former way is clearer; the latter is more flexible, because itcan be used to recommend the node that is not connected directly to the current one(and not represented on the current page). A problem of direct guidance is that itprovides no support for the users who would not like to follow the system’ssuggestions. Direct guidance is useful but it should be used together with a "moresupportive" technology.The idea of adaptive ordering technology is to sort all the links of a particularpage according to the user model and to some user-valuable criteria: the closer to thetop, the more relevant the link is. Adaptive ordering has a limited applicability: it canbe used with non-contextual links, but it can hardly be used for indexes and contentpages (which usually have a stable order of links), and can never be used withcontextual links and maps. Another problem with adaptive ordering is that thistechnology makes the order of links non-stable: it may change each time the userenters the page. Recent research shows that the stable order of options in menus isimportant for novices (Debevc et al., 1994; Kaptelinin, 1993). However, thistechnology shows to be useful for information retrieval (IR) applications (Armstronget al., 1995; Kaplan et al., 1993; Math� and Chen, 1996). As we will see in Section 4, experimental research (Kaplan et al., 1993) showed that adaptive ordering cansignificantly reduce navigation time in IR applications where each page can havemany non-contextual links. A related application area where adaptive ordering can beused is on-line documentation systems (Hohl et al., 1996).Hiding is currently the most commonly used technology for adaptive navigationsupport. The idea of navigation support by hiding is to restrict the navigation spaceby hiding links to irrelevant pages. A page can be considered as not relevant forseveral reasons: for example, if it is not related to the user’s current goal (Brusilovskyand Pesin, 1994; H�k et al., 1996; Vassileva, 1996) or if it presents materials whichthe user is not yet prepared to understand (Brusilovsky and Pesin, 1994; Gonschorekand Herzog, 1995; P�rez et al., 1995). Hiding protects users from the complexity ofthe unrestricted hyperspace and reduce their cognitive overload. Hiding has a wideapplicability: it can be used with all kinds of non-contextual, index, and map links byhiding buttons or menu items (Brusilovsky and Pesin, 1994), and with contextuallinks by replacing clickable "hot words" to normal text (Gonschorek and Herzog,1995; P�rez et al., 1995). Hiding is also more transparent to the user and looks more"stable" than adaptive ordering (links are usually added incrementally, but notremoved or reordered). Hiding has, however, another problem: as noted by somepsychologists, hiding can provoke formation of incorrect mental models of thehyperspace.The idea of adaptive annotation technology is to augment the links with someform of comments which can tell the user more about the current state of the nodesbehind the annotated links. These annotations can be provided in textual form (Zhaoet al., 1993) or in the form of visual cues using, for example, different icons(Brusilovsky et al., 1996a; de La Passardiere and Dufresne, 1992), colors(Brusilovsky and Pesin, 1994; Brusilovsky and Zyryanov, 1993), font sizes (Hohl etal., 1996), or font types (Brusilovsky et al., 1996a). Link annotation is known to be aneffective way of navigation support in hypermedia (Zhao et al., 1993). The typicalkind of annotation considered in traditional hypermedia is static (user independent)annotation. Adaptive navigation support can be provided by dynamic user model-driven annotation. Adaptive annotation in its simplest history-based form (outliningthe links to previously visited nodes) has been applied in some hypermedia systemsincluding several World-Wide Web browsers. Even this simplest form of adaptiveannotation which can distinguish only two states of links (links to visited/not visitednodes) appears to be quite useful. Current adaptive hypermedia systems (Brusilovskyand Pesin, 1994; Brusilovsky et al., 1996a) can distinguish and annotate differentlyup to six states on the basis of the user model.Annotation seems to be a good way of adaptive navigation support. Annotationcan be naturally used with all possible forms of links. This technique supports stableorder of links and avoids problems with incorrect mental maps. Annotation isgenerally a more powerful technology than hiding: hiding can distinguish only twostates for the related nodes - relevant and non relevant - while annotation, as mentioned above, can distinguish up to six states (for example, Hypadapter (Hohl etal., 1996) uses annotations to show several levels of relevancy). Annotations do notrestrict cognitive overload as much as hiding does, but hiding technology can be quitewell simulated by the annotation technology using a kind of "dimming" instead ofhiding for "not relevant" links. Dimming can decrease cognitive overload in someextent (the user can learn to ignore dimmed links). Dimmed links are still visiblethough (and traversable, if required) which prevents the user from forming wrongmental maps.Direct guidance, sorting, hiding, and annotation are the primary technologies foradaptive navigation support. As we will see in the following sections, most existingadaptation techniques use exactly one of these ways to provide adaptive navigationsupport. However, these technologies are not mutually exclusive and can be used incombinations. For example, ISIS-Tutor (Brusilovsky and Pesin, 1994) uses directguidance, hiding, and annotation; Hypadapter (Hohl et al., 1996) uses sorting, hiding,and annotation. In particular, the direct guidance technology can be naturally used incombination with any of the other three technologies.3 Adaptive Hypermedia Techniques3.1 Adaptive Presentation TechniquesA simple, but effective technique for content adaptation is the "conditional text"technique which is used in ITEM/IP (Brusilovsky, 1992), Lisp-Critic (Fischer et al.,1990), and C-book (Kay and Kummerfeld, 1994). With this technique, allinformation about a concept is divided into several chunks of texts. Each chunk isassociated with a condition on the level of user knowledge represented in the usermodel. When presenting the information about the concept the system presents onlythe 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 is also very flexible. By choosing appropriate conditions on the knowledgelevel of the current concept and related concepts represented in the user model theauthor can implement different methods of adaptation. A simple example is hidingchunks that contain irrelevant explanations if the user’s knowledge of the currentconcept is good enough, or turning on a chunk with comparative explanations if thecorresponding related concept is already known. This conditional text technique canbe easily applied in the WWW context. The work of Kay and Kummerfeld (1994)presents several ideas which can be used to implement this technique in a WWW-based system.A higher level technique which can also turn off and on different parts of thecontent according to the user knowledge level is suggested in MetaDoc (Boyle andEncarnacion, 1994) and developed further in KN-AHS (Kobsa et al., 1994). Thistechnique is based on stretchtext which is a special kind of hypertext. In a regular hypertext, a result of clicking on a hot word is moving to another page with relatedtext. In stretchtext this related text can simply replace the activated hot word (or aphrase including the hot word), thereby extending the text of the current page. Ifrequired, this extended or "uncollapsed" text may be collapsed back to a hot word.Each node in MetaDoc is a stretchtext page which may contain many "uncollapsable"hot words. The idea of adaptive stretchtext presentation in MetaDoc is to present arequested page with all stretchtext extensions that are non-relevant to the user beingcollapsed, and all extensions relevant to the user being uncollapsed. To achieve thisresult an author can declare some uncollapsable textual information contained in anode as an additional explanation of a particular concept, or as a low level detail of aparticular concept. Optionally, the user of MetaDoc with good knowledge of aconcept will always find additional explanations of this concept hidden (collapsed)and all low level details uncollapsed. On the contrary, the user with poor knowledgeof a concept will always find additional explanations of this concept visible and alllow level details collapsed. The user with medium level knowledge will see bothkinds of information. An important feature of the adaptive stretchtext technique isthat it lets both the user and the system adapt the content of a particular page, takinginto account both the knowledge and the preferences of the user. After its initialpresentation, the stretchtext page can be further adapted by the user who canuncollapse and collapse appropriate explanations and details according to his or herpreferences. The system updates the user model according to the preferencesdemonstrated by the user to ensure that the user will always see the preferredcombination of collapsed and uncollapsed parts. For example, if the user hascollapsed additional explanations of a particular concept, the system will alwaysshow additional explanations of this concept collapsed until the user changes thepreferences.The most powerful of the all content adaptation techniques is the frame-basedtechnique implemented in Hypadapter (Hohl et al., 1996), and EPIAIM (de Rosis etal., 1993). With this technique all the information about a particular concept isrepresented in the form of a frame. Slots of a frame can contain several differentexplanations of the concept, links to other frames, examples, etc. Special presentationrules are used to decide which slots should be presented to a particular user and inwhich order. More exactly, in EPIAIM these rules are used to select one of existingpresentation schemes (each scheme is an ordered subset of slots) and the scheme isused to present the concept. In Hypadapter, the rules are used to calculate the"presentation priority" for each slot. Then a subset of slots with high priority arepresented in order of decreasing priority. In their conditional parts, these rules canrefer not only to the user knowledge of a concept being presented, but also to anyfeature represented in the user model. In particular, both systems which use thistechnique take into account the background of the user.

A good example of implementation of the frame-based technique on WWW isPEBA-II system1 (Milosavljevic et al., 1996). This system uses frame-basedknowledge representation and natural language generation techniques to generatedescriptive and comparative information about different animals. This information isadapted to the user level of expertize (current version of PEBA-II is rather adaptablethen adaptive: users have to select their level of expertize themselves).Fig. 1. Adaptive presentation with WWW interface in PUSHA technique developed recently in the PUSH project (H�k et al., 1996) can beconsidered to be a combination of stretchtext and frame-based adaptation. Ahypermedia page in this on-line information system provides a complete descriptionof a particular object structured as an ordered sequence of typed information entities.Each type of object in PUSH has its own assortments of information entity typeswhich are used to describe an object of that type. This technique is similar to theframe-based model (objects may be considered as frames and information entities asslots). The difference is that each information entity in PUSH is a reasonably large

1http://www.mri.mq.edu.au/peba/ portion of hypertext. The complete description of an object is usually itself large, andtakes several pages of information. To protect users from information overflow and tohelp them to find a required piece of information, the system uses hiding: it presentsonly those types of information about the current object which are relevant to thecurrent goal of the user (the goal can be set by the user or deduced by the system). Atthe same time, to keep the adaptation transparent, the system maintains the stablepresentation order of the information and never hides non-relevant entitiescompletely: the titles of hidden non-relevant entities are always shown. If the user isnot satisfied with the system’s decision to show or to hide a particular entity, he or shecan collapse or uncollapse the content of the information entity by clicking on an iconnear its title. The resulting interface looks similar to MetaDoc stretchtext interface:non-relevant pieces of material are not presented to the user, showing only a keyword(in MetaDoc) or the title (in PUSH), but the user can override the adaptation byopening and closing any desired piece of information.Figure 1 shows an example from the PUSH system of implementing stretchtext-like adaptive presentation technique in WWW context. Generally speaking, astretchtext-based technique is not the easiest one to implement on WWW. However,present developments in WWW area, such as Java2 technology open the way tostretchtext-based adaptive presentation techniques on WWW (Espinoza and H�k,1996)3.2 Adaptive Navigation Support TechniquesOne of the most frequently cited techniques for adaptive sorting of links wasimplemented in HYPERFLEX (Kaplan et al., 1993), which can be considered to bean on-line information system or IR hypermedia system. HYPERFLEX provides theuser with navigation support by displaying an ordered list of nodes related to thecurrent node. The links are ordered according to their relevance to the current node(the most relevant appearing first). In addition, HYPERFLEX maintains a list ofpossible search goals. If the user selects one of these search goals, sorting takes intoaccount the relevance of the displayed links to the selected goal. New goals can becreated by users themselves. The main component of the user model in HYPERFLEXis a relevance matrix which stores relevance values between each pair of documentsand from each goal to each document. This matrix reflects mainly user preferencesfor the link order: in HYPERFLEX a user can move the links to tell the systemdirectly his or her preferences on the relative order of links (i.e., which relevant linksand in which order he or she would like to see when viewing a particular document orwhen pursing a particular goal). These preferences are processed by the system toupdate the user model. Therefore the preferences selected in one context caninfluence adaptation in another context.

2http://java.sun.com/

An example of an adaptive navigation support technique based on hiding is therule-based technique implemented in educational hypermedia systems HyperTutor(P�rez et al., 1995) and SYPROS (Gonschorek and Herzog, 1995). Both systems usespecial sets of pedagogical rules to decide which concepts and nodes should bevisible at the given moment and which should not. These rules take into account thetype of the concept and its links to other concepts and the current state of userknowledge reflected in the user model. If the system decides not to make a nodevisible, then all contextual links to this node are changed from hot words to normaltext. The rule-based hiding technique is very flexible. By manipulating the text withhiding rules it is possible to implement several navigation support methods based onhiding, such as hiding nodes the user is not yet ready to learn, or hiding nodes whichbelong to future lessons.A very different hiding technique is suggested in Hynecosum (Vassileva, 1996).This system supports hierarchies of tasks for users of different categories. Eachhyperspace node in the system is indexed by the elementary (terminal) tasks whichrequire access to this node. Thus, for each terminal task the system can compile theassociated list of nodes relevant to this task. By definition, a list of relevant nodes formore high level tasks includes all the nodes relevant at least to one of its subtasks.Using this knowledge Hynecosum can provide local orientation support by hiding. InHynecosum the user directly tells the system which task he or she is currentlyperforming by selecting one of the tasks from a personal hierarchy. After that, thesystem shows the user only the nodes which are relevant to the current task. It makesthe set of visible nodes manageable.An example of annotation-based adaptive navigation support technique can beprovided by our systems ISIS-Tutor (Brusilovsky and Pesin, 1994) and ITEM/PG(Brusilovsky and Zyryanov, 1993). The backbone of the hyperspace in these systemsis formed by a conceptual network which represents the pedagogical structure of thesubject being taught. Each concept of the conceptual network is represented by anode of the hyperspace. Concept nodes of the network are connected by differentkinds of relationships such as "is-a", "part-of", and "prerequisite". Another kind ofnodes in the hyperspace are learning units (such as presentation units, problems, andexamples). Each learning unit is connected to all concept nodes which are required towork with this unit. The weighted overlay student model represents separately thelevel of the student’s knowledge of each of the concepts. Using this student modeland prerequisite links, the systems can distinguish four educational states for eachnode represented by a hypermedia page: not-ready-to-be-learned (i.e., has unlearnedprerequisites), ready-to-be-learned, in-work (learning started), and learned (studenthas solved the required number of problems for the concept). Our idea is thatconcepts with different educational states have different meanings for the student andmaking educational states visible will help the student in hyperspace navigation. Tomake educational states visible, links to the concepts with different educational statesare annotated differently using different colors and some special characters (more details about annotations used in the current version of ISIS-Tutor are given inSection 4.3).The same framework was used in ISIS-Tutor to implement an adaptivenavigation support technique based on the learning goal. In this system, the teachercan set for each student a sequence of learning goals. A goal is a set of concept nodesof the network which must be learned. Concepts which belong to the same goal areexpected to be learned together and then mastered by solving a number of problemsbefore a student moves to the next goal. ISIS-Tutor uses two methods to adapt to thelearning goal: first, to attract the student’s attention, it can outline links to theconcepts belonging to the current goal; second (as an option), to decrease thestudent’s cognitive load, it can hide concepts which belong to future learning goals.Annotation is a very suitable technique for implementing adaptive navigationsupport on WWW. An example of adaptive annotation on WWW is provided by atutoring system ELM-ART3 (Brusilovsky et al., 1996a) and an authoring systemInterBook4 (Brusilovsky et al., 1996b). These systems use the same technique asISIS-Tutor for knowledge-based and learning goal-based annotation of links.Different are the visual cues which are used by ELM-ART and InterBook: rather thenchanging the color of the hot words themselves (as was done in ISIS-Tutor andITEM/PG), these systems change the color of icons and the typeface of the font (forusers without color monitors). In particular, for the links to unvisited nodes ELM-ART uses the traffic light metaphor: links to not-ready-to-be-learned nodes areannotated by a red ball icon and italic font, links to ready-to-be-learned nodesbelonging to the current goal are annotated by a green ball icon and boldface font,and links to ready-to-be-learned nodes not belonging to the current goal are annotatedby a yellow ball icon and normal font (Figure 2). ELM-ART and InterBookimplement adaptive annotation of links using Common Gateway Interface5, CommonLisp Hypermedia Server CL-HTTP6 (Mallery, 1994) and on-the-fly page generation.Currently, all major adaptive navigation support technologies are implementedon WWW. ELM-ART and InterBook (Brusilovsky et al., 1996a; Brusilovsky et al.,1996b) provide an example of annotation-based and sorting-based adaptivenavigation support. WebWatcher (Armstrong et al., 1995) implements directguidance technology in information-retrieval context (WebWatcher is not completelyadaptive yet: the adaptation is currently based on a group user model rather then onindividual user model). Some ideas how to implement hiding-based adaptivenavigation support in WWW context can be found in (Lai et al., 1995). The systemdescribed there has all the required knowledge to implement hiding of links to not-ready-to-be-learned pages, but rather then hide such links, the system modifies their

3http://www.psychologie.uni-trier.de:8000/elmart4http://www.contrib.andrew.cmu.edu/~plb/InterBook.html5http://hoohoo.ncsa.uiuc.edu/cgi/6http://www.ai.mit.edu/projects/iiip/doc/cl-http/home-page.html behavior. If a page behind a link is not-ready-to-be-learned (i.e., it has prerequisitepages not visited by the user), the link drives the user not to the requested page, but tothe list of pages which must be learned before viewing the requested page.Fig. 2. Example of adaptive annotation of links using WWW interface in ELM-ART. The metaphor is traffic lights. Red (italic typeface) means not ready to be learned, green (bold)means ready and recommended (belongs to the learning goal), yellow means ready but notrecommended.4 Evaluation of Adaptive Hypermedia TechniquesThe luck of experimental investigation of adaptive hypermedia is currently a weakpoint of this research direction. Very few reported AH techniques have beenvalidated by a special study (Boyle and Encarnacion, 1994; Brusilovsky and Pesin,1995; Clibbon, 1995; H�k, in press; Kaplan et al., 1993). In this section we reviewbriefly the most important reported studies.

4.1 Evaluation of an Adaptive Presentation TechniqueThe most comprehensive evaluation of adaptive presentation in hypermedia wasperformed by Boyle and Encarnacion (1994) with their system MetaDoc. The goal ofthe experiment was to compare three kinds of hypertext: normal hypertext, stretchtext(i.e., hypertext extended with stretchtext functionality), and adaptive stretchtext in thecontext of on-line information access. Two kinds of tasks were used to compare thesekinds of hypertext: reading comprehension tasks and navigation tasks. The systemscompared were the original MetaDoc with all functionality and two "disabled"versions of MetaDoc: the stretchtext version which had all stretchtext functionality,but no user modeling and adaptation and the hypertext-only version which had nostretchtext functionality at all.The subjects (computer science students) were randomly assigned to one of thethree systems forming three groups: the hypertext group, the stretchtext group and theMetaDoc group. The subjects had some time to learn their systems and to browse theactual document. Then each subject received a booklet with five search andnavigation questions and eight reading comprehension questions. The subject wasallowed three minutes to find the answer to the search and navigation questions andthen five minutes for the reading comprehension questions. For each question thesubject was allowed three tries in finding the correct answer. For the search andnavigation questions, the subject simply pointed out the location of the answer. Forreading comprehension questions, the answer was provided orally.The main results of the experiment are shown in the Table 1. Analysis ofVariance (ANOVA) was the primary statistical test used. For all shown parametersthe effect was significant at the 1 percent level. On a paired test a significantdifference for reading comprehension time was found between stretchtext andMetaDoc groups. For the reading comprehension correctness and the search time asignificant difference was found between hypertext and both other groups, though nosignificant difference was found between stretchtext and MetaDoc. For the threeother parameters related with navigation: search correctness, number of visited nodes(including repetitions), and number of operations, no significant difference wasfound.Table 1. Significant results of MetaDoc evaluationHypertextStretchtextMetaDoc

ExpertNoviceExpertNoviceExpertNovice

Reading comp. time (sec.)17801930125017808101420

Reading comp. correct536.5777

Mean search time (sec.)755725645530555575

Thus, the experiment has shown that stretchtext-based content adaptation is anefficient adaptation technique which can increase user performance by improving reading comprehension. With this technique, reading comprehension time decreasessignificantly, without loss in understanding. In fact, understanding even increases, butthis effect is possibly provided by the stretchtext technology itself rather then by theadaptation technique. At the same time, content adaptation does not affect usernavigation. For all navigation-related parameters including time and number ofvisited nodes there was no significant difference between adaptive and non-adaptiveversions of MetaDoc.4.2 Evaluation of an Adaptive Navigation Support Technique: SortingThe first evaluation of adaptive navigation support by sorting was performed byKaplan et al. (1993) with their system HYPERFLEX. They performed two pilotstudies. In the first small study (with four subjects) they examined the usefulness ofgoal-directed search in the hypertext. The subjects were asked questions relating toinformation stored in the hypertext. Each user answered ten questions. For five ofthese questions there existed relevant goals among the system supported goals. Thatis, the user could select this goal as the current goal and use the adaptively sorted listof links to related nodes as a navigation support. For five other questions no relevantgoals were provided. In the version of HYPERFLEX used in this experiment theusers were not able to create their own goals. The results of the experiment shown inTable 2, demonstrate that goal-based adaptive sorting seriously decrease search timeand the number of searched topics, while the correctness of answers even increasedslightly.Table 2. First pilot study with HYPERFLEXSearch time# Topics% correct

With relevant goal462 sec.8.883%

No relevant goal716 sec12.275%

The goal of the second pilot study was to compare the efficiency of two mainmethods of adaptation in HYPERFLEX: current-node-based adaptation (the userselects the current node of interest and the system orders the relevant links accordingtheir relevancy to the current node) and "current goal" based adaptation (the userselects the current goal and the system orders the relevant links according theirrelevancy to the current goal). Three versions of HYPERFLEX were used inexperiment: the version with node-based adaptation only, the version with goal-basedadaptation only, and a fully functional system with both kinds of adaptation available.Eighteen subjects participated in the study (six subjects for each version). Eachsubject was asked to perform four search tasks. Dependent measures were the time tocomplete each task and the number of topics (nodes) searched for each task. Since allthe subjects completed the task successfully, "% correct" was not a relevant measure.

The results shown in Table 3 demonstrate that both methods of adaptation areefficacious, because the users of the fully functional system showed betterperformance then either of the two other groups.Table 3. Second pilot study with HYPERFLEXSearch time# TopicsTime / topic

With current goal387 sec.8.645 sec.

With current node356 sec.6.852 sec.

Fully functional345 sec9.038 sec.

While the results of both studies should be interpreted with caution due to thesmall sample size (the original paper contains no data about significance of theresults), they show that sorting-based adaptive navigation support can improve userperformance in information search tasks.4.3 Evaluation of Adaptive Navigation Support Techniques:Hiding and AnnotationThe first evaluation of adaptive navigation support by hiding and annotation wasperformed by our group in the Moscow State University. The goal of our study was tocheck the efficiency of these two adaptation technologies and, in particular, tocompare these technologies in an educational context. As a base system, we used forthe experiment our ISIS-Tutor system (Brusilovsky and Pesin, 1994) which wasbriefly described above.The current version of ISIS-Tutor uses adaptive annotation as a primarytechnique for adaptive navigation support. As an optional mode of work, ISIS-Tutoralso implements adaptive hiding of links. The idea of hiding in ISIS-Tutor is toreduce the cognitive load by hiding from students all links to nodes which they are"not expected to learn". There are two kinds of hidden nodes in ISIS-Tutor: not-ready-to-be-learned nodes and ready-to-be-learned nodes that are outside the currenteducational goal. In normal annotation mode, the links to these nodes are notspecially annotated. In hiding mode, these links are hidden. Note that hiding mode inISIS-Tutor is more advanced then typical hiding. It is a combination of hiding andannotation, because learned, in-work and ready-to-be-learned nodes are stillannotated as in normal annotation mode.In our experiment, we used three versions of ISIS-Tutor: a non-adaptive version"A" which provided neither annotation nor hiding; a normal version "B" withadaptive annotation; and a version "C" that worked in hiding mode. In adaptiveversions of ISIS-Tutor links to not-ready-to-be-learned nodes were not speciallycolored, ready-to-be-learned were colored red, both in-work and learned were coloredgreen, and learned concepts was additionally marked with a "+" sign (we used special signs to avoid using too many colors). Links to nodes which are within the currenteducational goal were marked with a "-" sign. Links to not-ready-to-be-learned nodesand nodes outside the current educational goal were not specially annotated in versionB and hidden in version C. The summary of different annotations applied in thesethree versions is shown in the table 4.Table 4. Summary of annotations applied in three versions of ISIS-Tutor.NA means no annotation.A. Non-adaptiveB. AdaptiveannotationC. Adaptivehiding

Outside educational goalNANAhidden

Within educational goalNAmark "-"mark "-"

Well-learnedNAmark "+"mark "+"

KnownNAgreen colorgreen color

Ready-to-be-learnedNAred colorred color

Not-ready-to-be-learnedNANAhidden

Twenty-six subjects (first year computer science students of the Moscow StateUniversity) took part in the experiment. They were briefly introduced to ISIS-Tutorand then had up to 45 minutes to work with the system. The same educational goal(ten concepts and ten test problems) was given to each student. To complete thecourse, each user had to solve all ten problems. The subjects were divided randomlyinto three groups. Group A worked with version A (non-adaptive version). Group Bworked with version B (adaptive annotation). Group C worked with version C(adaptive annotation and hiding). All actions of students working with the systemwere recorded and then analyzed to compare various aspects of user performance.The most important dependent variables were the time required to complete thecourse and the overall number of navigation steps. According to the results of theexperiment with HYPERFLEX, we expected that both the time and the number ofsteps would decrease for adaptive versions.Table 5. Results of the experiment with ISIS-TutorGroupNumber ofstepsConceptrepetitionsTaskrepetitions

A. Non-adaptive81.3311.176.17

B. Adaptive annotation65.205.000.80

C. Adaptive annotation and hiding58.204.800.40

Though not all the results of the experiment are processed by now, we canalready report the results concerning our main hypothesis. These results are shown inthe table 5 (all data are average numbers for each group). As we can see, the overall number of navigation steps, the number of unforced repetitions of previously studiedconcepts, and the number of task repetitions (i.e., trials to solve previoulsy visitedtask) are much less for both versions with adaptive navigation support. For the overallnumber of navigation steps and the number of task repetitions the difference wassignificant (we have used ANOVA to check the significance). On a paired test thesignificant difference for all three variables was found between non-adaptive groupand joint adaptive group (B+C), but no significant difference was found between thetwo adaptive groups.The results of the experiment with ISIS-Tutor show that both applied adaptivenavigation support techniques - hiding and annotation - are efficient adaptationtechniques. These techniques can improve user performance in hypermedia bysignificantly reducing navigation difficulty. Adaptive annotation and hiding in aneducational context can reduce user’s floundering in the hyperspace and makelearning with hypermedia more goal-oriented. With these kinds of adaptivenavigation support, the user can achieve the same result using a smaller number ofnavigation steps and visits to hypernodes. It is interesting to compare our results withthe results of Kaplan et al. (1993), presented in Section 4.2. We have seen thatadaptive presentation in hypermedia can reduce the time for learning the material andimprove the comprehension of it, but cannot reduce the number of nodes visited inthe process of learning. At the same time, adaptive annotation of links can hardlyimprove the quality of learning, but can reduce the number of visited nodes thusfurther reducing the learning time. These techniques look complimentary and can beused together for further improvement of the effectiveness of learning withhypermedia.ConclusionAdaptive hypermedia is a new direction of research at the crossroads of hypermedia,adaptive systems and intelligent systems. It is a promising and fast developingdirection: more and more groups are starting work on adaptive hypermedia problems,more and more techniques are being developed. A weak point of current research onadaptive hypermedia is the luck of experimental investigation of AH efficiency. Veryfew reported AH techniques have been validated by empirical study, and only two ofthese studies reported significant results. However, the results of the reported studiesare quite promising. It was found that adaptive presentation can significantly improveuser comprehension of hypertext material, while adaptive navigation supporttechniques can significantly decrease user search and navigation efforts. Both groupof techniques can decrease the time required to complete a task of the user. Thesegroups of techniques can compliment each other and provide even better effect whenused together.Recently, adaptive hypermedia as a direction of research has received specialattention in the WWW context We argue that adaptive hypermedia is one of the ways to increase the functionality of WWW. It can be demonstrated by several systemswhich implement adaptive hypermedia techniques in WWW context. We hope thatthe research works presented in this chapter can be used as a source of ideas forresearchers interested in making local and networked hypermedia systems moreefficient and functional.AcknowledgmentsPart of this work was supported by an Alexander von Humboldt-Stiftung Fellowshipto the author.ReferencesArmstrong, R. et al. (1995) WebWatcher: A learning apprentice for the World Wide Web.Proceedings of AAAI Spring Symposium on Information Gathering from Distributed,Heterogeneous Environments. Stanford, CA, March 27-29, 1995,http://www.isi.edu/sims/knoblock/sss95/mitchell.ps.Beaumont, I. (1994) User modeling in the interactive anatomy tutoring system ANATOM-TUTOR. User Modeling and User-Adapted Interaction 4 (1), 21-45.Boyle, C. and Encarnacion, A. O. (1994) MetaDoc: an adaptive hypertext reading system. UserModeling and User-Adapted Interaction 4 (1), 1-19.Brusilovsky, P. (1996) Methods and techniques of adaptive hypermedia. User Modeling andUser-Adapted Interaction 6 (2-3), 87-129.Brusilovsky, P. and Pesin, L. (1994) ISIS-Tutor: An adaptive hypertext learning environment.Proceedings of JCKBSE’94, Japanese-CIS Symposium on knowledge-based softwareengineering. Edited by H. Ueno and V. Stefanuk. Pereslavl-Zalesski, Russia, May 10-13,1994, pp. 83-87.Brusilovsky, P. and Pesin, L. (1995) Visual annotation of links in adaptive hypermedia.Proceedings of CHI’95 (Conference Companion). Edited by I. Katz et al. Denver, May 7-11, 1995, pp. 222-223.Brusilovsky, P. et al. (1996a) ELM-ART: An intelligent tutoring system on World Wide Web.In Intelligent Tutoring Systems, Proceedings of Third International Conference onIntelligent Tutoring Systems, ITS-96, Lecture Notes in Computer Science, Vol. 1086, C.Frasson et al. (eds), Springer Verlag, Berlin. pp. 261-269.Brusilovsky, P. et al. (1996b) A tool for developing adaptive electronic textbooks on WWW.Proceedings of WebNet’97, World Conference of the Web Society. San Francisco, CA,October 15-19, 1996, http://www.contrib.andrew.cmu.edu/~plb/WebNet96.html.Brusilovsky, P. and Zyryanov, M. (1993) Intelligent tutor, environment and manual forphysical geography. Proceedings of Seventh International PEG Conference. Edinburgh,Edinburgh, 2-4 July, 1993, pp. 63-73.Brusilovsky, P. L. (1992) Intelligent Tutor, Environment and Manual for IntroductoryProgramming. Educational and Training Technology International 29 (1), 26-34.

Clibbon, K. (1995) Conceptually adapted hypertext for learning. Proceedings of CHI’95(Conference Companion). Edited by I. Katz et al. Denver, May 7-11, 1995, pp. 224-225.de La Passardiere, B. and Dufresne, A. (1992) Adaptive navigational tools for educationalhypermedia. In Computer Assisted Learning, Proceedings of ICCAL’92, 4-th InternationalConference on Computers and Learning, I. Tomek (ed) Springer-Verlag, Berlin. pp. 555-567.de Rosis, F. et al. (1993) User tailored hypermedia explanations. Proceedings of INTERCHI’93(Adjunct proceedings). Amsterdam, 24-29 April 1993, pp. 169-170.Debevc, M. et al. (1994) Adaptive bar implementation and ergonomics. Informatica : Journalof Computing and Informatics 18, 357-366.Espinoza, F. and H�k, K. (1996) An interactive WWW interface to an adaptive informationsystem. Proceedings of Workshop "User Modelling for Information Filtering on the WorldWide Web" at the Fifth International Conference on User Modeling. ,http://www.sics.se/~kia/espinoza_hook.html.Fischer, G. et al. (1990) Minimalist explanations in knowledge-based systems. Proceedings of23-th Annual Hawaii International Conference on System Sciences. Kailua-Kona, HI,January 2-5, 1990, pp. 309-317.Gonschorek, M. and Herzog, C. (1995) Using hypertext for an adaptive helpsystem in anintelligent tutoring system. Proceedings of AI-ED’95, 7th World Conference on ArtificialIntelligence in Education. Edited by J. Greer. Washington, DC, 16-19 August 1995, pp.274-281.Hohl, H. et al. (1996) Hypadapter: An adaptive hypertext system for exploratory learning andprogramming. User Modeling and User-Adapted Interaction 6 (2-3), 131-156.H�k, K. (in press) Evaluating the usefulness of an adaptive hypermedia system. Proceedingsof 1997 International Conference on Intelligent User Interfaces. Orlando, Florida, January6-9 1997.H�k, K. et al. (1996) A glass box approach to adaptive hypermedia. User Modeling and User-Adapted Interaction 6 (2-3), 157-184.Kaplan, C. et al. (1993) Adaptive hypertext navigation based on user goals and context. UserModeling and User-Adapted Interaction 3 (3), 193-220.Kaptelinin, V. (1993) Item recognition in menu selection: The effect of practice. Proceedingsof INTERCHI’93 (Adjunct Proceedings). Amsterdam, 24-29 April 1993, pp. 183-184.Kay, J. and Kummerfeld, R. J. (1994) An individualised course for the C programminglanguage. Proceedings of Second International WWW Conference. Chicago, IL, 17-20October,http://www.ncsa.uiuc.edu/SDG/IT94/Proceedings/Educ/kummerfeld/kummerfeld.html.Kobsa, A. et al. (1994) KN-AHS: An adaptive hypertext klient of the user modeling systemBGP-MS. Proceedings of Fourth International Conference on User Modeling. Hyannis,MA, 15-19 August 1994, pp. 31-36.Kushniruk, A. and Wang, H. (1994) A hypermedia-based educational system with knowledge-based guidance. Proceedings of ED-MEDIA’94 - World conference on educational multimedia and hypermedia. Edited by T.Ottman and I.Tomek. Vancouver, Canada, June25-30, 1994, pp. 335-340.Lai, M.-C. et al. (1995) Toward a new educational environment. Proceedings of 4thInternational World Wide Web Conference. , Boston, USA, December 11-14, 1995,http://www.w3.org/pub/Conferences/WWW4/Papers/238/.Mallery, J. C. (1994) A Common LISP hypermedia server. Proceedings of the FirstInternational Conference on the World-Wide Web. , May 25, 1994.Math�, N. and Chen, J. (1996) User-centered indexing for adaptive information access. UserModeling and User-Adapted Interaction 6 (2-3), 225-261.Milosavljevic, M. et al. (1996) Text Generation in a Dynamic Hypertex Environment.Proceedings of Nineteenth Australasian Computer Science Conference (ACSC’96).Melbourne, Australia, 31 January - 2 February 1996, pp. 417-426,http://www.mri.mq.edu.au/~mariam/papers/acsc/.Moore, J. D. and Swartout, W. R. (1989) Pointing: A way toward explanation dialogue.Proceedings of Eight National Conference on Artificial Intelligence. , pp. 457-464.Paris, C. L. (1988) Tailoring object description to a user’s level of expertise. ComputationalLinguistics 14 (3), 64-78.P�rez, T. et al. (1995) An adaptive hypermedia system. Proceedings of AI-ED’95, 7th WorldConference on Artificial Intelligence in Education. Edited by J. Greer. Washington, DC,16-19 August 1995, pp. 351-358.Vassileva, J. (1996) A task-centered approach for user modeling in a hypermedia officedocumentation system. User Modeling and User-Adapted Interaction 6 (2-3), 185-224.Zeiliger, R. (1993) Adaptive testing: contribution of the SHIVA model. In Item banking:Interactive testing and self-assessment, NATO ASI Serie F, Vol. 112, D. Leclercq and J.Bruno (eds), Springer-Verlag, Berlin. pp. 54-65.Zhao, Z. et al. (1993) Visualization of semantic relations in hypertext systems. Proceedings ofED-MEDIA’93, World conference on educational multimedia and hypermedia. Edited byT.Ottman and I.Tomek. Orlando, FL, pp. 556-564.