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ABSTRACT

This paperoutlinesthe designand evaluationof the Dig-
ital ClassroomApplication Frameavork (DeCAF). DeCAF
is designedo provide an ervironmentuponwhich multi-
mediaapplicationgor the classroontanbedevelopedand
evaluated.With theinclusionof multimediain the modern
digital classroontomesew paradigmdor teaching Also,
the combinationof the Internetand multimediaallow dig-
ital classroomdo accommodatenary forms of distance
learning. However, stateof the art applicationsfor digital
classroomsre usually monolithic in natureandlack ary
integration with other similar applications. DeCAF pro-
vides an ervironmentin which to develop and integrate
suchapplicationsdy treatingadigital classroonasanevent
stream. The event streamabstractionis the key to better
integration of applicationsand bettermeansto evaluating
new classroonparadigms.
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1 Introduction

In recentyearstherehasbeena greatdealof researctand
developmentin the areaof multimedia. Also, with per
vasve computing,the numberof possibleplatformsis in-
creasingaswell. Everythingfrom PDA’'sto Laptopsto per
sonalmusicplayersareableto handlesomeform of mul-
timedia. Classroomsoo, canbe thoughtof asa platform,
andthey certainlyareno exceptionto increasingamounts
of researctandthe penasivenesof multimedia. The dig-
ital classroomis quickly spreadingo mary campusesind
is increasingn visibility .

With theinclusionof multimediain the moderndig-
ital classroomcomesnew paradigmsfor teaching. With
the help of the Internetandmultimedia,digital classrooms
areableto accommodatenary forms of distancdearning.
Synchronous learning, learningthat is doneat a specific
time for all participantsjs oneexampleof distancdearn-
ing thathasbenefitedrom thesematuringtechnologiesBy
allowing the streamingof multiple mediasover the Inter-
net,it is now possiblefor classroomso be geographically
distantyet allow for interactionandcollaborationbetween
multiple sites. Asynchronous learning, learningthatis not
necessarilyjdoneat the sametime, is also possible. Stu-
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dentswho otherwisecould not attenda lectureareableto
view lecturesandothermaterialat a time thatis morecon-
venient.

The first stepin integrating multimediainto a tra-
ditional classroomsettingis to improve the technology
For example, ratherthan presentingmaterialon a black-
boardwith chalk, lecturerscan presenttheir materialus-
ing presentatiorslidesusing PoverPointor similar appli-
cations. Thesepresentationseekto enrich the teaching
experienceby using a richer setof mediain orderto ap-
pealto a broaderbaseof students.As technologieshave
adwanced]ecturersareableto incorporatevideoandaudio
into therepresentationsllowing evenmoreinformationto
be corveyedto students.Finally, usingthe Internet,it has
becomepossibleto sharematerialwith more peopleover
varyingtimesandin differentplaces.However, traditional
teachingparadigmshave not evolved asfastasthesenew
technologies Currentresearchs looking toward develop-
ing new paradigmghatarenot only asgoodastraditional
teachingaids(e.g. blackboard@ndchalk),but arebetter

Currently mary new paradigmsfor teachingin the
digital agearebeingdevelopedalongwith applicationghat
help to realizethesenew paradigms. However, thereare
mary problemswith this growing collection of applica-
tions. First, thereis no commonframevork on which to
developthem.Mostapplicationsaremonolithicandarenot
meantto beintegratedwith othersto sharewhatis happen-
ing in theclassroomFurthermorethereseemso bealack
of afeedbacKoopto collectinformationfrom participants.
Finally, mostsystemgendto only focusonthesemantidn-
formationof alectureandpay no attentionto otherevents
or othersourceof on-line andoff-line information. With-
outaddressinghesessuest is hardto evaluate otherthan
subjectvely, the effectivenessf new applicationsaswell
asnew paradigms. A new framework is neededthat ad-
dressesheseissues.

The new framework shouldallow for thedirectcom-
parisonof classroomapplicationsand paradigms. With
the currentstateof researchit is possibleto compareap-
plications,but integratingthemis nearlyimpossible,or at
theveryleasttime consuming.New classroonparadigms,
however, arein a muchworsestate. In orderto directly
comparenew paradigmshey mustbesetupin aclassroom
with the propercapabilities. Eachmustthenbe installed
run andthentorn down so that the next paradigmcan be
installed. Thereis clearlyalack anda needfor acommon



framawork to install thesenew paradigmsandto allow for
betterintegrationof applications.

In this paperwe proposea framework thataddresses
theseissues.Our work is the Digital ClassroomApplica-
tion Frameavork (DeCAF) which consistsof two compo-
nents.Thefirst componentf DeCAFis anabstractiorthat
treatsthedigital classroormasanevent stream. All applica-
tionswrittenin theframework areeitheraneventproducer
eventconsumenpr both. The secondcomponenthendeals
with how aneventconsumediscoserswhateventsarebe-
ing producedwithin the classroom. Here we proposea
publish/subscribarchitecture Producerspublishto a reg-
istry what eventsthey produce;consumershenquerythe
registry asto which eventsare available; andfinally, con-
sumerssubscribdao eventsthatareof interest.All of these
componentsare abstractionsand do not requirea specific
mediumonwhichto run. For example thecentralauthority
maybeaflatfile or aclient/senerapplicationonanetwork.
Eitherwaytheabstractiorprovidesthe servicemeededor
bothconsumerandproducers.

For our framework to allow for the integration of
applicationsand the direct comparisonof new classroom
paradigmst mustbe extensibleand portable. Extensible
meanghateachcomponentnustbeflexible enoughto ac-
commodateas mary new applicationsand paradigmsas
possible As for portable we meanthe samefor bothcom-
ponents. Specificallywe meanthatit shouldbe portable
acrossmultiple languagesmediaformats,computerplat-
formsandexecutionparadigms.By beingboth extensible
andportable theframavork seekdo limit aslittle asis pos-
siblethetypesof applicationsandparadigmghatcouldbe
imaginedin thefuture.

The goal of this paperis to presentour designand
evaluateit to determindf it canbetterprovide for theinte-
grationof applicationsandevaluateparadigmdor thedigi-
tal classroomIn describingts designwe alsopresensim-
ple examplesto clearly communicatehe purposeof each
componentn the design. However, evaluationis a more
difficult task. Without quantitatve metricsand other sys-
temsto compareijt is difficult to shav that De CAFfulfills
its goals. By usinga casestudythat examineshow a new
teachingparadigmcanbe createcbn top of the framework,
we believe we demonstrat¢hat DeCAFis both usefuland
capable.

The remainderof this paperis organizedasfollows.
Section2 summarizegurrentresearchrelatedto DeCAFE
Section3 describeDeCAFin moredetail. Section4 eval-
uatesthe framewvork. The paperis concludedin Section
5.

2 Reated Work

The relatedwork we looked at can be divided into two
groups. Thefirst groupis a collectionof applicationsfor
digital classroom®r presentatiorernvironmentsin general
thathighlight the needfor a commonframework. Thesec-
ondgroupconsistof researctalreadydonewith regardto

frameworks.

2.1 Digital Classroom Applications

While thereare numerougpapersaboutmultimediaappli-
cationsandentireconferencesledicatedo researchn this
area,for example ED-MEDIA, we presenta few exam-
ples herefor the sale of brevity. Work at Xerox PARC
andBellcorelookedto integratetext, audioandvideointo
automatedpresentatiortools. The work at PARC concen-
trateson a confederatiorof tools[7] usedfor the automatic
collection of informationfrom multimedia. PARC's tools
lack ary realintegrationof thetoolsandleave it until post-
productionwork to manuallyintegratethe media.

Bellcores STREAMS[Y is directly targetedtoward
training and lecturing. The main ideais that the viewer
knows bestwhatis important,andthereforeis allowed to
choosewhichever streamthey deemimportant. All other
streamsare thumbnailedand can be selectedat anytime.
While leaving the choiceto the useris novel, STREAMS
is merelyanotherapplicationamongthousandsargetedto
the classroomf the future. STREAMS also overlooks
a very importantpieceof information. It doesnot record
which selectionghe usersmake. We believe this informa-
tion is very importantbecausét canhelpin evaluatingan
applicationaswell asthe presentatiofitself andshouldnot
beoverlooked

The Classroon?000project[]] involvescreatingand
producing digital multimedia that is useful to students.
They usewhat they call “invasie technologiesto input
theinformation. Oneexampleof aninvasive technologyis
adigital whiteboard.Classroon2000is effective in using
invasie technologiesut doesnot do a goodjob of eval-
uating how invasie they areor allow for a full spectrum
of lessinvasie technologiego be used. Also, they have
againcreateda collectionof applicationghatarenoteasily
integratedwith othersaswe areseekingto do.

2.2 Digital Classroom Frameworks

Seminal[§ concentrateson adding metadatato media
streamandis specificallyfor automatiextractionof meta-
databasedon cuesfrom the lecturer Predefinedcom-
mandsareusedin orderto moreaccuratelyextractimpor
tant eventssuchasthe changingof topicsor presentation
slides. It is similar to our work in thatit is a framewvork
in which the mediaexperienceis enhancedy the addi-
tion of moreinformationin the mediastream. However,
it is application-specifianddoesnot look to createmedia
eventsandthereforedoesnot allow for easyintegrationor
evaluation.

Similarly work, doneby Brassiland Schulzrinne[B
alsoaddsmetadatao mediastreamshowever in the form
of synchronizationeventsand contentinformation. The
servicesprovided herearesimilar to thosefound on satel-
lite TV anddigital cable. Information aboutthe title of



a programandits contentsare addedto the mediastream
alongwith timing information. This timing informationis

mostly usefulfor automaticsynchronizatiorbetweentwo

differentmediastreams.For example,adwertisementgan
be insertedinto a programstreamby automaticallyinsert-
ing timing informationinto the stream A streamingsener

for the adwertisementshenwaits for the “cue” andstarts
the adwertisementsit the appropriatdime. While this sys-
tem is quite useful, its applicationsare limited and does
not provide aframework thatis flexible enoughto handlea
morediversesetof events.

Finally, Solar[4 is the researchthat mostresembles
ourown. Theauthorsin this work alsouseaneventstream
abstractiorandthe publish/subscrib@aradigmfor match-
ing producerswith consumersspecificallyfor ubiquitous
computing. However, they also add the abstractionof
aoyclic directedgraphs. In reality thereis no more com-
plexity in the framework, they merelyusethe graphasan
analogyto betterexplain the way their designworks. All
similar systemspursincluded,work this way becauseof
the natureof the design.Eventproducersn thesedesigns
actasthe sourcesandeventconsumershesinks. However,
their work is directly applicableto ubiquitouscomputing
ervironmentsandrequiresmore compleity to handlethe
volatile and heterogeneousaturesof suchernvironments.
We claim that our framework is just as flexible, perhaps
more so, becauseheir framewnork could be easily over
layedontop of ours.

3 DeCAF

As discussedearlier the state-of-the-arin digital class-
roomsis usually monolithic in natureandlacksary inte-
grationwith otherapplications.Also, asnew applications
are identified, they usually have to be completelyrewrit-
ten with little or no consideratiorof pastor future work.
This lack of integrationandcommonabstractiorincreases
developmenttime andleadsto digital classroomghat are
merely an aggreation of independentpplicationsrather
than an entire framework. The major goal of DeCAF is
to overcomethis weaknessndprovide researchersith a
commonabstractiorand framework in which to write fu-
ture digital classroomapplicationsand createnew models
for theclassroom.

The goalsof DeCAF aresimply to provide an exten-
sible and portableenvironmentin which to write applica-
tions.ltshouldbeextensiblesothatany new eventscaneas-
ily be addedandusedby new applications.Also, DeCAF
mustbe portable.We do not wish to limit the environment
in arny way. All devices,from high endworkstationgo de-
viceswith limited resourcesnustbeableto operatewithin
DeCAF Finally, applicationsvrittenwithin DeCAFshould
beableto runonsomethingassmallasasinglemachineas
well asin a highly sophisticatedlistributedernvironment.

In the following sectionswe describethe designof
DeCAFandhow thedesignfulfills thegoalsdescribedre-
viously. Firstwe describethe main abstractionthe event
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Figurel. Theflow of eventsin DeCAF

stream,how it is aggrejated,andhow it is created.Then
we discusshow the event streamis usedand list someof
theapplicationghatcanbe built ontop of this framework.

3.1 Event Stream Abstraction

To betterunderstandhe DeCAFdesignit first helpsto un-
derstandhe main abstractiorusedwithin the framework,
the event stream. First, we give a brief descriptionof
what the event streamis andthenwe discussthe individ-
ual events. Upon completionof this sectionit shouldbe
clearto thereaderhow the abstractiorfits into the overall
designof the framework.

3.1.1 Event Stream

The event streamis an abstractiorthat consistsof all the
eventsthatmayoccurwithin adigital classroomaggreyated
togetherto form a stream. The event streamis merelyan
abstractiorof a collectionof data,whichin this case con-
tains datapertainingto eventswithin the classroom.The
dataitself mayresideon network socletsor in abinaryfile

or, betteryet,anXML file. In orderfor the eventstreamto

be extensibleandportable the abstractiormustnot dictate
whereandhow the datais stored,only whatis stored.The
only specificatiomeededs whatdatais importantfor each
eventtype.

Figurel shavsagraphicalrepresentationf theevent
streamabstraction Fromthis figure we seethatthe source
of all eventsis a collection of event producerghat direct
eventstowardeventconsumersHow theseeventsarepro-
ducedandconsumedredescribedn latersections.

Thestreamcanbe anaggreationof multiple sources
suchasvideo,audioor text. Eventsourcesnayresideona
singlecomputeyor bedistributedover multiple computers.
In the caseof multiple computersthey canbeonthesame
network or on differentnetworks connectedvia the Inter-
net. Any list of sourceds by no meanscomplete.DeCAF
mustalwaysallow for new eventsto be introducedto the
streamor it is not extensible.lt is the eventstreamextrac-
tion thatis at the heartof the framawvork andthat allows
this frameawork to remainextensibleandportable.



3.1.2 Events

At the heartof the eventstreamarethe eventsthemseles.
They areresponsibldor carryingthe informationthat al-
low applicationgo extractinformationfrom the mediathat
malke up a presentation.Eventsare alsomeantto be self
organizing,allowing eventconsumerso effectively search
for eventsthatarepertinentto a particulartask.

While it is impossibleto anticipateall the various
forms that eventsmay take, it is possibleto discusswhat
informationall eventshave in commonandhow they are
organized.Every eventhasat leasttwo piecesof informa-
tion: its partentidentifierandits own identifier

Events are basically organized hierarchically with
object-oriented-stylénheritance. At the root of the hier
archyis asingleeventcalledsimply “Event”. Thisis anal-
ogousto the classObjectin Java, which is the baseclass
for every classwithin Java. This designallows for great
flexibility in finding eventsthat consumersare interested
in consuming. Consumerscan find all events, all video
events,specifickinds of videoevents,all theway down the
hierarchyto specificvideo stream.Also very importantis
thatthis designalsoallows for eventsto be easilydesigned
using functional, object orientedand other programming
paradigmsThedesignis notmeantto limit, in anyway, the
way in which applicationsareimplemented.

3.2 Event Stream Aggregation

The event streamitself consistsof mary typesof events.
Everythingfrom audio,video, powerpoint,whiteboardma-
terial, and text can trigger eventswithin the framework.
Each of theseevent sourcescan then be aggreyatedto-
getherto createonecompleteeventstream.While the en-
tire streammay not actuallyexist in ary oneplace,it helps
to understandhe abstractionf all the streamsourcesare
aggregatedtogetherasone. From this stream,event con-
sumergcanbewritten to choseonly thoseeventsthey want
to createfurther eventsthat arefed backto the stream,or
useddirectly within an application. To betterunderstand
how eventstreamsanbeaggreatedet uslook atdifferent
sourcef events,andthenseehow they canbe combined
to createthe entireeventstream.

Let usfirst considerthe eventsthatmay occurfrom a
simpleaudio/videopresentatiorwithin a classroom.Both
the audio and video are fed into an event producerfrom
which events are triggered. Theseevents are then fed
into the streamto createthe entire event stream. Fig-
ure 1 shows this situationgraphicallyto make clear how
the event streamconsistsof all eventsthat comefrom all
sourcesaandthenflow to consumers.

3.3 Event Creation

What drivesthe event streamis obviously the event. The
eventsare createdby mediaprocessors.For eachtype of
mediatheremay be one or more processorghat analyze

the mediaandproduceeventsthat may later be consumed
by otherapplications. For example,if we look at Figure
1, we canseethe flow of informationfrom raw mediato
eventsthatare sentthroughouthe framewnork. As the raw
mediainformation flows from the left into the event pro-
cessorthemediais analyzedandeventsarecreated These
eventsare thenfed into the event streamfor later useby
consumers.To betterclarify the processof eventcreation
andto furtherillustratetheflexibility of theframework, we
provide a few specificexamplesof how eventsarecreated
from raw media.

The simplestexampleis video. Referringto Figure
1 we seethatvideo comesin from a cameraandis sentto
a mediaprocessar Eventsare emittedfrom the processor
for laterconsumption Eventsin this casecould be assim-
ple asstartingandstoppingthevideo. Eachtime thevideo
is startedor stoppedt triggersan event. Applicationsthat
wishto usetheeventscanlistenandthenusethem. For ex-
ample,anapplicationmaywantto displaythevideo,or an-
othermaycapturethestartandstopeventsto recordviewer
behaior. Herewe seethatby treatingthe raw mediaasa
streamit leadsto an abstractiorof the informationthatis
usefulin mary applications.

Of particularinterestto the contentproducerss the
creationof eventsbasednhow theuserviewsthematerial.
Previousresearch[§3][6][4] hasoverlookedthis sourceof
events.If it werepossibleto recordtheinteractionof users
with the mediaitself, it would offer invaluablefeedbacko
theproducerof thepresentationsA key featureof DeCAF
is theability to captureuserinteractionandfeedit backinto
theeventstreantor lateruse,on-line or off-line.

Otherformsof datacanalsobe usedto createevents.
Text is good example. For text we have identified three
main typesof events: the beginning of a text stream,for
eachword, andtheendof atext stream.Thesethreeevents
whencombinedjive usanentiretext documentTheforms
of text documentghatareinput to the streamcanbe ary-
thing from raw text files to Microsoft Word documents.
However, onesourceseem®bviousfrom theapplicationto
digital classroonenvironments:transcription.By analyz-
ing the audiodataof a streamit is possibleto createword
eventsby usingcurrentspeech-to-tet corverters.Herewe
seehow one event streamcan be usedto not only create
moreeventsfor thestreambut alsohow anothemediacan
be createdrom the eventstreamaswell.

Fromour designwe areableto producea framework
that allows for the inclusion of eventsfrom mary differ-
entmediaandcreateanabstractiorthatmakesthis process
bothconsistenanduseful. Theexamplesabove area short
list of the possiblewaysthe event streamcanbe created.
Theseexamplesshow that the abstractionis flexible and
opento whatever future mediaeventsmay be deemedm-
portantfor applicationswithin a digital classroom.



3.4 Event Use

Now that the events have been producedthey needto
be consumed. Events can be consumedn mary differ-
ent ways, just asthey are producedfrom mary different
sources. For example,asthe eventscometo a consumer
they canbe sentto an application. Examplesof applica-
tions have beendescribedn previous sectionsandseveral
specificexampleswill be givenin Section4. It is further
possiblehattheseaventscanbestoredondisk. Thestorage
of eventsallows for laterconsumptiorby new applications
not yet createdvhenthe presentatiowasoriginally given
or for datamining purposego allow for extractionof more
informationat a laterdate. |t is alsopossibleto streamthe
presentatiorio other off-site digital classroomonnected
throughthe Internet. While it may not be feasibleto send
all eventsto all sites,it may be possibleto senda subset
of the events. Finally it is alsopossiblefor consumergo
createmore eventsfor the event streamasmentionedpre-
viously. Onceagain,this is not an exhaustve list, but a
list thatdemonstratethe flexibility of the systemandhow
simpleit is to provide moreinformationoff-line afterapre-
sentatiorhasbeengiven.

3.5 Connecting Consumersto Producers

Connectingventproducergo eventconsumersisesapub-
lish/subscribemodel that is similar to what happensin

transactionsreatedn business-to-bsinesspplications A

producerof a productregisterswith a middle manandin-

forms the middle man of what productthey have to sell

andhow muchthe productcosts.Thenasconsumers$ook-

ing for productscomealong, they too communicatewith

the middle man and tell them exactly what sort of prod-
uct they arelooking for. The middle manthelooksin its

list of know producersandconnectghe consumewvith the
producerthat can bestmeetits needs. The producerand
consumetthencommunicatewith eachotherto complete
thetransactionThis paradigmworkswell for system.

To connectan event producerto an event consumer
a middle manis needed.For DeCAF, we createan event
registry whosesole purposeis to allow applicationsrun-
ning within the framework to find eventsnecessaryor it
to run. Whenan eventproduceffirst startsit publishests
eventsto the event registry. Theseadwertisementsallow
eventconsumerso know exactly whattypesof eventsare
currentlybeingproducedn the framewvork andwherethey
are located. Next, when an event consumeffirst startsit
alsocontactgheeventregistry andsubscribeso the events
it needsFinally, asnew eventsoccurthe producerstreams
themto theconsumers.

Onceagainthis designis merelyanabstractiorandis
not meantto betied to arny particularmediumof commu-
nication. This architecturefor publish/subscribean eas-
ily exit on a network aswell asin a single application.
Also, the way in which discovery is doneis alsodeliber
ately omitted. It could be doneusingbroadcastalls over

the network, hard-codednto anapplication,or doneusing
peerto-peemetworks. Thegoalof theentireframenork is

to be flexible andnot dictateimplementationandinstead
guidethedesignandprovide a framework in which to cre-
ate that design. The architecturepresentecherefits well

within thatgoal.

4 Evaluation

In orderto evaluateDeCAF we offer the following case
study This casestudyillustrateshow DeCAF is usedto

supporinen modelsfor teachingn adigital classroomWe

look at modelfor a digital classroonbasedon a joint col-

laborationwith alocal compary.

4.1 Case Study

A compaly herein SantaBarbara,QAD Inc.!, produces
softwarefor manuficturingprocesseto customersaround
theworld. As partof thesolution,they alsoprovidetraining
services.Thesetrainingservicegequireshemto have nu-
merousexpertsgive presentationaboutspecificprocesses
andhow QAD providessolutionsfor them. To maximize
the information in thesepresentationghey record them
andputtogethemultimediapresentationfor customerso
view at their own site. The presentationsequirea signifi-
cantamountof manualpost-productioriime. Ourgoalhas
beento develop a systemto help them automatesomeof
the processas well ashelp themfind waysto further ex-
ploit theinformationin thesepresentations.

When one of their expertsgivesa presentatiorboth
audio and video is recorded and then used in post-
productionto createapresentatiofior viewing later These
presentationarehostedontheirwebsiteandincludemeta-
dataembeddedn the streamedvideo that allows for the
automaticpaging of slide shav presentations.Also, the
presentationsre transcribedand then translatedinto all
thelanguageshattheir customersuse. However, boththe
pagingof the slide shov andtranscriptionare doneman-
ually. In addition, it requiresat leasttwo peopleto record
theevent.

While a whole host of applicationsare requiredto
give QAD the amountof automatiorthey want, threespe-
cific applicationhave beenidentified that they are inter-
estedin using. Thefirst is an automatictranscriptionsys-
tem. This systemmust not only transcribethe presenta-
tion but also groupthe text in chunksroughly equivalent
to paragraphsThe secondapplicationis automaticcamera
trackingof thepresenterThisapplicationis especiallyuse-
ful sinceit hasthe potentialto reducethe numberof peo-
ple requiredfrom two to one.Finally, they areinterestedn
knowing whatusersdowhenthey view thematerialoffline.
To betterunderstandhow well their expertsare presenting
the material,it is usefulfor themto know what materialis
viewed, or skipped,or viewed repeatedly Currently they

Ihttp://iwwwaad.com/



areonly ableto determinewhich presentationareviewed
andfor how long. It is our beliefthat DeCAF canbe used
to provide theseapplications.
Automaticallytranscribingpresentationm DeCAFis
very similarto whatwasdescribedn CaseStudy1. In this
applicationthe audio s first cornvertedinto text andthen
eventsarecreatedo represeneachof thesentencesThese
sentencearethenusedby aneventconsumeandgrouped
togetherproducingan eventfor eachchunkof text thatis
determinedo berelated. Later thesechunkeventscanbe
usedby anapplicationthatplaysbackthe presentatiomnd
synchronizethemwith the play back of the video. Here
againwe seethatif anothempplicationis neededo process
thetext, therewould be no needto re-processhetext.
More complicatedthan the transcriptionof the pre-
sentationis automaticcameratrackingof a presenterBe-
causehis problemhasbeenaddressebtiefore[4, we donot
have to re-inventthe technology A possiblefuture project
could seewhatinformationcould be extractedfrom a pre-
sentatiorowhenthemovementf the presentearesaredas
events.To save thesemovementevents therefirst mustex-
ist eventsthatindicatethe startandendof recording.These
eventslet the eventconsumerknow whenvideois avail-
ableandidentify whenthe presentemoves. Oncemaove-
mentis recognized,an eventis triggeredand consumers
canactaccordingly In thiscasdt would consumeheevent
andgive commandso electronicallycontrolledcamerago
panto the correctpositionto continuefollowing the pre-
senter Whatis interestingaboutthesemovementeventsis
thatthey canalsobe usedlater, offline. For example,if the
producerof the videowish to seeif thereis a correlation
betweenthe amountof movementand the quality of the
presentationthey canwrite an applicationthat processes
the movementevents and compareit to other presenters
and/orfeedbackprovidedby viewersof the presentations.
The final application,recordingviewer feedback,is
anexamplewherean applicationis not only aneventcon-
sumer but also an event producer To get viewer feed-
backan event consumets createdthat listensfor the be-
ginningof thevideo,audio,text, andsynchronizatiorevent
streams.The applicationthenbegins streamingtheseme-
dia to the viewer. However, beforestartingthe streamst
also registersitself with the centralauthority asan event
producer Theseeventsinclude whenthe viewer presses
play, stop, rewind, fastforward, or ary otheraction that
theviewertakesin thecourseof watchingthepresentation.
Theseeventsact as an automaticfeedbackloop and are
addedto the event streamfor the entire presentation.The
information producedby this feedbackloop can be used
to helppresentatioproducersnake betterpresentations
the future by identifying segmentsthatare perhapsoring
or not well done,and alsoidentify the segmentsthat are
themostwatched.Theability to provide aviewerfeedback
loopis invaluablein creatingbetterpresentations thefu-
tureandevenmakingthosethatarealreadycompletedeven
better
Thesethreeapplicationsaswell asothersthatwill be

developedn thefuture,show theflexibility andvalueof the

frameawork. By treatingthe presentatiomsaneventstream
it addsvalueto the presentationand providesthe means
by which to addfurthervaluewell afterthe presentatioris

complete.

5 Conclusions

In this paperwe have presentedeCAF, the Digital Class-
room Application Frameavork. This framework represents
an importantstepin betterintegration and evaluation of
both applicationsand modelsfor digital classrooms.De-
CAF wasdesignedo bebothextensibleandportablewith-
outputtingtoo mary restrictionson developers Also using
the casestudieswe were ableto shawv the capabilitiesof
theframavork andhow new modelscanbe built on top of
it. In the future we will be ableto bettercreatenew ap-
plications,integratethemandfrom thesenew applications
createnewv modelsfor the digital classroonthat provide a
bettereducationakxperienceghantraditionalclassrooms.

6 Acknowledgments

The authorsof this paperwish to thank Gregory Banks,
Alex Cyriac, EthanSmith and Phil Wittrock for their dili-
gentsearchfor relatedwork.

References

[1] G.D. Abowd, C. G. Atkeson,A. Feinstein,C. Hmelo, R. Kooper
S.Long, N. Savhney, andM. Tani. Teachingandlearningasmulti-
mediaauthoring:the classroom2000project. In Proceedings of the
fourth ACM international conference on Multimedia, pagesl87-198.
ACM Press1996.

[2] M. Bianchi. Autoauditorium: a fully automatic,multi-camerasys-
temto televise auditoriumpresentationdn Joint DARPA/NIST Smart
Spaces Workshop, July 1998.

[3] J.Brassiland H. Schulzrinne. Structuringinternetmediastreams
with cueing protocols. |IEEE/ACM Transactions on Networking,
10(4):466—-4762002.

[4] G. ChenandD. Kotz. Contet aggrr@ation and disseminationn
ubiquitouscomputingsystems. In Proceedings Fourth |[EEE Work-
shop on Mobile Computing Systems and Applications, pages105—
114,2002.

[5] G.CruzandR. Hill. Capturingandplaying multimediaeventswith
streamsIn Proceedings of the second ACM international conference
on Multimedia, pagesl93—200ACM Press1994.

[6] S.Duarte,J.L. Martins, H. J. Domingos,andN. Preguica. A case
study on event disseminatiorin an active overlay network environ-
ment. In Proceedings of the 2nd international workshop on Dis-
tributed event-based systems, pagesl—8.ACM Press2003.

[7] S. Minneman,S. Harrison, B. JanssenG. Kurtenbach,T. Moran,
I. Smith, andB. van Melle. A confederatiorof tools for capturing
andaccessingollaboratie actvity. In Proceedings of the third ACM
international conference on Multimedia, pages23-534ACM Press,
1995.

[8] S.RollinsandK. C. Almeroth. Seminal: Additive semnatiacontent
for multimediastreams.In Proceedings of the Internet and Multime-
dia Systems and Applications (IMSA 2002), pagesl74—-179 August
2002.



