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ABSTRACT

Coursevarepackagesresoftwareapplicationghatfacilitatedistri-
bution of informationfrom professorgo studentsaswell ascom-
municationamongstudentsn a class. Most commercialoff- the-
shelfcoursavaresolutionsareweb-base@nddo notrequireclient-
sideinstallationof additionalsoftware packages.While the web-
basednterfacesprovide nearlyubiquitousaccessthey have disad-
vantagesFirst,webbrowserswereneverintendedo beapplication
platforms.Secondaweb-basedhterfacerequireshatall datapro-
cessingshortof thefinal renderingof theinformationbecompleted
on the web sener that supportsthe application. In the caseof a
coursevareapplication the limitations of the web-basednterface
usuallyrequirethattheinformationaccessibl¢hroughtheinterface
bedividedinto unnaturapartitions,makingtheapplicationdifficult
to useto its fullest benefit. This paperdescribes new coursevare
interface without the problemsof the web-basedaradigm. Our
solution makesuseof the XML UserInterfaceLanguage(XUL),
whichallows usto harnesshepower of theclientmachinefor tasks
suchasfiltering and sorting of displayeddata,allowing a radical
reoganizationof the presentatiorof datain the coursevare appli-
cation. We describeour coursevare solution, Theo, and present
resultsfrom a comparatie userstudy
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1. INTRODUCTION

As high schoolsandcollegeshave investedmoney into theirin-
formationinfrastructurethe softwarethatstudentseducatorsand
administratorsuseto interactwith their technologyhasevolved.
One of the focusesfor software developmentin the schoolshas
beentoward an online classroominterface, which we refer to as
coursevare. For the purposeof this paper coursevareis defined
assoftwarethat:

e Studentaiseto monitorclassroonassignmentsetrieve class-
roommaterialsandcommunicatevith oneanothemandtheir
educatorsand

Brandon Nuttall
Vanderbilt University
VU Station B, Box 354035
Nashville, TN 37235

b.nuttall@wanderbilt.edu

Bobby Bodenheimer
Dept. of Electrical Engineering
and Computer Science
Vanderbilt University
Nashville, TN 37235

bobbyb@vuseanderbilt.edu

e Educatorauuseto createandmanageclassespostclassroom
materialsandcommunicatevith students.

Prometheu§l], originally developedat GeogeWashingtorini-
versity, is anHTML-basedcoursevare systemauthoredn Macro-
mediaColdFusionanapplicationfor servingdynamicHTML ap-
plications. It is describedby its owners, BlackboardInc., asan
“easy-to-useflexible, [and] scalable..” system. Casualsuneys
of studentsandeducatorsvho usePrometheushowever, have sug-
gestedhatthereis muchroomfor improvementconcerning®rom-
etheus’usability, which promptedour investigationinto alternate
interfacedesigns.

Basedon heuristicevaluationsandfeedbackirom usersat Van-
derbilt University, we identified the main problemswith Prome-
theusfrom a users perspectie as:

1. Ambiguouspartitioningof content.
2. Lateny andinterfaceresponsieness.
3. No enforcemenbf contentpartitioning.

This paperpresents prototypefor analternatecoursevareinter-
facethataddressetheseproblemsaswell astheresultsof usability
testingon the prototypeinterface.

2. BACKGROUND

Prometheuss certainlynot the only coursevare solutionon the
market; other solutionsinclude BlackboardLearning Systemand
WebCT (owned by WebCT, Inc.). For a comparatre suney of
several, see[2]. Most of theseproductssharewhat we seeas
faults with Prometheuspamely that they are HTML-basedand
have mostly the samecontentpartitioning schemeas Prometheus
does.This studydoesnot attemptto addressssueswith fat clients
suchas maintenanceor compatibility Nor doesit addresshin
clientssuchasthoseusingJavaappletse.g.,[4]. Ratherit focuses
oncontentpartitioning,andthelimitationsthatatypicalwebsener
placeson suchpartitioning.

Previous papershave addressedomeof the problemswe intend
to solve with our alternatecoursevareinterface: Nguyenetal. [5]
acknavledgedthat someproblemswith coursevare canbe traced
to problemswith the internet, but then dismissedthoseissuesas
largelytechnicain nature.Calivi andDe Bra[6] proposeasolution
to thepartitioningproblem but aswewill seetheclient'scomputer
power canbeleveragedo afar greatereffect.

Therehasalso beenconsiderableesearchdone on classroom
software usingthe ubiquitouscomputingparadigm[7]. Our focus
is morenarrav, andis on onespecificmethodof web-basedlass-
room managementAlternative and often moreambitiousdesigns
for integratedlearningervironmentshave beenproposede.g.,the



Figure2: An example of how Prometheus partitions by type.

CoWeb projectof Guzdial[3]. Suchervironmentsoften take an
unstructuredapproacho contentpartitioning.

3. COURSEWARE DESIGN

To demonstratend testan improved coursevare interface,we
developedTheo,a XUL-based[8] interfacethatdisplaysthe same
informationasis availablein Prometheusalbeitgreatlyrearranged.
XUL isthe XML UserlInterfaceLanguagean offshootof the Mo-
zilla webbrowserproject. XUL wasdevelopedasa solutionto the
problemof maintainingdifferent front-endsfor the various plat-
forms on which Mozilla runs. Ratherthan maintaina separate
front-endfor eachplatform, Mozilla interfacedesignersspecifya
singlesetof XUL interfacedescriptiongor theapplication.Under
lying platform-specificcodeis responsibldor renderingthe inter-
face.

A benefitof Mozilla’'s XUL-basedinterfaceis thatthe Mozilla
(andby extension Netscapés.x and7.x) browvserscanloada XUL
file from ary location, e.g.,an HTTP uniform resourceidentifier
(URI), anddisplaytheinterfacein the areausuallyreseredfor a
“web pag€e’ The XUL backendintegratedinto the browvser will
ensurghattheresultinginterfaceis identicalregardlesof theplat-
form onwhichthebrowseris running. Becausef thedevelopment
of XUL, Mozilla providesanideal cross-platformervironmentfor
developingauserinterfacethatis universallyaccessible.

ThePrometheumterfacetypically partitionsinformationby class,
shavn in Figure 1, or by type, e.g.,“assignments, “discussions,
shavn in Figure2. In contrastthe Theointerfaceallows the user
to view asmuchor aslittle information as he desires. Eachin-
dividually postedpieceof informationappearsn Theoasa node
in the “contentstree’ Eachnodecanbe flaggedwith oneof four
types:assignmentlassmeeting discussionor file. Thenodetype
allowstheuserto shav or hideinformationbasednits type; mul-
tiple typesof nodescanbe shavn at the sametime. Thesetypes
werechoserto mostcloselymirror the divisionsof informationin
Prometheusthe additionof additionaltypesof informationis triv-
ial.

Additionally, eachnode regardlesof type,canhave child nodes
of the sameor differenttypes. A key problemobseredin Prom-
etheusis the partitioning of informationthat naturally belongsto-
gether For example,anassignmenis in a differentpartitionfrom
discussionslf auserwishesto find discussionselatedto a posted
assignmenthe mustleave the assignmentgartitionto accesghe
discussiongartition, where he mustmanuallysearchfor discus-
sionsrelatedto the assignmenin question.Onewould likely want
to have discussiongbouta particularassignmengasilyaccessible

from the pagethatdescribegshe assignmentTheoallows “discus-
sion” nodesto be childrenof an“assignment’parent,makingdis-
cussionsaboutanassignmeneasilyto locate,shavn in Figure3.

The backendfor the Theoapplicationis a setof ResourceDe-
scription Framavork (RDF) [9] files, eachof which describeghe
contentavailablefor eachclass. XUL hasbuilt-in methoddor pars-
ing RDF files anddisplayingthemaspart of aninterface,e.g.,as
anexpandabldree.

TheTheointerfaceis athree-panénterface reminiscentf mary
populare-mailreadersTheleft-handpaneallows the userto select
or deselectvhatcategoriesof informationhewishesto seeor hide,
basedn theinformation’s cateyory andclass.Below the selection
areasputtonsallow the userto call up staticinformationaboutthe
classesn which heis enrolled(namely a syllalusfor the classand
alist of classmateandtheire-mailaddresses)lheright-handpane
is dividedinto two sub-panesTheuppermaneshavsthe“contents”
availableto the user basedon the currentfiltering preferencese-
lectedin the left-handpane. The bottompaneis a miniatureweb
browserthatshavs the contentthe userhascalledup, eitherby se-
lecting a nodefrom the contentspane,or by selectingone of the
buttonsin the left pane. In both casesthe nodeselectionor the
button presscauseghe applicationto load a URI into the browser
pane.The URI is storedin the RDF databasé¢hat formsthe back
endto theapplication.

As mentionedthe userinterfaceof Theois describedoy XUL,
which is tied to the Mozilla rendercore. However, the internalsof
Theo,particularlythe partdescribingthe datasourcesusedby the
coursevareinterface,aredescribedn RDF, aW3C standardThus
Theocanbe portedto otherplatformsby re-implementingnly the
interface.

4. EXPERIMENTAL DESIGN

To testthe utility of the Theointerface,we conducteda study
on twelve undegraduateand graduatestudentsof the Vanderbilt
University Schoolof Engineering.All subjectshadat leastsome
prior experiencewith Prometheushowever, our focal hypothesis
wasthat Theowould outperformPrometheusTherefore ary bias
that prior useof Prometheusvould bring would work againstour
hypothesis,not for it. The information available in Prometheus
wasduplicatednto Theofor thepurposeof thestudy Eachsubject
was given a shorttutorial on Theo prior to evaluatingthe inter
face.Eachsubjectwasasledto completethreetimedtaskson both
Prometheusnd Theo. The threetasksperformedby the subjects
were:

1. From amongall of your classesfind the next threeassign-
mentsdueafter Septembef0, 2002.

2. Consultthesyllabusfor CS265to find theISBN for thetext-
book.

3. Assumethatyour nameis JohnSmith. Seeif someonehas
postedareply to your questionaboutExam?2 in CS265.

One-halfof thesubjectscompletedhetasksfirst on Prometheus,
thenon Theo;the otherhalf usedTheofirst, thenPrometheuskol-
lowing thetimedteststhesubjectavereaskedto completeasuney
consistingof short-answequestionsandfive-pointLik ert scaleso
gaugetheir responséo the new interface.

5. RESULTS

This sectionpresentghe resultsof the userstudy by task,and
summarizesheLik ertscaleresponses.
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Figure1: An example of how Prometheus partitions by class.
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Figure 3: An example of the Theo interface, showing discussions about a particular assignment.




51 Task One

Userswereaskedto retrieve informationfrom TheoandProme-

theusasif they wereconstructinga to-dolist of their assignments.

Thetimeit tookthesubjectdo retrieve thedatawasrecorded Theo
wassignificantly fasterthan Prometheusegardlessof the presen-
tationof theinterfaces(F=48.7,p=1-10"°, MS= 6.7 - 10%). In-
teractioneffectswere not significant. The meanPrometheusime
was126 secondsthemeanTheotime was20.33seconds.

5.2 Task Two

Userswereaskedto consultastaticsourceof data(asyllabus)to
retrieve a particularpieceof data. Thetime it took the subjectso
retrieve the datawasrecorded.Therewasno significantdifference
betweenTheo and Prometheus.The meanPrometheugime was
17.18secondsthemeanTheotime was19 seconds.

5.3 Task Three

Userswereasledto consultadiscussiorto seeif aresponséad
beenmadeto a particularposting. Thetime it took the subjectso
retrieve the datawasrecorded. Theowas significantlyfasterthan
Prometheusegardlesof thepresentationf theinterfaceqF=9.01,
p=0.01,MS=837.8). Interactioneffectswere not significant. The
meanPrometheuimewas26.82secondsthemeanTheotimewas
15.17seconds.

54 Likert Scale Responses

To gaugethe subjects’attitudestoward Prometheusand Theo,
we administerech shortsuney afterthetaskswerecompleted We
usedafive-pointLik ertscale with aonecorrespondingo “strongly
disagreé€, a two correspondingo “somevhat disagreé, a three
correspondingo “indifferent; afour correspondingo “somevhat
agre€, andafive correspondingo “strongly agre€.

541 Easeof Use

Userswereasledto ratehow stronglythey agreedvith the state-
ments‘Theois easyto use”and“Prometheuss easyto use” Theo
was rated as significantly easierto use than PrometheugF=26,
p= 4 -10~%, MS=15.8). The meanPrometheusating was “in-
different;” the meanTheoratingwas“strongly agre€.

5.4.2 Ease of Information Retrieval

Userswereasledto ratehow stronglythey agreedwith the state-
ments“Theo makesit easyto retrieve theinformationl need”and
“Prometheusnalesit easyto retrievetheinformationl need’ Theo
wasratedassignificantlyeasietto usespecificallywhenretrieving
informationthan PrometheugF=13.2,p=0.0015MS=7.59). The
meanPrometheusating was “indif ferent;” the meanTheorating
was“somevhatagree.

6. DISCUSSION AND FUTURE WORK

Usershad a strong preferencefor Theo over Prometheusand
performedsignificantlybetteron two of the threetasksof our ex-
periment,even consideringthat all of them had prior experience
with thePrometheusystem.Thesetaskswerechoserbasedn the
authors’experiencethatthey arecommonlyperformedby users A
priori, we expectedhattaskonewould favor Theo,tasktwo would
favor Prometheusandtaskthreewould favor neither In particular
for tasktwo, whenenteringthe coursepartitionin Prometheushe
Syllabuspartitionis displayedoy default. Thereforeonly oneclick
is requiredto retrieve syllakus informationin Prometheusyersus
two clicks for Theo. Taskthreerequireswo mouseclicks andpage
scanningfor both Theo and Prometheus.Both interfacespresent

disadwantagedor thetask:in Theo,to seediscussions$or a partic-
ularclassuseranustuseanothemouseclick onthefilter panethe
formattingof discussionthreadsn Prometheusequiresscrollingif
morethanfour or five discussionarepresenton a 1024x768dis-
play.

Taskone,the creationof ato-dolist, is somethingusersshould
do frequently Prometheusperformances explainedby its poor
partitioning schemeand lax enforcemenbf contentpartitioning.
In this task, we obsenred that the subjectslooked in one of four
differentplacesfor assignmentlata:the syllabus view, the outline
view, theassignmenview, andthe file view. Onesubjectevenre-
marledverballythatunlessheknew the professaorhecouldnt find
wherethe assignmentshouldbe. Theseobsenationssuggesthat
Prometheugperformanceon this task would improve if the data
werefamiliarto theuser andthateducatorsarehighly inconsistent
abouthow they enterdatainto Prometheusit is interestingto note
that the Assignmentsontentpartition is not a top-level partition
in Prometheudyut insteads accessety clicking onanunempha-
sizedHTML link within the Outline partition.

Tasktwo, theretrieval of a staticpieceof informationfrom the
syllakus, wasa taskPrometheushouldhave donewell in. By de-
fault on Vanderbilts system the syllabus is the datashavn in the
contenttablewhena userfirst entersa coursepartition; also,users
couldtake adwantageof thewebbrowsers built-in Find command
to acceleratdheir searchfor the textbook’s ISBN. However, only
one userwas obsened using the Find shortcutto searchfor the
requestediata;mostof theusersscannedhe datamanually

Taskthree the consultatiorof coursediscussionswasdesigned
sothatboth TheoandPrometheushouldhave performedequally;
however, they did not. Approximately one-half of the subjects
clickedonthediscussiornheirtheoreticauserpostedo seef there
wasareplyratherthansimplylookingatthe“Replies”value,which
wasavailablefrom the main Discussiongartition (thoughwithout
ary particularemphasis). This behaior makes Prometheudook
disproportionatelybad, althoughwe don't know if the difference
would be statisticallysignificant.

Possiblesource®f biasin this studyaredueto thefactthatTheo
wasonly implementedocally. Theocould be at anadwantagebe-
causdts datais locally cachedn the sampleRDF files,andProm-
etheuscouldbe at adisadwantagebecausét washeingrun over an
802.11bwirelesdink. Neitherof issuesarethatsignificant:anopti-
malimplementatiorof Theowould cachedatalocally andsave that
databetweersessionspnly contactingthe sener to updatethe lo-
cal contentheadersinddownloadnewn contentondemandywhereas
with Prometheuso local copiesof contentcanbe storedwithout
manuallysarzing HTML pagesandfiles to disk. Also, while the
802.11blink may have imposedsomeadditionallateng, simple
lateny concernscannotexplain the time differencesn taskthree,
the task whereboth Prometheusnd Theo were expectedto per
form equally

Our study shaved that the coursevare ervironmentis ripe for
developmentof interfacesthatimprove uponwhat alreadyexists,
and that we madea stepin this direction with the development
of a XUL-basedinterfacefor a coursevare system. In a broader
sense,we have scratchedhe surface of a much larger trend in
computerapplicationsithe web-basednterface. As discusseaar
lier, HTML, regardlesof whatextensionsareemplgyed, is notan
ideal platformfor the creationof a userinterface. While usingan
interface presentedn HTML is attractve from a cross-platform
and universal-accespoint of view, it is not acceptablegrom the
perspectie of ease-of-user usersatishction. XUL is an ideal
mediumfor deplg/ing a cross-platform(and possibly universally
accessiblejnterface.



In our developmentof Theo, we focusedprimarily on the cre-
ation of the userinterface. Only a small portion of what canbe
called a “back end” was developedto allow usersto testthe in-
terface. While this backendwasdesignedwith the possibility of
extendingit into a real, multi-userbackend,the backendusedin
our userstudymadeuseof staticdatahostedon thelocal machine.
Severalmechanismgvould needto bedevelopedbeforethis system
could be usedasan actualcoursevare application. The major re-
mainingwork would involve developingan “instructor” interface,
developingasystentor storingthefilesrelatedto aclass(e.qg.,lec-
ture slides), and developing a systemthat dynamicallygenerates
the XUL for agivenuser Thelastpieceis necessargothateach
userseesonly his own classedisted in the left-handpaneof the
interface.

Onecomplaintthat we heardfrom mary of our testsubjectsis
that educatorsuse Prometheusnconsistently Somepost every-
thing undera “files” sectionwhile othersmay posteverythingun-
der“discussions, or seemto randomlypick differentcateoriesin
which to postitems. In the caseof Theo, the labels(andthe ac-
companing ability to filter databy theirlabels)would be uselessf
thelabelsareincorrect.For example,if an“assignment’is posted,
but it is flaggedasa“file,” ary benefitgainedfrom filtering is lost
because usermustforego filtering and manuallysearchthrough
everythingto find the desiredinformation. This behaior presents
a dilemmafor the interfacedesigner It would likely be possible
to restrictthe usersuchthat correctuseof labelsis nearlyguaran-
teed;however, doing sowould likely alienateadvanceduserswho
might wish to usethe systembeyondtheinitial developers’imag-
ined scope. The mostbeneficialfuture work for this field would
beto determinehow bestto ensuré‘proper” useof anapplication,
without placing unduerestrictionson a “power user” who would
beannged or completelyalienatedby anapplicationthat prevents
him from doingashewishes.
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