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Abstract The project Xmath will demonstrate and evaluate the use of XML
(MahML), online calculations and FLASH animations in mathematical courses
on the Internet. Mathematics has a negative development at universities and
colleges: the number of students in mathematical courses and the number passng
the exams are "dangerous low". To med this challenge the teaching of
mathematics has to undergo an innovative process where new technology is
important. The pedagogicd evaluation of using the web in mathematical education
baoth locally and at distance will be focused.

1 Introduction

The use of the web in the eucaion d mathematics and science has up to nav
suffered from lack of standards to represent the special symbals and operators used in these
fields. These symbadls and ogerators have been either GIF images on page or they have to be
viewed/evaluated by using speda software padages installed locdly. The mathematicd
content of these symbols and operators is often absent.

The main ideaof the Xmath project [1] isto use brand rew techndogy to overcome
these difficulties and to incorporate alvanced online cdculations and animations in web-
based course materials. The use of the XML standard MathML [2], which is intended to
fadlit ate the use and re-use of mathematicd and scientific content on the Web, is criticd
important. MathML can be used to encode bath the presentation d mathematicd notation for
high gquality visua display, and mathematical content where the semantics plays akey role.

2 Objectives and plans

The participating institutions have for many years been using mathematicd software
and multimedia documents in their teating of mathematics. Governmental authorities have
plans for the integration d new techndogy in educaion. Mathematics has been especially
focused for some years. In many european courtries both the number of studentsin
mathematica courses (university) and the number passng the examination have reached a
"dangerous’ low level and industry and schod's are complaining.

To med this chall enge the pedagogics and methods of communicaing particularly
higher mathematics will have to undergo an innowetive processwhere new techndogy is

important. The nrection ketween mathematicd pedagogics and ICT has to some extent been
underestimated. The improvement of understanding mathematics by using interactive ad



personalized dacuments in a nontlinear and event-driven manner could turn bad trends for
mathematics. And the problems associated with girls and mathematics also have to be enphasized
through the seledion d applications.

Mathematics and ICT isin its very birth. One very important factor of this hortcoming has
been the difficulties with distributing mathematics on the Internet. Until now this has in fad not
been passble dueto tecdhndogical problems and the lack of standards. Mathematics on the web has
NOT been mathematics but images.

The development of the new standard for describing documents on the Internet, XML
(MathML), has now made it possbleto include “real mathematics” on aweb page and to introduce
this brand-new techndogy in conredion with mathematical education. MathML will convert
"frozen images" to "live materials’, the main dfference between ordinary books and multimedia
documents. “Red mathematics’ will in this case mean that that equations and mathematical
expressons may be understood by mathematical software padages for evaluation. A “frozen” gif-
image may nat. Introducing MathML will be an important strategic fador in the development and
innowetion d mathematica and scientific education onthe Internet and represents a "quantum
step” in rendering mathematics in aweb browser.

MathML consists of a number of XML tags that can be used to mark up an equation in
terms of its presentation and aso its smantics. MathML attempts to capture something of the
meaning behind equations rather than concentrating entirely on hav they are going to be formatted
out on the screen. This is on the basis that mathematical equations are meaningful to many
applications withou regard asto how they are rendered aurally or visually.

MathML is a low-level format for describing mathematics as a basis for madine-to-
machine communication. MathML is nat intended for editing by hand, bu is for handling by
speaali zed authoring todls such as equation editors, or for export to and from other math padages.
This smple example of MathML gives you an idea of how it works. The equationin questionis: x?
+ 4x + 4 =0 using semantic tags (content) and presentation tags:

Content markup Presentation markup
<apply> <mrow>
<plus/> <mrow>
<apply> <msup> <mi>x</mi>
<power/> <mn>2</mn> </msup>
<ci>x</ci> <mo>+</mo>
<cn>2</cn> <mrow>
</apply> <mn>4</mn>
<apply> <mo>&InvisibleTimes;</mo>
<times/> <mi>x</mi>
<cn>4</cn> </mrow>
<ci>x</ci> <mo>+</mo>
</apply> <mn>4</mn>
<cn>4</cn> </mrow>
</apply> <mo>=</mo>

<mn>0</mn>



</mrow>

The objedives of Xmath is first of al to design a framework making it possble to use
MahML in mathematical education on the Internet and making it possble to evaluate the
pedagogicd advantages of web-based education in mathematics. One of the key elements of web-
based pedagogics generaly is conrected to the communication pocess sudent-student and
student-teader over distance (synchronous and asynchronous). The framework then has to include
a management system and communicaion resources understanding MathML documents. One of
the participants has developed the very first system for e-communication wsing mathematical
symbals, operators and shapes (ScientificTalk). The framework also has to include software
making it possble to generate MathML code aitomaticdly and to evaluate (caculate) content
markup. The framework will have the following comporents:

o Bladboard, educaiona portal and Xmath management system [4]

Annourcements, User information and Staff information
Course- and aher relevant documents, Assgnments

Communication with Digital drop bo, Discusson bard, Virtual rooms, Roster
and Group fages

Virtual room (spedfic group) has options for on-line chat with sesgon archives,
guestions and answers panel, participant information panel, slides pand,
incoming questions panel, whiteboard for drawing and accessto external URL’s

Traking system for personal- and course-activity (statistics and assessment
results)

o webMathematica, online calculations [5]

Adds interadive cdculations and visuaization to a web site by integrating
Mathematica with the latest web server techndogy.

Uses familiar web interface ¢éements such as buttons, drop-down lists and text
fields

Uses client techndogies such as a JavaScript and JavaApplets
Including templates to give your web site aprofessona appearance

Adding a speda Mathlet command to HTML also using FORMS, typica
(extrad):

<FORM ACTION="CollTerm" METHOD="POST"><div><font size="5"
color="#004080">  Expresson:</font> <INPUT  TYPE="TEXT"



NAME="expr" ALIGN="LEFT" SIZE="25" value="<%Mathlet MSPValue[
$Pexpr,"x+3x"] %>">> <br><br><INPUT TYPE="image"
NAME="btnsubmit" img src="Design/compute.gif* width="83" height="22"
border="0" VALUE="Compute"><br><br> <img src="Design/results.gif"
width="306"  height="17">  <%Mathlet M SPBIock[{ $$expr},
Together[$$expr]] %> </div></FORM></div>

o ScientificTalk, online mathematical chat [6]

* Enter letters and numbers from the keyboard (smil arly to a web chat room
or to the Talk Unix command) by writing shared text

* Tosdled mathematics sgns/symbals from an Equation Editor to write
down, dsplay and share eguations, formulae, etc.

* To plot analytical functions (besides discussng)
o IBM tedhexplorer [7]

* Plug-in for Navigator and Internet Explorer, IE 5.5 XML behavior, and and
ActiveX control for applicaions like Microsoft PowerPoint and Word.
Tedexplorer enables the display of TeX, LaTeX and MathML documents and
the pulishing of interactive scientific material onthe Web

* Version 3.lincludes full suppat for MathML 2.0, augmented LaTeX display,
new ways to enliven documents via scripting/programming, a web equation
editor and Mathematica cnnrectivity

o Mathematicafrom Wolfram Reseach [8]
* Generating/understanding MathML markup code
» Caculating engine in conrection with webM athematica

Mathematicd educaion hes traditionally two main goals. to train students in logical and
abstrad thinking and to give students an abili ty to use mathematicd knowledge in fields other than
mathematics itself. Achieving, in particular, the last goal will require ahigh level of what we call
understanding and the understanding of understanding will be important [9]. We ned to let the
student fed importance in a wider context than the upcoming examination. The use of interactive
and event-driven dacuments will enhance understanding and allow an explorative and personal
way of working. These documents are dficient and drect and may combine different kinds of
hypermedia. MathML content markup, online cdculations and animated graphics (Flash) [10] will
make this posgble in mathematicd education.

This is expeded to enhance mathematicd pedagogics on the Internet and will stimulate
adivity, independence and coll aboration, and may also prevent sharp distinctions between girls and
boys using ICT. In this way the teader will be more of an instructor rather than a professor.



Representing mathematics using MathML content markup will make it possble to include
semantics that means that mathematical expressons may be evaluated in site (by accessng a
cdculating server) or by pasting the expresson into mathematicd software installed locdly. The
student may then "play" with the expressons rather than orly looking at them. The history of
evauation may be acessd by the student and it will be posgble to draw graphs and to make
smplificaions. Spedal focus will be put on the ommunicaion processthat is one of the main
diff erences between ordinary teaching and dstancelearning.

The projed will be based on central theories within mathematicd didadics where
communicaion is important in addition to processoriented teaching and learning by exploration
and dscovering. On this badkground we will encourage student-active ways of learning where
students are working in small groups getting instructions using the Internet.

We hope that the use of MathML documents in mail and chat will enhance mmmunication.
The use of MathML will strongly suppat one of the most important parameters here: the exadness
and urambiguouwsness of the mmmunication. Innovative pedagogicd methods in conrection with
virtual rooms for group activities will be evaluated by using small groups to look for advantages
conreded to the group size. Due to the software ScientificTak [6] developed by one of the
participants, the very first communication software using mathematical symbals, operators,
drawings and graphs, such an exadnessand urambiguousnesswill be passble in mathematics for
thefirst time. Important diff erences between netbased pedagogics and traditionally pedagogics lies
in this communicaion processand in the aility to monitor the students work. You then have to
use amanagement system that may be called a verticd portal for distanceleaning. The framework
described ealier includes such aportal.

To demonstrate the use of MathML and to be @le to evaluate the pedagogica impact of
using it, a pilot course in uriversity mathematics then has to be developed using the framework.
The students taking the pil ot course then have to explain and apply:

» Basic number theory

» Thedefinition and besic properties of rational functions, exporential functions,
logarithmic functions and trigonametric functions

» Limits, continuity and dfferentiation d these functions

* Integration and basic methods of integration

» Series, in particular Taylorseries and approximate functions with Taylorpoynomials

» Solvesimple differential equations and use them to simulate and make models of natural
and social phenomena

» Theuseof onlinetodsfor teading mathematics

It is emphasized to show how functions appear "naturaly” in the formulation d pradical
problems and haw differential and integral calculus give us atod for handing dynamic processes
and mathematicd models of different kinds.



The evaluation d the pilot course will be divided into two parts: evaluation d on-line
leaning locdly (with professors avail able) and evaluation d on-line learning at distance where the
communicaion ketween the students and the professors mainly will be dectronic with 2-3
medings all together. In the first case this means that mainly the murse material as such be will be
evaluated. The use of interadive multimedia books with ontline calculating tods and animations
(could be with synchronized sound will be focused. In the second case the pedagogics of distance
educaionwill be evaluated espedally (small groups arrangement). The tods for evaluation will be
ontline questionraires, Bladkboard options (student statistics and assessnents), final exam and d
course the general impresson d the instructor (professor).

3 Important instructions and suggestions

SinceMathML is nat generally well known because thisis a brand-new techndogy or even
more important the ladk of browsers to render it, the projed partners have to take resporsibility in
conredionwith dssemination d both MathML itself and the envisaged ouputs of the project. It is
expeded that the use and interest for MatmML will be increasing both in education and pubi shing.
The projed groupwill have & an oljediveto creae and maintain aweb site [1] concerning the use
of MathML and webMathematicain educaion.

The Xmath web-site includes a description d the project as such, linksto sitesin
conredionwith the framework and important tods, ontline demo todls, news groups (Xmath
community and open discusson groups) and a restricted areafor projed participants. Projed
results will be presented at conferences and it is the intention to give seminars on project
subjeds.

A suggestion here given by the @ordinator of the Xmath projed could beto
incorporate projed subjeds as a part of future versions of the Applimat conference. This
means to have dedicated sessons abou MathML, on-line cdculations, Flash animations and
upcoming techndogies and the pedagogicd effea of using them.

4 Conclusions

Sincethe projed isin its very beginning no conclusions abou projed subjeds are
avail able.
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