relationships and createa domain structure, to createor find related materials on theWWW and to link themto theconcepts in thedomain structure. Thestructureand materials will bediscussed and criticized by thelecturer and theclass, and thedomain produced in this way could beused later by theDCG for automatic generation of instructional courses on this theme.

6. Related Work

TheDCG on theWWW is an exampleof a ITS-authoring systemscaled up to work on theWWW.

Another exampleof such systemis ELM-ART [8]. They aresimilar in that they usea concept-based indexing of the educational materials which allows building a secondary navigation map. However, therearesignificant differences between ELM-ART and DCG. ELM-ART is onespecific adaptive teaching system, working only in oneparticular domain, whiletheDCG is an authoring tool for creating adaptiveteaching systems. In ELM-ART thepresentations (i.e. theTMs) areautomatically generated by thesystem´s knowledgebaseand LISP is needed for this purpose. TheDCG uses directly html-files, which can becollected fromtheWWW. Thereis also a differencein thestyleof teaching. ELM-ART provides a hyper-spacefor thelearner to explore, which is in linewith the constructuvist tendencies in learning environment design. TheDCG produces goal-oriented courses in thetraditional CAI sense. Other adaptiveteaching systemon theWWW exist [9], [10] which are similar to ELM-ART, but differ significantly fromtheDCG.

Webelievethat ITS authoring tools with distributed architectures liketheDCG can providea good start towards WWW-based adaptive educational systems.

Acknowledgement: Thanks to Ralph Deters, for the discussions and the implementation of the DCG on

WWW and to the two anonymous reviewers for their useful comments.

References

[1] Diessel Th., Lehmann A., Vassileva J., Individualised Course Generation: A Marriage Between CAL and ICAL. Computers Education ., Vol. 22, No.1/2, (1994 ), 57-64.

[2] Vassileva J., Dynamic Courseware Generation: at the Cross Point of CAL, ITS and Authoring. in

Proceedings of ICCE’95 , Singapore, AACE: Charlottesville, 1995, 290-297.

[3] Vassileva J., Dynamic Courseware Generation within an IST-shell Architecture. Proceedings

ICCAL´92, Lecture Notes in Computer Science No 602, Springer: Berlin- Heidelberg, 1992, 581-591.

[4] Elsom-Cook, M. & O’Malley, C., Bridging the gap between CAL and ITS, I.E.T., The Open University,

Great Britain, 1989.

[5] Van Marcke, K., A Generic Task Model for Instruction, in Proceedings of NATO Advanced Research

Workshop on Instructional Design Models for Computer Based Learning Environments , Twente, 1991.

[6] Bohnert, A., Analyse und Entwicklung pädagogischer Lehrstrategien für ein intelligentes tutorielles

System , Magisterarbeit, Philosophischen Fakultät der Rheinischen Friedrich-Wilhelms-Universität zu

Bonn, 1995.

[7] Vassileva J. Reactive Instructional Planning to Support Interacting Teaching Strategies, Proceedings of the 7-th World Conference on AI and Education, Washington, AACE, 1995, pp. 334-342.

[8] Brusilovsky, P., Schwarz, E., Weber, G., A Tool for Developing Hypermedia-Based ITS on WWW,

Position Paper for ITS´96 Workshop on Architectures and Methods for Designing Cost-Effective and

Reusable ITSs, Montreal, 1996. Also at: http://advlearn.lrdc.pitt.edu/its-arch/papers/brusilovsky.html

[9] Ibrahim B. & Franklin, S., Advanced Educational Uses of the WWW. Proceedings of the Third WWW

Conference, 1995.

[10] KayJ.& Kummerfeld B., An Individualized Course for the C Programming Language. Proceedings of the Second WWW Conference, 1994.

Theselected TM is presented, then thenext sub-task fromthetask plan is executed etc., until a sub-task involving a test itemis executed which checks whether theconcept is learned. Then the

Model of theStudent’s Knowledgeis updated according to thetest item’s conditional probabilities. If thelearner fails to acquiretheconcept (insufficient knowledgeprobability of theconcept in the

Student Model), theExecutor invokes thePlanner to find a new content plan, bypassing thedifficult concept. Our systemprovides two principal types of re-planning, local plan repair and global replanning. Local plan repair means that only thepart of theplan related to thecurrent goal will be changed. In this way thesystemtries to find an alternativeway to teach a difficult concept without changing theoverall plan. A global re-planning means finding an alternativeplan for themain teaching goal.

The^intelligent~ DCG is being implemented currently. Webelievethepedagogical expertise will help to createa moreadaptiveand individualized instruction. However, thequestion of how to combinepedagogical planning with theadvantages provided by theWWW for explorativelearning, i.e. how to combinethe existing teaching methods and tasks with an explorativeway of learning, becomes moreimportant. A theoretical solution of this problem might beto adopt a reactiveplanning framework [7]. However this requires a certain degreeof interactivity in theURLs visited during the learner´s exploration (freebrowsing) which can´t be expected fromoccasionally visited URLs on the

Web. It seems that therearelimits to the^intelligence~ that can beincorporated into a systemwhich uses thepotential of theWWW.

5. Using the DCG on the WWW

TheDCG has been already evaluated as a stand-aloneauthoring tool in several domains and its advantages havebeen shown in [2] quiteclearly (18 hours of authoring for 1 hour of instruction).

The�compact^ version of theDCG has been experimentally implemented at theFederal Armed

Forces University in thedomain of Computer Based Learning Systems. Thegoal of the implementation was to seehow such a systemcan beintegrated in theteaching process of the

University. Theresults of thetest showed that theDCG on WWW will not makea �breakthrough^ in theparadigmof university teaching, but it can be easily and usefully integrated in the existing organization. Thefollowing main applications wereoutlined :

· Lecture Support, Distance and Continuous Education . Thecourses generated with theDCG can beused as additional learning materials (as an interactivescript) supporting lectures given regularly or occasionally at theUniversity. Thespecifics of our university is that theall students areofficers and areobliged to servein theArmy fiveyears after graduating. Interactivecourses on theWWW accompanying thelectures offered at theuniversity would providea �umbilical cord^ between our students and their Alma Mater. It this way they can deepen and refresh their knowledgepermanently.

· Re-use and Sharing of Domains . Thedistributed architectureof theDCG allows for authors to collaborateand cooperatein editing domain structures and relating TMs to theconcepts. It also allows a reuseof TMs and domain structures. Libraries of often used concepts and corresponding

URLs can bedeveloped. An electronic domain represented in theDCG, linked to actual documents on theWWW, such as ^hot~ scientific papers, or just textbook explanations can be shared by lecturers teaching thesamesubject at different universities, where everyonecan make extensions and modifications according to his/her personal view.

· Learners as Authors . Modern learning theories point out thepositive effects of letting thelearner createhis/ her own understanding and knowledgestructures feeling: motivation becauseof feeling

^ownership~ of theproblem, development of searching ˘ and meta-cognitive˘ skills. For this reason often students areleft to plan a lesson themselves, for example, by organizing lectures as seminars. This enables themto createan own view of thedomain, and an ability to search for new information. TheDCG as an authoring tool can beused for carrying out this typeof projects. For example, a student or a teamcan beassigned thetask of authoring a certain theme

(sub-domain). Thestudent/ teamhas to review theliterature, to discover important concepts and etc.). They takeinto account themodel of thelearner’s preferences in order to select among alternativeTMs which havethesamepedagogical characteristics.

4.2 The Student Model

TheStudent Model in the�intelligent^ version of theDCG contains in addition a representation of thelearner´s personal traits and preferences (playing theroleof the�student´s attributes^ in the student model in GTE). Thetraits and preferences areparameters accounting for features of the learner which areimportant for themethod selection rules. In thecurrent version of thesystem, they include: intelligence, self-confidence, motivation and concentration. A set of variables accounts for thetypes of media preferred by thelearner. All traits and preferences arestatic and areassigned by thelearner himself. The�Used TMs^ part of theDCG Student Model is generalized into a �history^ representing in addition theinstructional tasks / methods that havebeen used with annotation about their success.

4.3 Course Generation

In the�intelligent^ version of theDCG planning and re-planning takes placemoreoften than in the compact version. Thereforeit makes senseto download thePlanner together with theExecutor at the client´s (learner´s) site. Wecreated a component called �CourseGenerator^ which generates the course, carries out theinteraction with thelearner and maintains theStudent Model. It is downloaded on theclient´s sitetogether with thePedagogical Component, which is needed to decidedynamically how to sequencethepresentation of TMs for every concept of theplan. So, in Figure4 instead of the

Executor component on thelearner´s sitewill beplaced thePedagogical Component and theCourse

Generator (consisting of thePlanner and theExecutor).

Table 1. Differences between Content and Task/Method Planning.

Content Planning Task/ Method Planning

AND/OR Graph represents: concept structure instructional tasks & methods

Nodes: concepts instructional tasks

Links: semantic relations among concepts task decomposition methods

Selection managed by: discourse-, strategy-selection rules method selection rules

TheCoursePlanner is thesameAND/OR graph planning programas in the�compact^ DCG version. However, whilein the�compact^ DCG it is used only for planning thecontents of the course(using theconcept structure), in the�intelligent^ DCG systemis used also during theplan execution to dynamically plan theteaching task-sequencefor every current goal-concept. It creates a task/method-plan by taking as input thestructureof instructional tasks and methods instead of the concept structure. According to themethod selection rules, thePlanner selects a typeof taskdecomposition method and decomposes themain teaching task for theconcept until atomic tasks are reached (seeTable1). Thus thetask- plan consists of a sequenceof such atomic tasks.

TheCourseGenerator consults thediscourserules and invokes thePlanner to createa course plan for achieving theteaching goal. A main teaching strategy (structured or unstructured) is selected by checking thestrategy-selection rules. If an unstructured strategy is selected, thesystem lets thelearner choosethecurrent concept froma graphical representation of theplan and an instructional method fromthetask-hierarchies representation. If a structured strategy is selected, the

Executor consults thediscourserules again and chooses thecurrent concept or link to betaught and a main teaching task for theconcept. Then it consults themethod-selection rules, selects a taskdecomposition method and invokes thePlanner again to createa plan of thesub-tasks which are needed to implement thechosen method. Finally, theTM-selection rules areconsulted to select an appropriateTM.

This component contains theknowledgethat manages thesequencing of TMs while executing a course. It is downloaded on theclient´s site. ThePedagogical Component contains two main parts: a representation of theinstructional tasks and methods and a set of teaching rules. In addition an editor for instructional tasks and methods and for teaching rules is provided for theauthors to extend the teaching expertiseof thesystemaccording their preferences, if they wish (seeFigure6).

The Instructional Tasks and Methods is a sub-component which contains a representation of instructional tasks and their decomposition into sub-tasks by means of different task-decomposition methods, likein GTE [5]. Thesetask-structures can berepresented with AND/OR graphs similar to that representing theConcept Structure. For example, Figure7 represents thegeneric task "Give exercise".

The Set of Teaching Rules represents thesystem´s teaching strategies. In this way thesystem´s selection of teaching tasks for carrying out thecontent plan can beadjusted according to a specific teaching theory or to theteacher´s preferences. Theteaching rules encodedifferent discourseand teaching strategies in order to managetheselection of thecontent plan (if several alternativeplans arepossible), theselection of instructional (task-decomposition) methods, and theselection of TMs.

Most of thestrategy-, method- and task-selection teaching rules aredomain-independent. Therules defining a specific discoursestrategy, however, areusually subject-specific. They takeinto account data fromtheStudent Model (thelearner’s knowledgeand personal traits) as well as external factors liketime. Our set of teaching rules wedeveloped after an analysis of didactic literature[6]. Four groups of teaching rules can bedistinguished:

¯ Discourse rules - Theserules managetheselection of a content-plan by manipulating the optimization criterion of thePlanner. For example, they can select only plans according to certain types of semantic. If re-planning on theconcept level is needed, thediscourserules select whether it will belocal re-planning or a global changeof theplan. Thediscourserules definealso way of linearizing theplan (sincethePlanner generates a partially ordered sub-graph as a plan).

¯ Strategy-selection rules - Theserules definehow to select theteaching strategy beforestarting the execution of theplan. Theteaching strategy defines thegeneral parameters of teaching, for example, who has theinitiativein deciding what to do next - thelearner or thesystem. A "structured" strategy means that theinitiativeis in thesystem: it selects which concept will betaught next and how (i.e. with which instructional task). An "unstructured" strategy leaves thechoiceof a next concept to thelearner by, for example, highlighting of the"ready to belearned" concepts.

¯ Method-selection rules - Thereareusually threeto eight alternativetask-decomposition methods (seeFigure7) for each instructional task [5]. Themethod-selection rules takeinto account thehistory of theused tasks and TMs and thelearner´s personal traits and preferences in order to decidewhich main instructional task(s) to select for thecurrent concept and which taskdecomposition method to use. This is doneright beforeplanning at theinstructional task-level.

Figure 7: An example of a task hierarchy(adapted from [5]).

¯ Teaching Materials Selection Rules - For thecurrent instructional sub-task theteaching rules decidehow to select a TM on an appropriatetypeof media (i.e. text, graphics, animation or video this way somepart of thecoursebecomes obsolete, thelearner will still follow thepreplanned course. However, thefreebrowsing is monitored ˘ theExecutor stores theURLs which havebeen visited in theStudent Model. This information is useful for theauthor to seewhat links aretypically followed by learners and eventually to includethemas TMs in theDCG, thus updating theset of

TMs and keeping paceto some extent with thedynamics of theWWW.

When theset of downloaded TMs is exhausted or theif learner wishes explicitly to betested - then theExecutor presents a test on thecurrent concept and updates theStudent Model locally at the learner´s site. In casethat thelearner is not ableto performsuccessfully on thetest related to a certain concept, theExecutor tries to teach himagain by loading and presenting additional TMs. If it fails again, it contacts theDCG site; it sends therea copy of theStudent Model and requests from thePlanner a new course-plan, appropriatefor thenew stateof thelearner´s knowledge.

Figure 5. The DCG-Interface for the Learner. Figure 6: The �intelligent^ DCG architecture.

4 A More ^Intelligent~ DCG Under Development

TheDCG by itself can not decidehow to present theselected contents (thecurrent concept or

relation) to thelearner. At execution timeit just selects oneor several TMs for each concept, but

does not know how to sequencethem. In this way theTMs remain discrete, thereis no smooth

transition between thepresentations, and no possibility to present materials according to a certain

teaching strategy. Oneway to solvethis problemis to integratetheDCG with theGTE architecture

[5]. In this combination, theDCG-part decides which concepts will betaught, i.e. dynamically

creates a content plan of thecourse. TheGTE-part provides a representation of instructional tasks

and methods, which allows thesystemto plan dynamically howto present thecontents related to the

current concept in an optimal for thelearner way, i.e. what types of TMs to select and how to

sequencethem The extended DCG + GTE architectureis shown in Figure6. Thecombination of the

DCG and GTE as a stand-aloneapplication and its evaluation as an authoring tool has been

described in moredetail in [2].

In order to implement themoreintelligent version of theDCG on theWWW several changes are

needed in thecontents of thecomponents and their re-distribution in theoverall architecture(among

clients and servers). In principlethe extension fromthecompact DCG to the�intelligent^ DCG

involves threemajor steps:

· adding a Pedagogical Component with a representation of teaching tasks and strategies;

· planning not only on conceptual, but also on presentation level (of teaching tasks);

· indexing of theTMs (html-files) with respect to their teaching function.

4.1 Pedagogi cal Component to which theplan should bemade. Thesystemoffers for every domain a set of possiblemeaningful

goals in a menu fromwhich thelearner can select.

Figure3: Architectureof theDCG [2]. Figure4: Learning with theDCG on theWWW.

The Teaching Materials arehtml-files which can bedistributed on different sites in theWWW.

At authoring stagehttp-links fromtheconcepts to thedesired html-files areprovided. Test materials

consist of an html-filewith associated standard applet for evaluation of theanswer. So far applets

for threetypes of standard test-materials havebeen implemented: multiplechoice, blank-filling, and

rearrangement of objects on thescreen. Test materials must bedefined for every concept with an

indication of their difficulty and a coefficient, showing how much a correct / wrong answer

contributes to theoverall scoreof therelated concept/link in theStudent Model.

Therearetwo instances of the Student Model . Thefirst oneis dynamic and is held locally on

theclient (learner´s) site. A copy of this instanceis stored on theDCG-server every timethelearner

finishes his/ her session and when a re-planning is required. It is used to makestatistics of learners´

success with different concepts which is useful for improving theTMs and domain concept structure

(e.g. decomposing complex concepts). Thecurrent stateof learner knowledgeis represented as an

overlay with theconcept structure, containing thesystem´s probabilistic estimations of the extent to

which thelearner knows a certain concept. These estimations arecalculated using a simpleformula

fromthenumber and difficulty of successfully solved tests-items related to this concept. Also a list

of all used TMs is kept in theStudent Model.

3.2 Learning with the DCG

Thelearner sends a request for a courseto theDCG-sitestating thedesired domain and learning

goal. TheDCG sends hima preliminary test to initializea Student Model or, in caseof a registered

user, it checks whether his/ her Student Model on theDCG-server is not too old. On basis of the

learner´s goal and themodel of thelearner´s current knowledge, thePlanner generates a plan of the

course. Theplan is a sequenceof concepts and relations that haveto betaught during thecourse.

Thelearner receives his/ her individual course-plan and a copy of theExecutor, which is a JAVA

programand runs locally on thelearner´s site(seeFigure4). TheExecutor loads on theclient

machineseveral alternativeteaching materials for each concept in theplan. TheExecutor chooses

which concept fromtheplan thelearner is prepared to learn next and presents TMs for this concept

(seeFigure5).

If someTM contains links to documents that havenot been included by theauthor in thelist of

TMs for theconcept, thelearner can freely browsetheWeb, following theselinks. A new browser is

opened for freebrowsing, so that thelearner can get back to thecourse exactly at thepoint wherehe

left. Thenew knowledge, gained in this way is not taken into account in theStudent Model. Thus, if

thelearner acquires knowledgeabout concepts which aregoing to betaught later in thecourseand in on his/her knowledgeof thecurrent concept and s/hewill begiven a set of test-items. A student

model is created for every learner which is an overlay over theconcept structureand uses a simple

numeric heuristic to calculatethescoreof thelearner´s knowledgeof every tested concept. If the

learner is not ableto achievetheneeded scorefor a given concept, needed to proceed further with the

plan, a new planning takes place.

Figure 1: Client-Server Architecture of the DCG

on the WWW.

Figure 2: Authoring with the DCG on the WWW.

Weadopted a client-server architecturefor thesystemon theWWW (seeFigure1). TheDCG

is placed on a WWW-server; it offers teaching and authoring services. A client can beany WWW-

browser. Learners and authors /teachers areclients and usetheteaching and authoring services

offered by theDCG-server. TheTMs used in thecourses arealso distributed on various sites on the

WWW. A special graphical editor for concept structures allows thecreation of concepts, connecting

themamong each other with various types of semantic relations (e.g. abstraction, aggregation,

analogy, temporal, causal, etc.). One-directional 1:n and n:1 relations areused to represent

hierarchies with respect to abstraction, aggregation and causal relations, and bi-directional 1:1

relations to represent analogy and temporal relations. Every concept and relation can belinked to the

http-addresses of oneor moreteaching materials (represented as html-files) and testing materials.

They arehtml-files with an attached standard JAVA-applet which carries our theinteraction and

answer evaluation. JAVA was selected sinceit is platform- and browser-independent, whilescript

languages arebrowser-dependent and CGI would havebeen too slow. A TM can address oneor

moreconcepts/relations and oneconcept/relation can bepresented with oneor moreTMs. For the

creation of theteaching and testing materials theauthor can use every html-editor or reuse existing

html-sources. Thecreation of testing materials requires only link to theJAVA-applet and assigning

theright answer to thequestion. Theauthoring process is shown in Figure2.

3 DCG on the WWW: the Compact Version

Thecompact version of theDCG runs on theWWW. It teaches currently in thedomain of Computer

Based Learning.

TheDCG architectureis distributed to meet therequirements of a client-server organization.

Someof thecomponents (compareFigures 3 and 4) arekept on theDCG server (theDomain

Concept Structureand thePlanner), some exist both on theDCG server and theclient (theStudent

Model and theExecutor) and somearespread throughout theWWW (theTMs).

3.1 Architecture

The Domain Concept Structure is kept on theDCG server. It is represented as an AND/OR graph

consisting of thedomain concepts connected with relations with various semantics. For different

domains different semantic relations areimportant, for example, in technical domain most often the

typeof relation is aggregation. In procedural domains causal and prerequisiterelations aremore

important. Planning can takeplacewith respect to oneor several semantic relations, depending on

thelearning goal. A learning goal is defined as a goal-concept and semantic of relations with respect

D YNAMIC C OURSE G ENERATION ON THE WWW

J ULITA V ASSILEVA

Federal Armed Forces University Munich, 85577 Neubiberg, Germany

e-mail: jiv@informatik.unibw-muenchen.de

Abstract

The WWW provides a unlimited resource of materials for learning. However,

learners have to find their waythrough links which sometimes are not relevant to

their goals. We have developed a tool for authoring of adaptive CAL courses,

called ^Dynamic Cours e ware Generator~ (DCG). It generates individual courses

according to the learners´ goals and previous knowledge and dynamicallyadapts

the course according to the learners´ success in acquiring knowledge. The DCG

runs on a WWW server. The learner is a client; s/he receives a course

corresponding to his/her learning goal and is guided through a set of teaching

materials on the WWW.

1 Introduction

With the emergenceof theWWW it becamepossibleto providelearners with unlimited access to

teaching materials (TMs) independently of timeand geographic location. However, thesematerials

arespread through theWeb and it is not easy to find therelevant information when onewants to

learn something specific. Though subjected to severecritics recently, thenotion of �instructional

course^ is very appropriatefor implementation on theWWW becauseit ensures a goal-oriented way

teaching. It is especially suited for adults who aremotivated to learn to achievea specific goal. We

havedeveloped a tool for ITS authoring, called ^Dynamic CoursewareGenerator~ (DCG). It allows

automatic generation of individualized courses according to thelearner´s goal and previous

knowledgewhich can dynamically adapt thecourseaccording to thelearner´s success in acquiring

knowledge[1]. TheDCG has been used as an authoring tool for generating adaptivecourses in

several domains and has proved to bevery effective[2].

Wehaverecently implemented theDCG on a WWW-server and now it can beused for domain-

authoring and automatic generation of adaptivecourses on theWWW. A �minimalist^ version of the

DCG has been implemented on theWWW and tested in thedomain of �Computer Based Learning

Systems^. A more�intelligent^ DCG based on teaching expertiseis under development.

2 The DCG on the WWW

Themain idea of theDCG architectureis the explicit representation of thedomain concept structure,

separated fromtheTMs [3], [4]. Theconcept structureis used by thesystemas a road-map to

generatea plan of thecourse. Given a certain goal-concept that thelearner wants to acquireand a

student model containing theconcepts already known by thelearner (initialized with a pre-test), the

planner searches for sub-graphs that connect theconcepts known by thelearner with thegoal-

concept. Thesub-graph is converted into a linear sequenceof concepts by using a simpleheuristic.

In the^intelligent~ version of theDCG the linearization follows certain teaching rules, described

later. Oneof theseplans is selected and offered to thelearner to follow. Thelearner sees a sequence

of teaching materials related to each concept fromtheplan. At every point thelearner can betested