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Abstract

TheMathematicEducationMarkupLanguagéMeML) is centralto theWeb-basedath-
ematicsEducation(WME) [12] framevork (seeFigure 1) underinvestigationat ICM/Kent.
De ned in XML syntax,MeML provideseffective andexpressie markupelementdo repre-
sentandstructuremathematiceducationpageghat may alsocontainXHTML andMathML
[6] elements. MeML aimsto empaver mathematicgeacherscoursavare developers,and
dynamicmathematiccomputatiorandeducationserviceproviders. And throughsupportof
staticanddynamiccontent,MeML promisedo deliver an unprecedentethathematicgearn-
ing ernvironmentto studentsand educators. Unlike most other XML languagesMeML is
muchmorethanadomain-speci ctext structuringandformattingtool. MeML canalsoaccess
andinteractwith independentlydevelopedanddeplog/ed mathematiceducationcontentand
supportservicedfWME servicesarnywhereon the Weh Online student-teachanteractionis
supportecdby aWMEchatsener thatusesMeML to handlemathematicafliscussions.

1 Intr oduction

The MathematicEEducationMarkup LanguaggMeML) aimsto provide an effective andexpres-
sive meansfor authoringand delivering mathematicseducationcontenton the Web (Figure 1).
MeML is at the core of the WME framawork (Figure 2) [13] underinvestigationat ICM/K ent.
MeML works with other componentsn the WME framework to deliver dynamicand interop-
erablemathematiceducationcontentand diverseonline servicesto studentson the Weh The
requirementsor MeML canbelistedasfollows.

Delivering staticcontent,dynamicallygeneratedontent,andlive interactionsfor learning
andexperimentingwith mathematicen theWeb

Work reportedhereinhasbeensupportedn partby the National Science~oundationunderGrantCCR-0201772
andin partby the Ohio Boardof RegentsComputerScienceEnhancemerfeunds.
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Providing goodsupportfor structuringandorganizingmathematicgducatiorcontent
Beingcompatiblewith XHTML andMathML for intermixedusage

Allowing marked-uppagesto be deliveredto regular Web browsersfor end-usewiewing
andinteraction

Enablingaccessand interactionwith independentlydevelopedand deployed mathematics
computatiorandmathematiceducatiorservicesanywhereon the Web

Supportingeasycross-referencingndexchangeof marked-upcontent

Being easyto learn and use, and supplying expressve power for authoringmathematics
educatiommaterials

Being e xible andeasilyextensiblefor addingfeaturesandfuture growth

Thus,MeML is designedo facilitateauthoringdelivering,storing,processingandexchanging
mathematicaéducationamaterialsover the Web, including live interactionsof studentswith on-
Web computationahndeducationakervices.

We designMeML asan XML-basedmarkuplanguagdahatcontainsenoughdomainknowledge
of mathematiceomputationandeducatiorto be ef®cient andeffective. MeML elementsarede-
signedto structureteachingmaterialsaswell asto specifylearningandeducationabctiities such
as exploring the meaningof conceptsputting ideasto work, doing exercises taking tests,and
evaluatingresults.

Additional MeML elementsupportaccessingn-Web servicesandlive interactionsof the stu-
dentwith suchservices A variety of educationakervicescanbe madeavailablesuchasexample
(counterexample)generationanswerveri®cation,intermediatestepsproduction,jllustrationgen-
eration,word problemandtestgenerationtestgrading,andstudentperformancevaluation.
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MeML candeliver staticanddynamicmathematicgeducatiorcontentaswell asliveinteractions
of studentswith sener-sideprogramso enableexperimentatiorandexploration. Futher we also
useMeML in aWMEchatserviceto enableonline student-teachanteraction.

2 RelatedWork

Therewerenearly500XML-basedlanguage$3] de®nedby 2000sincethe XML recommendation
wasreleasedy W3Cin 1998. We mary XML-basedstandardanguagesespeciallythosetech-
nologicallyrelatedto MeML: TEI-Lite [1], DocBook[11], ISO 12083[7], LMML [5], MathML,
OpenMath4], 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
comprehenske ontologyandstructuredor online books. LMML providesDTDs for Web-based
computerscience-relatetbarningdocuments MathML providestwo setsof DTDs for encoding
mathematicakxpressions.Oneis for the presentatiorencoding,andthe otheris for the content
encoding. OpenMathis anotherDTD representingnathematicabbjectsand a set of symbols
(contentdictionary). OMDoc is anextensionof OpenMath.OMDoc providesthe DTD for mathe-
maticaldocumentsMathBookis intendedo bea DTD simpli®edfrom DocBookandOMDoc for
Web-basednathlearning. Although noneof theseXML-basedlanguagexomeanywhereclose
to satisfyingthe MeML requirementsthey do provide goodreferenceandDTD modelsfor the
MeML work.



3 Overview of MeML Elements

Following XML, we createthe MeML DTD [15] thatde®nesthe syntaxof MeML elements.By
examining currenttextbooks, existing computeraidedmathematiceducationsoftware, NCTM
Principlesand Standardspnline materialsfor learningmathematicsandby consultingexpertson
mathematicgducationwe cancarryoutthe designof MeML in aspiralapproach.

Currently we have about46 MeML elementgo supportthe variousmarkupneedsfor math-
ematicseducation. The elementscan be divided roughly into ®ve catejories: contentelements
educationelementsorganizationelementscomputatiorelementsandinteractionelements

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

Educationelements—foobjectvesin education.Tagsinclude<lesson> , <example> ,
<exercise> ,<homework>, <test> ,<assessment> ,<diagnosis> ,and
<remediation> . Contentdor theseelementsanbe suppliedexplicitly or canbegener
ated.

Organizatiorelements—fopagecontentorganization.Theseinclude<abstract>
<syllabus> ,<roster> ,<guide> ,<hint> ,and<summary>.

Computatiorelements—foexplicitly invoking WME servicedo generatelynamiccontent.
Suchtagsinclude<computation> , <mathgraph> , and<wme>

Interactionelements—forreceving and processinguserinput. Thesemainly include the
<interaction> and<userinput>  elements.

CSS(Cascadingstyle SheetyulesandJavascriptcodecanbe associateavith MeML pagesn
exactly thesameway asin XHTML.

4 A CompleteMeML Page

To getafeelof whatanMeML pagedookslik e,let usseeanexamplethatshovs acompletevieML
page.This exampleteachesloubleangleidentiesin trigonometry

The pageis constructedo shaov MeML constructgatherthanhow to teachmathematicsThe
lessonstartswith ®ve identities(lines A-E), an explanationfor them(lines F-G), andan example
with step-by-steolutions(linesH1 ).

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

"http://cs.kent.edu/"yizhou /MeMLDTD/MeML.dtd" >

<meml title="Trigonometry">

the NationalCouncil of Teacher®f MathematicslUSA



<lesson>

<lesson.content title=
“Trigonometry: Double-Angle  Identities">
<html:ul id="dai" xmlins:html=
"http://lwww.w3.0rg/TR/xhtm|1/D TD/x htmll -str ict.d td">
<html:li><identity><expression encoding="infix">
sin(2*\theta) = 2*sin(\theta)*cos(\theta)
</expression></identity></ht ml:l >
<html:li><identity><expression >
cos(2*\theta)=cos(\theta) 2-si n(\th eta) "2
</expression></identity></ht ml:l >
<html:li><identity><expression >
cos(2*\theta) = 1 - 2*sin(\theta)"2
</expression></identity></ht ml:l >
<html:li><identity><expression >
cos(2*\theta) = 2 * cos(\theta)™2 -1
</expression></identity></ht ml:l >
<html:li><identity><expression >

tan(2*\theta)=2*tan(\theta)/
(1-tan(\theta)"2)
</expression></identity></ht ml:l >
</html:ul>
<explanation>
<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>
<example title="Using the double-angle identities">
<problem>
<html:p>Find <expression>sin(2*\pi/3)</ex pres sion>

by using <htmlia 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>

(A)

(B)

©

(D)

(E)

(F)

(G)
(H)



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

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

</solution>

</example>

</lesson.content>

<lesson.ender>

<exercise  type="interactive"

id="exerciseTrigonometryldent itie s">
<computation id="exerl"
wmeurl="http://icm.kent.edu/c gi-b in/tr ig.w me">
<parameter name="operation">verify</par ameter>
<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 ameter>
<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>
<homework emailto="teacher@school.edu"
due="08/08/2003 10:00AM"
id="homeworkTrigonometryldenti ties ">
<do id="assignment">Simplify the expression
<expression>2*sin(\pi/5 - \pi/2)2 - l1</expression>
</do>
</homework>
</lesson.ender>
</lesson>
</meml>

0]

()

(K)
(L)

(M)

At the endof thelesson,you can®nd two exerciseglines J-K) anda homevork with a duedate
(linesL-M. The exercisecanbe doneonline andthe studentinput is sentto a designatedVME
servicetrig.wme |, for veri®cation. The homevork is submittedto theteachetby email. Figure

3 shownvsthe browserdisplayof this MeML page.
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In this example,the very ®rst line is the XML processingnstructionspecifyingthe XML ver-
sion (1.0), andthe characteencoding(UTF-8). The stylesheetagindicatesthe XSLT to usefor
processinghis page. The DOCTYPElementdeclaresheMeML DTD to whichthisMeML page
conforms.ThememlistherootelementHere,it containoonechild elementessorwhichencloses
thelesson.conterandthelesson.endeelements.

Thelesson.conterttasatitle Trigonometry:DoubleAngleldentities The ®ve entitiesarelisted
usingregularxhtml elementsul andli . Allowing mixeduseof XHTML andMathML elements
in anMeML pagemakesMeML compactandfocusedon mathematiceducation.

Eachidentity is givenby anin®x <expression> . Thenotations\theta and\pi specify
Greeksymbols.Alternatively, expressionganbegivenin MathML.

5 MeML PageProcessingOverview

BeforeanMeML pagecanbedisplayedoy a Webbrowser it mustbetranslatednto aregularweb
page.Thetranslationcanbe performedoy a WME PageProcessoon the sener sideor the client
side[13]. Currently we think the client sidepageprocessosolutionhasmoreadwantagesFigure
4 shavstheprocessingtepsfor anMeML page.
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MeML | XSLT XHTML | Browser
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: 4 —>
Services Plug-In

Figure4: AccessingleML pages

A typical WME PageProcessors composeaf:
An XSLT processoandXSLT templates
A collectionof Webbrowserplug-inscalledMeML plug-ins

An MeML pagemay containXHTML andMathML in additionto MeML tags. Regular Web
browsersdo not have the ability to processMeML elementdirectly. The MeML elementanust
®rstbetranslatednto XHTML andMathML. Mathematicaéxpressionsretranslatednto MathML
anddisplayedeitherby MathPlayer[17] or directly by the MathML-enabledWeb browser The
translationcanbe doneby usingan XSLT processarThetranslatedKHTML pagemayalsohave
embeddedeventHandlers (in JavaScript)andreferenceso MeML plug-ins. Thetranslatecpage
canbeprocessedby aregularWeb browser



WhenaWebbrowserloadsthetranslategage referenceso MeML plug-inswill beinstantiated
asin-pageobjects. Dependingon the type of browser theseobjectinstancesnay take the form
of ActiveX Controls(in InternetExplorer)or Plug-ins(in NetscapeNavigator). Someimportant
MeML plug-insare MathComputationMathGraph, and MathExpession Whena userinteracts
with the page,a seriesof in-pageeventsmay be generatedrom input-controlelementgsuchas
XHTML <input> elementsiandMeML plug-ins(visible or hidden). The eventhandlerstreat
theseeventshby interfacingto appropriateMeML plug-insto supportthe functionality of speci®c
MeML tags.

Woodpecler, a prototypeclient-sideWME PageProcessqlis underdevelopmentat Kent/ICM.
Figure5 shaws the architectureof Woodpecler. We will useexamplesto shov how Woodpecler
handlesVieML tags.

Y
A
Y

DOM

Event Handlers

X-Wrapper <
j r Method Call &
Interact Property Access ﬁ? Event

WebEQ/ | Student )
Math Player Math Graph ‘ Model ] Computatlon]

More Plugin/
ActiveX

System
Objects

Figure5: Woodpecler Design

6 MeML ElementProcessingexample

Let'sillustratethe MeML pageprocessingprocedurdoy examples.We'll begin by looking atthe
<computation> elemenin detail.

The<computation> tagprovidesaway to invoke any WME service,identi®edby an URL
(line 1), for ary particularoperation (line 2) supportedy thatservice Argumentgequiredby the
particularoperationexpand in this casearegivenwith the<parameter> element(line 3).

<computation id="Computel"

wmeurl="mcp://symbolicnet.org/ poly nomia l.wm e"> (2)
<parameter name="operation">expand</para mete r> (2)
<parameter name="polynomial"> (3)
<expression id="expl"  encoding="infix">
(x+1)*(x-1) </expression>
</parameter>



</computation>

If theexpressiorexpl hasbeende®nedearlierin theMeML page,t doesnotneedto berepeated
andthenotation

<use name="expl" />

canbegiveninstead.
Hereis partof the XSLT 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="wmeur|">

<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®rst processingtepof WME PageProcessqithe<computation>  tagwill betrans-
latedinto thefollowing result.

<object id="Computel" classid=

"clsid:4C7E7765-8C39-11D7-A830- 000945728 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 MathComputatiorplug-in (line 4) via the
elementd throughDOM.

Thus,the <computation> tagis mappedo aninstanceof MeML MathComputatiorplug-
in which is ainvisible object. Theclassid pointsto the plug-in's registrationID. A group of
JavaScriptevent handlerswhich areboundwith the plug-in, arealsoinsertedinto the translated
page. We will not show all eventhandlersin this paper But hereis a sectionmissingfrom the
above XSLT codeto helpcomprehension.

<xsl:template match="computation">
<script  type="javascript"
event="AccessDOMODbject(Objectl D, ObjectType, ParamName)">
<xsl:attribute name="for">
<xsl:value-of select="@id" [></xsl:attribute>

<xsl:comment>
var OID = getElementByld(ObjectID);

<xsl:value-of select="@id" />.
SetParameter(ParamName, OID.value);
[* Other JavaScript Code ... */
</xsl:comment>
</script>
<l--  Other XSLT code to generate <object> -->

</xsl:template>

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

<script  type="javascript" for="computel” event=
"AccessDOMODbject(ObjectID, ObjectType, ParamName)">
<l--

var OID = getElementByld(ObjectID);

11



computel.SetParameter(ParamNa me, OID.value);
[* Other JavaScript Code ... */
-->
</script>

After the translatedpbageis loadedinto Internetbrowser this MeML plug-in instancewill ®re an
eventAccessDOMODbiject() to thebrowserto obtainexpl . The eventhandlerswill catchthe
event, retrieve the expressiors text value throughDocumentObjectModel, and sendthe value
backto the MeML plug-in. With the expressionMeML plug-in will senda MESP requestto
the remotecomputeservice,a WME Service[13] usingthe speci®edURL (line 1). Whenthe
computingresultis returnedfrom the WME service,the MeML plug-in will ®re anotherevent
UpdateDOMODbject() . Finally, eventhandlerswill updatethe display of expressionwith the
new valuethroughDOM again. The <computation> tag canalsospecifytarget elementsn
the pagewherethe dynamicallycomputedresultswill be insertedinto the page. With this kind
of round-tripbetweennternetbrovserandremoteWME ServicesMeML pagecangenerateich
dynamiccontentunderthe supportof WME PageProcessor

The mechanisnfor the <mathgraph> and<expression> tagsis similar to thatfor the
<computation> tag. But thesetagshave very differentfunctions. The<mathgraph> tagis
mappedo the MeML plug-in MathGraph, which is a visual objectin the Web page,and Math-
Graphgenerate2D, 3D ®guresin its allocatedareain the browserwindow.

The <expression> tagis mappedto anotherhiddenMeML plug-in MathExpession It
is responsiblgor manipulatingall in-pagemathematicakxpressions.It alsocontainsanimple-
mentationof XMEC (eXtensibleMathematicsEncodingCorverter)[14]. It will corvertin-page
expressionamongfour primary encodings:MathML, MP, In®x, andOpenMath.This capability
is alsohandywhencalling WME servicesor generatappropriatedisplayin the browser

The eventsthat MathGraph and MathExpessioncan®re are similar to the MathComputation
plug-in. But they have differenteventhandlingmethoddor interactingwith the Webbrowser

7 Student-Teacherinteraction

Sofar, we describedproviding mathematiceducatiorwith MeML pagesandsener-sidesupport
for thesepages.Now, we turn our attentionto anotherimportantaspect:student-teachenterac-
tionswhile viewing MeML pages.lt is importantthatlearnerde ableto interactwith eachother
with resource®f instruction,andwith theirteachef10].

7.1 The WMEchat Model

We introducea Web-basedahatroommodel,simply calledWMEchat,to supportthis need.Gen-
erally, WMEchatprovidesa classroommodelfor student-teachenteractionusingthe Web asthe
delivery mediumfor the chat.

In the simplestcase,a WMEchatsener recevesinput from participantsn the samechatroom
andkeepsa runninglog of thatinputin a ®le thattakesthe form of an MeML page. This ®le is
viewed by eachchatroomparticipantwith a commonWeb browserenabledby the Woodpecler
plug-in.

We chooseo implementWMEchatasa Webservicefor thefollowing reasons.

12



Easeof displayingmathematicaéxpressions—Wh MathML supportin Internetbrowsers,
we easilyovercomethe dif®culty of mathematicatlisplay

Simpleintegration—TheWMEchat can be deployed along-sideMeML pagesby a sener
host.

Easydatabasaccess—MaynCGl scriptsandsener-sidelanguagesatively supporidatabase
access.A databaseanprovide muchsupportfor the WMEchatsener andfor registered

users.
Supportof Mathematics—BysingMeML, we canbettersupportchaton mathematics.

Extensibility—ChatrelatedWME servicexanaugmentndextendthebasicfunctionalities
andfeaturesof WMEchat.

Security—Classroomhatis easilyencryptedhroughSSL.

7.2 Implementing WMEchat

Beforewe startdiscussingmplementation pleasenote that somenotionsare basedon the IRC
protocol[9], namelythe administratve functions,andthe statusof users;both of which will be
discussedater Naturally becausef this associationye alsochoseto inherit someof the IRC
terminology Below is alist of corventionsthatwe will usethroughouthis section.

Chatroomswill bereferredto asclassrooms.
Classroomadministratorsvill bereferredto asoperators.
Theuserestablishing classrooms known asthefounder
To op a usermeando grantthe useroperatorstatus.

To voicea usermeango give the uservoicedstatuswhich allows the userto talk insteadof
justlisten.

To kick meango excludea userfrom theclassroom.

To banmeando excludea userfrom the classroontemporarilyuntil the banis lifted.
Classroonoperatorsaaredenotedby a @symbolbeforetheir nicknamein the userlist.
Voicedusersaredenotedby a + signbeforetheir nicknamein the userlist.

Figure6 and Figure7 shav the WMEchatarchitectureanda magni®edview of a single chat

roomrespectiely.

A chatwindow is aninstanceof a browserwindow. It consistof threeseparatareasdialogue
frame,userlist frame,andinput frame.

A usertalks andentersWMEchatcommandghroughtheinput frame. The chatmessagesan
beamixtureof plaintext, XHTML, MathML, andMeML. This messagés sentto theWebsener
via HTTP. Thechatsener processesicomingmessagesequentially Talk messageareaddedas

13
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Figure6: WMEchatArchitecture

markupelementdo adialogue®le for theparticularclassroomThisdialogue®le isanMeML page
displayedin the dialoguearea. This procesgepeatauntil the classroonis closed,at which point
thedialogue®le becomes classroonthatlog, identi®edby date/time availablefor downloading
ary time later A classrooncanhave multiple chatsessionsin otherwords,a teachercanreuse
theclasson adifferentday or time.

The currentimplementatiorrefresheghe dialogueframe every ®ve secondsandthe rateis a
WMEchatsener con®guratiorparameterThe userlist framedisplaysthe nicknamesf everyone
thathasjoinedthe classroomandprovidesa GUI for operatorcontrols(op, voice, kick, andsoon)
of theusers.Theinputframecontainsaninputbox anda sendbutton. Theinputboxis madelarge
enoughfor usersto type paragraphsndlengthy MathML, XHTML, or MeML elementblocks.
BecausevieML supportamixing of XHTML andMathML elementsve cansaythattheusermay
enteravalid MeML block.

Let'snow considerthe administratve andsecurityaspectdor WMEchat.

7.3 WMEchat Portal and Security

A WMEchatportalrefersto acontrol panelWebpage.Therearetwo typesof portals,onefor each
type of user:theteacherandthe student.The teachers portal consistsof the following toolsand
options:

User Functions

Login andLogout

14



Teacher(
Teacher1

TeacherM

\ HTML
’// Page
StudentO
Student1
S
Stud-entN

Figure7: A SingleWMEchatRoom

Changepassverd
Changeemailaddress
Retrieve passvord
Classroom Functions
Createanew classroom
Reactvateaclassroom
Retrieve classroomniisting
Retrieve classroomog

A teachelis ableto accessll portal controls,while a studentis restrictedto userfunctionsand
classrooniisting.

The ®rst form of securityis registration. By default, no public entrancento ary classrooms
allowed. Thisis to preventeasyunauthorizeagntrancdrom thegenerajpublic andpotentiallyma-
licious users.Every usermustberegistered with the WMEchatin orderto partale in aclassroom
discussion.

Studentregistrationis performedby the classroomfounder the teacherin most cases. The
foundercreatesnew usersby supplyingWMEchatwith their email addressnickname passverd
andotheroptionalinformationsuchas®rst andlastnames Registereduserscanbeassociateavith
oneor moreclassroomsAfter login, studentsnay changeheir userinformationandpassverd as
statedbefore. Initially a students only privilegeis to join the assignectlassroom.A WMEchat
serviceinitially containsarootteachewhois ableto createotherteachers.

15



The classroonfoundermay alsocontrol settingsfor the classroom.The settingsincludelimits
on total numberof participants,anorymousjoining, and dialoguemoderation. Onceset, these
attributesstaywith a classroomnuntil they arechanged.

A limit is simply the numberof usersthatareallowedto join, includingthe founder If the
limit is not set,thenthereis no limit.

Anonymousentranceallows un-registeredusersto join the classroom.Theseuserswill not
havetheability to speak.Theimpetusfor anorymousentrancess theacknavledgementhat
usersmaywantto getanideaof the classroonbeforeregisteringfor it.

A classrooms modeated only operatorandvoiceduserscantalk. Otheruseramayrequest
to bevoicedandanoperatormayvoice/silenceausers.

Operatorshasmary privilegesincluding: speakduring moderationtoggle moderationsetuser
limit, kick, ban,op, andvoice anothemser aswell asendthe chatroomsession.

For corvenience the classroominvocationpagesuppliestwo modes: classroomand general
discussion.

If the classroonmodeis selectedmoderationis automaticallychosen. This conceptmodels
real-life classroomsNormally, theteachetectures andthe studentgaisetheir handto requesto
speak.In theclassroonmode normaluseranustmake avoicerequestsimilarto raisingahand to
obtaintherightto speak A voicerequests denotedy agraphicahand,next to ausersnickname,
followed by a sequenceaumberindicatingwho is ®rst, secondjn makingthe voice request.An
operatomay click on the handgraphicto voice/silencehe user In the generaldiscussionrmode,
moderatioris toggledoff. Thisallows everyonein the classroonto speakasa default.

Oncea chatsessiorends,the classroomis marked inactive which preventsotherusersfrom
joining until reactvation by the teacher This is to preventa “takeover” by otherusersthat may
not beinitially af®liated with the classroom.Classroonreactvation doesnot requirethe teacher
to performstudentregistrationagain. This informationis storedin the WMEchatdatabasevhich
is usedto supportthe WMEchatservice. The detailsof the databas@rganizationare out of the
scopeof this paper

8 WMEchat Example

Figure8 shavs WMEchatin action.Herearesomeclari®cationsandthingsto look for:
Noticethatthe classroonsettings suchasmoderationjs shavn on thetitle bar.
Noticethattheoperatorsaredenotedvith andvoiceduserswith asmentionedpreviously.
Line 3 in thedialoguewindow is anexampleof MathML display

Thefollowing is the MeML codefor the dialoguewindow. Notice thatMathML andXTHML
elementganbeinterlacedwith MeML.

<?xml version="1.0" encoding="UTF-8"?>
<IDOCTYPE mem| SYSTEM"C:\MeML\MeML DTD\MeML.dtd">
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Figure8: A Typical ChatWindow

<?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=is0-8859-1" />
</html:head>
<html:body>
<b>&lt;david&gt;</b> | am the classroom founder, so | have
operator  status.<br />
<b>&lt;jack&gt;</b> | am a voiced user, therefore allowed
to talk.<br />
<b>&lt;david&gt;</b> This is MathML:
<math xmins="http://www.w3.0rg/199 8/Math/Ma thML ">
<mrow>

<msup><mrow>
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<mi>a</mi><mo>+</mo><mi>b</m >
</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 achieve themathematicslisplay instead
of usingimagesor in®x. This letscomple« mathematicaéquationgo bedisplayedn the brovser
andallows the educatotto teachmathematicsvithout the hindranceof display

9 FutureWork

We havereportedon our progressandon-goingeffortsin MeML andin student-teachenteraction
supportwith the WMEchatutilizing MeML.

Thereis muchwork ahead. The setof MeML elementsand their functionswill continueto
evolve to bettersupportquality teachingandlearningof mathematicsThe software components
of the WME framework, of which the MeML languages a part, will continueto be testedand
re®ned.BetterGUI's canmake MeML andWMEchateasierto useandmoreeffective. A client-
side plug-in for the WMEchat servicecan eliminate the wasteful constantpagerefreshingand
supporta displayasnecessarynodelfor the chatsessionElementdesignedo invoke WMEchat
canbevery usefulinsideanMeML page.
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