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The world wide web is becoming an intriguing placeftool in mathematics education. It combines
a vaigy of modes linked with learning. It is a reference library that is dways growing and
dways open. It provides ways of dhaing and communicaing visudly, textudly, and
symboalicaly. And, it is capable of running programs tha, like some software programs, can help
dudents grasp sophigticated concepts through dynamic interaction and feedback with multiple
representations of mathematical  idess.  Although there ae many interactive  environments
currently on the web (mosly Java applets) that dlow sudents to run smulaions and explore
relaionships, there are very few tha push dudents to express themsdves mathematicaly within
the environment.

This paper desribes the prdiminary desgn of Alive Mahs a collection of bilingud interactive
learning environments for engaging middle school learners (grades 7-9) in mahematics  Alive
Maths will be accessed from Canadds national education webste SchoolNet, and will be
avaldble to dl dassooms and homes via dandard web technology utilizing Java. Alive Maths
will fegture Sx microworlds, developed sequentialy over the 2000-01 school yesr.

The fird god of the Alive Mahs ste is to desgn a leaning environment for midde school
dudents thet is "dive’, where sudents are encouraged by the mahemaicd activities on the gSte
to explore, pose problems, conjecture, and express themsdves mathematicaly. The second god
of the Alive Maths gdte is to investigae the web's communication modes in the context of the
firg god. Thet is, what is the potentid of the web as a tool for learning when it can ds0 be a
place for communicaing and sharing? | will begin by presenting the rationde for these two
desgn gods and then discuss some initid reseerch conducted with one of the Alive Maths
microworld.

Design of Computer-based L ear ning Environments

Soundly designed computer-based learning environments are paticulaly wel suited for sudent
exploraion, manipulaion and representation. Students can act on mahematica objects -- much
a they might on physcd manipuldives -- and obtan immediate feedback of ther actions
Although there are many interactive environments currently on the world wide web (mostly Java
goplets) that dlow dudents to run smulations and explore rdaionships, there are very few that
push dudents to express themsdves mathemdicdly within the enviroment. It is predisdy this
functiondity that hedps dudents genadize and formdize ther mahemdicd undersandings
(Noss & Hoyles, 1996).

There are cartain adtivities that lend themsdves paticulaly wel to sudent mathematizing. | will
cdl such activities Rich Mathematicd Situations (RMS) and draw upon Higginson's work (1973)
in order to characterize them. A RMS is a problem space that leads to open, sophisticated and
multi-dimensond mathematica investigation. Openness can refer to the multipe solutions or
solution peths to a given problem, as well as the potentia for generating more questions and
problems. Openrended problems have been found to be mog effective in fostering both student
mathematica thinking aswell as gudent mativation in mathematics activity (Nohda, 1997).

The RMS mug fird be accessble sudents can gpproach the Stuaion from a variety of ways,
usng a vaiety of tools (some of them concrete) and pose a range of problems rdaed to the
gtuation. Secondly, the RMS is fetile its richness in tems of patens be they visble or
inherent, can lead to sophidicated mathematics. Thirdly, it is connectable dudents can make
links with previous experiences from both indde and outsde of the mathematics dassoom. This



continual connection to past achievements to more profound undergandings of mathemdtics
rather than to just more mathematics

underscores the notion that we know and experience things in many different ways, none of them
find or absolute.

A fourth charaderidic of the RMS is that of symbolizability. Higginson (1973) destribes this
characteridic as fdlows "in working on the problems generated from the given gtuation the
dudent finds it convenient to invent and modify terms and symbols for the concepts identified"
(p. 61). Ladly, the fifth important festure of the RMS: it is compeling. There are severd ways in
which a gtuation can be compdling for a sudent. For instance, it can apped to an aesthetic
sene dudents can derive plessure out of working with the tools and maerids, students can
engage in actions of trandforming, petterning and categorizing within the Stuation; and, Sudents
can cregte pleasng mathemaica products such as desgns or explandions or theorems. It can
adso be body syntonic, that is resonate with body knowledge (Papert, 1980) and thus be inviting
in the way tha it dlows leaners to use thar knowing in nove Studions and connect it with
edtablished mathematica ways of knowing.

The sx microworlds that will compose the Alive Mahs dte will embody these principles of
RMS while mgpping explictly onto curriculum outcomes as they are daed in the vaious
provincid documents. It is hoped that this will fadlitate the integration of these activities into the
classrooms of middle school sudents across Canada Each microworld will attempt to focus on
different srands of the middle schoal curriculum.

L earning on the I nter net

The world wide web is particulaly well-suited for communication and sharing*. The mgority of
educationd materids currently available make limited use of this functiondity. The sscond god
of the Alive Mahs dte is to invedigae the potentid of this functiondity in the context of
mathemdtics education. An important component of mathemdics leaning is communicaion;
indeed, this component has been dressed in current curriculum documents (eg. Ontario Minidry
of Education and Training, 1999).

Ressarchers have found that writing mathematics is a powerful way for dudents to reflect on
their underganding and communicate their mathematicad meanings to their pears and teachers
(Phillips, 1996). Indeed, encouraging dudents to write solutions to mathematics problems has
been an ongoing god of the popular mathematics webste, The Math Forum
(http:/Aww.mathforum.com), where dudents submit solutions to weekly mathematics problems
via emal to mentors. Alive Maths would like to take this practice one step further and alow
dudents to write about their mathematical experiences in each microworld an a web page (cdled
My Album). This will dlow dudents to include atifacts of ther work (images, gpplets, etc.) as
wdl a text-based reflections and to review or updae ther work as a result of further
interactions. Moreover, teachers will have access to these web pages and thus an enhanced
means of assessing their sudents work.

Another mativaion behind My Album is to persondise the experiences of dudents both in thar
mathematicd classooms and on the web. Credting their own web pages should gve them a
sense of pride and ownership in ther work and perhgos hep motivate ther interes in and
dtitude towards mathematics. They will be gble to share their web pages with ther families and

! Theinternet also has the potential of creating amore level educational playing field, providing affordable access to
learning by all Canadians, regardless of geographic and schedule constraints. Furthermore network software such as
web browsers obviate the need for installation and maintenance of special-purpose software whichis often amajor
impediment to technology usein schoals.



can continue their exploraions a home without being concerned about purchesng specid
software or accessing school intranets.

Teaching with Alive Maths

Teachars ae faced with difficult choices when trying to use the web in thar mahematics
cdassooms. They must choose between adapting exising materias for the needs of thar sudents
and curricula and cregting theér own maerids. The latter is unfeasble for mogt. And the former
is catanly not facliteted by the design of exiding web materids Alive maths has incorporated
a functiondity tha will encble teachers to create thelr own paths through the microworlds with
minima amount of work and/or expertise. This will dlow teachers to add and/or delete text and
sdect paticular sequences of maerids for ther dudents. Thus, sudents will be adle to login to
the Alive maths Site as part of a particular teacher's dlassroom and engage with presst materias.

It is wel known that teechers often have difficulty in shifting therr practices in order to mediate
the kind of learning opportunities offered by exploratory and interactive environments. In order
to assg teachers in ther use of Alive Maths, there will be a collection of dassroom narratives
contributed by teachers that describe possble ways of gructuring dassroom  activities using
Alive Mahs. One area of research that | will undertake is to determine the extent to which such
narratives can support classroom teachers.

Initial Feedback

| have conducted two pilot dudies usng "Lulu’, the fird microworld on the Alive Mahs
webste Lulu is a microworld in which the sudent can move around on a grid and try to meet
with lulu (the green drde in Fgure 1), who is moving in regponse to the dudent's movements
according to a variety of movement rules. The fird sudy was conducted a a distance where the
Sudents were recaving indruction from therr regular dassoom teacher, while the second wes
conducted a a locd hilingua school in Kingston where | took over the role of teacher for three
classroom periods.

Firg Pilot

During the week of March 13th-17th, the Lulu microworld was tested with two dasses of middle
school sudents. The firgt grade 7 class (n=22) has had more than average experience with
internet use in the mathematics dassroom and is taught by an intermnet savvy teecher, Suzanne
Algandre who has done extensve devel opment of web materids, especidly through the Math
Forum. The second class of grade 8 students (n=17) has had little experience with computersin
the mathematics dlassroom and is taught by the same teecher.

Both groups found the Site design and layout essy to navigate and the ectivity itsdlf eegly
accessble. Thiswas encouraging asit is often difficult to design Steswhich indude advanced
functiondities but do not dienate beginning users. Since many of the School Net potentid users
ace likdy to havelittle ontline experience, this feedback is crucid.

Feedback was solicited from the teacher on two aspects of the Lulu microworld. Thefirst agpect
concerns the degree to which the set of activities provided rich mathematicd Stuations for the
Sudents in which they felt motivated and encouraged to explore. In particular, the Sudents were
asked to describe how they had moved through the set of activities, whether the questions had
helped them in their conjectures and explorations, and whet they thought of the activitiesin
generd. Each student submitted feedback via an online mail form and the teacher provided dally
reports on their activities.



MNowr both you and Lulu can start at random positions on the grid. Press the "randomise” button to try
different starting pasitians.

Set your position:

i-=-6 g

Set Lulu's positian:
% -+ A 7 [2
BReset Grid j Randomize

Possible inwvestigations from here: What if Lulu uses a different movement rule?, or Can you
plan shead and meet Lulu in one mowve?, Return to original game,

a-bive maths

Figurel: Screenshot of the Lulu microworld.

Both the teacher and the students reported that the Lulu activities were "fun”, "cool”, a"great
way to teach us about coordinate graphing”, etc. Many students "wandered” through the different
links at their own pace and according to their own interests, saying thet they were heppy that you
didn't have to stick to one way of working through the activities. The teacher commented thet the
sudents were very engaged in the activity and that it was S0 exciting to see them working hard to
try to figure aut different aspects of the Lulu problems.

The second aspect of feedback concerns the mathematicd learning of the sudents. The questions
provided in each activity are designed to motivate ceartain mathematica thinking - rdaionships,
movement, coordirgte graphing and invariance in particular. The Lulu Microworldsis not
intended, however, to "teach" these concepts but to provide arelevant setting for them. The
teacher reported that the questions did indeed get the students thinking about these conceptsinan
exploratory and engaging environment and thet she was able to draw out the sudents
mathematicd thinking through dassroom discussons and additiond prepared maerids
Moreover, she noted that students were able to congiruct crestive solutions to these questions
usng their inchoate undergandings. Thisis very encouraging.

Theteacher pointed out thet the Lulu Microworld activities might not be enough in and of
themsalves to achieve desired learning outcomes. Indeed, individud teacherswill have to dso
conduct classroom discussons and perhaps prepare additionad materias while usng these
Microworlds. As pre-testing continues, examples of these will be posted in the MathAsdes
section of Alive Mathsto provide support for less experienced teachers.



Second Pilot

The second pilot was conducted with agroup of ten grade 8 sudents attending a bilingua school
in Kingston, Ontario. The pilot was oread out over three days, with dmost 4 hours of work
between May 22"424™" . The students were described by their dassroom tescher as being dightly
more advanced in mathematics than thar pears.

The dudents interaction with the Lulu microworld provides three important ingghts Thefird is
that the Sudents easly make the scaffolded trangtion from intuitive manipulaionsto
mathematicaly precise and expressive ones. This was demondrated in two domains of
mahemétics (a) the trangtion from moving in four directions using arrows on agrid to moving

on the coordinate plane using coordinate postions and vectors, and (b) the trandtion from
cregting movement rules using descriptive language such as "when | move horizontaly, Lulu
moves verticdly, twice asfar in the opposite direction” to usng dgebraic language such as"x =
-

The second indght is the way in which the microworld provides sudents with many
opportunities to pose and answer their own problems. For example, on the second day many
sudents began to atend to the trace on the grid Ieft by the two players. They darted investigating
the relationships between the two traces, investigating questions such as "If | trace a square, what
shape will Lulu trace, and how do the two shapes rdae?’ They do investigated how the
movement rules would change the rdaionships between the two shapes, thus entering the
domain of transformationad geometry. Other Sudents began creating designs with the two traces,
and dill othersinvestigated whether the entire grid would be traced using any of the movement
rules.

The third finding rd ates moreto affective and aesthetic agpects. The sudents were very engaged
over the course of the three days and were perseverant in their explorations. In addition, they
were proud of the work they were doing and expressed enjoyment in avariety of ways asthey
worked, either asthey solved problems or created interesting designs or actions. In particular, the
connection to geometry made through the traces was both surprising and compelling. Although
the aesthetic agpect is one which isrardly consdered in children's mathematics, it would seem
that it not only makes mathematica activity more enjoyable and rewarding for children, but it
aso motivates them to work mathematicaly, thet is, to attend to and discern rdationships and
patterns and to represent and express them.
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