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Moti vation I

2 Usingthe Webto aid mathematic$¢earningandteachinghasbeen
widely recognizecashaving greatpotential

2 CurrentmathematicgeducationNebsitesoffer individual CGlI or
Applet programdor mary differenttopics.

2 Theseadhocprogramscannot be easilycombinedor usedin lesson
planscustomizedy teacherdgor their classes.

2 Thereis no easyway to composeandharnesshe power of all the
excellentbut diversematheducatiorfeaturesalreadyavailableonthe
Web/Internet.
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WME Framework Advantageﬂ

2 24/7Webaccesdy studentsaandteachersvith regularbrowsers.

2 Teacherdave theability to easilycustomizemix andmatch
mathematiceducatiorcontentfor their own classes.

2 A potentiallyun-limited setof interoperablenathematicgducation
servicegrovidedby experts.

2 Lessonsaandservicedorm arich collectionof material€o choose
andto customize.

2 Studentdhave the ability to explore conceptsaandideas.
2 Teacherganeasilydemongratereal-world applications.

2 Making mathexciting andeasierto understandby interactionand

animation.
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2 Freegeacherandstudentdrom tediouswork to focuson explaining
concepts.

2 Empownersschoolteachersindependeneducatorandmathematics
expertsto contrituteto mathematiceducatiorasa humanendea&or
without the controlof for-pro t entities.
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WME Framework Characteristics.

2 WME is distributedallowing everyoneto put WME pagesonthe
Web andto supplysupportservices.

2 WME combinesxisting technologiesandemepging Web standards.

2 Mathematiceducatiorcontentpagesareeasyto create simpleto
edit, deliveredby regularWeb seners,andaccessedia regularWeb
browserspoweredby the WME Page Processor

2 Educationpagegnaycombine x edinformationwith dynamically
generated@ontentandinteractionswith theenduser

2 WME servicesansupplya variety of usefulcontentand
functionalitiesto educationapagedrom anywhereontheInternet.
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The WME Architecture.

Content-markuguppat—MathematicEducationMarkup
Languaye (MeML)

N

N

Webserver—RegularWebsener

N

Front-endsuppat—RegularWeb browserandWME Page Processor
2 Badk-endsupport—WME servicesandMESPprotocol
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UsageParadigm I

2 Students—24/4accessat own pace with unprecedentesupportand
power.

2 Softwaredevelopers—qglobally expertssupplyandupdate
mathematiceomputatiorandeducatiorservices.

2 Educators—authaindmaintaininteractve online coursevarein
MeML.

2. WME components—interoperats the Weh
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MeML I

2 An MeML pagemaycontainXHTML, MathML, andMeML
elements.

2 MeML elementsupportmathematicaéxpressionsformulas,
lessonsexamples exercisesfests,interactve computations,
experimentsegxplorations,andothereducationafunctions.

2 Theelementsaredesignedor expressve power andeaseof use.

2 Currently we have about40 MeML elementdo supporithevarious
markupneeddor mathematicgeducation
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MeML Elementsl

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

2 Educatiorelements—foobjectvesin education.Tagsinclude
<example >, <test >, <exercise >, <assessm ent> ,
<diagnos is> , and<remed iation> . Contentdor these
elementanbe suppliedexplicitly or canbegenerated.

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

2 Computatiorelements—foexplicitly invoking WME servicedo

generate&lynamiccontent.Suchtagsinclude<computa tion>
& %
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<mathgra ph>, and<wme>

2 Interactionelements—foreceving andprocessingiserinput. These
mainlyincludethe<inter action> and<user input>
elements.

& %

ashland-17




ICM

& %

ashland-18




ICM

SampleMeML Page'

<intern al>
<vari able name="var" type= "symbol">
X <l/varia Dble>
<vari able name="fr om" type="rea I[">
-10.0 </varia Dble>
<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 l1l</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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var
<parame ter

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

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

<parameter name="functio n"><use name=

"func" /></par ameter>
<parameter name='variabl e"><use name=

[><[/para meter>
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+Pl)</e m>,
<em>sin(x-Pl/2 )</em>, and so on and see
the resultin g curve: </p>
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<intera ction
<p>Expression:
<userinpu t

target=

type="

name="fu nc"

<userinpu t
<userinpu t
<userinpu t
<userinpu t
</p>
</inter action>
</exe rcise>
</lesso n>

type="
type="
type="
type="

"plot">
expressio n"
encoding="infix"
symbol" name="var"
real" name="f rom"
real" name="t 0" />
submit"  value ="go"

[>
[>
[>

[>
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AccessingMeML pageﬂ

Page Request

Interaction
Window ¢ >

Browser

Methd & Property
Access

WME Service
WME Request MeML
Services [ > Plug-In
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WME PageProcessr I

2 TheWebbrowserrecevesthetext/x- meml contentfrom theWeb
sener.

2 The XSLT processonf the Webbrowseris usedto parseand
translatehe MeML pageinto aregular XHTML page oftenwith
embeddeabjects(viathe XHTML object element).Theresultant
pagecanthenbehandledby the browsernormally.

2 The XSLT processoperformstherequiredtranslationby accessing
suppliedMeML DTD andXSLT templatesandby invoking WME
serviceghroughthe MeML Plug-in.

2 TheMeML Plug-insupportslavascriptaccesso local andremote
WME services.

2. TheMeML Plug-insupportdMeML-de ned userinteractions.
& %
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2. TheMeML Plug-incaninteroperatavith otherbrowserplug-insfor
Increasegower and e xibility .

2 TheMeML Plug-incanstoreandretrieve persistentiataby
accessinghethelocal le systemasneeded.
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Wookpecker: MeML PIug-inI

A browserplugin prototype MeML Plug-in
2 s writtenin C++,

2 executedn thecontet of aregularWebbrowser enablingit to
displayMeML pages

2 suppats userinteraction

2 transparenthaccesse8/ME servicesspeci edin MeML pagedor
dynamicallycomputedcontentanduserinteractions.
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Woodpecker Designl
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Wookpecker Componerts'

A C++ program(the plug-in)

N

N

A library of Javascripteventhandlersandothersupportprograms

N

An MeML XSLT template

N

An MeML DTD
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Wookpecker PageProcessingSequem:eI

1. TheMeML pageoriginatesfrom regularWebsenerunder
text/x-M  eML

2. TheMeML-enabledorowsercalls XSLT to translateghe pageinto a
regularWebpage.TheMeML translationrulesaremadeavailableto
the XSLT. Theresultingpagemay containgenerategbso's, Javascript
controls,anddynamicallycomputedrom WME services.

3. Translatedgagedisplaysin browserwindow readyfor user
Interaction.

4. Userinteractionsaresuppatedby eventhandlergriggeredby the
browser Processingnayinvolve WME serviceslInteractiongesults
displaythroughthe DOM 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>

<ftd></ tr><ftabl e></div>
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Many Typesof WME Servicesl

2 Factor x° 27

2 Evaluate sin (¥&3)

2 Plot coqp=3)

2 Animateproof of Pythagorean Theorem
2 Whatratio: 2= ¢

2 Fillin (x+1)( )=x%j 1

2 ComputeR;’Iog(x)dx

> Perform’ o2

2 |s pl_O, 3? And why?
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WME Selvice Inter operability I

MESP (protocol)

XSLT
Processor

DOM

Java
Script

:

Web
Browser

V

HTTP

WME Services

3 MESP
MeML
Plugin

MESP / MCP

Server

Educational
Server

Web <:|

ashland-37

%



ICM

WME Serwice Invocation Scenario.

1. Userentersdatainto input elds in MeML page.
2. onsubmit eventtriggersWoodpeclker MESPmodule

3. MESPmodulepacksuserdatainto MESPqueryandsendst via the
speci ed protocol(HTTP for example)to theremoteWME service.

4. WME servicerecevesMESPqueryandsendresultin MESPreply
over the sameprotocol(HTTP for example)

5. MESPmoduleunpackaMIESPreply andmodi es MeML pageand
displaysresultsvia DOM.
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MESP over SelectProtocoIsI

WME Service

WME Service
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ProposedMESP I\/Iessage‘ormats'

MESP Queryformat

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

</head> <body>
<para meter name="s omeName"
format="infix or mathmic t">
value </parame ter>

(more paramete rs)
</body> </query>< /mesp>
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Furth er Work I

2 \Woodpecler MeML Plug-intestprototype

2 MeML translationpolicy (XSLT template)

2 Draft MeML languagespeci cation

2 MESPre nementandlibrary implementation
2 MadMathdesignandprototyping

2 Additional working WME services

2 MagicMathwebsite

2 Teacherstudentive interactionsupport
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