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Spinning and weaving are regarded as some of the most ancient of ats.  Yet the threads
of knowledge between dudents, teechers, life and mahematics leading up to the Twenty Frst
Century have often leed to a coarse and rough doth, raher than a potentidly rich doth of
mathematical knowledge. The contemporary doth of knowledge and mahematica learning does
not reflect the potentid slken paradigm of ancient times.

This paper will examine the weaving of the four threeds of teacher, student, meathematics
and contemporary society. Wha has hegppened to the role of the teecher? Wha of the
rationship between teacher and student? Whaever levd of communication is deveoped
between teecher and sudent, how is this affected by the mathematics curriculum and the society
of an increedngly technologicd world in which each has to operae? The content of the
curriculum can turn many dudents away from mathematics before they redly begin.  And the
pace of change and avalability of technology in society can dramaicdly affect the role and
relationship of the educationd partners. Can these threads be soun more smoothly and woven to
produce arich slken mathematicd cloth suitable for weer in the twenty-first Century?

A world without mathemetics would be a world without undersanding; a world full of
confuson and chaos. When, however, mathemdtics is goplied to the world and thought of as a
way to explan the world in which we live Stuaions and occurrences can become visble to the
human way of thinking. Discoveries and knowledge through the ages have ussd mathemdtics to
add meaning and truth to our world. In the technologicd world of today, mathematics has been
actively usad to bring satdlites and spacecraft into orbit around our world.  The new “Principles
and Standards for School Mathemaics’ issued by the Naiond Council of the Teschers of
Mathematics (NCTM) in April 2000 succinctly dates the podtion of mathemaics education in
today’s world. “The need to understand and be able to use mathemétics in everyday life and in
the workplace has never been greater”.'

Our world, a te dawn of the twenty-firg century, is one in which technology has dhrunk
digance. Digance and ggps are now of little concern, dmost any place is reachable by many
people. However, for the sudent of mathematics in a globa society the potential and promise of
the latter twentieth century has not yet been redized, why? The view and interpretation of
mathematics that will be used throughout this paper will be that of mathematics as a way of
thinking; a languege tha hdps us intepret the world in which we live The themes ad
discussion developed throughout will be ubiquitous with examples provided to illudrate themes.

That technologicd devdopment has hdped bring advances to many individuds
throughout the world is without debate.  Within individud communities and countries people are
adle to communicate to a greater degree and much more frequently with the ad of the
information technology of the World Wide Web (WWW).  Globdizaion, dthough firgt
gopearing in the economic sphere, goplies to most aspects of societd interaction today. The
globd aena dexribed in the influentid report of UNESCO's Internationd Commisson on
Education for the Twenty-fird Century, judidoudy points out that dl is not necessxily bright in



a globd world. Differences can and have been created between have and have-not countries and
cultures within countries, such that divisons are cregted that have given rise to tenson and to
conflict.  Education, in more than jus mahemaics, has given access to knowledge  Although
the knowledge might have been misplaced a bes, or a wors misused, education ill provides
the hook of hope to the future.

Mathematics as one topic of educdtion, is a subject is brought to Students through
curriculum.  While the emphasis on curriculum components has changed over the last 50 years,
the curriculum content itsdf has not been through such a dramdic trandformation.  Alteraions in
emphass have been more of a cydicd naure, often seen as reacting to events in the world.  The
cyclicd rotations seem to move between a “bascs’ computationd nature to a more broad
underganding of mathematics with some innovaion and a touch of abdraction. The lagt quarter
of a century has seen the latest rotation from a back-to-the-basics trend to one where more
innovative curriculum materias have been produced for mathematics sudents.

Students of mathematics today in many western nations are indeed expected to have a
broader range of mahematica underdanding. It is now quite accepted that dudents will be
expected to acquire sills that will likdy change over a period of time and that they may find
themsdves changing occupations more than once in ther lifetimes  The breadth of mathematics
curriculum that students are expected to know has therefore increased.

There are no mgor differences between the drands or topics of the school mahematics
curriculum in Caneda, Great Britan or the United Stales of America (USA).  Each curriculum
provides a framework for activities introduced a age-gppropriate sages in sudents schooling
through the Kindegaten to Gl12 grades and caefully devdoped dong cognitivey
devdopmenta lines. While the gtrands are organized in a dear and coherent manner this does
not & dl precdude cross-strand connections or indeed cross-curricular use of topics  In fact this
is encouraged to occur as much as possible.

The provindd Minigries of Education mandates the curricllum for the provinces and
territories in Canada.  In British Columbia (BC) dl grade levds in K — 12 schools have the same
basc divison of the mathemaics curricullum into four drands, as detaled in the chart beow.
The current curriculum was lagt changed in 1997 to bring into doser dignment with the Western
Canadian Protocol (WCP) framework. By the nature of the WCP, curriculums between the
western Canadian provinces of BC, Albertay Manitoba and Saskaichewan are being brought into
cdos dignment.  The bendfits of this commondity indude grester ease of mohility for students,
and the production of resources that are more sound and reflect a wider perspective of Canadian
societa needs and interedts,

The BC Kindergarten to Grade 7 Mathematics Integrated Resource Package divides the
curriculum into four drands of Number Sense and Operations, Measurement, Shape and Space
and Statigics and Probability. The strands are divided according to the chart below.

Educators are “required” and expected to connect the content of the drands of the
curriculum to the world of the sudents. Students are expected to be able to relate activities to
ther own world. Mathematics is a living, bresthing subject, which can add dgnificant meaning
to the world of dudents. The curriculum has a dgnificant opportunity, and responghility,
therefore to “equip” dudents with the tools to operate in the world. For reasons of brevity,



unfortunately, the “sudent” is, and will need to continue to be, regarded as a school student
somewhere between the ages of four and 18.

@ Number Sense &
Operations 40%

B Shape & Space
20%

O Statistics &
Probability 15%

O Measurement
25%

Through this mathematicd content sudents are expected to develop skills which are very
clealy detalled for sudents whose educaiond organizations follow the five process Standards
of the NCTM, Problem Solving, Communication, Connection, Representation and Reasoning
and Proof. These <kills and processes ae by no means excusve to the mahematica
curriculum, but it is conddered tha dudents have the greatest opportunity to deveop these
citical sills The generd pedagogicad base of the process Sandards dlow for the key
component of evadudion of dudent's progress and assessment of the curriculum itsdf.  The
NCTM does not intend for the refined Standards contained in their new document to be
prescriptive, rather that they serve as a caidys for ongoing educationa didogue and discusson
between the various partner groups of the educationd community.

It is encouraging that the NCTM have added a fourth grade levd band to ther new
Principles and Standards document which focuses on the Pre-K — 2 student. It has keen known
for some time pedegogicdly thet these early years of children are a time of profound change
Indeed the document States “At no other time in schooling is cognitive growth so remarkable” "
Yet the emphasis and the larger share of resources continues to be placed with sudents who are
soon to leave school, to graduate from high schools in many wesern countries, and join the
economic workforce.

Students come to school, or educationd environments, with varying degrees of readiness
to learn. The psychologicd and emotiond “baggege’ that a child brings to schodl with them
needs to be activdy conddered on a daly bass to maximize the dudents &bility and
opportunities to learn. 1t is a sad indictment of the western world and of parts of Careda, thet it
is not only in Third World Countries thet the day a school has to dart with a breskfast program
before or while the formd education is taking place Federd dudies are indeed underway In
Canada to try and measure the young child's readiness to learn forma education as they enter
kindergarten. It is hoped that in part this sudy will enable the avallable resources to be placed
where the greatest needs emerge.

Factors that have had dgnificant impact on a sudents readiness to learn must include the
impact of socetld messages on dudents principaly tranamitted through media, whether this be
through megezine, radio, entetanment or the dl-powerful tdevison. Many dudents spend



more time in front of a tdevigon than they do in school, and therefore have become accustomed
to casud and indant gratification. How reedy to make an effort are these sudents in school ?

At the dose of twentieth century many students are dso coming to school from homes
where the traditiond two-parert family is no longer a redity and dability & home is not
congdent.  Although the United Nations Dedaation of Human rights has dealy dSated
education as a human right, throughout the world the degree with which children are able to
become gtudents for any length of time is immense.  Although there are these globd variations in
the avalability of educetion, the influentid TIMSS are some resssurance tha much is possble
from students in mathematics education. Students around the world have taken part in the tests
and dudies, and in turn provided information beyond smple data, which is and should continue
to be, used for educationa improvement.

There is however, no such age redriction or implication to thet of the learner. Just how
essertid is it that the mathematics curricula are given soldly in schools, between the gpproximeate
ages of four and 18?7 The UNESCO report cited earlier proposes a plan; not entirdy new, but

dill somewhat radicd to many, tha leaning is a lifdong process. Education is described as
being &,

“...the heart of both persond and community development; its misson is to endble each
of us, without exception, to develop al our talents to the full and to rediize our crestive potentid,
induding responsibility for our own lives and achievement of our person aims. “ "

The Commisson saw this as an essentid contribution to a search for a more jus and
better world in which to live a more humanitarian world.  Should the focus therefore of school
curricula be one more atune to the skills of learning and not 0 focused to the content of
learning? Where resources are dretched thinly, if a sudent could learn throughout life rather
than in one dage of life, and life-long learning wes truly valued by the globa sodiety, would we
not come closer to our true potentia ?

The twenty-fird century provides a society more complex than & any previous time.
While technology can bring many bendfits to many people, induding sudents of mathematics, it
can and has creged gregter disparity between the have and have-not segments of society. Not
only are communities afected by the phenomenon of globdization, but many find themsdves to
have become damingly interdependent; unable to respond to the unique needs of their
community. One manifedaion of this commund discontinuity hes often been ssen throughout
higory in the migraiion of ssgments of populations. This can cause severe economic and
societa pressures putting ever more strain on educationd services.

In the globdized world of the twenty-fird century it is not so much change that causes
such difficulty, in paticular for the have-not segments of society, but the pace of the change
Innovations in the era of the Indudrid Revolution often took decades to affect the average
ctizen, now unfortunately innovatiions in the Information Age make new equipment obsolete
within two years Maurice Burke gptly describes the effects of technologicd change as having
had an explosive affect on most aspects of twertieth-century society.”  While this ssems a
meancholy beginning for the new millennium, if technology is hanessed in a carefully planned
and thoughtful manner, particularly within education, Sgnificant gains are eesily dtaingble.



It is foolish to deny that the technology of ever-complex caculators and computers does
bring incredible learning opportunities and mathematics to dudents.  The potentid gains for
dudent learning are agounding. The devdopment of computer software has in particular
brought aspects of geomery to the forefront of many dudents mathematicd experiences
Laborious caculations do not now have to be endured once a concept is introduced in
mathemetics classes.  Necessary practice activities, often referred to as drill, can now become
“drill and thrill” exerdses raher then “drill and kill”. Indeed the influentid NCTM has a
separate Technology Principle in its new Principles document, and dates that “Technology is
essatid in teaching learning mathematics...”. V' While it is acknowledged that the vison of the
NCTM is a vidon to teke mathematics educators into the new millennium, just how essantid is
the use of technology for students?

Research has long shown that high ideds and expectations do have a postive effect on
learning and these are usudly st with careful planning a dl levds and often resserch dudies
Certanly increesed resources can dso make learning eeder for sudents and technologica tools
can certanly be counted among these resources. However, as discussed earlier if Burke regards
the effects of technologicd change as having had an explosve effect, who would place such
“explogves’ in the hands of dudents without very serious care and atention, conddering every
agpect of its' use? Whoisto provide the supervision and guidance?

The debate of what is gppropriate use of cdculaors and technology is growing. These
eectronic tools need to be handled judicdoudy with prudence and thorough planning.
Innovation need not be feared, but one does not have to be a the forefront of technologica
innovation and change to regp rich rewards. The potentid promise of technology in the fidds of
education has nat, unfortunatey, been maximized as much as it might have been even in many of
the so-cdled advanced countries  Planning has not dways been as complete as it might have
been.

The growing technology debate has a large component that is assessing the effects of
technologica integration. All too often it is being discovered that dthowgh society’s vaues
towads technology ae growing, tha dudents ae increesngly becoming familiar with
technology; that mahemdtics curricullums very often have a component specificdly relaing to
the use of technology; but that teachers are insuffidertly traned in the indructiond use of
technology. A ggnificant sudy by the American Council on Educaion Sated as one of itS key
findings tha “Teachers ae inadequady prepared to underdand and agpply technology to
teeching”"', and that only one in five teachers fdt tha they were very well prepared to integrate
technology inteaching.  Thiscrudd finding is not exdusvely American by any means.

Many countries have had gods set by educaiond authorities to connecting schoals to the
World Wide Web by a target date and to increase the numbers of computers avalable to
students.  In 1998 the US had a declared ratio of one ingructiona computer to every six students
in pubic schods” In BC, Canada, the provincid Ministry of Education esteblished the
Provincid Learning Network (PLN) to which public schools in BC are to be connected by the
end of 2000. Individud school didricts are required to submit plans to the Minigry which
Specify the progress towards making this avalable to suderts following which some provincd
funding is reeased to schodl didricts to fund technology. How many of the gods have included
sgnificant ongoing teacher training and support?



The inadequacy fet by teachers towards the indructional use of technology brings a vitd
partner to the forefront of this discusson on the richness of mathematics education, the teecher.
The role of a teacher is perhgps more crucid now than it has ever been, especidly a teacher of
the young leaner. Teachers today have b do fa more than impart information to thelr sudents
In this repect a teacher imparts atitudes towards many aspects of life to their sudents, they are
a role modd. It is cetanly no exception that the teacher is dill the key player in the
development of an attitude towards learning.

In the learning Studtion today, a teacher's role dl to frequently has to include deding
with the problems of the sodd environment that students bring to school with them.  For too
many students the teacher is expected to ded with life problems where families have faled. If
families and society are bardly coping with the pace of change, as dreaedy discussed, how can
young students be expected to handle change?  Changes are occurring on more than just a locd
levd. Globdization has affected most populations to even a amdl degree, and therefore it is
gopropriate that a teacher dso include in their portfolio of roles, themsdves as agents of change,

The UNESCO Commisson's report cited ealier resolutdy emphaszes the role of the
teecher asbeing vitd, particularly a the beginning of basic education. It dates,

“It is & an early stage of badc education that the principd atitudes towards learning as
wdl as the Hf-image of the learner are formed. The role of the teacher @ this Sage is crudid.”
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Improvements would not be sort for any fidd so urgently if that environment were
producing a qudity product.  Change-for-change ske is counterproductive even to the
gobdized economies of the world  Education however, is increedngly coming under a
microscope as it drives to produce citizens capable of functioning and reaching their potentid in
a world entering the Twenty-fird century.  The teacher as a key player in the process of
education is not excduded from the evaduative process and is the target of much recent
examination.

Ample ressarch exigs to date that a teecher has a angularly powerful influence on the
learning and academic performance of dudent’'s The latter assartion being a powerful factor in
effective education to many. Jug as with any professon, some teache’s are more effective of
others. It is largdy the responshility of the classoom teacher to create a “climate of support”
indusve of mutud repect, where each student is supported and encouraged to work towards
ther potentid. It is within this dimate of support that effective teaching and mesaningful
learning takes place.

What then makes an effective teecher? The UNESCO Commisson's report smply but
elegantly |lays afoundation for effective teechers,

“Teachers great drength lies in the example they s, of curiodty, openmindedness,
willingness to put their assumptions to the tet and to acknowledge mistakes mogt of dl,
they must transmit alove of learning.”™™

Although the debate has existed since a least the time of Plao and his didogue “Meno”
as to whether excdlence can be taught, dudies have been done which identified key factors and



characteridics of effective teechers.  Importantly this has included what teachers themsdves
believe to be key factors. In Jackson and Leroy’'s dudy entitted “Eminent Teachers views on
Teacher Education and Development”” teachers atributed much of their success to persond
charecteritics developed throughout ther lives  Other factors identified have been nedly
summarized under the heading of competent pedagogicd practice.

It would be surpriang if subject mater knowledge, in this case mathematics education,
was not identified as a key factor; the more qudification and training for teechers in their subject
specidty the more effective the teaching, and sudent learning. It is interesting to note that some
dudies have identified differences between the academic cgpacity for progpective dementary
school teachers and prospective secondary teachers, with the former purportedly having below
average capacity '

Countless dudies have concurred that sound teacher training programs are critica
components to the preparation of teachers. It attests to importance of this finding that nearly
every author in the NCTM’s 2000 Yearbook “Learning Mahematics for a New Century” spesk
of the cruda importance of teecher preparation.  Although there is dight variation in the agred
factors that make an effective teecher traning progran thee have gengdly induded the
fdlowing:-

a) Theprogramis supported by the central adminigtration.

b) Applicants are admitted through a thoughtfully designed process of matriculation.

c) Graduates of the programs are carefully gided into and supported in a community of
teechers and learners, not just left to their own devises.

d) Progran dements, especidly subject maiter leaning and dinicd training are tightly
aticulated, with practice coupled to theory.

€e) Progran qudity and outcomes ae caefully, independently and continuoudy
assess=d, and

f) Arts education and stience faculty have developed an effective way to combine their
contributions

With the fector identified earlier of a young sudents cagpacity for cognitive growth in the
pre-kindergarten to G2 school years, and the supposedly bdow average academic capecity of
prospective dementary teechers, it is dartlingly odd that more emphasis and resources are not
directed towards this criticd time of learning. This would include teecher training programs, the
mathematical curricllum and overdl resources including the lauded technology.  Technology,
whether it be cdculators or computers or other innovative devices canot ever replace the
teecher. Education is dways short of resources rdaive to the circumgance of each community,
but more can be done with what is dreedy available as funding.

If the society would accept, as research has found, that effective teschers make THE
difference in dudent leaning and this is combined with an adjusted focus towads ealy
eementary education for the sudent, prospective teacher and current teachers, together with the
UNESCO Commissons cdl for lifdong learning the future as we enter the twenty-firs century
could be much brighter for many. The future would not only be brighter but it would be a more
humanitarian future, one that focuses on, “Hetangata, hetangata, hetangaid’ (People, people,
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people).



Education has long been identified as a key to the future It is therefore suggested that
mathematics education can provide a living golden key or hook of hope to the future to indeed
weave the four threads of teacher, student, mathematics and contemporay society into a
potentidly magnificent and slken doth suitable for wear in the twenty first century.
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