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Introduction

In this paper we repon on the work of the
Secondary School sub-group of Working Group
L& at the Intemational Congress on Mathematics
Educationn {ICME &) which was held in Seville
during July 1996, The focus of the group was on
the Role of Techrology i the Hematics Cliassromet,

Opening session

In thew paper for the opening plenary Rina
Hershkowitz and Baruch Schwars offer a view of
the mathematics classroom as a community of
learners involved In joint sodal construction, in
which the role of rthe teacher
central. They draw on the work of Pacl Cobb and
Erna Yackel in developing their thinking around
of sodomathematical norms, They
argtie for the need fo consider, not only sodal
ngans but also soco-mathematical norms, when
describing the deovelopment of mathemarical
knowledge in a socal context. An example of a
secial noao s the acceptance that collaboraiton
can be useful to investlgate and solve problems,

it seen 1o be

the nodon

whilst a sodo-mathemadeal norm 5 tha
‘probler situations are seent as more valuable
than the splution”, They propose that socio-
mainemartical norms can be renegoniated with
activinies around problem sitnatdons, the wse of
muld-representatonal ools and teaching actions
iwiting refleciion. Characteristics of dassroom
activines include an element of pupil choice,
collabarative group work, a process of COTTEpar fg
and oritquing and the teachers role as coo-
ordinator, synthesiser, faclitator and modeller
They proceed o develop some ideas around the
nofon ol socdo-mathematical norms  directly
redated 1o technological tools. An example is the
idea thai the products deriving from the use of
tecnnelogical topls cannol count as justifications
although they can help.

Reports from other countries

Mundirah Ghazali and Zurida Hajf Ismail from
Malaysia repont om the use of wchnology in the
teaching of mathematics in Malaysian Secondary



Schools and in particular on the use of
spreadsheets, Their paper includes a report on a
supvey o teachers”  aniudes  towards  and
understanding of technology and a discussion of
—the—mwe—of spreadsheeis in the mathematics
classroom in Malaysia, The results of the survey
show a generally positive attitude on the part of
teachers towards technology but alse that little
wse @5 currently being made of computers in
Penang  Secondary  Schools  in particular.
Computer availability is not seen as the central
problem, suggesting that staff development mighs
be such. They also report on the use, with sixteen
year old studests, of the ‘Fence problem”
involving a farmer who is fencing a section of
field and trying to maximise the area. They
putline the use of a numerical solution (although
not graphical or wisual) by using the spreadsheet.
The stwdent respomse to the use of the
spreadsheer is 1o see it as "more cxating’, not as
abstract’ and ‘more exciting than straight forward
differendation’. The awuthors suggest that the
students  find mathematics more  meaningful
when using the spreadsheet by enabling them w
“focus on the underdying concepts and processes
rather than on the final numerical answer',

Yoshinori Shimizu, Miho Ueno and Kenji Tanaka
from Japan report on the use of fundion ploting
software and graphical calculators with 11th
grade students. They owtline classroom activities
bazed on observing the behaviours of polynomial
functions. The activities are designed o help
students understand the concept of function and
properties of families of funcions, They involve
guided explotation, observing similarities and
differences in order to find characteristics of cubic
functions. The wse of the wechnology promped
activities such as trial and ¢rror methods, conjec-
turing and testing and working with dynamic
images to explore commaon properties of lamilies
of functioms, They characterise the wse of the
computer “as & tool® for exploring characteristics
af cuble functions and for ¢hecking resules. They
aobserve that the sequence of the mathemarics
curriculum changes as a result of the use of
technology. They observe also that the roles of
teachers and students changed. For example new
questions arcse from the inieracion between
students and teachers, the level of com-
munication increased, both teacher-stedent and
student-student. The teacher's rofe shifted “from
demonstrator o oo-explorer and promoter of
exploration”. They observe further that there was
less emphasis on symbol manipulation.

A further contributor from  Japan, Osamu
Takenouchi, addresses the question of ‘why do
we  use  computers  in the  mathematics
classronm?”, with particular reference to function
graph ploting software and graphical caleulators.
He argues that compuiers promote students’
powers of visualisation and he illesirates this
with reference 10 examples involving graphs of
guadratic functions, expressions of imaginary
roots of a quadratic equation, approximations of
by fractional numbers and Simpson lines,

The wse of graphing calculators in South Africa is
reported on by Paul Laridon. In particular he
reports an the findings of a research project with
the aim of ascemaining the viability of the use of
graphing calcwlators in typical South African
High Schools, He finds thar the wse of graphing
calculators is still in the inidal stages and thai
there are only isolated instances of use. He argues
the need for curriculum reform in line with
developments in the technology. Some “clear
outcomes’ [rom the High School project highlight
the key role of the wacher in implementing the
use of new technologies and the need for
teachers to be supporied on a large scale, Finance
remains a serious obstacle i South  Adrica.
General usage in High Schools is seen to be still
some years away, although use in colleges and
other tertiary institutions is closer.

Marcelo Borba from Brazil emphasises the way in
which the wse of graphic calovlators can
‘reorganise  activity” in the classroom, in the
context of work on functions, He proposes thae
formulating the problem is a fundamenial part of
human intellectual activity, He repors on a study
that combines two pedagogies - ‘modelling” and
‘calculator-experimental’ in  reladon 1o
investigating  functions and modelling  data
points, He argues that reorganisation of activity
in the classroom is duee to the mediation of the
teacher-student reladonship by the computer.
Features of this reorganisation iodude an
intensification of discussion and  caleulators
becoming seen as a new Cauthority” in the
dassroom, There is  more  independemt
investigation and more generation of conjectures.
Some fraditional topics are made obsolete and
others become more accessible. The use of the
technology is seen 1o have a positive influence on
stidents” undersranding. The role of weacher as is
seen as ‘instigator’, “helper” and ‘systematizer’, It
was seen as essential thar the sodents are
released  from caleularions  and  algebraic



manipulations in order o ‘find the function that
could model their data paims-,

The paper from Miriam Amit and Hanna Perl of
Israel presems an outline of a model of transition
from a limited research experiment to a national
project for integrating graphic calculators imo the
upper secondary school. They report on the
mandatery use of graphic calculator rechnology
in upper level of secondary schools in Israel as
from 1995, Aspecis of the project which they
discuss include [irstly the scope, funding and
process of implementation, sccondly teacher
education and eaching materials and thirdiy
curticulum and assessment. In relation to the
latter they repont on changes relaing 1o
pedagogy, the nature of mathematical tasks and
classroom interaction. They cbserve that students
were more engaged In problems of enquiry and
investgation of patterns and atiributes of families
of functions and that generally there was
evidence of greater student self-responsibility.
They also report om the mext stages, which
include an extension of the scope of the project,
the development of an evaluation system and a
systematic study,

An IT rich mathematics curriculum is reported on
by Dave Miller from the UK. In paricular he
focuses on the wse of Logo programming and
offers a revicw of recent research and some
exampies of Logo-based activities, He observes
that many schools in the UK do not make use of
IT in maths and that 1T is more likely 1o be used
with younger children (12-14 years) than with
15/t 6-year-olds. He identifies constraints on the
increased use of IT inclading the level of available
resources, teacher expertise, beliefs and attitudes
and the lack of suitable courses and texts which
integzate the use of IT. He notes farther that the
situation is changing due to the requirement of
the HNatiopal Curriculum for weachers of
mathematics to use IT. In relation to Logo use, he
argues that Logo is widely available and is also
applicable to the mathematics curriculum. He
proposes that the wse of Logo activities, on a
regular  basis, will lead 1w improved pupil
motivation and a greater level of interest in
mathematics as well as helping 10 improve
mathematical understanding.

A comparison of two situatons involving the use
of the computer algebra system, DERIVE, is
offered by Jean-baptiste Lagrange from France,
He condrasts the use of a compuler room with

use of hand-held caloutators. In the sening of 1he
computer room the students were working in
pairs engaged in algebraic modelling, Thev were
generally awtonomouns and co-opern

problems for the teacher were :nm
contrel the advancement of the 1ask efllectively”,
I the classroom each pupil had access to a T1 92
calculator and the teacher was able 1o display the
screen of the caloulator and 1o ‘manage the work
of the pupils® as in ordinary classroom situations.
As a result, pupils’ anention was constamly
directed towards the advancement of the task
and to a collective discussion of the issues.
Sometimes  puplls  ‘could not give eoough
application and reflection to the task, because
they were pressed 1o advance v, The gquestions
for discussion, which he offers, include how
distinfiive technologies give distincive situations
in a Jdassroom and how a wacher can manage
those situations so that pupils may really give
meaning to the task.

A further paper on the use of compuier algebra
systems is olfered by Nurit Zehavi from Israel. A
topic from number theory is wsed to show how 1o
take advantage of the numeric power of DERIVE
to enable children to follow and appreciate a
proof in number theory, The symbolic [acility is
used o solve imequalities where the goal is not
simply to sobwe the equation but rather 1o
understand the basic steps of the procedure. A
further exampie involves the linking of different
representations, where the computer does the
formal manipulation and the ploiting, whilst the
student is expected o build the relational
understanding  linking the representations
Classroom experience using DERIVE is discussed,
The teacher found that the tasks created an
enjovable challenge that helped o maintain
student interest in focusing on specific aspects,
Algebra became a subject to explore rather than a
subject  of manipulations and  technigues.
Questions  are  raised about  the cwrrcular
implications, efiects on sudent understanding
and forms of relevant assessment.

An example of the use of mulimediz in the
classroom: is reported on by Brian Hudson from
the UK, This approach involved the pramation of
the use of growp wark, Particular features of the
software include high quality video images of
moton (on video disc and CD-ROM), a flexible
mode of viewing the images, student choice on
what 1o view and what graphs 10 consider, non-
judgmental feedback from the computer and an



CiHasis of the process  of  graphical

iterpretation. The framework tor evaluation s
based o1 a view of leamning as a fundamentally
social activity, the role of the teacher being scen
as an active communicative participant and the
medivm for  communication.
Effective interacton was found o be dependent
on engagement of the stodents in a oyele of
observation, refllecion, recording. discussion and
fecdback.
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Sumimary and discussion
The trom  the
presented  papers covered a aumber of broad
areas as summarised below:

issues  arising review of the

The computerfcaloulator was conocived as:

L 157 ——
& a mediator of the wwacher-student relattonship

® o medium for communication

The role of the wacher was seen o change as a
result of wsing technology and was variowsly
described as:

* A wsymithesiser, faclitaorn modeller.
E arér promoter of exploration,
instigator, helper, sysiematizer

# 1the key role of the weacher was also an issue B
relation to suceessinl implementation as waf
the need for support inthis task in wrms wf
ms /

Mathemarcal processes were emphasised,
syl as:

®_conjeclurin and tesuing

# formulaning the problem

® mone indr]:-vndcnt investination

® more student responsibility

® claborating and validating conjectures

® enquirv and investigation

There was less emphasis on;

® uanipulatng sviabebs

& caloulations

® algebraic manipulations

With regard 10 the curriculum, issues and
questions rased were:

® e seguence of de curmiculum changes

@ curricnium reform becomes necessary
how 1o integrate with the ongoing curricul

® naking traditional 1opics obsolete and r.:pf’ ;
ble !

Omn the issue of assessment Ir was generally seen
1o ber thie case thiat:

Im terms of communication, aspects highlighted
rekated Tos
i prrmanication
: Friicaition about mathematics
‘® more discussion and reflection
& group work was cmphasised

 fearning was sten as socal activity

Motvagonal issues raised related

® e peal invaning givert w the tasks

#® the generally more meanngful activity that
Was generaly d

®mproved motivation and level of ineen
egpan of students,
k,

These ssues were compared with some of those
raised by KRina Hershkoviiz in her opening
plenary  and  many  ocomumon were
identilfed. Following the small group discussions
there was the opportunity 1ot fecdback from the
groups, The
discussion about assessment practices. This led w
a consideration of how the use of the technology
changes the namire of the mathemartics sell. A
lurther isue was the importance of teachors”
ownt subject knowledge and thelr confidence in
their awn mathematical abilities in order to work
effectively in more open-ended wavys. This led 1o
another group stressing the need for eacher
trairring both in subject knowledze and in the use
Motvatton was discussed and it

iS51ES

first issue arose as a result of

of techrology,
wats emiphasised that this results not only from
using the technology but also, more Importanily,
fromn the nature of the task. One group asked for



ihe evidence that the wse of the rechnology
improves or facilitates (not simply changes) the
learning of certain concepts. Good examples of
changes in curdiculum resulting lrom rechnology
use were called for which highlighted the need
for pedagogic research in this area. The question
was raised about how assessment pradiices might
need o change as a result of using the
technology. lssues around the Crransfer  of
learning when using technology and when using
pencil and paper were alse raised. This led w the
question of whether mathematics with pencil and
paper was mnecessarily the ‘same thing” as
mathematics with technology, It was suggesied
that it might be useful 1o think about muliple
forms  of mathemarics; for  example  1he
mathematics of different miceowarlds such as
Logobaths, SpreadsheetMachs, CabriMaths, erc,
There were also different ways of warking with
the technology, such as  using  hand-held
machines in the mathematics classroom  in
contrasi 1o going io a computer room. It was
turther suggested that it might be wseful 1o

consider what is the same and what is differem
atwout these various praciices,

The imernational dimension of this e
an unusual distinctiveness 1o the usm
Given the wide diversity of backgrounds, cultures
amnd countries from all around the world, the
degree of similarity in the issues arising seems 1o
be remarkable. It is with anticipation thar we
ook forward to continuing the activities that
were so successful and rewarding in Seville at
ICME % in Japan in the year 2000,
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