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Maths Educationls Chang¢he only Constarf2

Callsto reform MathematicsEducationemerge from various quarter
and are laden with different argumentspme major on discussion o
national test resultsand perceptions of international standipngthers
discuss the links between student engagement and enrolment in se
coursesor conside ways to enliven the experience of learning matl
Many of the suggestions seeim pull in opposite directionsyith some
calling for a return to mordraditional content and methodswhile
others insisting we need to adopt more progressive approachethél
21st Century.

There are rgpected voices in both corners and manythe teaching
LINEPFSaarzy KIFI@S FStG LidzZ €t SR 0
and calls to develop a version where self directed learning, open el
problems, and technology tegration are & the forefront. In the US,
0KS GSNY Wal 0K 2 NBEQ KI a agBrieyts
over these positionswhich have sometimes made front page nev
One can see similar debates and skirmishes in many Australian sc
¢ the topic of how best to teach mathematics can be a hotly deba
topic.

¢KS |3SYyRI 2F WdzaAy3a (GSOKy2f 23
same softwarecan even be perceived, by different people, to lie
opposite ends of the spectrum. This paper takedaser look at the
broader spectrum of maths learning, in order to more accura
situate the use of the Mathletics software.

Basic Spectrumfddeasin Maths Education

Even a passing comparison with other domains of learning
performance¢ such as language learning, music or spoftsuggests
that practice and roteon the one handandauthentic mastery or fluic
performanceon the other, are different poles of thesdsgdiplines as
well ¢ although not necessarily at war with each other : the mt
student needs to practice scales, the football player will endure drill
well as game play.

To preempt a conclusion, it might seem as if both ends are neec
that the poles are indeeddpposite®) Ay & 2 huSleariGgyisin&
limited to one end or the other. However before attempting to reso
things, it is helpful to look more closely at the claims that are made
behalf of each end of the spectrum.
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At the risk of oversimplifying, we can lay the general positions
mathematics education on a single line or continuum.

( =
| = ) (- A |
N ™ L ‘}&j\ o 4

e i

Traditional v Progressive

Depending on on@ point of view, one side or the other may bee
better position for promotingmaths learning.

For example
Regular maths teaching ’ GhTTFT &A

Tried and true A
No nonsense FFHANRS

Alternatively:
G{ 1T AEfREA < 21% Century approach

Factory school

Best of cognitive science

hiKSNJ GSNxya GKFG FNB 2F04GSy ¢
YI G KSY! tGeks@slcdnterd fecall, the role offormulae versus
deeper understandinghe use ofopen or closed questions arndacher
centred versus student centred approaches. But as a fi
approximation many of these ideas might be clustered at one or of
ends of the spectrum, so we might imagine this :

Content recall Working mathematically
Closed questions Open ended
Practice Inquiry
Teachercentred Negotiated approaches
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Content and Process

As math teachexrknow, mathematics curricul@ome in various flavour:
with regard to degree of detail and underlying philosophyost
contain a statement of botltontent and process where the content
domain is subdivided into various subtopics or strands andotioeess
domain describes various degrees of reasoning or problem so
behaviour. There are usuallfjour or five main content strands (such &
patterns and algebra, spa@nd geometry, chance and data etc) a
although the groupings and terms vary somewbatween states anc
countries, an audibf different curricula tends to reveal similar over:
content at most levefs.

The degree to which content strands are subdadddoes vary; some
end up providing highly detait 2 NJ A (0 SYA & SR, whila
others give broader topical statements, with the understanding t
courses will be constructed arouridese at the school levelTheidea
of acknowledging locapermissionto select focus or approachas
opposed tomore centralisedprescription of what must be done, it
potentially entailed in these approacheAs a rough guide these tw
approaches can also be mapped onto the continuum: traditic
curricula tend 6 provide more detailed statements of content, whaee
progressive curriculatend to give broader and more indicativ
statements

The process domairofien called¥® g 2 NJ Ay 3 YIF G KSYI
intended to be interwoven tNR dz3 K 2 dzii  { K &ndsWath2ry
than as a stanélone unit on problem solvingThe usage made by th
We¢NBYRa AY LYOGSNyFrdAzyrt al 0K
GeLAOFt® LU RSAONROGSA | woO23y
WOo2y i Syid R2YIl Aym@knbwhgto ee&saning NHzy

KnowingA ApplyingA Reasoning

WwSI a2y AyaQ Aa 02y addrbehdSéhd df 2his
spectrum; wherel |1 y2 6 Ay 3IQ Ay Of dzRSa & NB(C
YdzZYo SNJ LINRPLISNIASaA:E 3IS2YSUNRO
reasoning, @ 32S& o0Se@2yR (GKS O23yAGA(
routine problems [application] to include unfamiliar situations, comp
O2yGSEGAZT yR ¥dzZ GAaGSLI LINRo6f S

An example oknowingthe formulae for the area of various shape
being ableto apply that formulae in appropriate contexts, and beir
able toreasonwith it (perhaps deriving related results) illustrates tl
increase in complexity that is assumed in that spectrum. This trend
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ddza3SadGa .ft22YQ&a (I E2y 2N &ositdrk
Wiy26f SR3IS k NBOIftQ a | t2p¢
a4 KAIKSNI 2NRSNJ aljAfftas gAdGK Y

The traditional approach tends to major on mathematical facts ¢
known procedures, and gradually buildp to application and more
open ended reasoning. Progressive approaches tend to imagine tl
both possible and desirable to aim more directlyirquiry andWK A =
2 NRSNX which yhénieypB®rE or reveal some of the bas
mathematical facts and so attempt toavoid too much emphasis o
Wi 2 g S NdieddiFatonbkyehearsal of fixed algorithms.

The two approachegpotentially overlap in practicehut as poleshey
can be represented as follows:

Knowing Application Reasoning
More prescriptivecurriculum Broader, indicative topi
Content leads to application Inquiry reveas principlesand

structuresunderstandingof content
Having considered the polarity in maths education in these tertris,

worth considering the claims made at either end of th
traditional/progressivespectrum

Strengths Of Traditional Approaches

1. Efficiency of tAhnsmission

’ / Mathematics is an impressive discipline. As with the sciences,
~contributions ofhundreds of brilliant thinkers have contributed to tt
conceptual structure over hundreds of years. In order to effecti
communicate the results of all this labour in just a few years
schooling, an efficient method of delivery is needed. It wouldnsee

make sense, then, to summarise principles down to their essence.

To take an example that overlaps a little with sciences, we could lo
DIFfAfS2Qa8 RA&OdzaaAzy 27F WYoeay this
today ¢ he explains how time, spee@nd distance are all related,
considerable length, in 6 propositions with probfs The theorems
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build somewhat in complexity (for example, the first three hold one
the terms constant).

The mathematics involved this discussion basically invek ratios,
and so should be well within the grasp of year 9 students. Howe\
modern maths (or science) textbook would not discuss these ratic
as much length; we are much more likely to come quickly to a sir
formula that relates the three.

d

S=37

Admittedly Galileo himself did not use that type of notation, since
use of algebraic statements like this was not widespread in his era
we can now use such notation to efficiently express these insights
concise form. School also does not hatmme to investigate the
dialogue between imaginary characters that he also used to discus:
develop many of his ideas.

So it appears thathe statement of key formula often captures ar
organises the essence of mathematical thinking. There are any nui
of examples of this approach in the school curriculgmaths teachers
are skilled in presenting or deriving some of these results in class
then using them to structure the approach to various problems. (He
Pythagoras theorem, or quadratic formulaarea of shapes, or an
number of other examples.)

2. Effective Bmonstration

This use of formula as key points in learning mathematics, also
hand in hand with learning some key procedures (for example,
LINEOSaa 27F WRAWSERAYYIR AT NI GiNu2G”
j dzf RN A 0Q> WwWaz2t gay3 aAYdz Gy
While these approaches cannot always be reduced to a formula,
do tend to be somewhat formulaic in nature, as procedures
manipulating synbols in the correct manner.

Considered from this perspective, the task of learning mathemse
thus seems to major on ensuring that students can correctly use tl
formulae and procedures that they know how to rearrange or apply
formulae, and can substite appropriate values in relevant exampl
etc. There is enough to keep many students challengeslarranging
GKS NIXdA2 +to2@S (G2 YIS wiqQ 0t
number of students. So a good number of illustrations and pragtitie
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be needed so these are relatively reliable, automatic processes.

So as far as teaching goes, from this view, it seems the most efft
techniques for maths learning are to clearly state key principles
theorems, which can often be summarisedanmula like this¢ then
give some clear examples of how one might use and rearrange
and then give opportunity for practice.

Video studies have shown that with some variation, this form
mathematics teaching and learning (theorem or problem typerked
example, and student practice) is the dominant one in Austra
secondary schools (and in many other countriés)(This is a sligh
caricature in practice 1 is enlivened by some variations such as cl
discussiorg getting students to contribte to the examples etc).

Some professional mathematicians, such as Keith Devéport that
this approach islao how they learn new conceptshat approaching
the symbolic statement of a rule or equation is the best way to com
terms with new mateial or concepts. The investigation and integrati
of what the rulemeansis important, but usually follows the learning
theruedab2id Ay S@OSNEB OFasSs G2 of
a0 NI 6KIFIG GKS WS¢ 3l YS ra +¢ff

Devlin also uses theapallel of learning chess to describe thi®ne
needs to learn the rules (how a bishop moves, how a knight mc
before there is any point in discussing bigger ideas (such as
defensive or attacking positions).There are strong roots to thi
approad to mathematicg in living memory theElementsof Euclid(the
most influential and reprinted textbook in histongtill influenced
curriculum desigrg I YR 9dzOf A RQa  gcanyakrdiumt of
theorems, proofs and examples.

We can acknowledge that many have gone on to successful care:
YIGK&E YR a0ASyOS 2y (GKS ol aaa

Weaknesses Of The Traditional Approach

1. Fragile KnowledoePoor Transfer

However as common as these approaches may be, there are also
equally common complaist such asstudents tendng to unthinkingly
WLIX dza AnjoGhe @elarbsti&rdula, or being unable to general
to new situations. Some have taE R G KA & WF NI I Af
since students can have difficulty knowing how it applies to anytl
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0Se2yR WiKS (SaidQ 2N Of  aaNp?
students being that many are not overly engaged by these approac!

For exanple, we can imagine a class where students prepare for a
on the properties of shapes, by constructing a formula sheet (whicr
daddzRSyita Ayaraid 2y OFrtfaAay3a !
and formulae. In this class, all students haseen worked example
that describe area and perimeter of shapes (parallelogram, trapez
circles, and compound shapes) , which includes this diagram

formula:
i h ; A=bxh

The testthen presents aninor variation or distraction:

cem A
cm ..-_..' Sem
¥

< .

10cm

..and nearly the entire clagsse the wrong measurement and calculst
the area a$0cnf .

Since this topic recurs throughout the curriculum, this account migh
from a grade 6 or a year 11 class. The colleague who reported this
A02NE NBOSyGfezr Ay NBftFGA2Yy G2
aSyasS 2F 62NIAYy3 YIFOGKSYlFGAOLI ff

Wha is going wrong here?

Evidently theefficient transmission of key principledisting the shapes
and the corresponding area formw@ahas left the students with ¢
fragile grasp of the meaning. A student who had spent a mir
pondering the shape, and sedhat you can slice off the triangle ar
NEF2NY Ad +ta | NBOUGlIy3tSsE 42«

formula:

As well as the difficulty in transferring to other new situations (and
hardly a very new situation), the traditional approaaften gives rise tc
the situation where students believe all maths problems should
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soluble within two or three minutes work since the hundreds o
classroom examples usually were; certainly when the teac
demonstrated them. Pondering and reworkingtexded problems is
not often modelled.

HP® C20dza 2y [/ 2yGSyid +FyR wdzf Sa

Paul Lockhardt is a mathematician and a maths teacher who
similar examples tonakea stronger pointg he argues thathis sort of
approach (thestatement of known rules in this manner, followed |
NEBf SOyl WLINROEfSYaQyu R2Sa yz2i

do ¢ it is only an empty shell; one where the real joy of mathemat
whathS Ol ffa GKS iggmza AO 2F NBI &2

He contrasts agenuine sense of mathematicahquiry with common
school approaches, by using an example which also involves ar
simple shapes:

For exampl e, i f I 6m i n t Ideandn oftd
amd | might imagine a triangle inside a rectangular box:

| wonder how much of the box the triangle takes up? Two-thirds
maybe? The important thing to un
this drawing of a triangle in a box. Nor am | talking about some metal
triangle forming part of a girder system forabri d g e . Ther e
practical purpose here. I 6m jou

wondering, playing, amusing yourself with your imagination.

In the case of the triangle in its box, | do see something simple and
pretty:

| can see that each piece is cut diagonally in half by the sides of the
triangle. So there is just as much space inside the triangle as outside.

That means that the triangle must take up exactly half the box!

This is what a piece of mathematics looks and feels like ...
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The relationship between the triangle and the rectangle was a mystery,
and then that one |ittle |Iine ma
of a sudden | could. Somehow, | was able to create a profound simple
beauty out of nothing, and change myself in the process.

|l snot t hat wh at art i s all about

This is why it is so heartbreaking to see what is being done to
mathematics in school. This rich and fascinating adventure of the
i magi nati on has been reduced to
memorized and procedures to be followed. In place of a simple and
natural question about shapes, and a creative and rewarding process
of invention and discovery, students are treated to this:

Triangle Area Formula:

A=172bh h
b
iThe area of a trthaddl e tiss becwal
Students are asked to memorize t
and over in the fiexercises. 0

Gone is the thrill, the joy, even the pain and frustration of the creative
act. There is not even a problem anymore. The question has been
asked and answered at the same timed there is nothing left for the
student to do.

Now | et me be <cl ear about wh a't
formul as, or memori zing interest
has its place just as learning a vocabulary doesd it helps you to create
richer, more nuanced works of art. ... By removing the creative
process and leaving only the results of that process, you virtually

guarantee that no one will have any real engagement with the subject3

t I dzZf Qa | NBdzySyda | NBE @GSNE AYLI
do justice to the strength and passion of his argument. Neverthel
we might summarise it, by saying that transmission and statemer
0KS WwO2y Sy Q2 dkil aF NBdX fISyRe (W 8N
the point where it feels that we are left with an empty shelan ugly
shell- nothing of the what he feels of the beauty of mathematics.

So whee we acknowledged that the rideased approach can be a ve
efficient method of summarising mathematical ideas, the excess of
approach is now accused of misrepresenting the essence
YIFGKSYFGAOad [ 201 KFNRG Aa GKS
teacher, so his view is worth considering. (He starts his passic
Saaleée gAGK | NP dzadf Aayschooldysiin fviief
students spend years learning about music, its symbols and notat
0dzii 6 KSNBE GKS K2LIS 27F | Oddz ¢t ¢
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outside of schoot, where musicality has nothing do with mastering
the subject but neat notation is highly prizéd

Returning to the analogy of learning chess, from this point of v
much time is spent learning the rules, but rarely ever actually pla
the game. It seems instinctive that someairing only comes fron
actually playing; that this feedback is needed for reflection and refii
of strategy. Similarly in school, students who only ever experie
mathematics as rehearsal of known strategies, may have

2LIR NI dzy AGASE GIA01Wd 2N =Y H YKRS Yl
level, what mathematicians actually do.

Arthur Koestler looked at diaries and letters of mathematicfamsd
Y2U0AOSR K2g 2FGSy (KS& RA&aOdz3
2y S NI -Odnd hé elf IR R AkRoyl @hiat their profession
was we might conclude from their writings that they were a group
poets or romantics. That is not the feeling that school maths ofi
engenders!cthere are many adults who might still recall the quadre
formula, but wihout much affection or sense of beauty, and withc
much sense of where it would be used.

(Interestingly, some of those who first grappled with how comput
could be used in school came to similar conclusienthat a typical
school maths curriculum igverly heavy with formalist notations an
approacheg; and often does not lead to a natural fluency with genu
mathematical ideas, or experimenting and playing with mathemat
20280G&ad 1 Sy0Sz F2NJ SEI YLX S5 ¢
Logo turtle could be used to build a more intuitive feel for geome
and differential change, as a precursor to formal development of th
topics¢he wanted to maintain rigour in a child friendly environment,
supporting intuition and discovery with tootbat were less heavy witt
notation).

Progressive Views

Constructivism

Many who subscribe to such progressive points of view also use
g2NR WO2yailiNHzOUAQGAAGQ (2 RS&AO0
view of learning that emphasises the learner actively making their
sense of the world, rather than simply memorigiand replicating fact:
and procedures. Piaget is often associated with this view;
emphasised that individuals learn by building their own view of
world; hence deep learning is alwagspersonal process which engag
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gA0K SEAA&GAYahd chahSeshapes thewil LIA Q =

The implications for teaching are that we cannot just pour -
information lesson after lesson and expect deep learning to occur. |
when students are compliant with the requirements, the knowlec
that results from a relativgl passive role (receiving informatiol
memorising procedures, working sets of standard problems) o
tends to be rather superficial. The constructivist point of view wo
argue that significant learning does not really occur until the leat
KFIa UWWSRD2yOSLIia GKSAN 26y Qd |
often have difficulty transferring concepts to unfamiliar contexts, ¢
develop little of the sense of pleasure or wonder that Lockha
mentions.

A case studyllustrates the different appyach, and the associated sk
sets, at two real (but anonymoysettings

In her bookExperiencing School Mathemati@paler (2002) describe
0¢2 dS NB RAFTFSNByY SYPANRYYS
SY0o2RAYSy(d 2F SESYLX | NistructioiNdt ks
hard-working and professional teachers, a clearly specified currict
(the English National Curriculum), and a straightforward, departm
wide approach to instructont KSNBE gl a | @SNE
Gralé Fa ! Y atdhdd kebchersanodiRHe Wdlutions
problems at the blackboard, and then worked collections of probl
on worksheets.

Gt K2SYAE tIFN)]é¢ &a0OKz22f KIFIR I L@
demographics, but a radically different approach to maniaics
AYAGNHZOGAZ2Y d® ¢KS OdzNNRA Odzt dzy 4|
on drill. One problem, for example, was for students to find as n
shapes as they could whose volume was 216. Once the problen
assigned, teachers then worked with individgaddents, tailoring the
LINPOfSY G2 (GKS aidzZRSyidaQ ySSR3
autonomy, and time on task was very low at times.

Boaler used multiple measures to determine the outcomes, in
aggregate and by way of individual descripts. In the aggregate, ther
were few differences on skiisiented tasks between students at tt
two schools¢ but there were differences in perspective. Students
Amber Hill felt qualified only to solve problems that were ne
identical to problemshey had worked, and they were uncomfortable
times even with thaf
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Strengths Of Progressive Approaches

1.Greateh g Y SNEKALIQ 2F / 2y OSLJi &

Progressive approaches emphasise problem solving, and inquiry
idea is that if students grapple with prtdms, and have some sense
coming to a solution by themselves, they are more likely to feel t
RSSLX & dzyRSNEUOlI YR (0KS ARSI &ad ¢
that might apply to year 7 students).

2. Coordination of Concepts

Developing deeper caeptual understanding, rather than relative
rote recall and application of process and formulae, can also resall
better sense of how the principles are coordinated.

Cognitive studies of chess players can again illustrate the prindipke
knownthat expert chess players, for example, have a superior rece
the location of pieces on a board, if shown a game in progress for j
few seconds, than do non chess playér8ut when both are showi
random positioning of pieces on a board, therelii$e difference in
their recall. Evidently the expert chess players are using t
knowledge of the game to structure their understanding and tt
memory of the board; just as the sequence of letters in the phr
Wg2NJ Ay3 YI G§KSY!I tedaltthan the @meAlgitersSn
WIYA]INRGECS t @l gkadpl of (ithe Kovdrafd pattern ca
coordinate recall of the details.

¢KAada ARSI 2F adzOK WaOKSYlI Q 2NE
WO2yaUuNHZOGABAAGQ | LIWNRI OK G2
mathematical principles can reduce the need for rote recall or forn
and procedure. A deeper understandingtbé shapes discussed abo
can remove the need to learn all the area formulae by rote.
understanding integration, for instance, can replace the need
memorise 3 or 4 different equations of motion under const:
acceleration, since they can be deriiedm a common starting point.

3. Encouraging Divergent Thinking in Problem Solving

Theessence of mathematical thinkimgcludes a strongroblem solving
componentnot just for utility (the engineer designing bridges

computer networks) but becaeseliciting the pattern and structure ¢
things appeals for the insight involved, appeals to an aesthetic sen
patterns and logic. Courses that have encouraged students to thin
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this level are arguably better representations of mathematics, tl
always restricting study to familiar procedures on known classe
LINPOfSYasx gAGK WIHYyasgSNBR Ay GF
solving approaches is that they can promote divergent thinking
mathematics. Instead of students coming to expect that eveopiem
corresponds to one correct method, and one correct solution, they 1
see some of the range of approaches.

There are several varieties of this problem solvingnging from mild
RA&d3dzAiasS 2F Of2aSRoMINPOf §XAKO
alJl Sa FyR 3+ @3S Fgleé GKNBSO | 2
open ended questions which might permit multiple answers
I LILIN2 F OKS&ZX NIYGKSNI GKFy GKS (N
reversal:

GGKS FyagSN Aa - e might NIK 8 k ¢ dz8 &

illustrates the idea of multiple answegsas does the example above
finding possible shapes whose volume is 216.

(George Polya wrote a problem solving textbook on this in 1950s,
some common sense rules for problem solving. rideognised that
mathematics teachers do not necessarily engage in genuine resee
and so do need interesting and generative problems, in order to k
the aspect of inquiry alive in the classroom. Others have looked at
to teach courses using combimadk 2y a 2F 2LISy Syt
GFralaqQ gKAOK IINB 2FiSy RSaAdy!
can attempt them and make some headWdy

Weaknesses Of Progressive Approaches

1. Pressure of Time / Volunoé Curriculum

A frequent objedbn that is heard is that there is simply too mu
material in the mathematics curriculum to hope that students will le
AG Fff RSSLX @& o0& F LINROS&aa 27
pragmatic, and many will feghe risk that basic skilleis may be
neglected- that using extended problem solving approaches can |
to spending too much time on concepts that could be learnt m
efficiently in a traditional functional manner.

2. Possible Mismatch with Structured Curriculum and Assessment

Ewven those whasensesome of thelimitations oftraditional approaches
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and are sympathetic to the idea akingmore open ended questions ¢
richer problem solving tasks, can feel that the system of assess
R2Sa y20G 3IAGS LISNY Aka th teatlylikeltrat, bt
takes more time, and | have high stakes testing to comply with in
YSFEYGAYSQ Aa | O2YLX FAYyG 2FaGSy

A related question isiow detailed or prescriptive given curriculum
actually is¢ whereas the more traditional approach is reflected
OdzZNNA Odzf I 0 KI G 3IAGYS KAIKEE& RS
approaches tend to give broader boundaries with less detail, with
idea that students and teachers explore fewer topics hutmore
depth, and have some choice about how they structure the course
Australia, for example, NSW curriculum tends to be highly deta
where some other states have moved to a broader bounda
approach, particularly at the-lPO stages).

3.Relatve Openness of Curricwkan B R (12 WCfl 1 & Q

When a more open or indicative curriculum was first introduced in
US (the 1989 NCTM Standards) it produced a range of responses:

The Standards were vague. This was part of their geniuspantdof
what caused so much trouble. ... The genius is that the Standards
motion a highly creative design process during the following decad:t
transcending what the authors of the Standards could have produc
1989. Because it was in esserceision statement rather than a set |
design specs, it proved remarkably enfranchising: During the co
@8SIFNBRSX RAFFSNBYy(d 3IAINPRIzLIA LINE RdzC
ALIANRG 2F GKS {GFYyRFNRa®é ! yR
produced would be considered pretty flaky. Some of the classr
practices employed in the name of the Standards would appear p
dubious. And the Standards would be blamed for all of them.

The openness would have suited a teacher of the calibre of
Lockhardt, bringing deep mathematical skills to the task. But the ris
flaky approacheg perhaps dismissing the need for practicing basiss
also present. In the public mind, this beesa a significant factor in the
Wal 6K 2 NEQ®

4. Greater Skills Required of Teachers

The skills required of the teacher are also different: as well as requ
a fairly high level of mastery over the content, the teachers musi
comfortable in letting goof some traditional approaches, and take
role in guiding a line of inquiry that may go in unpredictable directi
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¢ possibly employing classroom methods such as the use of ¢
groups. It can feel safer and more predictable to use a more traditi
presentation of theorem and worked examples, particularly if i
teacher is not sure of their capacity to support mathematical inquin
groupwork. The practical difficulty of translating these ideas i
practiceq even by those who feel sympathetic to thpproachg can be
significant:

Maintaining a focus on substantial mathematics while also foste
communication and collaboration in group work is quite diffic
Teachers who had themselves been taught in traditional ways \
now being asked to teadh new ways (..)

Teaching in the ways envisioned by the authors of the rel
documents is hard. It calls for both knowledge and flexibility on the
of the teacher, who must provide support for students as they enga
mathematical sense making. Thiseans knowing the mathematic
well, having a sense of when to let students explore and when t
them what they need to know, and knowing how to nudge then
productive directions. To pick one example, think about having stuc
work together ingrouJa ® L F &2dz 2dzaid GSff
023SGKSNE¢ 2dzal lo62dzi |yeldKAY.
groups so that interactions over them can be productive is a diff
design task.

Some primary teachers are more accustomed to usingugrwork
approaches, whereas secondary mathematics teachers tend to be
so; but conversely, the mathematical expertise is often stronge
secondary school.

. 2 KI'' 1 52Sa a¢KS wSasSlk NDI

1 1. Broad Cognitive Science principles

L 4 One of the interedhg things about the so called Math Wars in the |
is that they were conductedmidsta relative lack of hard datasince it
took several years to generate and obtain a reasonable bod
evidence under the new curricula. Reflections from cognitive seie
had lead the National Council of Teachers of Mathematics (NCTI
LIN2 RdzOS WiKS {GFyRINRAQ & ¢KAA
informed by the general thinking that traditional curriculum did r
reflect the growing body of new insights andsearch describing hov
people learn. In that sense, the NCTM standards would clai
research base for their development.
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However in the controversies that followed, hard data was not
available about student outcomes under the new models. M
parents and some mathematicians, reacted to perceptions of w
might be lost in the new approach.

2. Lackof @LJLI2 NI F2NJ W{ Gl ddza v dz2Q

A charge that could be brought is that progressive or reform curricu
(such as theNCTMstandards) are really an unprovenpeximent : that
a0Kz22ta 3J2Ay3a (GKAa ol& | NB SE
gAl0K2dzi WLINE 2 & chardgelthat ishalso he@a@@dNdheén Mie
approaches are mooted in Australian schools and curriculum.

While a lack of evidence can be usedhallenge a new curriculum, th
status quo might be allowed to go unquestioned, which does
always seem appropriate:

Suppose we declared that any proposed curriculum must, in order
implemented, make a plausible case that it would do well. Theme
curricula would fail because they cannot yet produce real proof, or
standards. But current mainstream curricula would fail even n
strongly because there exists a massive body of evidence indicatin
they do not work.

3. Traditional Schoolia a Factory for Filtering and Sortintu8ents?

¢tKAa asSyasS 2F YIFIOKSYFGAOa OdzNN
despite the creativity and best efforts of teachers, may partly be du
the limitations of the inherited models of traditional schdabt just in
mathematics). Although this paper is looking specifically at makths
worth looking briefly at the broader structure of traditional schoolir
For example, many have commented that public education
established in the early industriala&rand that it bears many marks
0KS WYl adaa LINRPRAOUGAZ2YQ GKAY1AY
(bells, rigid timetables, lock step curriculum in class, behaviol
approaches to learningd which do not necessarily reflect the be
ways of organisg learning ¢ especially in the light of recer
understandings from research in cognitive science.

Further, the original assumptions behind traditional schooling have
always been about excellent education for all. Since compul
education did nobriginally extend beyond primary school, one impli
function of school curriculum was to filter out whmuld move on to
the next stageof education So a system of curriculum and teachi
that saw 50% or more of students tracking outside formal mathecse
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by the end of year 9, may originally have been an accept
arrangementgo dzi A G A& | Rdz A2dzA LINB
2y  (tikeSchalfenge of reconceptualising the curriculum for t
knowledge eré&'® discussed the filtering assumption in the traditior
model, which is illustrated below:

OhiGKSNE KIFI@gS t221SR 4 K2g (K
particular; and which demographics tend to be funnelled into or ou
further educatiort®).

LY wmMopTtH . f22Y oO0FdziK2NJ 2F GKS
commenting on some of the inherited assumptions:

"The most wasteful and destructive aspect of our present educat
system is the set of expectations about student learning ....
instructor expects a third of his pupils to learn well what is taugh
third to learn less well, and a third to fail or just 'get by'. Th
expectations are transmitted to the pupils through school grac
policies and practices and through the methodsd amaterials of
instruction. Students quickly learn to act in accordance with them,
the final sorting through the grading process approximates
teacher's original expectations. A pernicious-gdfflling prophecy has
been created. ... it systemaidilly destroys the ego and selbncept of a
sizeable proportion of students who are legally required to att
school for ten to twelve years under conditions which are repeai
frustrating and humiliating. The costs of such a system in redc
studentopportunities for further learning and in alienating youth frc
020K a0Kz22f FyR &a20AS8Gé& RBNB (2

(Fora more extended discussion on how some of the issues a
A0K22ft Odz U dzZNBoader &S8ies (inKrislustiiafidels of;
Schoolin@ o0& . NALFY . NBYYylyO®
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