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Abstract

Reported is an approac for Web-kasal Mathematics Education (WME). The WME
framework is a distributed systemthat aims to create a Web for mathematics educa-
tion. Componerts of the WME framework include the Mathematics Education Markup
Language(MeML) for page markup, regular Web senersto deliver pages, WME Page
Processorsenabling common Web browsersto receive MeML pages,and a variety of
WME services(mathematical and educational) to supply power and interactivity to
MeML pages. The MeML language enablesthe creation of excient, e®ectiwe, and
dynamic mathematics education content. The WME architecture is designedso that
mathematics education cortent (both static and dynamic { through remote WME ser-
vices) can be built independertly, maintained independenrly, deployed easily, and still
interoperate and take advantage of one another on a global scale.

1 Intro duction

Recen yearshave seenmuch increasedreseart and developmern activities in making math-
ematicsaccessibleon the Web and Internet. Publishing mathematical materials on the Web
is made easyby MathML [17], an XML-de ned languagefor markup of mathematical ex-
pressionswith support for both presertation encaling (display layout) and cortent encaling
(computation semairtics).

The list of MathML-compliant software is growing fast. Among many others, WebEQand
MathPlayer [21] can display WebTeX and MathML in a browser. The Amaya Web browser
demonstratesa prototype implemertation of MathML which allows usersto browseand edit
Web pagescontaining mathematical expressiong27]. Together with the rest of the Web
page, these expressionsare manipulated through a WYSIWYG interface. The increasing
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acceptanceand software support for MathML were evidert at the 2000and 2002 MathML
International Conferenaes[19, 20].

Mathematical content viewing on a Web pageis static. On the Internet, end-usersespe-
cially those learning mathematics, can make good use of dynamic accessto mathematial
computing To this end, the online exchangeof mathematical data for computation becomes
critical. E®ortsto establishcommonformatsinclude MathML cortent encaling, OpenMath,
and MP.

Besideshe widely-usedMathML, MP, the Multi Protocol [8], is a format that usesa binary
encaled annotated parse tree for exciency. OpenMath [4] is a protocol for represeting
sematically rich mathematical objects, allowing them to be excdhangedbetweenprograms,
stored in databasesand publishedin electronicform.

\In ternet AccessibleMathematical Computation” hasbeenthe subject of the IAMC Work-
shopseries At the Institute for Computational Mathematics (ICM/Ken t), e®ortshave been
madeto build a distributed IAMC framework[36, 29, 30] which can support both interac-
tive and transparert acces4o mathematical computation on the Internet/W eb through the
Mathematical Computation Protocol (MCP). For more information on IAMC, pleasereferto
the Proceedingsof the IAMC Workshops[11], the IAMC homepagd1(], and the Workshop
on The Future of Mathematial Communiation [7].

Researbers have begun to make attempts to deliver mathematical education materials
over the Web/Internet. Already, we can nd many websitesproviding coursesand tools
for mathematics education. Sud sitesinclude WIMS [34], Livemath [15, Mathwright [24],
WebMathematica[33], Calc101[3], ActiveMath [1], Maple [16], and MathWeb [23]. WIMS,
for instance, is a well-known site for Web-basedmathematical education created by Xiao
Gang. WIMS [34] o®ergyreatfeaturessud assimplicity, availability (no cookies,no plugins),
smooth interfaceto a bunch of external seners (MuPAD, PARI/GP , Coq, Gnuplot, ...), and
support for virtual classrmmsallowing teachersto assigna setof exerciseso be performedby
ead studert. WIMS usesa case-orieted approad by providing a new CGI programfor ead
new type of educational content page. Trouble with such an approad is lack of scalability
and openness.Authoring educationalcortent within the WIMS scope can be awkward but
the most serious®aw of sud an ad hoc approad is that the WIMS componerts (content
pagesand sener-side programs) do not combine to form an open systemwithin which to
interoperate and to mutually reinforce. Linda Becerra, et al. [2] gave a good summary of
Web tools for interactive computation.

It is perhapstime to considera systematicway of creating and supporting mathematics
educationon the Web in an open and scalableway.

Towards this end, we presen the designand architecture of a Web-tasal Mathematics
Eduation (WME) framework. WME provides an authoring language(MeML), works with
regular browsers, makes authoring simple and easy allows systematic accessto support-
ing WME servies and enablestheseindependenly deweloped componerts to interoperate
seamlesslyIn short, we hope the WME framework will help createa Web for Mathematics
Eduation, that is, an ervironmert in which mathematicseducation cortent, including both
static and dynamic cortent, canall be built independerly, maintained independerily, placed
on any Web sener, deliveredto any Web browser,and still interoperate and take advantage



of one another on a global scale.

Goals,design,architecture, and software prototypesof the WME framework are presened.
The Mathematics Eduation Markup Language(MeML), aswell asits client-side processing
and sener-sideservicesare described.

2 WME Goals

The goal of our researt is to designan infrastructure, called the WME framework, for
mathematicseducationthat allows easyand systematicdewelopmert of:

1. mathematicseducationalcortent, and,
2. mathematicseducationsupport capabilities

both accessibleand interoperable on the Web/Internet.

With the WME framework, educatorscan produceWeb pagesto teach speci ¢ mathemat-
ics lessonsand topics. Thesepagescan invoke support servicessud as examplegeneration,
answer cheding, graph plotting, and interactive exploration for various mathematical sub-
jects.

Thus, content pagesand support servicescan be deweloped independertly but can inter-
operate from anywhere on the Web. With the right designand implemertation, the WME
framework can becomethe infrastructure on which to build e®ective mathematicseducation
systemson the Web. Figure 1 shovs the WME objective.
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Figure 1. WME Goals

The WME framework hasthesecharacteristics:

2 WME is distributed allowing everyoneto put WME pageson the Web and to supply
support services.

2. WME combinesexisting technologiesand emergingWeb standards.



2 Mathematics education content pagesare easyto create, simple to edit, delivered by
regular Web seners, and accessedria regular Web browsers powered by the WME
PageProcessor

2 Education pagesmay combine xed information with dynamically generatedcorntent
and interactions with the end user.

2 WME servicescansupply a variety of usefulcortent and functionalities to educational
pagesfrom anywhere on the Internet.

Clearly, for WME to work, it must have cortent-markup support, front-end support, and
badk-end support. More importantly, sud support must be deliveredwithin an architectural
framework that usesappropriate technologiesto integrate componerts, allowing them to
interoperate in a seamlesgnanner on the Web.

3 The WME Arc hitecture

Figure 2 shonvs the WME framework architecture.
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Figure 2: WME Architecture

WME adievesWeb-basednathematical educationthrough a combination of technologies.

2 Content-markup supprt|The Mathematics Eduation Markup Language(MeML) is
usedto encale Mathematics education cortent pages(Section 4). MeML provides
well-de ned mathematics computation elementsand mathematicseduation elements
that canbe usedtogetherwith HTML and MathML elemerns for easycortent markup.
MeML also provides elemeits designedto accessWME services that supply various
mathematics education capabilities.

2 Regular WebservergMeML pages,with the . memlsuzx, originate from normal Web
senerswith the cortent type text/x-meml .
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2 Front-end supprt|On the client side,commonWeb browserscan be used. A WME
PageProcessor(Section5) in the form of a browser plug-in (the MeML Plug-in) pro-
vides cortrol and processingfor the MeML corntent, using the browserasa GUI.

2 Back-end supprt|WME services(Section 6) can be supplied to MeML pagesfrom
anywhereonthe Internet. The WME PageProcessorcanaccessVME serviceghrough
the Mathematics Eduation Servie Protocol (MESP) and through the Mathematicl
Computation Protocol (MCP) [3Q.

Thus, the WME architecture involvesthesemajor componerts: the Mathematics Educa-
tion Markup Language(MeML), educationalcortent pageswritten in MeML, standard Web
senersand browsers,the WME PageProcessorand WME services.

Usage Paradigm

In the WME framework, an online coursevare consistsof a group of MeML pageswith
dynamic badk-end support by WME servicesthat can supply a rich set of computational
and educational functionalities usefulin many di®eren MeML pages. Figure 3 shaws the
WME framework concept.
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Figure 3: WME Conceptual Model

With WME, a new paradigm of Web-supprted mathematics educationemerges:

2 Studerts can accessnathematicseducation pagesfor a dynamic and interactive learn-
ing experiencefrom anywhere on the Web, at anytime. They can study at their own
levelsand paces.Instructional materials may comelargely from coursesn sdools, but
the materials can be supplemened by pagesfrom other authors globally.

2 Software deweloperscanfocuson building WME serviceshat canbe accessedhy URL
from anywhereon the Web. General-purppseWME servicessud asplotting/graphing,
terminology lookup, and computation executionare usefulin many di®eren situations.
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Special-purposeservicesprovide for narrowly focusedareas. Eadch servicecan provide
a well-de ned set of capabilities within a particular scope. For example, there may
be a fractions service, a polynomial servicee, an algebaic equation servie, a derivative
service, an integration service, and soon. As long asthe servicesconformto a common
interface, they can be usedin any educationcortent pages.We alsoenvision a variety
of badk-end educational servicesincluding example(counter example) generation,an-
swer veri cation, intermediate stepsproduction, illustration generation,word problem
generation,test generation,test grading, and performanceevaluation.

2 Educators author interactive online coursevare as a set of educational pages. Sud
pagesare written in MeML either directly or via authoring tools. Authors can fo-
cus on teaching mathematics rather than dealing with the underlying Internet/W eb
technologies.An author caneasilyinclude, mix and match, powerful interactive math-
ematical educationfeaturesby accessindVME servicesmade available by others.

2 Educatorsdeploy and maintain their coursevare simply and easily Authors can mod-
ify, revise,and changetheir MeML pagesanytime from anywhere.

2 Servicedewelopers can upgrade and improve WME serviceswithout a®ectingMeML
pagesas long as interface compatibility is maintained.

4 MeML

The Mathematics Eduation Markup Language(MeML) is certral to the WME framework.
De ned in XML, MeML provides markup elemens to represen and structure mathematics
education pages. An MeML page may cortain XHTML, MathML, and MeML elemerts.
MeML elements support mathematical expressionsformulas, lessons,examples,exercises,
tests, interactive computations, experimerts, explorations, and other educationalfunctions.
The elemens are designedfor expressie power and easeof use.

Currently, we have about 40 MeML elemerts to support the various markup needsfor
mathematics education. The elemens can be divided roughly into v e categories: content
elements eduation elements organization elements computation elements and interaction
elements

2 Content elemens|for units of knowledge. Sud tags include <concept>, <skill> ,
<terminology> , <expression>, <equation>, <diagram>, and <theorem>

2 Education elemerns|for objectivesin education. Tagsinclude <example> <test>
<exercise>, <assessment> <diagnosis>, and <remediation> . Contents for these
elemens can be supplied explicitly or can be generated. Figure 4 shavs a generated
examplefor fraction addition. The page also cortains underlined links that lead to
further details.

2 QOrganization elemens|for page cortent organization. These include <abstract> ,
<lesson>, <lesson-opener>, <syllabus> , <roster> , <guide>, <hint> , and <summary>
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2 Computation elemerts|for explicitly invoking WME servicesto generatedynamic
content. Sud tags include <computation>, <mathgraph> and <wme>

2 Interaction elemerts|for receiving and processinguserinput. Thesemainly include
the <interaction> and <userinput> elemerns.
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Figure 4: GeneratedExample

CSS (Cascading Style Sheet) rules and Javascript code can be asseiated with MeML
pagesin exactly the sameway asin XHTML.

With MeML, an author canwrite HTML-lik e codeto createmathematicseducationpages.
Mathematical expressionscan be encaled in MathML content (for computing), MathML
presenation (for rendering), or in x (for corvenience).

An MeML pagecanhave both xed and dynamically generatedcortent. The latter canbe
suppliedby any WME serviceidenti ed by a URL. MeML pagescan alsospecify interactions
with the end-user(the studert) for an engaginglearning experience.

MeML allowsin x notation asa conveniencefor authors and end-usergo enter mathemat-
ical expressions.In x expressionsare translated into equivalert MathML cortent encaling
automatically within the WME framework. Functions and mathematical elemens de ned
in MathML canbe usedin the in x notation. Mathematical constarts can be ertered easily
For example,%is ertered as Pl and translated into &pi; . Seeral other simple rules apply.



A Sample MeML Page

Examplescan help further illustrate MeML. Examplesl and 2 below give a completesample
MeML pagethat teachesthe sin function with interactive curve plotting.

Example 1: A lesson to teach the function sin

De ned rst are someinternal de nitions. These are not displayed and therefore hidden
from the end user:

<internal>

<variable name="var" type="symbol'> x </variable>

<variable name="from" type="real"> -10.0 </variable>

<variable name="to" type="real"> 10.0 </variable>

<expression name="func" encoding="infix">  sin(x) </expression>
</internal>

The variable namedvar hasthe symbol value x. The mathematical expressionfunc has
its value given by in x notation.

Then, the lessonbeginswith sometextual cortent de ned belon. Note: use, a replaced
inline elemen, inserts the value of a variable or expression.

<lesson title="The  Sine Function" id="sinfun">
<p>The function <em>sin</em>is important in trigonometry.
<a href="#sincurve">Diagram 1</a> shows the <em>sin</em>curve.
Notice that <use target="func" /> is periodic with a period of
<expression encoding="infix"  id="p2">2 * Pl</expression>
</p>

Diagram 1 for a sin curve is generateddynamically with the mathgraph elemer:

<diagram title="Diagram 1" id="sincurve">
<mathgraph id="plot"  URL="http://icm.kent.edu/plot.wme">
<parameter name="operation">plot2d</parameter>
<parameter name="function"><use name="func" /></parameter>
<parameter name="variable"><use name="var" /></parameter>
<parameter name="range">
<math id="plot-range">
<list>
<cn type="real"><use name="from" /> </cn>
<cn type="real"><use name="to" /> </cn>
</list>
</math>
</parameter>
</mathgraph>
</diagram>



The mathgraph code sendsthe operation , function , variable , and range valuesto the
given WME serviceplot.wme to obtain the plot. The elemen use is applied multiple times
here. Later we can assignnew valuesto the usevariablesand obtain di®eren plots with this
samemathgraph elemen.

Example 2: Interactiv e experimen tation

The lessoncontinueswith an interactive exercisethat encouragestudert learning:

<exercise title="curve" id="practice" type="interactive">
<p>Perform your own experiments. Give an expression such as
<em>sin(x+Pl)</em>, <em>sin(x-Pl/2)</em>, and so on and see
the resulting curve:</p>
<interaction  target="plot">
<p>Expression:
<userinput type="expression"
name="func" encoding="infix" />
<userinput type="symbol" name="var" />
<userinput type="real" name="from" />
<userinput type="real" name="to" />
<userinput type="submit" value="go" />
</p>
</interaction>
</exercise>
</lesson>

The interaction elemen corntains userinput elemens to obtain userinput of various
types. The collectedinput becomevaluesfor variables providing a conext to executethe
target computation elemer, plot in this case.

The Web pagegeneratedby examplesl and 2 is showvn in Figure 5.

5 WME Page Pro cessor

The WME PageProcessoris a critical part of the WME framework implemertation.

When it takesthe form of a client-side plug-in (as it is the casein our current design),
it is known asthe MeML Plug-in. The MeML Plug-in executesin the cortext of a regular
Web browser, enablingit to display MeML pages(Figure 6), support userinteraction, and
transparertly accessWME servicesspeci ed in MeML pagesfor dynamically computed
cortent and userinteractions.

The MeML Plug-in processedMeML pageswithin the the Web browserin the following
manner.

2 The Web browserreceivesthe text/x-meml content from the Web sener.



Figure 5: Teading the Sine Function

2 The XSLT!? processomf the Web browseris usedto parseand translate the MeML page
into a regular XHTML page, often with embeddedobjects (via the XHTML object
elemern). The resultant pagecanthen be handled by the browsernormally.

2 The XSLT processorperforms the required translation by accessingsupplied MeML
DTD and XSLT templates’, and by invoking WME servicesthrough the MeML Plug-
in.

2 The MeML Plug-in supports Javascript accesdo local and remote WME services.

IXSLT [29] is a languagefor transforming XML documerts into other XML documerts.
2The MeML Plug-in automatically downloads the version of the MeML DTD and XSLT template Te
required by the MeML pageif not already stored locally.
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Figure 6: AccessingMeML pages

2 The MeML Plug-in supports MeML-de ned userinteractions.

2 The MeML Plug-in can interoperate with other browser plug-ins for increasedpower
and °exibilit y.

2 The MeML Plug-in can store and retrieve persistert data by accessinghe the local
le systemasneeded.

The prototype MeML Plug-in called Woodpecker is a client-side WME PageProcessomwe
are deweloping as a researt tool. It will help ewlve the MeML languageand establisha
speci cation for other implemertations of the MeML Plug-in.

Design of Woodp ecker

Woodpedker is a prototype MeML Plug-in whoseobject-oriented designis shown in Figure 7.
Woodpeder is implemerted asan ActiveX cortrol (.OCX for Netscape Navigator (NN) and
Internet Explorer (IE) on MS/Windows and asa NN plug-in on UNIX and other platforms.

As a pieceof software, Woodpeder consistsof a C++ program (the plug-in), a library of
Javascript event handlers and other support programs,an MeML XSLT template and an
MeML DTD.

The Woodpeder designidenti es major objects, de nesrelationshipsamongthe objects,
the Web browser, the documert (Web page), WME services,as well as the third-party
WebEQ applet and MathPlayer plug-in.

Woodpedker page-supprt objects (pso) take the form of generatedXHTML code (form
for example) and embedded plug-in/Activ eX cortrols. Eacd support object, in the DOM
spirit, exposesa set of well-de ned methods and properties that constitutes its Javascript
API. Page-supprt objects may generatespeci ¢ ewerts to interact with the Woodpeder
Plug-in. Many page-supprt objects enbed in XHTML via the <object> elemen. The
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Figure 7: Woodpeder Design

enmbedding is de ned in the MeML XSLT template and performedby the XSLT processor
at pagetranslation time.

The Woodpeder Javascript library suppliesevert handling and generationcapabilities to
page-supprt objects. The pso-to-library interfaceis currertly ad hoc. A uniform speci ca-
tion of the pso-to-library interface can enablesystematicdewelopmer of pso's.

As the end-userinteracts with the pagethrough the browser, Woodpeder is activated
through speci ¢ ewerts to perform required tasks in support of the MeML-de ned userin-
teraction. Each evert handler performsits presetactions, accessingnethods/properties of
page-supprt objects and modifying the pagecorntent through DOM.

The evert handlerscan apply changesto any target node on the DOM tree aslong asthe
node or its location information is made available.

In addition to pso's, major Woodpeder modulesinclude:

2 The WME servie maoduldto accessekcal and remote WME servicesasspeci ed in
the MeML page,and integratesresults retrieved into the page.

2 The MCP module|to implemert the Mathematics Computation Protocol. It is es-
sertial for MeML Plug-In to interact with remote IAMC seners which can provide
dynamic mathematics computing.

2 The MESP module|to implemert Mathematics Education Service Protocol. This
protocol handlesall educational servicerequests.

2 The LWS module|to handlelocal WME service. It makescalling local servicessame
as calling remote WME services.

2 The WME Query module|to provide a uniform interfacefor pso'sto call all typesof
WME services
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2 The XMEC module|to help convert among di®erert mathematical data encalings.
This module is an application of the eXtensibleMathematics Encoding Converter [3§].

2 The Record-keepingmodule|to record information sud as user activities, progress,
and correlations between studert knowledge and education topics. The stored data
‘Tes enableperformanceevaluation and diagnosisof learning ditculties.

The Woodpeder designalso addresseserviceintegration with other in-page objects and
client-side plug-ins, suth asthe WebEQ applet, the MathPlayer plug-in, and other mathe-
matics renderers/editors. Woodpedker aims to interface with sud external programsin a
similar way asit treats pso's. Becauseexternal programsvary in implemertation method
and API, we will usean X-Wrapger, written in Javascript, to hide the interface details and
encapsulatetheir functions into a uniform interface.

W oodp ecker Page Pro cessing

Accessingan MeML pagefrom an MeML-enabledbrowserresultsin the following sequence
of everts:

1. The MeML pageis ser from the target Websener underthe content typetext/x-MeML .

2. The MeML-enabledbrowsercalls XSLT to translate the pageinto a regular Web page.
The MeML translation rules [37] are made available to the XSLT. The resulting page
will typically cortain generatedpso's, and Javascript cortrols. It may also include
dynamically computed cortent obtained from WME services.

3. The translated pageis displayed in the browserwindow and ready for userinteraction.

4. MeML speci ed user interactions are supported by evert handlers triggered by the
browser. The interaction may be supported by WME services. Results of user inter-
actions can be displayed through the DOM interface.

The browser,not the MeML Plug-in, calls XSLT. This way, the MeML Plug-in canfocuson
support for MeML processing.

As a small example,the diagram elemen (with id sincurve in Section4) is translated
into the following XHTML code:

<div class="diagram" id="sincurve">

<table>
<caption style="caption-side: bottom"
class="diagram"> Diagram 1 </caption>
<tr><td>
<object id="plot" classid="clsid:..." >

<param name="operation" value="plot2d" />
<param name="variable" value="gen_id_1" />
<param name="function" value="gen_id 1" />
<param name="range" value="gen_id_3" />
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</object>
</td></tr></table>
</div>

Here, the plot object is a concretepso example. The generatedid s are internal variables
usually with more complicated string names.

WME Page Pro cessor Location

In the courseof our researth on the WME framework, we have exploredtwo possibilitiesfor
deploying the WME PageProcessorthat provides support for MeML pages:

1. Placing the WME PageProcessoron the sener side.
2. Placing the WME PageProcessoron the client side.

We consideredthe sener-side approad, built a sener module in Java, and performed
experimerts with an Apache sener. The sener module translates MeML pagesinto normal
Web pagesand returned the dynamically computed page badk to standard Web clients.
Thesee®ortshave beenreported already [31].

Not quite satis ed with the sener-sideapproad), we beganto investigatethe client-side
approad as described earlier in this paper. Table 1 details the pros and cons of eath
approad.

In summary, both approatesto deploy the WME PageProcessorare workable. But the
sener-sideapproad seemsto create a bottle ned both in terms of speedand availability
and in terms of persistert data storage. In comparison,the client-side approad is more
personal, customizable,and better exploits the power of distributed computing. If WME
becomeswidely used,it is possiblethat somesituations will call for the sener-sideapproadh
which can co-existwith the MeML Plug-ins on the Web for Mathematics Eduation.

6 WME Services and MESP

The power and versatility of WME as a Web for mathematicseduation depend, in large
part, on the number and quality of servicesavailable to educatorsand studerts through
MeML pages.

There aretwo broad categoriesof WME services:mathematicsknowledgeand computation
servies and mathematicseduation and pedagay servies A WME servicereceiwes a set
of name-\alue parametersand returns a valid MeML/XHTML pagefragmert. Thus, WME
serviceresponsescan be embeddedin an MeML pagedirectly.

SimpleservicexanuseCGI/HTTP andse\eral sud servicesarein operation at ICM/Ken t
including afraction arithmetic service,an algebraicequationsolvingservice,and a plot/graph
service[12].

Other servicesmay provide ready accesso computation execution,de nitions for mathe-
matical notations, terminology concepts theorems,rules, principles, formula, skills, patterns,
and solution templatesfor typical problems.
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A WME education servicecan supply dynamically generatededucation cortent sud as
examples,exercises,and tests. Optionally suc a servicemay also provide diagnosis, as-
sessmen and even automated coading. Student performanceand progressdata can be
recordedon the client sidefor better customization of the educational experience.

IAMC and MCP provide great enablingtechnologiesfor accessing large variety of math-
ematical computations and for implemerting WME services. But, to make WME services
easyto accessand widely usablewe still needto addressseeral issuesincluding:

2 A way for a WME sener to provide a list of servicesavailable.
2 A way to provide and retrieve a servie description for any particular service.

2 A way to distinguish betweenservicetypessud as transaction-orierted and session-
oriented services.

2 A way to indicate the encaling for mathematical data.
2 A formalizedway to descrike how to invoke a service.

We areinvestigatingtheseissuesand dewelopingthe MathematicsEduation Servie Protocol
(MESP). MESP will be an application layer protocol on top of general-purppsecomnunica-
tion protocolssuch asHTTP, MCP, SOCAP, TCP, UDP, CORBA, and others. The purpose
of MESP is to decoupleMeML pagesand WME servicesand make them interoperable.

WME servicescan also be useful at MeML page authoring time. An MeML authoring
tool can accesssudh servicesto obtain cortent materials for the author to view and select
for inclusion as static material in the pagebeing created. An authoring tool will alsoo®er
listings of available serviceghat canbe appliedin the MeML pagefor dynamic cortents and
userinteractions at page-displg time.

7 MeML Authoring Tool

It is possibleto construct MeML pagesby writing MeML code directly. But that can be
hard for most teachers. We are building an MeML authoring tool to make it much easier.
The designof our prototype authoring tool, MadMath, seeksto provide ease,speed, and
power to mathematicseducationcortent creators.

Componerts of MadMath include Woodpecker (as an ActiveX cortrol or dynamic shared
library), MeML Parser, File Manager, MeML editor, Knowledge manager Previewer Con-
“guration manager View manager and Project Manager. Figure 8 shaws its logical archi-
tecture.

Someof thesecomponerts are descrilked in a little more detail below.

2 MeML Editor|The Editor is the GUI for MadMath.

2 PageProcessor|MadMath interfacesto Woodpeder to obtain results for previewing
and to corveniently accesSNME servicesto supply pagecortent at authoring time.
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MeML Parser|The parsercheds incoming pagecortent for complianceto the MeML
DTD. It alsobuilds the MeML tag namesand attributes for visual editing functions
sudh asdrag-drop.

File Manager|This is the MadMath interfaceto the local and remote le systems.

Knowledge Base Manager|This componert empowers the author. It helps locate
information from MeML knowledgebasego beincludedin the pagebeingconstructed.
Sud information include terminology de nitions, concepts,skills, rules, from WME
servicesand MeML pageselsewhere.

DOM Manipulator|The MeML pagebeing edited is represeted internally by a DOM
tree and the Manipulator is responsiblefor accessingand modifying the DOM tree.

Previewer|This allows the author to switch to the preview mode while constructing
the page. A lesscapableauthoring tool may leave this out. The author can always
preview the pagewith an MeML-enabledWeb browser.

Conclusions and Further Work

The WME framework designsa distributed systemto enable Web-basedmathematics ed-
ucation. WME empowers the teadher and eliminates many technical dixculties of on-Web
mathematicseducation. WME is open becauset usesstandard Web/Internet technologies.
WME is °exible becauseit allows educatorsto easily composeand create teaching mate-
rials and obtain automatically generatedcontents. WME is widely available becauseit is
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sened by standard Web seners and accessedy standard Web browserswith the MeML

Plug-in. WME is powerful becausat allows anyoneto build WME senersthat are immedi-
ately usableby educatorswithin any MeML page. Finally, WME can eleate the quality of
the mathematics education becausestuderts and teachers have accesdo senersand pages
built by experts world-wide, and becausemathematical ideas can be reinforced with real-
istic examples,interactive experimerts, and instant visualizations. WME hasthe potential

of becominga valuable tool for teadchers and studerts of mathematics and can be applied
°exibly in many educational conexts.

Sowhat doesWME do that other approadiesdon't? The answer perhapsis that \WME
aimsto build a Web for Mathematics Education”.

The whole WME architecture is designedsothat mathematicseducationcortent (MeML
Pages),computational and pedagogicalservices(WME services),can all be built indepen-
dently, maintained independently, placedanywhereon the Internet, deliveredto any browser,
and still interoperate and take advantageof one another. Clearly, achieving the highestlevel
of °exibilit y and scalability in the way mathematics education cortent can be created, de-
ployed, and maintained, is a major concernof ours and an essetial part of our researt.

We have presened the designand architecture for WME. Much work is aheadbeforeWME
can be a successfuteality. Re nemerts for the design,interfacede nitions, detailed speci -
cation of the MeML languageand all its elemerts must be consideredand tested. Emerging
technologiessud as SOAP[25], UDDI[26], and WSDL[35] may prove usefulto i) locate and
discorer WME senerswith desiredcapabilitiesand ii) interoperate with additional software
available under the form of Web services[5]. Software prototypes must be deweloped fur-
ther and madeavailable for the researh comnunity and mathematicseducation experts for
commerts, experimertation, and critical evaluation.

Hopefully, the WME framework can becomean enabling technology for practical math-
ematics education on the Web and will create new opportunities for educators, service
providers, aswell as further R&D.
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Client-side (Plug-in)

Pr ocessor

WME Page

Server-side  WME Page Processor

4 No restriction on placemen of MeML
pagesand no load on Web sener, less In-
ternet tratc.

4 Handling oneuserat a time makesit easy
to personalizeand customize.

4 Ability to uselocal Te systemfor persis-
tent educational data.

4 Fast and excient userinteraction.

4 Standard browserscan be useddirectly with
no plug-in to download or install.

Pros 4 Closeintegration with browser. 4 Transparet WME Page Processor up-
4 Simple to cooperate with other client-side | grades.
componerts such as MathML renderer and
Mathematics editor.
4 Simple to support user interactions with
remote WME services.
4 Easy integration/in teraction with MeML
authoring tool.
5 Only Web seners with Page Processorcan
supply MeML pages.
5 Increased serer load creates scalability
problems.
5 Must keeptrack of individual usersand ses-
5 Users must download and install plug-in sions, mak[ng it dizcult to personalize with-
- . out extensive user accourt and database sys-
|n|t|aIIy. and for.ead'\ new version. tem support
cons 5 Porting for di®eren browserson di®eren 5 Must have di®erert implemertations for dif-

operating systems.
5 Potential limitations on Internet accesg
due to client-side settings and rewalls.

ferent seners/OS.

5 Dizxcult to support user interactions with
remote WME services.

5 Must maintain serer-sidedatabasefor per-
sistert educational data. This can be hard
and createsa large scalability problem. Even
if a sener installation will maintain such a
database, its use with other MeML-enabled
serers can be ditcult.

Table 1: WME PageProcessorLocation Pros and Cons
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