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/ Moti vation I \

Usingthe Webto aid mathematic$earningandteachinghasbeen
widely recognizedashaving greatpotential

CurrentmathematicgeducationNeb sitesoffer individual CGl or
Applet programdor mary differenttopics.

Theseadhocprogramsannot be easilycombinedor usedin lesson
planscustomzedby teacherdor their classes.

Thereis no easyway to composeandharnesshe power of all the
excellentbut diverse matheducatiorfeaturesalreadyavailableon the
Web/Internet.
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/ WME Framework Advantageﬂ \

24/7Webaccesdy studens andteachersvith regularbrowsers.

Teacherdave theability to easilycustonize, mix andmatch
mathematis educatiorcontentfor their own classes.

A potentally un-limited setof interoperablenathematiseducation
servicegprovidedby experts.

Lessonsandservicedorm arich collectionof materialso choose
andto customze.

Studentdhave the ability to explore conceptsandideas.
Teachersaneasilydemongiatereal-world applications.
Making mathexciting andeasierto understandby interactionand

\ animatian. j
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/ Freegeacherandstudentsrom tediouswork to focuson explaining\
concepts.

Empawversschoolteachersindependeneducatorandmathematis
expertsto contributeto mathemats educatiorasa humanendeaor
without the controlof for-pro t entities.
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WME is distributedallowing everyoneto put WME pagesonthe

WME Framework Characteristics'

Webandto supplysupportservices.

WME combinesxisting technologesandemepging Web standards.

Mathematts educatiorcontentpagesareeasyto create simple to
edit, delivered by regularWebseners,andaccessedia regularWeb

browserspoweredby the WME Page Processor

Educationpagesmay combine x edinformationwith dynamically

generatedontentandinteractionswith theenduser

WME servicescansupplyavariety of usefulcontentand

functionaltiesto educationapagesdrom anywhereonthelnternet.
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Content-markupuppot—Mathematts EducationMarkup

The WME Architecture'
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™

UsageParadigm I

Students—2/7 accessat own pace with unprecedentedupportand
power.

Softwaredevelopers—globally, expertssupplyandupdate
mathematiscomputatio andeducatiorservices.

Educators—atnor andmaintaininteractive online coursevarein
MeML.

WME components-tateroperaten the Weh

J
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An MeML pagemay containXHTML, MathML, andMeML
elements.

MeML elementsupportmathematal expressionsformulas,
lessonsexamplesgxercisestests,interactve computatios,
experimens, explorations,andothereducationafunctions.

Theelementsaredesignedor expressve powver andeaseof use.

Currently we have about40 MeML elementgo supportthe various
markupneedgor mathematiseducation

N /
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MeML Elementsl

Contentelements—founitsof knowledge.Suchtagsinclude
<conce pt> , <skill> , <termi nology> , <expr ession> ,
<equat ion> , <diagram >, and<theor em>.

Educatiorelements—for objectvesin education.Tagsinclude
<example> , <test> ,<exerci se>, <asse ssment> ,
<diagn osis> , and<remediation> . Contentdor these
elementsanbe suppledexplicitly or canbe generated.

Organizatiorelements—for pagecontentorganization.Theseinclude
<abstr act> , <lesson> ,<lesson- opener> ,<sylla bus>,
<roste r>,<guide >, <hint> ,and<summary>.

Computatbn elements—foexplicitly invoking WME servicedo
\ generatelynamiccontent.Suchtagsinclude<comput ation> /
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/ <mathg raph> , and<wme> \

Interactionelements—foreceving andprocessingiserinput. These
mainlyincludethe<interac tion> and<userin put>
elements.

N /
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<internal >

SampleMeML Page'

J
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<variab le name="var" type="sy mbol">
X </variabl e>
<variab le name="from" type="r eal">
-10.0 </var iable>
<variab le name="to" type="rea I">
10.0 </vari able>
<expres sion name="fu nc" encod ing="infi X'">
sin(x)  </express ion>
</interna >
N
ICM
/<Iesson titte ="The Sine Functio n"
id="s infun">
<p>The function <em>sin</ em> is import ant

in trigonom etry.

<a href="#s incurve">
<em>sin </em> curve.
<use target
with a period of
<expres sion encoding
</expre ssion>

</p>

="func" />

Diagram 1</a> shows the
Notice that
is periodic

="infix"  id="p2">2 * PI

J
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/<diagram title="Di agram 1" id="sinc urve"> \
<mathgr aph id="plot"
URL="ht tp://icm. kent.edu/ plotwme" >
<paramete r name="operation” >plot2d
</para meter>
<paramete r name="f unction"> <use name=
"func"  /></p arameter>
<paramete r name="v ariable"> <use name=
"var [></pa rameter>
<paramete r name="r ange">

N /
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/ <math id="pl ot-range" > \

<list>
<cn type="rea [|">
<use name="f rom" /> </cn>
<cn type="rea [|">
<use name="t 0" /> </cn>
</list >
</math>
</paramet er>
</mathg raph>
</diagram >

N /
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/ <exerci se title=
type="

<p>Perf orm your
express ion such
<em>sin (x-Pl/2)<
the resul ting

"curve"  id="p ractice"
interacti ve'">

own experimen ts. Give an
as <em>si n(x+Pl)< /em>,
/lem>, and so on and see
curve</p >

J
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/ <interact ion targe t="plot">
<p>Expre ssion:
<useri nput type="exp ression"
name="func" encodin g="infix" />
<useri nput type="sym bol" name="var"
<useri nput type="rea [|" name="from"
<useri nput type="rea [I" name="to" />
<useri nput type="sub mit" value="g 0" />
</p>
</interac  tion>
</exerc ise>
</lesson>

N
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DOM

Java
Script

XSLT WME Services
Processor
Educational
~|  Server
MESP
Web MeML [« —
Browser Plugin f¢
_I MESP / MCP IAMC
A »  Server
_
HTTP MeML
> Web <:| Pages
Server

J

ICM

ashland-25

AccessingMeML pagea

Y

MeML | D
Pages

Page Request

WME
Services

WME Service
«—>

Request

Browser

Window

Meth

MeML
Plug-In

Interaction
<>

d & Property
Access

J

ashland-26



/ WME PageProcessoI \

TheWebbrowserrecevesthetext/x -meml contentfrom the\Web
sener.

The XSLT processobof the Web browseris usedto parseand
translatehe MeML pageinto aregular XHTML page oftenwith
embeddedabjects(viathe XHTML object element).Theresultant
pagecanthenbehandledby the brovsernormally.

The XSLT processoperformstherequiredtranslationby accessing
suppledMeML DTD andXSLT templaes,andby invoking WME
serviceghroughthe MeML Plug-in.

TheMeML Plug-insupportslazascriptaccesgo local andremote
WME services.

\ TheMeML Plug-insupportdMeML-de ned userinteractions. j
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/ TheMeML Plug-incaninteroperatevith otherbrowserplug-insfor \
increasegowerand e xibility.

TheMeML Plug-incanstoreandretrieve persistentiataby
accessinghethelocal le systemasneeded.

N /
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K BrowserPIug-inI \
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K Wookpecker: MeML PIug-inI \

A browserplugin prototype MeML Plug-in

iswrittenin C++.

executesn the context of aregularWebbrowser enablingit to
display MeML pages

supportauserinteraction

transparenthaccesse®/ME servicesspeci edin MeML pagedor
dynamicaly computedcontentanduserinteractions.
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Woodpecler Design'
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A C++ program(the plug-in)

A library of Javascripteventhandlersandothersupportprograms

An MeML XSLT template
An MeML DTD

Wookpecker Componentﬂ

J
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/ Wookpecker PageProcessingSequem:eI \

1. TheMeML pageoriginatesrom regularWebsenerunder
text/x -MeML

2. TheMeML-enabledorowsercalls XSLT to translatehe pageinto a
regularWebpage.The MeML translatiorrulesaremadeavailableto
the XSLT. Theresultingpagemay containgenerateghso's, Javascript
controls,anddynamicallycomputedrom WME services.

3. Translategagedisplysin browserwindow readyfor user
interaction.

4. Userinteractionsaresupportedy eventhandlerdriggeredby the
browser Processingnayinvolve WME servicesInteractiongesults
display throughthe DOM interface.

N /
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/<div class="d iagram" id="si ncurve"> \

<table>

<caption style="ca ption-sid e: botto m"
class= "diagram" >Diagram 1</captio n>

<tr><td>

<object id="plot" classid= "clsid:. L
<param nhame="operatio n" value= "plot2d" />
<param name='variable " value=" gen_id_1" />
<param name=‘function " value=" gen_id_1" />
<param nhame="range" value= "gen_id_ 3" />
</object >

<ftd></tr ></table> </div>

N /
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WME Services'

WME Services

J
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Userentersdatainto input elds in MeML page.

WME Sewvice Invocation Scerario I

onsubmit eventtriggersWoodpecler MESPmoduk

MESPmoduk packsuserdatainto MESPqueryandsendst via the
speci ed protocol(HTTP for example)to theremoteWME service.

WME servicerecevesMESPqueryandsendresultin MESPreply
overthesameprotocol(HTTP for example)

MESPmoduk unpackdMESPreply andmodi es MeML pageand

displaysresultsvia DOM.

~

J
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K MESP over SeIectProtocoIsI \

,,,,,,,,,,,,,,,,,,,,,

Woodpecker ‘/y’ WME Service

WME Service

N /
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/ ProposedMESP Messa@ formats' )
MESPQueryformat

<mesp> <query > <head>
<versio n value=" version number" />
<agent value="Ag ent name" />

</head><b ody>
<parameter name="someName"
format="i nfix or mathmlct">
value </para meter>

(more parame ters)
</body></ query></m esp>

J

ashland-40




Further Work'

Woodpecler MeML Plug-intestprototype
MeML translatiorpolicy (XSLT template)
Draft MeML languagespeci cation
MESPre nementandlibrary implemenétion
MadMathdesignandprototypirg
Additionalworking WME services
MagicMathwebsite

Teachesstudentive interactionsupport
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