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Moti vation

² UsingtheWebto aidmathematicslearningandteachinghasbeen
widely recognizedashaving greatpotential

² CurrentmathematicseducationWebsitesoffer individualCGI or
Appletprogramsfor many differenttopics.

² Theseadhocprogramscannotbeeasilycombinedor usedin lesson
planscustomizedby teachersfor their classes.

² Thereis noeasyway to composeandharnessthepowerof all the
excellentbut diversematheducationfeaturesalreadyavailableon the
Web/Internet.
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WME Framework Advantages

² 24/7Webaccessby studentsandteacherswith regularbrowsers.

² Teachershave theability to easilycustomize,mix andmatch
mathematicseducationcontentfor their own classes.

² A potentiallyun-limitedsetof interoperablemathematicseducation
servicesprovidedby experts.

² Lessonsandservicesform a rich collectionof materialsto choose
andto customize.

² Studentshave theability to exploreconceptsandideas.

² Teacherscaneasilydemonstratereal-world applications.

² Makingmathexciting andeasierto understandby interactionand
animation.
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² Freesteachersandstudentsfrom tediouswork to focusonexplaining
concepts.

² Empowersschoolteachers,independent educatorsandmathematics
expertsto contributeto mathematicseducationasahumanendeavor
without thecontrolof for-pro�t entities.
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WME Framework Characteristics

² WME is distributedallowing everyoneto putWME pageson the
Webandto supplysupportservices.

² WME combinesexisting technologiesandemergingWebstandards.

² Mathematicseducationcontentpagesareeasyto create,simpleto
edit,deliveredby regularWebservers,andaccessedvia regularWeb
browserspoweredby theWMEPageProcessor.

² Educationpagesmaycombine�x edinformationwith dynamically
generatedcontentandinteractionswith theenduser.

² WME servicescansupplyavarietyof usefulcontentand
functionalitiesto educationalpagesfrom anywhereon theInternet.
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The WME Ar chitecture

² Content-markupsupport—MathematicsEducationMarkup
Language (MeML)

² Webserver—RegularWebserver

² Front-endsupport—RegularWebbrowserandWMEPageProcessor

² Back-endsupport—WMEservicesandMESPprotocol
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UsageParadigm

² Students—24/7access,atown pace,with unprecedentedsupportand
power.

² Softwaredevelopers—globally, expertssupplyandupdate
mathematicscomputationandeducationservices.

² Educators—authorandmaintaininteractiveonlinecoursewarein
MeML.

² WME components—interoperateon theWeb.
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MeML

² An MeML pagemaycontainXHTML, MathML, andMeML
elements.

² MeML elementssupportmathematicalexpressions,formulas,
lessons,examples,exercises,tests,interactivecomputations,
experiments,explorations,andothereducationalfunctions.

² Theelementsaredesignedfor expressivepowerandeaseof use.

² Currently, wehaveabout40MeML elementsto supportthevarious
markupneedsfor mathematicseducation
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MeML Elements

² Contentelements—forunitsof knowledge. Suchtagsinclude
<concept >, <skil l> , <termino logy> , <expressi on>,
<equatio n>, <diagram >, and<theore m>.

² Educationelements—forobjectivesin education.Tagsinclude
<example >, <test >, <exercise >, <assessm ent> ,
<diagnos is> , and<remed iation> . Contentsfor these
elementscanbesuppliedexplicitly or canbegenerated.

² Organizationelements—forpagecontentorganization.Theseinclude
<abstrac t> , <lesson> , <lesso n-opener >, <syllabus >,
<roster> , <guide >, <hint> , and<summary>.

² Computationelements—forexplicitly invokingWME servicesto
generatedynamiccontent.Suchtagsinclude<computa tion> ,
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<mathgra ph>, and<wme>.

² Interactionelements—forreceiving andprocessinguserinput. These
mainly includethe<inter action> and<user input>
elements.
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SampleMeML Page

<intern al>
<vari able name="va r" type= "symbol">

x </varia ble>
<vari able name="fr om" type="rea l">

-10.0 </varia ble>
<vari able name="to " type=" real">

10.0 </variab le>
<expr ession name=" func" encodin g="infix ">

sin(x) </expr ession>
</inter nal>
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<lesson title="T he Sine Function"
id="sinf un">

<p>The functio n <em>si n</em> is importa nt
in trigon ometry.
<a href=" #sincurve ">Diagra m 1</a> shows the
<em>sin</em> curve . Notic e that
<use target="f unc" /> is period ic
with a period of
<expr ession encodi ng="infi x" id="p2 ">2 * PI
</exp ression>

</p>
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<diagra m title=" Diagram 1" id="si ncurve">
<math graph id="plo t"

URL="http://ic m.kent.e du/plot.w me">
<parame ter name="operati on">plot2 d

</parame ter>
<parame ter name="functio n"><use name=

"func" /></par ameter>
<parame ter name="variabl e"><use name=

"var" /></para meter>
<parame ter name="range">
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<math id="plot -range">
<list>

<cn type="r eal">
<use name="from" /> </cn>

<cn type="r eal">
<use name="to" /> </cn>

</list>
</mat h>

</param eter>
</mat hgraph>

</diagr am>
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<exer cise title="c urve" id="pra ctice"
type="in teractiv e">

<p>Perform your own experi ments. Give an
expre ssion such as <em>sin (x+PI)</e m>,
<em>sin(x-PI/2 )</em>, and so on and see

the resultin g curve: </p>
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<intera ction target= "plot">
<p>Exp ression:

<userinpu t type=" expressio n"
name="fu nc" encoding= "infix" />

<userinpu t type=" symbol" name="var" />
<userinpu t type=" real" name="f rom" />
<userinpu t type=" real" name="t o" />
<userinpu t type=" submit" value ="go" />

</p>
</inter action>

</exe rcise>
</lesso n>
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WME PageProcessor

² TheWebbrowserreceivesthetext/x- meml contentfrom theWeb
server.

² TheXSLT processorof theWebbrowseris usedto parseand
translatetheMeML pageinto a regularXHTML page,oftenwith
embeddedobjects(via theXHTML object element).Theresultant
pagecanthenbehandledby thebrowsernormally.

² TheXSLT processorperformstherequiredtranslationby accessing
suppliedMeML DTD andXSLT templates,andby invokingWME
servicesthroughtheMeML Plug-in.

² TheMeML Plug-insupportsJavascriptaccessto localandremote
WME services.

² TheMeML Plug-insupportsMeML-de�ned userinteractions.
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² TheMeML Plug-incaninteroperatewith otherbrowserplug-insfor
increasedpowerand�e xibility .

² TheMeML Plug-incanstoreandretrievepersistentdataby
accessingthethelocal �le systemasneeded.
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Wookpecker: MeML Plug-in

A browserpluginprototype,MeML Plug-in

² is written in C++.

² executesin thecontext of a regularWebbrowser, enablingit to
displayMeML pages

² supports userinteraction

² transparentlyaccessesWME servicesspeci�ed in MeML pagesfor
dynamicallycomputedcontentanduserinteractions.
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Woodpecker Design
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Wookpecker Components

² A C++ program(theplug-in)

² A library of Javascripteventhandlersandothersupportprograms

² An MeMLXSLT template

² An MeML DTD
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Wookpecker PageProcessingSequence

1. TheMeML pageoriginatesfrom regularWebserverunder
text/x-M eML.

2. TheMeML-enabledbrowsercallsXSLT to translatethepageinto a
regularWebpage.TheMeML translationrulesaremadeavailableto
theXSLT. Theresultingpagemaycontaingeneratedpso's,Javascript
controls,anddynamicallycomputedfrom WME services.

3. Translatedpagedisplaysin browserwindow readyfor user
interaction.

4. Userinteractionsaresupportedby eventhandlerstriggeredby the
browser. ProcessingmayinvolveWME services.Interactionsresults
displaythroughtheDOM interface.
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<div class= "diagram" id="sin curve">
<table>
<captio n style=" caption- side: bottom"

class="di agram">D iagram 1</cap tion>
<tr><td >

<objec t id="plo t" class id="clsid :...">
<param name="op eration" value="p lot2d" />
<param name="va riable" value="ge n_id_1" />
<param name="fu nction" value="ge n_id_1" />
<param name="ra nge" value=" gen_id_3" />
</obje ct>

</td></ tr></tabl e></div>
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Many Typesof WME Services

² Factor x3 ¡ 27

² Evaluate sin(¼=3)

² Plot cos(µ=3)

² Animateproofof PythagoreanTheorem

² Whatratio: 12
15 = ( )

10

² Fill in (x + 1)( ) = x2 ¡ 1

² Compute
Rb

a log(x)dx

² Perform
P n

i =0 i 2

² Is
p

10 ¸ 3? And why?
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WME Service Inter operability
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WME Service Invocation Scenario

1. Userentersdatainto input �elds in MeML page.

2. onsubmit eventtriggersWoodpeckerMESPmodule

3. MESPmodulepacksuserdatainto MESPqueryandsendsit via the
speci�edprotocol(HTTP for example)to theremoteWME service.

4. WME servicereceivesMESPqueryandsendresultin MESPreply
over thesameprotocol(HTTP for example)

5. MESPmoduleunpacksMESPreplyandmodi�es MeML pageand
displaysresultsvia DOM.
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MESP over SelectProtocols

HTTP

SOAP

TCP

MCP

MESP module

WME Service

Woodpecker

WME Service

WME Service

WME Service

ashland-39



I CM
'

&

$

%

ProposedMESP Messageformats

MESPQueryformat

<mesp> <query> <head >
<vers ion value="ve rsion number" />
<agen t value=" Agent name" />
...

</head> <body>
<para meter name="s omeName"

format= "infix or mathmlc t">
value </parame ter>

... (more paramete rs)
</body> </query>< /mesp>

ashland-40



I CM
'

&

$

%

Furth er Work

² WoodpeckerMeML Plug-intestprototype

² MeML translationpolicy (XSLT template)

² Draft MeML languagespeci�cation

² MESPre�nementandlibrary implementation

² MadMathdesignandprototyping

² AdditionalworkingWME services

² MagicMathwebsite

² Teacher-studentlive interactionsupport
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