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Abstract

TheMathematicsEducationMarkupLanguage(MeML) is centralto theWeb-basedMath-
ematicsEducation(WME) [12] framework (seeFigure1) underinvestigationat ICM/Kent.
De�ned in XML syntax,MeML provideseffective andexpressive markupelementsto repre-
sentandstructuremathematicseducationpagesthatmayalsocontainXHTML andMathML
[6] elements. MeML aims to empower mathematicsteachers,courseware developers,and
dynamicmathematicscomputationandeducationserviceproviders. And throughsupportof
staticanddynamiccontent,MeML promisesto deliver anunprecedentedmathematicslearn-
ing environment to studentsand educators.Unlike most other XML languages,MeML is
muchmorethanadomain-speci�ctext structuringandformattingtool. MeML canalsoaccess
andinteractwith independentlydevelopedanddeployed mathematicseducationcontentand
supportservices(WME services)anywhereon theWeb. Onlinestudent-teacherinteractionis
supportedby aWMEchatserver thatusesMeML to handlemathematicaldiscussions.

1 Intr oduction

TheMathematicsEducationMarkupLanguage(MeML) aimsto provide aneffective andexpres-
sive meansfor authoringanddelivering mathematicseducationcontenton the Web (Figure1).
MeML is at the coreof the WME framework (Figure2) [13] underinvestigationat ICM/Kent.
MeML works with other componentsin the WME framework to deliver dynamicand interop-
erablemathematicseducationcontentanddiverseonline servicesto studentson the Web. The
requirementsfor MeML canbelistedasfollows.

� Deliveringstaticcontent,dynamicallygeneratedcontent,andlive interactionsfor learning
andexperimentingwith mathematicson theWeb

�

Work reportedhereinhasbeensupportedin partby theNationalScienceFoundationunderGrantCCR-0201772
andin partby theOhioBoardof RegentsComputerScienceEnhancementFunds.
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Figure1: Web-basedMathematicsEducation

� Providing goodsupportfor structuringandorganizingmathematicseducationcontent

� Beingcompatiblewith XHTML andMathML for intermixedusage

� Allowing marked-uppagesto be deliveredto regular Web browsersfor end-userviewing
andinteraction

� Enablingaccessand interactionwith independentlydevelopedanddeployed mathematics
computationandmathematicseducationservicesanywhereon theWeb

� Supportingeasycross-referencingandexchangeof marked-upcontent

� Being easyto learn and use,and supplyingexpressive power for authoringmathematics
educationmaterials

� Being�e xible andeasilyextensiblefor addingfeaturesandfuturegrowth

Thus,MeML is designedto facilitateauthoring,delivering,storing,processing,andexchanging
mathematicaleducationalmaterialsover theWeb,includinglive interactionsof studentswith on-
Webcomputationalandeducationalservices.

WedesignMeML asanXML-basedmarkuplanguagethatcontainsenoughdomainknowledge
of mathematicscomputationandeducationto beef®cient andeffective. MeML elementsarede-
signedto structureteachingmaterialsaswell asto specifylearningandeducationalactivitiessuch
asexploring the meaningof concepts,putting ideasto work, doing exercises,taking tests,and
evaluatingresults.

Additional MeML elementssupportaccessingon-Webservicesandlive interactionsof thestu-
dentwith suchservices.A varietyof educationalservicescanbemadeavailablesuchasexample
(counterexample)generation,answerveri®cation,intermediatestepsproduction,illustrationgen-
eration,wordproblemandtestgeneration,testgrading,andstudentperformanceevaluation.
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MeML candeliverstaticanddynamicmathematicseducationcontentaswell asliveinteractions
of studentswith server-sideprogramsto enableexperimentationandexploration.Futher, we also
useMeML in aWMEchatserviceto enableonlinestudent-teacherinteraction.

2 RelatedWork

Therewerenearly500XML-basedlanguages[3] de®nedby 2000sincetheXML recommendation
wasreleasedby W3C in 1998. We many XML-basedstandardlanguages,especiallythosetech-
nologicallyrelatedto MeML: TEI-Lite [1], DocBook[11], ISO 12083[7], LMML [5], MathML,
OpenMath[4], OMDoc [8], MathBook[2] andSCORM[18].

TEI-Lite is usedto de®nethe online booksfor SGML documents.DocBookandISO 12083,
like TEI-Lite, are also DTDs (DocumentType De®nition) for structuredbooks. They provide
comprehensive ontologyandstructuresfor onlinebooks. LMML providesDTDs for Web-based
computer-science-relatedlearningdocuments.MathML providestwo setsof DTDs for encoding
mathematicalexpressions.Oneis for the presentationencoding,andthe otheris for the content
encoding. OpenMathis anotherDTD representingmathematicalobjectsand a set of symbols
(contentdictionary).OMDoc is anextensionof OpenMath.OMDocprovidestheDTD for mathe-
maticaldocuments.MathBookis intendedto beaDTD simpli®edfrom DocBookandOMDocfor
Web-basedmathlearning. Although noneof theseXML-basedlanguagescomeanywhereclose
to satisfyingthe MeML requirements,they do provide goodreferencesandDTD modelsfor the
MeML work.
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3 Overview of MeML Elements

Following XML, we createtheMeML DTD [15] thatde®nesthesyntaxof MeML elements.By
examiningcurrenttextbooks,existing computer-aidedmathematicseducationsoftware,NCTM

�

PrinciplesandStandards,onlinematerialsfor learningmathematics,andby consultingexpertson
mathematicseducation,wecancarryout thedesignof MeML in aspiralapproach.

Currently, we have about46 MeML elementsto supportthe variousmarkupneedsfor math-
ematicseducation.The elementscanbe divided roughly into ®ve categories: contentelements,
educationelements, organizationelements, computationelements, andinteractionelements.

� Contentelements—forunits of knowledge. Suchtagsinclude <concept> , <skill> ,
<terminology> , <expression> , <variable> , <identity> , <equation> ,
<diagram> , and<theorem> .

� Educationelements—forobjectivesin education.Tagsinclude<lesson> , <example> ,
<exercise> , <homework> , <test> , <assessment> , <diagnosis> , and
<remediation> . Contentsfor theseelementscanbesuppliedexplicitly or canbegener-
ated.

� Organizationelements—forpagecontentorganization.Theseinclude<abstract> ,
<syllabus> , <roster> , <guide> , <hint> , and<summary> .

� Computationelements—forexplicitly invokingWME servicesto generatedynamiccontent.
Suchtagsinclude<computation> , <mathgraph> , and<wme>.

� Interactionelements—forreceiving andprocessinguserinput. Thesemainly include the
<interaction> and<userinput> elements.

CSS(CascadingStyleSheet)rulesandJavascriptcodecanbeassociatedwith MeML pagesin
exactly thesamewayasin XHTML.

4 A CompleteMeML Page

To getafeelof whatanMeML pagelookslike,let usseeanexamplethatshowsacompleteMeML
page.Thisexampleteachesdoubleangleidentiesin trigonometry.

Thepageis constructedto show MeML constructsratherthanhow to teachmathematics.The
lessonstartswith ®ve identities(linesA-E), anexplanationfor them(linesF-G), andanexample
with step-by-stepsolutions(linesH-I ).

<?xml version="1.0" encoding="UTF-8"?>
<?xml-stylesheet type="text/xsl" href="meml.xsl"?>
<!DOCTYPE meml SYSTEM

"http://cs.kent.edu/˜yizhou /MeMLDTD/MeML.dtd" >
<meml title="Trigonometry">

�

theNationalCouncilof Teachersof Mathematics,USA
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<lesson>
<lesson.content title=

"Trigonometry: Double-Angle Identities">
<html:ul id="dai" xmlns:html=

"http://www.w3.org/TR/xhtml1/D TD/x html1 -str ict.d td">
<html:li><identity><expression encoding="infix">

sin(2*\theta) = 2*sin(\theta)*cos(\theta) (A)
</expression></identity></ht ml:l i>

<html:li><identity><expression >
cos(2*\theta)=cos(\theta)ˆ2-si n(\th eta) ˆ2 (B)

</expression></identity></ht ml:l i>
<html:li><identity><expression >

cos(2*\theta) = 1 - 2*sin(\theta)ˆ2 (C)
</expression></identity></ht ml:l i>

<html:li><identity><expression >
cos(2*\theta) = 2 * cos(\theta)ˆ2 -1 (D)

</expression></identity></ht ml:l i>
<html:li><identity><expression >

tan(2*\theta)=2*tan(\theta)/
(1-tan(\theta)ˆ2) (E)

</expression></identity></ht ml:l i>
</html:ul>

<explanation> (F)
<html:p>An identity is an equality that holds for all

possible (allowed) values of the variable. In the
above identifies the variable is
<variable>\theta</variable> and it can take on
all real values. ... </html:p>

<html:p>By substituting
<expression>\theta/2</expres sion > for
<expression>\theta</expressi on> on both sides of
an identity you can derive<html:em>half-angle
identities</html:em>... </html:p>

</explanation> (G)
<example title="Using the double-angle identities"> (H)

<problem>
<html:p>Find <expression>sin(2*\pi/3)</ex pres sion>

by using <html:a href="#dai">double-angle
identities</html:a>.</html:p>

</problem>
<solution>

<step><expression>
sin(2*\pi/3)=2*sin(\pi/3)*co s(\p i/3)
</expression></step>

<step><expression>
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= 2*(squareroot(3)/2)*(1/2)
</expression></step>

<step><expression>
= squareroot(3)/2</expression>< /step >

</solution>
</example> (I)
</lesson.content>
<lesson.ender>
<exercise type="interactive" (J)

id="exerciseTrigonometryIdent itie s">
<computation id="exer1"

wmeurl="http://icm.kent.edu/c gi-b in/tr ig.w me">
<parameter name="operation">verify</par amet er>
<parameter name="expr">

<expression>sin(4*\pi/3)</ex pres sion> </pa ramet er>
<parameter name="ans">

<userinput type="expression"
name="func" encoding="infix" /></parameter>

</computation>
<computation id="exer2"

wmeurl="http://icm.kent.edu/c gi-b in/tr ig.w me">
<parameter name="operation">verify</par amet er>
<parameter name="expr">

<expression>cos(\pi/4)</expres sion> </pa ramet er>
<parameter name="ans">

<userinput type="expression"
name="func" encoding="infix" /></parameter>

</computation>
</exercise> (K)
<homework emailto="teacher@school.edu" (L)

due="08/08/2003 10:00AM"
id="homeworkTrigonometryIdenti ties ">

<do id="assignment">Simplify the expression
<expression>2*sin(\pi/5 - \pi/2)ˆ2 - 1</expression>

</do>
</homework> (M)
</lesson.ender>
</lesson>
</meml>

At theendof the lesson,you can®nd two exercises(linesJ-K) anda homework with a duedate
(lines L-M). The exercisecanbe doneonline andthe studentinput is sentto a designatedWME
service,trig.wme , for veri®cation. Thehomework is submittedto theteacherby email.Figure
3 showsthebrowserdisplayof thisMeML page.
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Figure3: Identitiesin TrigonometryPage7



In this example,thevery ®rst line is theXML processinginstructionspecifyingtheXML ver-
sion(1.0),andthecharacterencoding(UTF-8). Thestylesheettag indicatestheXSLT to usefor
processingthispage.TheDOCTYPEelementdeclarestheMeML DTD to which thisMeML page
conforms.Thememl is therootelement.Here,it containsonechild elementlessonwhichencloses
thelesson.contentandthelesson.enderelements.

Thelesson.contenthasatitle Trigonometry:DoubleAngleIdentities. The®veentitiesarelisted
usingregularxhtml elementsul andli . Allowing mixeduseof XHTML andMathML elements
in anMeML pagemakesMeML compactandfocusedon mathematicseducation.

Eachidentity is givenby an in®x <expression> . Thenotations\theta and\pi specify
Greeksymbols.Alternatively, expressionscanbegivenin MathML.

5 MeML PageProcessingOverview

BeforeanMeML pagecanbedisplayedby aWebbrowser, it mustbetranslatedinto aregularweb
page.Thetranslationcanbeperformedby a WME PageProcessoron theserver sideor theclient
side[13]. Currently, we think theclient sidepageprocessorsolutionhasmoreadvantages.Figure
4 showstheprocessingstepsfor anMeML page.
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Figure4: AccessingMeML pages

A typical WME PageProcessoris composedof:

� An XSLT processorandXSLT templates

� A collectionof Webbrowserplug-inscalledMeML plug-ins

An MeML pagemaycontainXHTML andMathML in additionto MeML tags. RegularWeb
browsersdo not have theability to processMeML elementsdirectly. TheMeML elementsmust
®rstbetranslatedintoXHTML andMathML. MathematicalexpressionsaretranslatedintoMathML
anddisplayedeitherby MathPlayer[17] or directly by the MathML-enabledWeb browser. The
translationcanbedoneby usinganXSLT processor. ThetranslatedXHTML pagemayalsohave
embeddedEventHandlers (in JavaScript)andreferencesto MeML plug-ins. Thetranslatedpage
canbeprocessedby a regularWebbrowser.
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WhenaWebbrowserloadsthetranslatedpage,referencesto MeML plug-inswill beinstantiated
asin-pageobjects. Dependingon the type of browser, theseobjectinstancesmay take the form
of ActiveX Controls(in InternetExplorer)or Plug-ins(in NetscapeNavigator). Someimportant
MeML plug-insareMathComputation, MathGraph, andMathExpression. Whena userinteracts
with the page,a seriesof in-pageeventsmaybe generatedfrom input-controlelements(suchas
XHTML <input> elements)andMeML plug-ins(visible or hidden). The eventhandlerstreat
theseeventsby interfacingto appropriateMeML plug-insto supportthe functionalityof speci®c
MeML tags.

Woodpecker, a prototypeclient-sideWME PageProcessor, is underdevelopmentat Kent/ICM.
Figure5 shows thearchitectureof Woodpecker. We will useexamplesto show how Woodpecker
handlesMeML tags.
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Figure5: WoodpeckerDesign

6 MeML ElementProcessingExample

Let's illustratetheMeML pageprocessingprocedureby examples.We'll begin by looking at the
<computation> elementin detail.

The<computation> tagprovidesa way to invoke any WME service,identi®edby anURL
(line 1), for any particularoperation(line 2) supportedby thatservice.Argumentsrequiredby the
particularoperation,expand in this case,aregivenwith the<parameter> element(line 3).

<computation id="Compute1"
wmeurl="mcp://symbolicnet.org/ poly nomia l.wm e"> (1)

<parameter name="operation">expand</para mete r> (2)
<parameter name="polynomial"> (3)

<expression id="exp1" encoding="infix">
(x+1)*(x-1) </expression>

</parameter>
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</computation>

If theexpressionexp1 hasbeende®nedearlierin theMeML page,it doesnotneedto berepeated
andthenotation

<use name="exp1" />

canbegiveninstead.
Hereis partof theXSLT codefor <computation> tag:

<xsl:template match="computation">
<object>

<xsl:attribute name="id">
<xsl:value-of select="@id" />

</xsl:attribute>
<xsl:attribute name="classid"><xsl:text>

clsid:4C7E7765-8C39-11D7-A830- 00094 5728 1D3
</xsl:text>

</xsl:attribute>
<param name="wmeurl">

<xsl:attribute name="value">
<xsl:value-of select="@wmeurl" />

</xsl:attribute>
</param>
<param name="operation">

<xsl:attribute name="value"><xsl:value-of
select="parameter[@name='opera tion ']" />

</xsl:attribute>
</param>
<xsl:for-each select=

"parameter[not(@name='operat ion' )]">
<param><xsl:attribute name="name">

<xsl:value-of select="@name" />
</xsl:attribute>
<xsl:attribute name="value">

<xsl:text>ID{</xsl:text>
<xsl:if test="self::node()[use]">
<xsl:value-of select="node()/@name" />
</xsl:if>
<xsl:if test="self::node()[expression] ">
<xsl:value-of select="node()/@id" />
</xsl:if>
<xsl:text>}</xsl:text>

</xsl:attribute>
</param>

</xsl:for-each>

10



</object>
<xsl:apply-templates

select="parameter/expression" />
</xsl:template>

After the®rstprocessingstepof WME PageProcessor, the<computation> tagwill betrans-
latedinto thefollowing result.

<object id="Compute1" classid=
"clsid:4C7E7765-8C39-11D7-A830- 0009 45728 1D3" >

<param name="wmeurl" value=
"mcp://symbolicnet.org/polyno mial .wme" />

<param name="operation" value="expand" />
<param name="polynomial" value="ID{exp1}" /> (4)

</object>

The polynomial(x+1)*(x-1) is transmittedto the MathComputationplug-in (line 4) via the
elementid throughDOM.

Thus,the<computation> tag is mappedto an instanceof MeML MathComputationplug-
in which is a invisible object. The classid pointsto the plug-in's registrationID. A groupof
JavaScripteventhandlers,which areboundwith theplug-in, arealsoinsertedinto the translated
page. We will not show all event handlersin this paper. But hereis a sectionmissingfrom the
aboveXSLT codeto helpcomprehension.

<xsl:template match="computation">
<script type="javascript"

event="AccessDOMObject(ObjectI D, ObjectType, ParamName)">
<xsl:attribute name="for">
<xsl:value-of select="@id" /></xsl:attribute>
<xsl:comment>

var OID = getElementById(ObjectID);
<xsl:value-of select="@id" />.
SetParameter(ParamName, OID.value);
/* Other JavaScript Code ... */

</xsl:comment>
</script>
<!-- Other XSLT code to generate <object> -->

</xsl:template>

This XSLT transformationwill generatefollowing event handlerfor our <computation>
example:

<script type="javascript" for="compute1" event=
"AccessDOMObject(ObjectID, ObjectType, ParamName)">
<!--

var OID = getElementById(ObjectID);
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compute1.SetParameter(ParamNa me, OID.value);
/* Other JavaScript Code ... */

-->
</script>

After the translatedpageis loadedinto Internetbrowser, this MeML plug-in instancewill ®re an
eventAccessDOMObject() to thebrowserto obtainexp1 . Theeventhandlerswill catchthe
event, retrieve the expression's text valuethroughDocumentObjectModel, andsendthe value
back to the MeML plug-in. With the expression,MeML plug-in will senda MESP requestto
the remotecomputeservice,a WME Service[13] using the speci®edURL (line 1). When the
computingresult is returnedfrom the WME service,the MeML plug-in will ®re anotherevent
UpdateDOMObject() . Finally, event handlerswill updatethe displayof expressionwith the
new valuethroughDOM again. The <computation> tag canalsospecifytarget elementsin
the pagewherethe dynamicallycomputedresultswill be insertedinto the page. With this kind
of round-tripbetweenInternetbrowserandremoteWME Services,MeML pagecangeneraterich
dynamiccontentunderthesupportof WME PageProcessor.

The mechanismfor the <mathgraph> and<expression> tagsis similar to that for the
<computation> tag. But thesetagshave very differentfunctions.The<mathgraph> tag is
mappedto the MeML plug-in MathGraph, which is a visual objectin the Web page,andMath-
Graphgenerates2D, 3D ®guresin its allocatedareain thebrowserwindow.

The <expression> tag is mappedto anotherhiddenMeML plug-in MathExpression. It
is responsiblefor manipulatingall in-pagemathematicalexpressions.It alsocontainsan imple-
mentationof XMEC (eXtensibleMathematicsEncodingConverter)[14]. It will convert in-page
expressionsamongfour primaryencodings:MathML, MP, In®x, andOpenMath.This capability
is alsohandywhencallingWME servicesor generateappropriatedisplayin thebrowser.

The eventsthat MathGraphandMathExpressioncan®re aresimilar to the MathComputation
plug-in. But they havedifferenteventhandlingmethodsfor interactingwith theWebbrowser.

7 Student-TeacherInteraction

Sofar, we describedproviding mathematicseducationwith MeML pagesandserver-sidesupport
for thesepages.Now, we turn our attentionto anotherimportantaspect:student-teacherinterac-
tionswhile viewing MeML pages.It is importantthat learnersbeableto interactwith eachother,
with resourcesof instruction,andwith their teacher[10].

7.1 The WMEchat Model

We introducea Web-basedchatroommodel,simply calledWMEchat,to supportthis need.Gen-
erally, WMEchatprovidesa classroommodelfor student-teacherinteractionusingtheWebasthe
deliverymediumfor thechat.

In thesimplestcase,a WMEchatserver receivesinput from participantsin thesamechatroom
andkeepsa runninglog of that input in a ®le that takesthe form of an MeML page.This ®le is
viewed by eachchatroomparticipantwith a commonWeb browserenabledby the Woodpecker
plug-in.

Wechooseto implementWMEchatasaWebservicefor thefollowing reasons.
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� Easeof displayingmathematicalexpressions—With MathML supportin Internetbrowsers,
weeasilyovercomethedif®culty of mathematicaldisplay.

� Simple integration—TheWMEchatcanbe deployed along-sideMeML pagesby a server
host.

� Easydatabaseaccess—Many CGIscriptsandserver-sidelanguagesnativelysupportdatabase
access.A databasecanprovide muchsupportfor the WMEchatserver andfor registered
users.

� Supportof Mathematics—ByusingMeML, we canbettersupportchaton mathematics.

� Extensibility—ChatrelatedWME servicescanaugmentandextendthebasicfunctionalities
andfeaturesof WMEchat.

� Security—Classroomchatis easilyencryptedthroughSSL.

7.2 Implementing WMEchat

Beforewe startdiscussingimplementation,pleasenotethat somenotionsarebasedon the IRC
protocol[9], namelythe administrative functions,andthe statusof users;both of which will be
discussedlater. Naturally, becauseof this association,we alsochoseto inherit someof the IRC
terminology. Below is a list of conventionsthatwewill usethroughoutthis section.

� Chatroomswill bereferredto asclassrooms.

� Classroomadministratorswill bereferredto asoperators.

� Theuserestablishinga classroomis known asthefounder.

� To op a usermeansto granttheuseroperatorstatus.

� To voicea usermeansto give theuservoicedstatuswhich allows theuserto talk insteadof
just listen.

� To kick meansto excludeauserfrom theclassroom.

� To banmeansto excludeauserfrom theclassroomtemporarilyuntil thebanis lifted.

� Classroomoperatorsaredenotedby a@symbolbeforetheir nicknamein theuserlist.

� Voicedusersaredenotedby a+ signbeforetheirnicknamein theuserlist.

Figure6 andFigure7 show the WMEchatarchitectureanda magni®edview of a singlechat
roomrespectively.

A chatwindow is aninstanceof abrowserwindow. It consistsof threeseparateareas:dialogue
frame,userlist frame,andinput frame.

A usertalksandentersWMEchatcommandsthroughthe input frame. Thechatmessagescan
beamixtureof plain text, XHTML, MathML, andMeML. Thismessageis sentto theWebserver
via HTTP. Thechatserverprocessesincomingmessagessequentially. Talk messagesareaddedas
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Figure6: WMEchatArchitecture

markupelementstoadialogue®le for theparticularclassroom.Thisdialogue®le is anMeML page
displayedin thedialoguearea.This processrepeatsuntil theclassroomis closed,at which point
thedialogue®le becomesa classroomchatlog, identi®edby date/time,availablefor downloading
any time later. A classroomcanhave multiple chatsessions,in otherwords,a teachercanreuse
theclasson adifferentdayor time.

The currentimplementationrefreshesthe dialogueframeevery ®ve secondsandthe rate is a
WMEchatservercon®gurationparameter. Theuserlist framedisplaysthenicknamesof everyone
thathasjoinedtheclassroomandprovidesaGUI for operatorcontrols(op,voice,kick, andsoon)
of theusers.Theinput framecontainsaninputboxandasendbutton.Theinputbox is madelarge
enoughfor usersto type paragraphsandlengthyMathML, XHTML, or MeML elementblocks.
BecauseMeML supportsmixing of XHTML andMathML elementswecansaythattheusermay
enteravalid MeML block.

Let'snow considertheadministrativeandsecurityaspectsfor WMEchat.

7.3 WMEchat Portal and Security

A WMEchatportalrefersto acontrol panelWebpage.Therearetwo typesof portals,onefor each
typeof user: theteacherandthestudent.Theteacher's portalconsistsof thefollowing toolsand
options:

UserFunctions

� Login andLogout
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Figure7: A SingleWMEchatRoom

� Changepassword

� Changeemailaddress

� Retrievepassword

ClassroomFunctions
� Createanew classroom

� Reactivateaclassroom

� Retrieveclassroomlisting

� Retrieveclassroomlog

A teacheris ableto accessall portal controls,while a studentis restrictedto userfunctionsand
classroomlisting.

The ®rst form of securityis registration. By default, no public entranceinto any classroomis
allowed.This is to preventeasyunauthorizedentrancefrom thegeneralpublicandpotentiallyma-
licious users.Every usermustberegisteredwith theWMEchatin orderto partake in a classroom
discussion.

Studentregistrationis performedby the classroomfounder, the teacherin most cases. The
foundercreatesnew usersby supplyingWMEchatwith their emailaddress,nickname,password
andotheroptionalinformationsuchas®rstandlastnames.Registereduserscanbeassociatedwith
oneor moreclassrooms.After login, studentsmaychangetheir userinformationandpasswordas
statedbefore. Initially a student's only privilege is to join the assignedclassroom.A WMEchat
serviceinitially containsa root teacherwho is ableto createotherteachers.
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Theclassroomfoundermayalsocontrolsettingsfor theclassroom.Thesettingsincludelimits
on total numberof participants,anonymousjoining, anddialoguemoderation. Onceset, these
attributesstaywith aclassroomuntil they arechanged.

� A limit is simply thenumberof usersthatareallowedto join, includingthefounder. If the
limit is not set,thenthereis no limit.

� Anonymousentranceallows un-registeredusersto join theclassroom.Theseuserswill not
havetheability to speak.Theimpetusfor anonymousentrancesis theacknowledgementthat
usersmaywantto getanideaof theclassroombeforeregisteringfor it.

� A classroomis moderated, only operatorsandvoiceduserscantalk. Otherusersmayrequest
to bevoicedandanoperatormayvoice/silenceusers.

Operatorshasmany privilegesincluding: speakduring moderation,togglemoderationset user
limit, kick, ban,op,andvoiceanotheruser, aswell asendthechatroomsession.

For convenience,the classroominvocationpagesuppliestwo modes:classroomandgeneral
discussion.

If the classroommodeis selected,moderationis automaticallychosen.This conceptmodels
real-life classrooms.Normally, theteacherlectures,andthestudentsraisetheir handto requestto
speak.In theclassroommode,normalusersmustmakeavoicerequest,similar to raisingahand,to
obtaintheright to speak.A voicerequestis denotedby agraphicalhand,next to auser'snickname,
followedby a sequencenumberindicatingwho is ®rst, second,in makingthevoice request.An
operatormayclick on thehandgraphicto voice/silencetheuser. In thegeneraldiscussionmode,
moderationis toggledoff. Thisallowseveryonein theclassroomto speakasadefault.

Oncea chatsessionends,the classroomis marked inactive which preventsotherusersfrom
joining until reactivationby the teacher. This is to preventa “takeover” by otherusersthat may
not be initially af®liated with theclassroom.Classroomreactivationdoesnot requirethe teacher
to performstudentregistrationagain.This informationis storedin theWMEchatdatabasewhich
is usedto supportthe WMEchatservice. The detailsof the databaseorganizationareout of the
scopeof thispaper.

8 WMEchat Example

Figure8 showsWMEchatin action.Herearesomeclari®cationsandthingsto look for:

� Noticethattheclassroomsettings,suchasmoderation,is shown on thetitle bar.

� Noticethattheoperatorsaredenotedwith andvoiceduserswith asmentionedpreviously.

� Line 3 in thedialoguewindow is anexampleof MathML display.

Thefollowing is theMeML codefor thedialoguewindow. NoticethatMathML andXTHML
elementscanbeinterlacedwith MeML.

<?xml version="1.0" encoding="UTF-8"?>
<!DOCTYPE meml SYSTEM"C:\MeML\MeML DTD\MeML.dtd">
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Figure8: A TypicalChatWindow

<?xml-stylesheet type="text/xsl" href="meml.xsl"?>
<meml>
<html:head>

<meta http-equiv="Refresh"
content="5;url=chat.php" />

<meta http-equiv="Content-Type"
content="text/html; charset=iso-8859-1" />

</html:head>
<html:body>
<b>&lt;david&gt;</b> I am the classroom founder, so I have
operator status.<br />
<b>&lt;jack&gt;</b> I am a voiced user, therefore allowed
to talk.<br />
<b>&lt;david&gt;</b> This is MathML:
<math xmlns="http://www.w3.org/199 8/Ma th/Ma thML ">

<mrow>
<msup><mrow>
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<mi>a</mi><mo>+</mo><mi>b</m i>
</mrow></msup>
<mo>+</mo>
<msub>

<mrow><mi>2</mi> <mo>-</mo><mi>3</mi></mrow>
</msub>

</mrow>
</math>
</html:body>
</meml>

MathML is interlaceddirectlywith XHTML in orderto achievethemathematicsdisplay, instead
of usingimagesor in®x. This letscomplex mathematicalequationsto bedisplayedin thebrowser
andallowstheeducatorto teachmathematicswithout thehindranceof display.

9 Futur eWork

Wehavereportedonourprogressandon-goingefforts in MeML andin student-teacherinteraction
supportwith theWMEchatutilizing MeML.

Thereis muchwork ahead. The setof MeML elementsand their functionswill continueto
evolve to bettersupportquality teachingandlearningof mathematics.Thesoftwarecomponents
of the WME framework, of which the MeML languageis a part, will continueto be testedand
re®ned.BetterGUI's canmake MeML andWMEchateasierto useandmoreeffective. A client-
side plug-in for the WMEchat servicecan eliminatethe wastefulconstantpagerefreshingand
supportadisplayasnecessarymodelfor thechatsession.Elementsdesignedto invokeWMEchat
canbeveryusefulinsideanMeML page.
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