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Abstract: The paper provides a review aflaptiveand intdligent technologies in a
context of Web-based idtance educationVe analyzewhat kind of technologies are
available right now, how easy they can be implemented on the &Wdiajhat is the
place of these technologies in large-scale Web-based education.

1 I ntroduction

Web-based educatiqWBE) is currently a hot research addvelopmentarea.Benefits of
Web-based educatioare clear.classroomindependence and platform independence. Web
courseware installed and supported in one place can be used by thousands of learners all over the
world that are equipped with any kinflinternet-connected comput&housands o¥Web-based
coursesand other educational agjgations havebeen madavailable ornthe Webwithin the last
five years. The problem is that most of them are nothing thare a networlof static hypertext
pages. Achallengingresearch goais the development of advanced/eb-based ducational
applications that can offesome amount ofadaptivity and intelligence. These features are
important forWBE applications since distanstudents usuallyvork on theirown (often from
home). An intelligent and personalized assistance that a teacher or a peer student can provide in a
normal classroom situation is not easy to getaddition,beingadaptive ismportantfor Web-
basedcourseware becausehts to be used by a muelider variety of students than any
"standalone" educational application. A Wedurseware thas designedwith a particular class
of users in mind may not suit other users.

Since theearly days ofthe Web, anumber ofresearchteamshave implementeddifferent
kinds of adaptive and intelligent systems for on-site and distance WBE. The goal of this paper is
to provide a brief reew of the workperformed so far irhis area.The revew is centered on
different adaptiveand intelligent technologies. We stay onthe level of technologies tgrovide
compatibility with earlier papers onadaptive hypermedia[7] and Web-based ITS [6]. By
adaptiveand intelligent technologies wemean essentially different ways tadd adaptive or
intelligent functionality to an educationakystem. Atechnology usually could be further
dissected into finer graitechniques andhethodswhich corresponds tdifferent variations of
this functionality anddifferent ways of itdmplementation. In the nesectionwe analyzewhat
kind of technologies are available right now, and how easy they can be implemented\ebthe
After that we discuss what is the place of these technologies in large-scale Web-based education.

2 Web-based educational systems. areview of technologies

Web-basedAdaptive and Intelligent EducationaBystems(AIES) are not arentirely new
kind of systems Historically, almostall Web-basedAIES inherit from twoeatrlier kinds of
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AIES: intelligent tutoring systems (ITS) andadaptive hypermedia systems. Most of adaptive and
intelligenttechnologies apied in Web-basedA\IES systemsweredirectly adoptedrom either
the ITS area orthe adaptivehypermedia areaAs long asWeb-basedAIES researcltget more
mature, itwill produce originaltechnologiesnspired bythe Web contextAt least one of these
Web-inspired technologies could already be ident(ileddel matching). Thisection provides a
review of existing technologies grouped by its origin. For each technology we list eXisting
based AIES angrojects, whichmplements variations dhis technology andiscussthe ways
to implement it on the Web.

2.1 ITStechnologiesin Web-based education

Intelligent tutoring systems is draditional area ofesearch tht investigatesproblems of
developing AIES [13]. The goal of varioliES is the usethe knowledgeabout thedomain, the
student, andlaout teachingstrategies tsupportflexible individualized learningand tutoring. A
review of existing intelligent tutoring systems performed by the author in 1990 helped to identify
three cordTS technologies:curriculum sequencingintelligent analysis ofstudent'ssolutions,
andinteractive problensolving support.All these technologiesereimplemented imnumerous
ITS. Since 1990, only one ndechnology (example-based plem solvingsupport)was added
to the seto classify afunctionality thatwas not coveretdy the core threéWhile the proposed
set ofITS technologies coultbe consideredubjectiveandincomplete, iturned out to be very
useful for classifying existing Web-basedAIES. Web-basedAIES that use traditional ITS
technologiesare usually calledWeb-based ITS. First Web-based IWere reported in1995-
1996 [6; 12; 34; 37]. These systems still constitute a rather small stream inside the ITS area.

2.1.1 Curriculum sequencing

The goal of theurriculum sequencing technology (also referred to asstructional planning
technology) is to mvide the studentwith the most suitableindividually gdannedsequence of
knowledge units to learn and sequence of leartasgs (examplegjuestionsproblems, etc.) to
work with. In otherwords, ithelpsthe student to find arfoptimal path" throughthe learning
material. The classic exampetheBIP system[5]. There are two essentially differekinds of
sequencing: @ive and passiveActive sequencingmplies alearning goal (a subset ofdomain
concepts or topics to be mastered). Systeitts active sequencingan buildthe bestindividual
pah to achievethe goal.Passivesequencingwhich is also called remediation) is a reactive
technology andaloesnot require an aate leaning goal.lt startswhen theuser isnot able to
solve a problem aanswer ajuestion(questions)correctly.lts goal is to offethe user a subset
of available learning material, which can fill the gap in student'knowledge of resolve a
misconception. For active sequencing systems, it meiese talistinguishsystemswith fixed
and adjustable learning godllost of existing systemscan guidetheir students tothe fixed
learning goal - the whole set of domain concepts. A few systems with adjustable learning goal let
a teacher or a student to select a subset of the whole satcdpts ashe current learning goal.
In most ofITS systemswith sequencing it ipossible to distinguish twievels of sequencing:
high and low. High-level sequencinglmowledge sequencing determines next learning subgoal:
nex concept,set of concepts,topic, or lesson to beaught. Low-level sequencing ortask
sequencing determines nexearnirg task(problem,example test) within currentsubgoal High
and lowlevel sequencingare oftenperformed by different mechanisms. In mdiy systems
only one of thesewo mechanismareintelligent, for example, desson isselected by a student,
while learning tasks within thiessonare adaptivelyselected by theystem. Somsystems can
only manipulate therder of task of on@articularkind: usually problems or questions. In this
case it could be also called problem or question sequencing.

Sequencing is currently the most popular technology/@b-basedAIES. Almost all kinds
of sequencingnentionedabove weralreadyimplemented on th&/eb. Active sequencing is a
dominated typef sequencingOnly afew systems(InterBook, PAT-InterBookCALAT, VC
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Prolog Tutor, and Remedial Multimedia System)can performpassie remedialsequencing.
Among active sequencing systemsly a handful ofsystems such asLM-ART-II, AST, ADI,
ART-Web, ACE, KBS-Hyperbook,andILESA are able to perform intelligentllgoth high and
low level sequencing. Others, like Manic, leave a choice of activity within a topic teséng/ice
versa,some systemdike Medtec,leave achoice of a topic to theiser butcan generate an
adapive sequerce of problemswithin thetopic. Most of the systems supportsequencingvith
fixed learning goal (equals to the whole course). Only asigstems support adjustatégrning
goalsenabling a@eacher(as in DCG) or astudent(as inInterBook andKBS Hyperbook) to
select an individuaboal. The studentan choose a goads a subset oflomain concepts
(InterBook) or a project (KBS Hyperbook).

Active sequencing in most of the systemdriven by thestudentsknowledge (moreexactly,
by the differencebetweenstudent'sknowledge and globajoal). A few systemsand projects,
however,experimentwith the use of students’ rpferences orthe type andmnedia ofavailable
learning material tdrive sequencing ofaskswithin atopic [14; 15; 45].Two interestingcases
of sequencing coulde found iINDCG and SIETTEsystems. DCG [49¢an perbrm advanced
sequencing ofeducationalmaterial adapted to a &ning goal.However, the sequencing is
performed beforstudentsstart workingwith the system producing static Web-based course.
SIETTE [40] is anexample of aVeb-baseddaptivetestingsystem. The only kind déarning
material it possesses is questions. The only thing it can do is to geneaak#ptivesequence of
guestions tassesstudent's kneledge.Systems like EETTE are incomplete by their nature
and have to be used as components in distributed Web-based AIES.

While curriculum sequencing could be consideredths oldestITS technology (it was
implemented inalmost all first ITS), for about 20 years itvas a Cinderellaamong other
technologiesVery little attention wasdevoted to it.MainstreamITS researchwere centered
around problensolving supporttechnologiegwhich will be analyzed belowpRroblemsolving
supportwasconsidered as a main duty of A, while deliveryand sequencingf education
material was though to be performed outside the system (usually, by a human téktted)y,
almost nolTS includeseducationamaterialitself (other tha a set of problems)lhe situation
with Web-basedAIES is very different. Inthe context oWeb-basedducationa solid amount
of educational materigusually structured as a hyperspace) is onth@imainattractions of an
educationalsystem. In this contex{with its "lost in hyperspace'problem), curriculum
sequencing technolodyecomesrery important toguide thestudent througlthe hyperspace of
availableinformation. This technology is alstatural andeasy toimplement on theNeb: all
knowledge could be located on the server anskgjliencing could be dohg a CGl-script. It's
not surprising that, it is not only tredest, butalsothe most populatechnology ofWeb-based
AIES.

2.1.2 Problem solving support technologies

As it is mentioned above, for many yegmgblem solving support wasonsidered as @ain
duty of an ITS system and a main value of an ITS technologyha¥eidentified three problem
solving support technologies: intelligent analysistatlent solutions, interactiyeoblemsolving
support, ancexample-based prolste solvingsupport.All these technologiesan help a student
in a process of solving an educational problem, but they do it by different ways.

Intelligent analysis of student solutions dealswith students'final answers to educational
problems no matter how these answeese obtained. Tbe considered astelligent, asolution
analyzerhas to deide whether theolution iscorrect or notfind out what exactly iswrong or
incomplete, and possibly identiiyhich missing orincorrect knowledge may lresponsible for
the eror (thelast functionality isreferred asknowledgediagnosis).Intelligent analyzers can
provide thestudentwith extensive errofeedback and update tlstudentmodel. The classic
example iISPROUST [Johnson, 1986 #681. As a¢buld be seen fronthe Tables 1 and 3, a
number of Web-based AIES implement intelligent analysis of student solutions.



4

Interactive problem solving support is a more recentand amove powerfultechnology.
Instead of waiting for the final solution,this technologycan provide astudentwith intelligent
help on each step pfoblemsolving. Thelevel of helpcanvary: from signaling about a wrong
step, to giving a hint, to egating the nextstep forthe student.The systemswhich implement
this technology (often referred to ageractive tutors) canwatchthe ations of the student,
understand them, and uges understanding to provide help anduipdate thestudentmodel.
The classic example is théSP-TUTOR [2]. This technology is also represented by a number
of Web-based AIES (Tables 1 and 3).

The example-based problem solving technology isthe newest oneThis technology is
helping students teolve newproblems not byarticulating their eors, but by sggestingthem
relevantsuccessful problersolving cases fromtheir earlier experience (tould be examples
explained to them or problems solved by them earer)example is ELM-PHE51]. In the Web
context, this technology is implemented in ELM-ART [12] and ELM-ART-II [53].

In thearea of traditional ITShe interactive prolem solvingsupporttechnology absolutely
dominates.Interactive prol#m solving support is arultimate goal ofalmost anyITS, while
intelligent analysis of studensolutions isoften consideredmperfect (and example based
problem solving support is too rare to consider as a competitor). Again, the Web context changes
the situation.Both intelligent analysis of studergolutions andexamplebased problensolving
supportappears to b&ery natural anduseful in Web cotext. Both technologiesre passive
(works by student request) awdn berelatively easy implemented on the Websing a CGI
interface.Moreover, an oldtandalone AIESyhich usesthesetechnologiescould berelatively
easy ported to the Web by implementing@l gateway tdhe oldstandalone program. It is not
surprising thathese technologiesereamong thefirst implemented on th&/eb. Animportant
benefit of these twaechnologies inthe Web context is their lownteractivity: both usually
require only one interaction between browser and server for a problem solving cycle. This is very
importantfor the case of slow Internet connection. Thesghnologiescan provideintelligent
supportwhen a morenteractivetechnology Wi be hardly useful.Currently, these technology
dominates in Web contexaver more powerlil and interaction hungry interactive problem
solving support.

Interactive prolem solving supporttechnology isthe lastITS technologymigrated to the
Web. The problemhere is that théfast-track” approach oimplementingWeb-based ITS
(developing a CGl interface to an older standaldi®) used inpioneersystems does netork
properly for thistechnology. It could bevell illustrated bythe PAT-Online system[41], which
was probablythefirst trial to implementnteractive problensolving support ornthe Web. This
system uses form-basedCGl-AppleScriptinterface to astandalonePractical Algebra Tutor
(PAT) system.SinceCGl interface is pasve, the Web wsion of the system had to provide a
"submit" button forthe student toget the feedbackrom the system.Naturally, it also added
another feature, which was esserfoalstudents wi a slow Internetonnection: gossibility to
request a feedback once after performing several problem solving steps. As a result, PAT-Online
moved tothe category of anntelligent problemanalyzers, morexactly, to asubcategory of
analyzersthat are capable to analyze incomplstdutions (ELM-ART also belongs to this
subcaegoly). The intelligentanalyzers ofthis subcategorgan be placedetween traditional
analyzers andnteractivetutors (inTables 1 and 3 thegre markedwith keyword "partial”,
however, they can't be considered as real interactive tutors).

A realinteractivetutor is expected to baot only interactive, butalso active. It should not
sleep from one help request to another, but instead shoalldémonitor what the student is
doing and instantly react to errors. It simply can'irbplementedwith the traditional server-side
CGl interactivity and requies client-side interactivity based onJava. Javatechnology has
matured very recently. Two years ago the review [8] named it as a prospective platf®ktab-
based AIES and mentioned only three Java-based systems. Now Java proelidbieaolution
for Web-basednteractivetutors. Tobe moreexact, Javaffers two different solutions. One
solution is a tutoimplemented completely in Java. dould be aJavaappletworking in a
browser, or a Java application. Another solution is a distributed client-server tutor where a part of
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functionality is implemented in Jaaad works on thelient side,and another pamworks on the
server side. The parts communicate over the Internet. While theJguasolutionlooks simpler
(just anew language to build ar\IES), theclient-server architectureffers amore attractive
choice for developing Web-based tutors. It is definite choicefor porting a standalone
interactive tutor onthe Web. D3-WWW-Trainer[20] ard AlgeBrain [1] demonstrate how to re-
usethe intelligentfunctionality of anearlier standalone tutor by changingto a server-side
applicationand developing arelatively thin "brainless"Java client thaimplements interface
functions and communicates with an intelligent serizgentrelatively small newlyimplemented
interactive tutors such as ADIS [50]calESA [30], which coulde easy implementedn pure
Java,can benefitfrom client-server architecturtor such reasons asentral studentmodeling.
Finally, an overhead of the client-sena@proach (the need tave adistributedsystem) is not
very big since Java naturallysupports several ways of client-servercommunications -
HTTP/Cd, sockets, oRMI/CORBA. We think, that theclient-server architecture will become
very popular inthe comingyears as a standawiy of implementing Web-basedinteractive
tutors and a way tonplement allkinds of highlyinteractiveWeb-basedAIES. We already see
exanples of using it forimplementingpen-basednterface inWITS-1l [27] and ananimated
pedagogic agent Vincent in TEMAI [38].

2.2 Adaptive hypermedia technologies in Web-based education

Adaptive hypermedia is aelatively newresearcharea[7]. Adaptive hypermediasystems
apply different form®f user madels toadapt the conte andthe links of hypermedigpages to
the user. Wedistinguish twomajor technologies iradaptivehypermedia:adaptivepresentation
and adaptivenavigationsupport. Educatiomlways wasone of the mia applicationareas for
adaptive hypermedia. A number of standaloffies., non-Web-based)adaptive ducational
hypermedia systems was built betwd880 and 1996First Web-base®IES thatuseadaptive
hypermedia technologieserereported in1996 [12;17]. Since that the Welhasbecome the
primary platform for developing educational adaptive hypermedia systems.

The goal of theadaptive navigation support technology is to supportthe student in
hyperspaceorientation andhavigation by changinghe appearace of visiblelinks. Adaptive
navigation support (ANS)can beconsidered as generalization of curulum sequencing
technology in a hypermedia context. It shares the gmale to help students find an "optimal
path" throughthe learningmaterial. Atthe sametime, adaptive navigation support hasmore
options thartraditionalsequencing: itan guidethe students bothdirectly and indirectly. In a
WWW conext where hypermedia is aasic organizational paradigm, adaptive navigation
supportcan beusedvery natually andefficiently. There areseveralknown ways to adapt the
links [7]. Two examples ofANS-basedstandalonesystemsare ISIS-Tutor [10] with adaptive
hiding andadaptiveannotationand Hypadaptej24] with adaptive fding andadaptivesorting.
The three ways that amaost popularin Web-basedAIES are drect guidanceadaptivelink
annotation, and adaptive link hiding.

Direct guidance implies that the system infothmes student which dhe links onthe current
page will drive him or her to th#est" page in thehyperspacdwhich page is "b&" is decided
on the basis ofstudent'scurrent knowledgand learninggoal). Often, if a link tothe next best
page is not presented on the current piigesystentan generate a dynamieext” link. As we
can see, adaptiveavigationsupportwith direct guidance is almosequivalent tocurriculum
sequencing technology. There are some differences though (in addition to the different origin). A
page suggested by a direct guidance telclyy is always a page the existing hyperspace. The
student usually couldeachthis page in one aeveralstepswithout thesystemguidance. The
guidance just helps the studémtealizethatthis page is Best" and tayet therefast. In an ITS
with adaptivesequencing a "pagetith next best task or presentation could bempletely
generatedrom system'knowledge thusthe studenthas noways to get tdahis materialothers
thanugng sequendng. Also, drect guidanceusually applies a onlevel sequencingnechanism
(in comparison with two-level sequencing in most I'TBg: best page is simply selected from the
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set of acceptablgpages usinggome heuristics. Weefer to thisway of sequencing agpage
sequencing. InterBook and ELM-ART provideod examplesf this technology.However, the
differencebetweenthese two technologiestarts to disappear ithe Web contextWeb-based
ITS systems are naturally moving higpermedia platfornmepresenting deastsome part of the
learnng material as dyperspace. As long as some typesdficationaimaterial (presentations,
problems, and questis) isrepresentedas a setof nodes inhyperspacesequencing of it
becomes indistinguishable frodirect guidance. To stresthis similarity we haverepresented
adaptive sequencing and adaptive navigation support with direct guidance in the same column of
the tables.

The most popular fornrof ANS onthe Web isannotation. It wasised first inELM-ART
[12] and since that applied in all descendants of ELM-AREh adnterBook, AST, ADI, ACE,
and ART-Web as well as in some otlsgstems suclhs WEST-KBNSandKBS HyperBook.
ELM-ART and InterBook alsase adaptivenavigation support by sortingAnother popular
technology is hiding and disabling (a variant of hiding that keeps liitdevisutdoes notet the
user to proceed to thage behindhe link if this page is noteady to be learned].he options
are either to make the linlomdetely non-functional(nothing happenwhen theuser clcks on
it) as implemented, foexamplethe RemediaMultimedia System [4] or to showhe user alist
of pages to be read befdiee goal page adone inAlbatros[29]. Tables 1 and 2 listll major
systems that use adaptive navigation support and indicates the type of adaptation.

The goal ofthe adaptive presentation technology is to adapt the content of a hypermedia
page to the user's goalsokvledge andther informationstored inthe usermodel. Ina system
with adaptivepresentation, thpagesare notstatic, but adaptivelgenerated oassembled from
piecesfor eachuser. Forexample, withseveral adaptiv@resentatiortechniques, expersers
receivemore detailedand deepnformation,while novices receivenore additional explanation.
Adaptive presentation is very importantWWW contextwhere thesame "age” has to suit to
very different students. Only two Web-bas®S implemenfull-fledged adaptive presentation:
PT [28] and AHA [16]. Both these systemsapply aflexible bu low-level conditional text
technique. Some other systems use adapte&entation is speciabntexts. Medte¢19] is able
to generateadaptivesummary ofbook chapters. MetalLinksan generate a special preface to a
contentpage depending owhere thestudentcame from to this page.ELM-ART, AST,
InterBook and other descendants of ELM-AR3e adaptivepresentation to providadaptive
insertable warnings about the educational status of a page. For example, if a page is not ready to
be learned, ELM-ART andST inserta textual warning at thend of it and InterBook inserts a
warningimage in aform of a red bar. Asery interestingexample ofadaptivepresentation is
suggested iWebPersongroject[3] where an individualizegresentation of information in an
educational hypertext is performed by a life-like agent.

2.3 Web-inspired technologies in Web-based education

The lastgroup oftechnologies iprobablythe most exciting one since these technologies
hasalmost noroots inpre-interneteducationakystems Currently thisgroup include only one
technology. Wecall this technologystudent model matching (or simply model matching)
because thessence of thisechnology isthe ability to analyzeand match student models of
many students dhe samdime. Traditionaladaptiveandintelligent educationadystems has no
opportunity to explore this technology since they usually work with one student (and one student
mockl) at a time. On the contrary, in th&VBE context this opportunity happensaturally
because studemecordsare usually storedcentrally on a server (at lea&ir administrative
reasons). lprovides anexcellentframework for developing varias adaptiveand intelligent
technologies tht can makesome use ofmatchingstudent modelsf different students. Sdar,
we have identified two examm@s of student model matching, which we calladaptive
collaboration support andintelligent class monitoring. These examptequite differ from each
other and probablyould be considereds different technologieswithin the student model
matching group.
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Adaptive collaborationsupport is avery new adaptivdechnologywhich was developed
within last 5years alongwith development of networkedducationalsystems.The goal of
adaptivecollaborationsupport is to use systenksowledge aboudlifferent students to form a
matching group for different kinds of collaboration. The pioneering non-WBE (i.e., non-Web, or
non-educational) examples of adaptive collaboragigpportare knownfor already aew years.
These exampgeinclude forming aroup forcollaborative problensolving at apropermoment
of time [25; 26] or finding the most competent peeto answer aquestion about #opic (i.e.
finding a person with a model showing good knowledge ofttipig) [31]. Less thariwo years
ago Brusilovsky[8] predicted thatadaptive collaboration support will become a popular
technology. This pudiction cametrue almost immedialy. Now we carlist alreadyseveral real
examples of adaptivecollaborationsupport in WBE contéx The group from University of
Saskatchevan has extended their original workplace-oriented peer-help techisvielgped for
PHelpS system [21; 31] to thWWBE context intheir IntelligentHelpdesk system [22Another
similar system was developed and evaluated in the University of Central F8#]dan addition
to that, thegroup inthe University ofDuisburg known for their pioneering work oradaptive
collaboration support [25] havecentlysuggested aompleteframeworkfor implenentation of
intelligent support techniquesfor distributed internet-based wzhtion. This framework can
naurally support their original adaptive collaboration support techniques and provides a
framework for exploring other model matching techniques.

Intelligent classmonitoring is alsdbased onthe ability to compareecordsof different
studentsHowever, nstead of searchini@r a match, itsearchfor a mismatch. The goal is to
identify thestudentswho have leaning reordsessentially differenfrom those oftheir peers.
These students may be different from others in many ways. They cold be progressing too fast, or
too slow, orsimply haveaccessed mudess material han others. In anycase,thesestudents
need teacher'sttention more #mn others - tochallengethose who can, to providemore
explanations for those who can't, and to pghsise who procrastinate. énregularclassroom the
teacher carsimply track studentsattendanceand activity to find studentswho need special
attention. In aVeb-basecatlassroom, théeacher in théest caséas onlylogging data - tables
with numbers which are very hard to grasp. At the st the need to identify a smallubset
of students who need help mahan others isnoreimportant. INWBE context,communication
between teacher and students is usuatiye time consuming dra dstanceteachersimply can't
individually addressmore than a smafiubset ofthe class. The system HyperClassroom [36]
provides an interesting example of usingzy mechanisms to identify deadlocks&ddents in a
WBE classroom. At the time @friting, it isthe onlyexample of the intelligerntlassmonitoring
technology known to the author.

3 Adaptive and intelligent technologies for lar ge-scale Web-based
education

It should beclear toanyonewho is familiar with the needs ofWeb-basededucation, that
adaptiveand intelligent technologiescan enhancalifferent sides of Web-baseddecational
systems. Adaptive presentationcan improve the usability of course material presentation.
Adaptive navigation support aadaptivesequencingan beused foroverall course control and
for helping the student in selecting mosevant tests arassignments. Problesolving support
andintelligent solution analysi€an significatly improve thework with assignmentgroviding
both interactivity and intelligerieedback while taking aeriousgrading load fronthe teachers’
shoulders. Model matching technologies can enforce both administration of distance courses and
communication / collaboration between students and teachers.

From anotherside, adaptiveand intelligent technologieshave notfound yet their place in
"real" virtual classroom, i.e., aspart ofreal coursewarauised by hundreds ofslance students.
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Most of thesydemsdiscussedabove are typical’lab” systemswhich have nevebeenused for
teaching real distanadasses. The rest ofettm a handful of systemsmainly from ELM-ART
and AHA families, wereused in afew relatively small classes. Athe sameime, none of the
dozens ofcommercialand "university-grown"Web coursewaresystems thatare used in
hundreds of real distance courses applies adaptive and intelligent technologies nizaestitat
research and practice in Web-based education area will never merge together?

The position ofthe author isthe following. Web-based edation itself isrelatively young.
Until now different companieproducingWeb-based education systemere able to compete
on the marlet with their simplenon-adaptivesystems.However, anumber of researclevel
systemshavealready clearlydemonstratedhe benefits oaidaptiveandintelligent technologies.
As long as the competition on the market of Web-based educational systémeredke, being
adaptive” or“being intelligent” will become an important factdor winning the customers.
Traditional Web-based eduttan companies W start to includeadaptive and intelligent
functionality. Research teams with solid experience in using adaptiviatatigent technologies
will found startup companies to bring their technology to the market. The first technologies to be
used incommercialsystems willprobably be sequencingchnologies (pagsequencing and
guestion sequencing) since they match very well to the current structirelebasecdeducation
systems. Next wilcome theturn of adaptivenavigationsupportand model matchingProblem-
solving supporttechnologies will stay on researigvel for longer, though weould expet the
market debut of smallveb-based tutors thate aimed tsupportteaching a fragmerdf some
subject. | hopehat the nexfive years will show us a number of examplesommercial-level
adaptive and intelligent systems as well as m@@wand excithg developmentsn the research
level.

System Ref.| Adaptive Adaptive | Problem| Intelligent Adaptive
sequencing| navigation | solving solution presentation
support | support | analysis
ELM-ART [12] Page Annotation| Partial Server Some
ELM-ART-Il | [53] Course, | Annotation| Partial Server Some
tests
PAT- [11] Page, Annotation| Partial Server Some
InterBook remedial
VC Prolog [39] Task, Server
Tutor remedial

Table 1 Adaptive and intelligent technologies in Web-based educational systems that combine adaptive

hypermedia and ITS functionality

System Ref.| Adaptive sequencing Adaptive Adaptive
navigation presentation
support
InterBook [9] Page Annotation Some
AST [46] Course Annotation Some
ADI [43] Course Annotation Some
(knowledge+interests
ART-Web [52] Course, Annotation Some
tests




ACE [45] Course Annotation Some
(knowledge+interests Hiding

Remedial [4] Course, remedial Hiding

Multimedia

System

PT [28] Hiding Yes

AHA [16] Annotation Yes

Hiding

WEST-KBNS [18] Annotation

MetaLinks [33] Page Some (intro)

KBS Hyperbook | [23] Course Annotation

Table 2 Adaptive and intelligent technologies in Web-based adaptive hypermedia systems

System Ref. Adaptive Problem solving| Intelligent solution

sequencing support analysis

CALAT [35] Course, remedial

Medtec [19] Tasks

Manic [47] Topic

DCG [49] Course

SIETTE [40] Question

ILESA [30] Lesson, problems  Server, Java

PAT-Online [41] Partial Server

PAT-Java [42] Java

WITS [37] Server

WITS-II [27] Server, Java

Belvedere [48] Server, Java

ADIS [50] Server, Java

(Yang-Akahori) [54] Server

D3-WWW-Trainer| [20] Server, Java

AlgeBrain [1] Server, Java

ADELE [44] Server, Java

TEMAI [38] Partial Server, Java

Table 3 Adaptive and intelligent technologies in Web-based ITS systems
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