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Abstract

We discussa possibleframenork for virtualizing the delivery of university courses With
theadwentof new technologicalnnovationslike high speeccomputemetworksandmultime-
diacomputersthereis anincreasingawarenesshatdirectfaceto faceteachings nottheonly
possiblemodeof teachingn auniversity system.Thereis ademandor preparinghigh quality
multimediacoursematerialsacrossall disciplineswhich canbe usedby learnerswho either
cannotattendlive lecturesor preferto studyin anoff-line mode.Our groupat the University
of Freilurg hasdevelopeda robusttool called Authoring on the Fly (AOF) for recordinglive
classroonmsessionsis multimediadocumentsand the synchronousplaybackof the different
mediastreamsn sucha documentin an offline setting. In this paperwe discussthe facil-
ities this tool providesfor virtualizing university coursesas well asimproving the offering
of coursedn atraditionaluniversity setting. We discussthe progresswve have madein high
quality delivery of lectureghroughmultimediadocumentandits implicationsfor bothoffline
and classroonteaching. Further we discussour currentattemptsin virtualizing the assign-
mentsubmissiorandcorrectionprocessasa follow up of the virtual delivery of coursesWe
alsodiscussthe possibleimplicationsof virtual delivery of coursesand creationof a virtual
university from the point of view of university studentsprofessorandadministrators.

1 Intr oduction

It is acommonopinionthatnetworked computersmultimedia,andtheinternetwill revolutionize
university education. Lifelong learning,learningon demand,anywhereand arytime are a few
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buzzwordsruling the public discussion A large numberof publicly andprivately fundedprojects
have the goal of virtualizing partsof the university educationusingtechnicalmeans.Traditional
universitieshave begun to openthemseles beyond their traditional bordersand undertale first

stepsin orderto becomeat leastpartially openuniversitiesoffering distancesducation.Sofar, in

Germay thereis justoneuniversityspecializedn offering distanceeducationthe Fernunversitt
Hagen. No otheruniversity hasgainedexperiencein this modeof educationn the past,though
mary initiativesrecentlyhave begunto changehis situation.At the sametime traditionalteaching
and learningis enhancedand improved by the nevw media. It is well known that the develop-
mentof multimediacontentof high quality is very expensve andtime consumingHence groups
of professordrom differentuniversitiesbut relatedsubjectshave startedto sharetheir efforts in

developingmultimediamodulesto be usedfor teachingandlearning.

In orderto structurethe vastamountof initiativesa bit, it seemgeasonabléo distinguishdif-
ferentscenario®f virtual education:We may distinguishthe synchronousndthe asynchronous
mode of teachingand learning. In the synchronousnodea live lecture may be transmittedto
remotelocations,eitherto a remotelecture hall at anotheruniversity or to personalcomputers
of studentdollowing the lectureat homeor in a studentresidence.For satishctoryresults,this
teleteachingscenariarequireshigh endtechnologyanda broadbandtonnection.Thereareother
modesof synchronousnstructionwith lessambitiousrequirementsising chat, sharedapplica-
tions,emailetc. But the characteristicef the synchronousnodeis thatall membersof alearning
group meetat the sametime in virtual space. A Web—coursehowever, is typically run in the
asynchronousode: The learnerswork individually independenof time andspacethrougha set
of linkedinteractve HTML-pagesdownloadedfrom a web—serer. They may consultateaching
assistanby emailor ary othercommunicatiortool, if they have questionsor wantto make com-
ments.The productionof aweb—cours@f high quality is usuallyconsideredsa challengingtask
which is differentfrom the traditionalway of teachingat universities.Oneparticularproblemin
this contet is to enhancéhe courseby assignmenta/hich resemblehe usualform andcontentof
traditionalexercisegjivento studentgarticipatingin a standarcourse.

We will reportin this paperabouta new way of virtualizing university coursesanddiscusgshe
technicalproblemsandtheir solutionsoccurringin this context. We will restrictoursehesmainly
to theasynchronoumodeof teachingandlearning thoughwe have alsogaineda lot of experience
in thesynchronousnodein the severalongoingprojects(VIROR, ULI).

The restof the paperis organizedas follows. In Section2, we discusssomedetailsof the
traditional teachingmethodsat universities. In Section3, we discussthe electronicnote—taking
systemAuthoring on the Fly (AOF) andsomedetailsof how multimediadocument@regenerated
usingthis system.We alsodiscusshe implicationsof this systemfor both professorsandoffline
learnersWe discussn Sectiond someteachingnethodghatwe areexperimentingwith usingthis
tool. We discusghe virtualizing of the assignmensubmissiorandcorrectionprocessn Section
5. Sometechnicalproblemsof this systemarediscussedn Section6 andfinally, we discusssome
futureplansin Section?.



2 Traditional Teaching

Let usfirst recall a few generalcharacteristic®f university teaching. Usually the teachingand
learningcycle is clearly structuredinto threedifferentphasesthe conceptualization phase, the
dialogue phase, andthe construction phase. A seriesof lecturesgivenby a university professor
sometimesn front of a large audiencejs the core event supportingthe first phasein university
education.Thestudentdearntheconceptshroughattendinghesdecturesandstudyingtextbooks.
In the dialoguephase,studentsconsolidatethe conceptsthey learnin the first phase. Weekly
exercisegguidedby tutors,discussiorseminarsandlab exercisesare examplesof actvities in a
university curriculumwhich supportthe secondthe dialoguephasen learning. The construction
phases usuallydominantduringthe secondhalf of a university studyandconsistsof projectand
thesiswork.

In Germaly, lecturingin front of a (sometimedarge) audiences consideredasthe specific
characteristicof university educationboth in the public andin the individual consciousnesef
university teachers.Lecturesare usually of presentatiortype; they arevery little or even not at
all interactve (studentsn generaldo not askquestionsor make commentdn lectures);they are
topicaland,therefore subjectto permanenthangesthey arespecificbothfor thelecturerandthe
subjectthey belongto; sometimeshey areof excellentquality (renovneduniversityteachersre
oftenfamousfor theirlectures).A furtherattribute of studyingata Germanuniversityis thatboth
teacherandstudentsave large amountsof freedomin organizingtheir studiesandin the choice
of subjectsand courses. Thoughquite often coursesare offered at differentuniversitiesunder
the sametitle, they arein generalnotidentical. Relying on an establishedextbook (written by a
colleagudrom adifferentuniversity)is notacommonway of teachingacourse.Theconsequence
is thattraditionaluniversitycoursesave a clearly noticeablepersonaflavor.

A majoraimin ourattemptgo virtualizetraditionaluniversitycoursesvasto maintainasmuch
of theadvantage®f thetraditionalway of teachingandat the sametime to decouplehetime and
spaceconstraintsj.e., we do not wantto force our studentdo alwaysmeetwith theinstructorat
the sametime at the sameplace. Our goalis not to revolutionize the traditionalway of teaching
throughthe introductionof nev mediaor throughnew pedagogiddeas. Insteadwe have a very
limited goalof facilitatingthosestudentgo pursuetheir studiesvho areunableto follow regularly
our scheduleatlassesll thetime.

A basicprinciple of our attemptto virtualize university coursespursuedin two major joint
projectsVIROR (virtual universityin theupperRhinevalley) andULI (combineduniversity stud-
ies in ComputerScience)is thereforeto utilize the experiencegainedby university teacheran
runningtraditionalclasse@smuchaspossible.This hasthe consequencthatwe try to implement
the modelof threeclearly separatestagesn the learningcycle : the conceptualizatiopphasethe
dialogphaseandthe constructiorphasealsoin runningvirtual courses.



3 Electronic notetaking

Thecoreideabehindour methodof producingmultimediadocumentsupportinghefirst phaseof
the learningcycle is to combinethe apparentlydistincttasksof teachingin classandmultimedia
authoringinto one single activity. Over the last yearswe have developedand extensiely used
anelectronicnotetakingsystemthe AOF-systen(Authoring on the Fly) which allows to capture
the mediastreamswhich occurduring a live lecturein classor even during a telepresentation.
Theideaof capturingasmuchaspossiblefrom the classroonmexperienceor later useis not new.
Beyond simply videotapinglecturesto be storedon video senersthereare several much more
sophisticateelectronicnotetakingsystems.n [1] we give anovervien andassessmertf those
systems. The AOF-systemss not just anotherelectronicnotetakingsystem. Insteadit fulfills
a numberof requirementsvhich arny systemshouldhave which allows the automatedecording,
synchronizedeplayandintegrationof recordeddocumentsnto web—basedeachingandlearning
ervironments.Usingthe AOF—systenior presentatiomecordingresultsin multimediadocuments
of a new kind: The capturedmultiple mediastreamsoccurringin a live presentationj.e., the
audiostreamof the presenterthe white—boardactionstream the applicationstreamandpossibly
others,are synchronizedn sucha way that a replay using unrestrictedandomaccessand easy
navigation (socalledvisible scrolling) becomepossible. TheresultingAOF—-documentsaneasily
be integratedinto web—basedeachingandlearningernvironmentsor put on CD—ROM for offline
use.Wereferto thepaperby Muller andOttmann [1] for thetechnicaldetailsof the AOF—system.
However, we would like to highlight two key featuresof the AOF—systenthat are crucial for
presentatiomecordingandplayback.

First, the differentmediastreamsn an AOF—documengre synchronizedhrougha master-
dlave synchronizatiorscheme.The audiostreamis the masterstreamandthe otherstreamdik e
thewhiteboardstreamandthevideo streamaresynchronizedvith theaudiostream Hence while
playingbackarecordedoresentationthe currentplaybackpositionof theaudiostreamdetermines
theobjectsto bedisplayedonthe screeraspartof thewhiteboarddisplay Thiswasabasicdesign
decisionmadefor the AOF systemsincethe lecturers voice is the mostimportantstreamin a
classroonpresentatiorscenario.

The secondkey featureof the AOF—systenis thatthe dynamicsof the lecturers annotations
on aslide arepreseredduring the playbackof alecture. The annotationghatthe lecturermakes
arenot staticscreershots. The annotationsactuallyappeaion the screerasthe lecturermadethe
annotationgluringthelecture.In otherwords,during playbackof a recordedectureit looksasif
someinvisible handis makingthe annotation®n the screen.Hence the dynamicsof the overall
presentatiois preseredthroughsynchronizecudioandannotatiorasin alive classroonsession.



3.1 Presentationrecording

Presentatiomecordingrequiresthat the lecturerusesan electronicsubstituteof a blackboardor
overheadorojector the electronicwhiteboardthatrunson a computer Most presenteraowadays
usePaverPointasa presentatiomool. However, thistool doesnothave thedesiredrecordingfacil-
ity anddoesnot supportits usersoptimally. Ontheotherhand,we arewell awarethatPoverPoint
andWord arewidely used,occasionallyalso TeX andLaTeX. Hence theintegratedpresentation
andrecordingtool shouldat leastoffer import filters for documentgproducedby thesestandard
tools.

We now sketchasa specificexample,how contentacquisitionin ComputerSciencds currently
carriedout. Partof theactvity concernghejoint programmingf animationsandsimulationgo be
usedbothduringlive presentations classandfor inclusioninto web—basedeachingmaterialto
beusedin simulationmodeby studentsHere,in particular collectionsof animationsandsimula-
tionsfor theareasof Algorithms and Data Structures, Computer Architecture, Computer Networks,
andMultimedia Systems have beenproduced.This materialhasbeenusedpartially in livelectures
at oneof the participatinguniversitieswhich have beenrecordedusingthe AOF—approachThe
AOF-systenmhasbeenusedto recordquite a numberof whole courseqon Multimedia Systems,
Network TechnologyAlgorithm Theory Algorithmsfor InternetApplications,Algorithmic foun-
dationsof Bioinformatics,andothers).The recordeddocumentsarefinally puton CD—-ROM and
distributedto students.Moreover, a seriesof lecturesby expertsin variousfields (ComputerSci-
ence,Archeology Biology, Medicineandothers)have beenrecorded;someof themarebundled
togetherin anew kind of multimediatextbookon Algorithm Design Principles, cf. [4]. Sofarwe
have recordedabout500hoursof live lecturesmainly ontopicsin ComputerScience.

3.2 The lecturing experience

We decidedearlyin our projectthatthe bestway to producemultimediadocument®n university
coursess to recordlive classroomnectures. Thoughit is possiblefor a lecturerto give a lecture
just for the multimediarecording,from our experiencemostlecturerspresenttheir bestlectures
whenthereis arealaudiencen front of them.Hence we recordedhelive classroomectureshat
arepresentedo our studentn campus.

It is possibleto producemultimediadocumentdrom live lecturesf thelecturerfindsthetools
easyandcomfortableto use. Moreover, thetools shouldprovide someadwantageover traditional
teachingtoolsin orderto make this modeof delivery of teachingmaterialsattractve for the lec-
turer If thetoolsaredifficult to useor they providelittle or no advantagen presentinghematerial
to aliveaudienceyery few lecturerswould prefersuchtools.
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Figure 1. Thepresentatiorscreerof the AOF—systemaA list of all theslidesappeaiattheleft and
thetoolbaris atthetop.

The AOF-systemis avery attractve alternatve to the usualteachingthroughtransparenciesr
throughatool like Poverpoint. The slidesfor a lecturecanbe prepareceitherusingthe AOF tool
itself or by usingstandardext processingoftwarelik e latex anddvips. Oncetheslidesareloaded
in the AOF systemal list of all slideswith their titles appeaiin a window. This givesthe lecturer
thefacility to accessary sliderandomly Moreover, whenthelecturerusuallyannotateshe slides
during the lecture, all the annotationsare storedon the imageof the slide. Hence,the lecturer
canshaw all previous annotationson the slideswhena slide is chosenfrom this list. The AOF
tool providesexcellentsupportfor annotatinga slideincludingfree handdrawing, erasingfacility,
differentfontsandcolors. In particular thefree handdrawing facility is extensvely usedby most
lecturerdor writing ontheslidesanddraving diagrams.Thelecturercanintroducenew slidesinto
the AOF documentindaddnen materialsonthesenew slidesthroughfreehanddrawing. Thenew
slidesareincludedin the index of slidesinstantaneouslyThis facility is lackingin presentation
toolslik e Poverpointasit is noteasyto introduceanew slidein anappropriatglacein theexisting
document.The presentatiorscreerof the AOF systemis shavn in Figurel.
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Hence the AOF systemprovidesthe lecturerwith an attractve tool for presentinga standard
classroomecture.Fromour experiencethe quality of all the presentationthatwe have recorded
are extremely high dueto the fact that the lecturersare comfortablewith the AOF presentation
toolsandthey preferto presentectureso alive audiencen areallecture.

3.3 The offline learner

We now discusswhatthe offline learnermay experienceasa userof the multimediadocuments.
The AOF systemis designedo facilitatethe learningprocessof an offline learnerandtakesinto
accounttwo key points: (i) an offline learnerof the systemshouldget the experienceof a live
classroomectureand(ii) theoffline learnershouldbeableto browsethroughalecturein thesame
way shé browsesthroughabookor printedmaterial.

Whenthe AOF playeris launchedby an offline userfor viewing alecture,all the slidesof the
lectureappearin a separatavindow to the left of the screen.Eachslide hasan AOF icon below
it sothatthe learnercandirectly jump to thatslide if shewishes. Thereis alsoanaudiocontrol
window which canbe usedto startor stopthe audioor to go backandforth throughthe audio
stream.

Thefirst requirements satisfiedhroughthe synchronizeglaybackof the streamsn the mul-
timedialectures.The usualAOF documentontainsonly two streamsthewhiteboardstreamand
theaudiostream.Sincethe importantpartsof a lecturearethelecturers voice andthe slidesand
annotation®n thoseslides,it wasdecidedthatthe videoimageof the lectureris not anessential
streamfor the multimediadocument.On the otherhand,it is possibleto recordthe video stream
andincludeit into the AOF documentat the costof a larger multimediadocument. Whenthe
offline learnerplaysbacka multimedialecture,the whiteboardstreamappearson the screerand
thelecturers voiceis heardsynchronously

Hence the experienceof the offline learneris almostthe sameasthe experienceof a student
who attendghecorrespondingdjvelecture.All theannotationghatthelecturermakesontheslides
are exactly synchronizedvith the lecturers voice. The playbackscreensf the AOF systemare
shavnin Figure2.

The secondrequiremenbf the facility to browsethrougha documentis implementedn the
AOF systemat the slide level. In otherwords,the learnercandirectly jump to a particularslide
whene&ershechooses$o doso. Sincetheaudiostreanis synchronizedvith thewhiteboardstream,
the learnercanlistento the lecturers descriptionof the slide directly. Hence,this facility gives
thelearneran opportunityto review arny partof alectureasmary timesasrequiredandlearnthe
materialatherown pace.

e referto a studentaswell asalecturerin thefemininegendetrto avoid repetitionsof thetermhe/she.
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4 Teachingmethods

We have earlieremphasizeaur point of view thatthe AOF systemis notbasedon ary pedagogic
ideas,ratherit is a tool to facilitate virtualizing university teachingand it canbe tunedto the
specificneedsof a universityteachingscenario However, we have experimentedvith afew ideas
in orderto usethesystento themaximumbenefitof thelecturersandthestudentsn ouruniversity.
We will discussafew of theseideasbelow.

4.1 Mixed modeteaching

The AOF systemnot only facilitatesteachingof coursesn a distanteducationmode,but it also
helpsorganizingand offering very high quality coursesn a traditional university setting. From
our experience a lecturerspendsa lot of time for preparinga lectureevenif sheis offering the
courseseveraltimes.Ontheotherhand,if thelectureruseshe multimediacoursematerialfrom a
previous offering of the course shecanput hereffort to improve the coursein two differentways.
First, shecanconcentratén improving theteachingin two differentways.

First,thecoursecanbeofferedin amixedmodeusingpartof the previousrecordingandpartly
throughlive lectures. The lecturerwill have the choiceof retaininga part of the coursewhich
shethinkswaswell presentedn a previous offering. Shecanconcentraten addingnew material
throughlive lecturesin orderto improve the overall contentof the course.The secondadwantage
is thatshecandevote moreof hertime to prepareutorial materials.

Hence aseriesof recordedectureson a certainsubjectopensa new way of teachinga course:
Insteadof teachingthe whole courseagain,one may switch to a hybrid, partially virtual mode.
Only thosepartsarepresentedh alivelecturein classwhichdiffer from thepreviouspresentation.
Theunchangegbartis distributedto studenton CD—ROM and/ormadeavailablein thelocal com-
puterpoolsfor self-pacedstudy The presentations accompaniesusualby (weekly) tutorials
andexerciseslin this way we have run the courseon ComputationalGeometryalreadyonce.

4.2 Modularizing alecture

Theseconddeawe arecurrentlyexperimentingwith is thebreakingup of thematerialin alecture
into small self-containednodules. Form our experience studentscanlearn materialswell in a
live lectureif the materialis presentedn a modularfashion. It is easyto keepconcentration
andunderstandhe ideasin a smallermoduleinsteadof a long lecture. This is alsovery useful
for an offline learnerasshecanconcentraten a small multimediadocumentfor learninga few
key conceptsbefore progressingo the next document. The AOF systemis ideally suitedfor
breakinga lectureinto suchsmallermodules. The lecturerprepareghe slidesfor eachmodule
separatelyand oncea moduleis presentedthe recordingcan be stoppedand startedagainfor
the next modulewithin a shorttime. Also, the lecturercan prepareexercisesfor eachmodule



separatelyandthis allows the studentgo learnthe materialin a modulethoroughlyandtesttheir
understandinghroughattemptingthe exerciseshasedn thatmodule. The splitting of alecturein
smallerindependenmoduless shovn in Figures3 and4.

In summarythe AOF-recordingechniquemay openanew andcosteffective way of utilizing
theteachingandlearningexperienceof university professorgor establishinga time—andspace—
independentvay of learning.

Thenext stepwill be,notonly to virtualizethefirst phaseof thelearningcycle, the presentation
phaseput alsotheseconghasethedialoguephasei.e. to runalsotheassignmenin offline mode.
We have alreadymadesomeprogressn achieving this goalaswe discussn the next section.
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individual lectures.
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Figure4. Thewebpageof Lecture4 for thecourseParallel Algorithmsand Applications. Thereis
abrief descriptionfor eachmodule,alongwith links to the AOF documentPDFfile andexercises
onthe WebAssignsystem.

5 Virtualizing assignmentsubmissionand correction

In atraditionaluniversityteachingscenariowhenastudenimastersateachingnodule,shesolves
assignmenproblemshasednthe materialandunderstandthe materialmorethoroughlyby com-
paringher solutionswith thatof thelecturer We call this asthe dialogue phase of the university
learningcycle. We arecurrentlyattemptingto virtualize this phaseaswell.

In atraditionaldistanceeducationscenario studentsubmittheir written solutionsfor the ex-
ercisedoy mail. Thenatutor correctsthe submissiongandsendghe solutionsbackto the students
with commentsThis cycle of submittingandcorrectingassignmentsbviously hasalargeamount
of lateng. Also, for acoursewith severalhundredstudent®nrolledin thedistanceeducatiormode
themanagemertf theassignmentorrectionprocesss aformidabletask. It is muchbetterto have
atool thatsupportslectronicsubmissiorandcorrectionof assignmentdt is still betterif thetool
managesll the submissionandstoreshe marksfor the submissionsn a systematiavay.
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The WebAssignsystemdevelopedat FernUnversitat Hagenis an excellenttool with all these
facilitiesintegratedinto asinglewebbasedsystem A studenttanremotelysubmitassignmentas
text or postscriptdocument®nceshehasaccesdo the systemby acquiringa login andpassverd.
Shecanview all hersubmissiongndmarksarnytime. Thetutorshave similar accesso the system
througha web browser A tutor can correctan assignmentadd commentsassigna mark and
publishthe correctionson theweh Eachstudentcanaccesghe correctionsandcheckthe marks.
Thereis no extrawork onthetutor’s partfor managingandstoringthe submittedassignmentsThe
front pageof the WebAssignsystemis showvn in Figure5b.

We arecurrentlyusingthe WebAssigrsystentor assignmensubmissiorandcorrectionin two
of our coursesGeometric Algorithms andParallel Algorithms and Applications. Thoughall our
studentsareenrolledasregular studentsandthey attendlecturesn campuswe areexperimenting
with the systemfor integratingit into our overall framework for virtualizing the delivery of uni-
versity courses.Right now, the web pagesfor thesetwo coursesare organizedin a hierarchical
fashion.At thetop level is a pagewith descriptionf the coursecontent,links to variouscontact
detailsfor the courseandalink to a pagewith theteachingmaterials.The pagefor teachingmate-
rial hasalink to themultimediadocumentor eachlecture.Thereareseseralmultimediamodules
for eachlectureandtherearelinks to the PDFfiles, exercisesn the WebAssignsystemandthe
multimediadocumentdor eachof thesemodules.Hence the studentsanstudyeachmoduleand
attemptthe exercisedollowing the links. We planto usethe samestructureof the html pagesn
the CD-ROM for the course.An offline studentwill be ableto connectto the WebAssignsystem
in thesameway.

Hence theWebAssigrsystenis apossibletool for virtualizing the secondhaseof theuniver-
sity teaching the dialoguephase.From our experienceanassignmentanagemertool lik e this
is essentialn virtualizing the assignmensubmissiorandcorrectioncycle.

6 Technicalproblems

Using the computerasa meandor teachingandpresentatiorof contentis fairly obviousfor lec-
turersfor whom the computeris the standardeverydayworking tool. This is true for computer
scientistsphysicistsandmary others but certainlynot for mostcolleaguedrom the humanities.
We have tried to encouraggeoplefrom nontechnicabreasalsoto participatein (synchronous)
teleteachingexperimentsandrecordedheir lecturesusingthe AOF—system As the presentation
tool a large rear-screennteractve whiteboardhasbeenused. While experiencedusersare able
to masterthe variety of the availabletools, it turnedout that the human—computeinterfaceis
by no meansdeal for suchan application. Moreover, the role of an accompaying video of the
spealer (talking head)is differentwhenteachinga technicalsubjectlike ComputerScienceanda
nontechnicabkubjectliike Archaeology
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Figure 5. Thefront pageof the WebAssignsystem.The pageshaows links to varioussubmission
andmanagemenpages.

Ourexperiencenith theAOF-systenshavsthatthistool is very robustandsuitablefor presen-
tationrecordingfrom alivelecture.However, we wouldlik e to improve thesystenfurtherto make
it moreuserfriendly andattractve for universityprofessorso useit. Oneof thefeaturesve would
like to introducein the systemis afacility to edita multimediadocumentasily It is only human
on alecturers partto make somewrong statementsn alive lecture. All lecturerswould like to
edittheir multimedialecturesin orderto remove suchmistakesfrom their presentatiomecordings
in orderto provide acorrectandpolishedversionof theirlectureso anoffline audience Currently
the AOF—systenallows oneto edit a multimediadocumentput the processgs slow andtedious.
Thisis dueto the factthatdeletinga part of the audiostreammalkesthe whiteboardstreamasyn-
chronouswith theaudiostream.And henceit is necessaryo edit the whiteboardstreamcarefully
to make it synchronizedagainwith the audio streamafter suchdeletions. A simpleandeasyto
usetool would make this editing simplerandthenif necessarya lecturerwould be ableto edit
herrecordingswith relative ease We arecurrentlyworking onincorporatingsuchaneasyediting
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facility in the AOF—system.

7 Futureplans

The ultimate aim of virtualizing university coursess the creationof a virtual university. The
studentswill be able to choosetheir coursesfor study from a wide rangeof available virtual
coursedo completetheir curriculum. However, the creationof a virtual university of this kind is
by no meanseasy Thoughwe are corvincedthat studentsvould like to have a facility to study
offline andto choosetheir coursesaccordingto their intereststhereare several issuesrelatedto
university teachingandadministrationthat needto be changed.This requiresa rethinkingof the
way presentday universitiesand professorgeachtheir coursesandgive creditto the studentdor
passingacourse.

If a studenttakesa coursenot from her own university wheresheis enrolled,shemustbe
certainthat shecanusethe creditsearnedn the coursefor heracademiaecord. Currently this
is no problem,becauseeithercoursesare purely local (thoughthey may incorporatemultimedia
materialproducedby a colleaguefrom anotheruniversity), or they are offeredunderthe joint re-
sponsibilityof severaluniversityteacherseachoneresponsibldor the accreditatiorof the course
at heruniversity However, for a virtual university evolving from traditionaluniversitiesto be ac-
ceptedby studentsit is absolutelynecessaryo assureghatcreditsstudentearnat someuniversity
areacceptedat the othersin comparablecurricula. This requiresa consequenmodularizationof
studiesandtheimplementatiorof concurrentestsinsteadof punctualexaminations.Theprinciple
‘who teacheslsotakesthe examination’hasto beimplementedandaccepteda principlewhichis
atleastpartially againsthe Germanuniversitytradition. Thatis, a universityteachemhasto accept
thata studenhasthefreedomto choosdrom differentoffersfor the samecourse shecannotforce
astudento take herown coursesimply becauseahewill take the (final) examination.

We noticedthattheexchangeof lecturesn thesynchronouseleteachingcenarias notwidely
accepted. Teachersseean imported courseas a competitionfor their own offerings and they
want to avoid this competition. Therefore,the exchangeof coursesbetweenuniversitiesseems
to work without any problemsonly in those(rare)casesvherethey contribute to anenlagement
of the spectrumof coursesat a site whereno local competenteacheifor the respectie subjectis
available. Studentspon the otherhand,appreciatehis possibility of enlaging their spectrumof
courses.They arewilling to accepteventechnicaldeficienciesn the transmissiontechnology if
thisis the only way of acquiringthe desirecknowledge.

Jointresearchseminarshowever, area widely acceptedorm of inteuniversity cooperation
in teaching.The preferredmethodto run sucha seminairs the synchronouseleteachingcenario.
Our experienceshavs thatit is mandatoryto explicitly introducethe participantsof sucha semi-
narinto the tools and, furthermore to formulatethe appropriatevay of usingthe availabletools
explicitly asanadditionalteachingandlearninggoal of sucha seminar
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Thedevelopemenbf multimediamodulesof relatively fine granularity(lik e a singleanimation
or simulation,afew interactve webpagesmakesslow but constanprogressOur projectpartners
in otherGermanuniversitiessharetheexperiencahattheproductionof multimediacontentof high
guality is fairly time consumingandtakes muchmore effort thanestimated.Most of the project
partnersplanto contribute to a repositoryof suchmodules(storedin the ARIADNE knowledge
pool system)which thencanbe usedby all memberwf the universitiesduring their (traditional)
lectures.The methodof recordingwhole coursedy a note—takingsystem Jik e the AOF—system,
will probablybe restrictedfor the nearfuture to computerscienceandcloselyrelatedareas.We
have donethefirst seriousexperimentgo teacha (recorded)coursein a hybrid manneythatis as
a mixture betweenlive lecturesandtutorialsaccompayping recordingsdistributedto the partici-
patingstudentsSofar studentsnainly take therecordingf lecturesasavery corvenientway to
preparghemselesfor thefinal (punctual,oral) examinations We recommendhereadetto check
thelist of recordedecturesandto install someof themlocally in orderto getanimpressionof
whatis alreadyavailable[5].

It seemdo beclearthatany changeof thetraditionalteachingandlearningmethodat German
universitiesinto the direction of time— and space—independetgacherindependentself-paced
learningrequiresachangdn theteachingandstudybehaior of university professorandstudents

alike.
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