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Maths Education: Is Change the only Constant? 

Calls to reform Mathematics Education emerge from various quarters 
and are laden with different arguments; some major on discussion of 
national test results and perceptions of international standing, others 
discuss the links between student engagement and enrolment in senior 
courses or consider ways to enliven the experience of learning maths. 
Many of the suggestions seem to pull in opposite directions, with some 
calling for a return to more traditional content and methods, while 
others insisting we need to adopt more progressive approaches for the 
21st Century.  

There are respected voices in both corners and many in the teaching 
ǇǊƻŦŜǎǎƛƻƴ ƘŀǾŜ ŦŜƭǘ ǇǳƭƭŜŘ ōŜǘǿŜŜƴ ǘƘŜ άǘǊƛŜŘ ŀƴŘ ǘǊǳŜέ ŀǇǇǊƻŀŎƘŜǎΣ 
and calls to develop a version where self directed learning, open ended 
problems, and technology integration are at the forefront. In the US, 
ǘƘŜ ǘŜǊƳ ΨaŀǘƘ ²ŀǊǎΩ Ƙŀǎ ōŜŜƴ ǳǎŜŘ ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜ ƘŜŀǘŜŘ ŀrguments 
over these positions, which have sometimes made front page news.  
One can see similar debates and skirmishes in many Australian schools 
ς the topic of how best to teach mathematics can be a hotly debated 
topic. 

¢ƘŜ ŀƎŜƴŘŀ ƻŦ ΨǳǎƛƴƎ ǘŜŎƘƴƻƭƻƎȅΩ ƎŜǘǎ ŎŀǳƎƘǘ ǳǇ ƛƴ ǘƘŜǎŜ ŘŜōŀǘŜǎΦ  ¢ƘŜ 
same software can even be perceived, by different people, to lie at 
opposite ends of the spectrum.  This paper takes a closer look at the 
broader spectrum of maths learning, in order to more accurately 
situate the use of the Mathletics software. 

 

Basic Spectrum of Ideas in Maths Education 

Even a passing comparison with other domains of learning or 
performance ς such as language learning, music or sports  - suggests 
that practice and rote on the one hand, and authentic mastery or fluid 
performance on the other, are different poles of these disciplines as 
well ς although not necessarily at war with each other : the music 
student needs to practice scales, the football player will endure drills as 
well as game play.   

To pre-empt a conclusion, it might seem as if both ends are needed; 
that the poles are indeed ΨoppositesΩ ƛƴ ǎƻƳŜ ǎŜƴǎŜ, but learning is not 
limited to one end or the other. However before attempting to resolve 
things, it is helpful to look more closely at the claims that are made on 
behalf of each end of the spectrum.  
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At the risk of oversimplifying, we can lay the general positions on 
mathematics education on a single line or continuum.  

 

Depending on oneΩs point of view, one side or the other may be the 
better position for promoting maths learning.  

For example:  

  

Alternatively:  

 

hǘƘŜǊ ǘŜǊƳǎ ǘƘŀǘ ŀǊŜ ƻŦǘŜƴ ƘŜŀǊŘ ƛƴ ǘƘŜ ŘŜōŀǘŜ ŀǊŜ ΨǿƻǊƪƛƴƎ 
ƳŀǘƘŜƳŀǘƛŎŀƭƭȅΩ versus content recall, the role of formulae versus 
deeper understanding, the use of open or closed questions and teacher 
centred versus student centred approaches. But as a first 
approximation many of these ideas might be clustered at one or other 
ends of the spectrum, so we might imagine this :  

 

 

 

 

Traditional Progressive 
 

Regular maths teaching 
Tried and true 
No nonsense 

 

άhŦŦ ǿƛǘƘ ǘƘŜ 
ŦŀƛǊƛŜǎέ 

 

ά{ƪƛƭƭ ŀƴŘ ŘǊƛƭƭέ 
Factory school 

 

21st Century approach 
Best of cognitive science 

 

Working mathematically 
Open ended 

 Inquiry 
Negotiated approaches 

Content recall 
Closed questions 

Practice 
Teacher centred  
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Content and Process  

As math teachers know, mathematics curricula come in various flavours 
with regard to degree of detail and underlying philosophy. Most 
contain a statement of both content and process, where the content 
domain is subdivided into various subtopics or strands and the process 
domain describes various degrees of reasoning or problem solving 
behaviour.  There are usually four or five main content strands (such as 
patterns and algebra, space and geometry, chance and data etc) and 
although the groupings and terms vary somewhat between states and 
countries, an audit of different curricula tends to reveal similar overall 
content at most levels21.  

The degree to which content strands are subdivided does vary; some 
end up providing highly detaileŘ ƻǊ ƛǘŜƳƛǎŜŘ ƭƛǎǘǎ ƻŦ ΨŎƻƴǘŜƴǘΩ, while 
others give broader topical statements, with the understanding that 
courses will be constructed around these at the school level. The idea 
of acknowledging local permission to select focus or approach, as 
opposed to more centralised prescription of what must be done, is 
potentially entailed in these approaches. As a rough guide these two 
approaches can also be mapped onto the continuum: traditional 
curricula tend to provide more detailed statements of content, whereas 
progressive curricula tend to give broader and more indicative 
statements. 

The process domain (often called ΨǿƻǊƪƛƴƎ ƳŀǘƘŜƳŀǘƛŎŀƭƭȅΩύ ƛǎ ǘȅǇƛŎŀƭƭȅ 
intended to be interwoven thǊƻǳƎƘƻǳǘ ǘƘŜ ΨŎƻƴǘŜƴǘΩ ǎǘǊands, rather 
than as a stand-alone unit on problem solving.  The usage made by the 
Ψ¢ǊŜƴŘǎ ƛƴ LƴǘŜǊƴŀǘƛƻƴŀƭ aŀǘƘŜƳŀǘƛŎǎ ŀƴŘ {ŎƛŜƴŎŜ {ǘǳŘȅΩ ό¢La{{ύ ƛǎ 
ǘȅǇƛŎŀƭΦ Lǘ ŘŜǎŎǊƛōŜǎ ŀ ΨŎƻƎƴƛǘƛǾŜ ŘƻƳŀƛƴΩΣ ǿƘƛŎƘ ƛǎ ǎŜǇŀǊŀǘŜ ŦǊƻƳ ǘƘŜ 
ΨŎƻƴǘŜƴǘ ŘƻƳŀƛƴΩ ŀƴŘ ǿƘƛŎƘ Ǌǳƴǎ ŦǊƻm knowing to reasoning:   

Knowing  Ą  Applying Ą Reasoning  

ΨwŜŀǎƻƴƛƴƎΩ ƛǎ ŎƻƴǎƛŘŜǊŜŘ ǘƻ ōŜ ǘƘŜ ƳƻǊŜ advanced end of this 
spectrum; where ΨƪƴƻǿƛƴƎΩ ƛƴŎƭǳŘŜǎ άǊŜŎŀƭƭƛƴƎ ŘŜŦƛƴƛǘƛƻƴǎΣ ǘŜǊƳƛƴƻƭƻƎȅΣ 
ƴǳƳōŜǊ ǇǊƻǇŜǊǘƛŜǎΣ ƎŜƻƳŜǘǊƛŎ ǇǊƻǇŜǊǘƛŜǎΣ ŀƴŘ ƴƻǘŀǘƛƻƴέΣ ǘƘŜƴ 
reasoning,  άƎƻŜǎ ōŜȅƻƴŘ ǘƘŜ ŎƻƎƴƛǘƛǾŜ ǇǊƻŎŜǎǎŜǎ ƛƴǾƻƭǾŜŘ ƛƴ ǎƻƭǾƛƴƎ 
routine problems [application] to include unfamiliar situations, complex 
ŎƻƴǘŜȄǘǎΣ ŀƴŘ ƳǳƭǘƛǎǘŜǇ ǇǊƻōƭŜƳǎέ20.  

An example of knowing the formulae for the area of various shapes, 
being able to apply that formulae in appropriate contexts, and being 
able to reason with it (perhaps deriving related results) illustrates the 
increase in complexity that is assumed in that spectrum. This trend also 
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ǎǳƎƎŜǎǘǎ .ƭƻƻƳΩǎ ǘŀȄƻƴƻƳȅ ƻŦ ǘƘƛƴƪƛƴƎ ǎƪƛƭƭǎΣ ǿƘƛŎh positions 
ΨƪƴƻǿƭŜŘƎŜ κ ǊŜŎŀƭƭΩ ŀǎ ŀ ƭƻǿŜǊ ƻǊŘŜǊ ǎƪƛƭƭΣ ŀƴŘ ΨŀƴŀƭȅǎƛǎΩ ŀƴŘ ΨǎȅƴǘƘŜǎƛǎΩ 
ŀǎ ƘƛƎƘŜǊ ƻǊŘŜǊ ǎƪƛƭƭǎΣ ǿƛǘƘ ΨŀǇǇƭƛŎŀǘƛƻƴΩ ƛƴ ǘƘŜ ƳƛŘ ǊŀƴƎŜΦ  

The traditional approach tends to major on mathematical facts and 
known procedures, and gradually builds up to application and more 
open ended reasoning. Progressive approaches tend to imagine that it 
both possible and desirable to aim more directly at inquiry and ΨƘƛƎƘŜǊ 
ƻǊŘŜǊΩ ǘƘƛƴƪƛƴƎΣ which then explore or reveal some of the basic 
mathematical facts ï and so attempt to avoid too much emphasis on 
ΨƭƻǿŜǊ ƻǊŘŜǊΩ memorisation or rehearsal of fixed algorithms.  

The two approaches potentially overlap in practice, but as poles they 
can be represented as follows:  

 

 

 

 

 

 

Having considered the polarity in maths education in these terms, it is 
worth considering the claims made at either end of the 
traditional/progressive spectrum.  

 

 

 

Strengths Of Traditional Approaches  

1. Efficiency of Transmission 

Mathematics is an impressive discipline. As with the sciences, the 
contributions of hundreds of brilliant thinkers have contributed to the 
conceptual structure over hundreds of years. In order to effectively 
communicate the results of all this labour in just a few years of 
schooling, an efficient method of delivery is needed. It would seem to 
make sense, then, to summarise principles down to their essence. 

To take an example that overlaps a little with sciences, we could look at 
DŀƭƛƭŜƻΩǎ ŘƛǎŎǳǎǎƛƻƴ ƻŦ ΨŎƻƴǎǘŀƴǘ ƳƻǘƛƻƴΩΦ  LǘΩǎ ƛƴǘŜǊŜǎǘƛƴƎ ǘƻ ǊŜ-read this 
today ς he explains how time, speed, and distance are all related, at 
considerable length, in 6 propositions with proofs1,16. The theorems 

More prescriptive curriculum  
 
Content leads to application  

 

Broader, indicative topics  
 
Inquiry reveals principles and   
structures understanding of content 

 

Knowing          Application       Reasoning 
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build somewhat in complexity (for example, the first three hold one of 
the terms constant).  

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

 

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

So it appears that the statement of key formula often captures and 
organises the essence of mathematical thinking. There are any number 
of examples of this approach in the school curriculum ς maths teachers 
are skilled in presenting or deriving some of these results in class, and 
then using them to structure the approach to various problems. (Hence 
Pythagoras theorem, or quadratic formulae, area of shapes, or any 
number of other examples.)  

 

2. Effective Demonstration  

This use of formula as key points in learning mathematics, also goes 
hand in hand with learning some key procedures (for example, the 
ǇǊƻŎŜǎǎ ƻŦ ΨŘƛǾƛŘƛƴƎ ŦǊŀŎǘƛƻƴǎΩΣ  ΨŜȄǇŀƴŘƛƴƎ ōǊŀŎƪŜǘǎΩΣ ΨŦŀŎǘƻǊƛǎƛƴƎ ŀ 
ǉǳŀŘǊŀǘƛŎΩΣ ΨǎƻƭǾƛƴƎ  ǎƛƳǳƭǘŀƴŜƻǳǎ ŜǉǳŀǘƛƻƴǎΩΣ ΨǊŀǘƛƻƴŀƭƛǎƛƴƎ ǎǳǊŘǎΩ ŜǘŎύΦ 
While these approaches cannot always be reduced to a formula, they 
do tend to be somewhat formulaic in nature, as procedures for 
manipulating symbols in the correct manner. 

Considered from this perspective, the task of learning mathematics 
thus seems to major on ensuring that students can correctly use these 
formulae and procedures - that they know how to re-arrange or apply 
formulae, and can substitute appropriate values in relevant examples 
etc. There is enough to keep many students challenged - re-arranging 
ǘƘŜ Ǌŀǘƛƻ ŀōƻǾŜ ǘƻ ƳŀƪŜ ΨǘΩ ǘƘŜ ǎǳōƧŜŎǘ ǿƛƭƭ ōŜ ŀ ƭƛǘǘƭŜ ǘǊƛŎƪȅ ŦƻǊ ŀ ƎƻƻŘ 
number of students. So a good number of illustrations and practice will 
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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 effective 
techniques for maths learning are to clearly state key principles and 
theorems, which can often be summarised in formula like this ς then 
give some clear examples of how one might use and rearrange such; 
and then give opportunity for practice.  

Video studies have shown that with some variation, this form of 
mathematics teaching and learning (theorem or problem type, worked 
example, and student practice) is the dominant one in Australian 
secondary schools (and in many other countries)14.  (This is a slight 
caricature- in practice it is enlivened by some variations such as class 
discussion ς getting students to contribute to the examples etc).  

Some professional mathematicians, such as Keith Devlin2, report that 
this approach is also how they learn new concepts: that approaching 
the symbolic statement of a rule or equation is the best way to come to 
terms with new material or concepts. The investigation and integration 
of what the rule means is important, but usually follows the learning of 
the rule όάbƻǘ ƛƴ ŜǾŜǊȅ ŎŀǎŜΣ ǘƻ ōŜ ǎǳǊŜΦ {ƻƳŜǘƛƳŜǎ ǿŜ ǎŜŜ ŦǊƻƳ ǘƘŜ 
ǎǘŀǊǘ ǿƘŀǘ ǘƘŜ ƴŜǿ ƎŀƳŜ ƛǎ ŀƭƭ ŀōƻǳǘέ2).  

Devlin also uses the parallel of learning chess to describe this - one 
needs to learn the rules (how a bishop moves, how a knight moves) 
before there is any point in discussing bigger ideas (such as good 
defensive or attacking positions).  There are strong roots to this 
approach to mathematicsς in living memory the Elements of Euclid (the 
most influential and reprinted textbook in history) still influenced 
curriculum design ς ŀƴŘ 9ǳŎƭƛŘΩǎ ǿƻǊƪǎ ŀǊŜ ƭŀǊƎŜƭȅ ŀ compendium of 
theorems, proofs and examples.  

We can acknowledge that many have gone on to successful careers in 
ƳŀǘƘǎ ŀƴŘ ǎŎƛŜƴŎŜ ƻƴ ǘƘŜ ōŀǎƛǎ ƻŦ ǘƘŜǎŜ ΨǘǊƛŜŘ ŀƴŘ ǘǊǳŜΩ ŀǇǇǊƻŀŎƘŜǎΦ  

 

 

 

Weaknesses Of The Traditional Approach 

1. Fragile Knowledge ς Poor Transfer 

However as common as these approaches may be, there are also some 
equally common complaints: such as students tending to unthinkingly 
ΨǇƭǳƎ ƛƴΩ ǾŀƭǳŜǎ into the nearest formula, or being unable to generalise 
to new situations. Some have calƭŜŘ ǘƘƛǎ ΨŦǊŀƎƛƭŜΩ ƻǊ ΨƛƴŜǊǘΩ ƪƴƻǿƭŜŘƎŜΤ 
since students can have difficulty knowing how it applies to anything 
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ōŜȅƻƴŘ ΨǘƘŜ ǘŜǎǘΩ ƻǊ ŎƭŀǎǎǊƻƻƳ ǇǊƻōƭŜƳǎΦ ό! ǇŀǊŀƭƭŜƭ ŎƻƳǇƭŀƛƴǘ ŦǊƻƳ 
students being that many are not overly engaged by these approaches.) 

For example, we can imagine a class where students prepare for a test, 
on the properties of shapes, by constructing a formula sheet (which the 
ǎǘǳŘŜƴǘǎ ƛƴǎƛǎǘ ƻƴ ŎŀƭƭƛƴƎ ŀ ΨŎƘŜŀǘ ǎƘŜŜǘΩύ ǘƘŀǘ Ŏƻƴǘŀƛƴǎ ǊŜƭŜǾŀƴǘ ƴƻǘŜǎ 
and formulae. In this class, all students have seen worked examples 
that describe area and perimeter of shapes (parallelogram, trapezium, 
circles, and compound shapes) , which includes this diagram and 
formula:  

 

The test then presents a minor variation or distraction: 

 

..and nearly the entire class use the wrong measurement and calculates 
the area as 60cm2 . 

Since this topic recurs throughout the curriculum, this account might be 
from a grade 6 or a year 11 class. The colleague who reported this exact 
ǎǘƻǊȅ ǊŜŎŜƴǘƭȅΣ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ŀ ȅŜŀǊ мл ŎƭŀǎǎΣ ŎƻƳƳŜƴǘŜŘ ΨǘƘŜȅ ƘŀǾŜ ƴƻ 
ǎŜƴǎŜ ƻŦ ǿƻǊƪƛƴƎ ƳŀǘƘŜƳŀǘƛŎŀƭƭȅΩΦ  

What is going wrong here?  

Evidently the efficient transmission of key principlesς listing the shapes 
and the corresponding area formulae, has left the students with a 
fragile grasp of the meaning. A student who had spent a minute 
pondering the shape, and seen that you can slice off the triangle and 
ǊŜŦƻǊƳ ƛǘ ŀǎ ŀ ǊŜŎǘŀƴƎƭŜΣ ǿƻǳƭŘƴΩǘ ōŜ ǎƻ ƛƴŎƭƛƴŜŘ ǘƻ ƳƛǎŀǇǇƭȅ ǘƘŜ 
formula:  

 

 

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

нΦ CƻŎǳǎ ƻƴ /ƻƴǘŜƴǘ ŀƴŘ wǳƭŜǎ Ŏŀƴ ǊŜƳƻǾŜ ǘƘŜ ΨWƻȅ ƻŦ aŀǘƘŜƳŀǘƛŎǎΩ  

Paul Lockhardt is a mathematician and a maths teacher who uses 
similar examples to make a stronger point ς he argues that this sort of 
approach (the statement of known rules in this manner, followed by 
ǊŜƭŜǾŀƴǘ ΨǇǊƻōƭŜƳǎΩύ ŘƻŜǎ ƴƻǘ ǊŜǇǊŜǎŜƴǘ ǿƘŀǘ ƳŀǘƘŜƳŀǘƛŎƛŀƴǎ ŀŎǘǳŀƭƭȅ 
do ς it is only an empty shell; one where the real joy of mathematics, 
what hŜ Ŏŀƭƭǎ ǘƘŜ ΨƳǳǎƛŎ ƻŦ ǊŜŀǎƻƴΩΣ is gone.  

He contrasts a genuine sense of mathematical inquiry with common 
school approaches, by using an example which also involves area of 
simple shapes:  

For example, if Iôm in the mood to think about shapesð and I often 
amð I might imagine a triangle inside a rectangular box: 

 

I wonder how much of the box the triangle takes up? Two-thirds 
maybe? The important thing to understand is that Iôm not talking about 
this drawing of a triangle in a box. Nor am I talking about some metal 
triangle forming part of a girder system for a bridge. Thereôs no ulterior 
practical purpose here. Iôm just playing. Thatôs what math isð 

wondering, playing, amusing yourself with your imagination. 

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

 

I 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 little line made it obvious. I couldnôt see, and then all 
of a sudden I could. Somehow, I was able to create a profound simple 
beauty out of nothing, and change myself in the process.  

Isnôt that what art is 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 
imagination has been reduced to a sterile set of ñfactsò to be 
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: 

 

ñThe area of a triangle is equal to one-half its base times its height.ò 
Students are asked to memorize this formula and then ñapplyò it over 
and over in the ñexercises.ò  

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 timeð there is nothing left for the 
student to do.  

Now let me be clear about what Iôm objecting to. Itôs not about 
formulas, or memorizing interesting facts. Thatôs fine in context, and 
has its place just as learning a vocabulary doesð 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 subject
3
 

tŀǳƭΩǎ ŀǊƎǳƳŜƴǘǎ ŀǊŜ ǾŜǊȅ ƛƳǇŀǎǎƛƻƴŜŘΣ ŀƴŘ ǎŜƭŜŎǘƛǾŜ ǉǳƻǘƛƴƎ ŘƻŜǎ ƴƻǘ 
do justice to the strength and passion of his argument. Nevertheless, 
we might summarise it, by saying that transmission and statement of 
ǘƘŜ ΨŎƻƴǘŜƴǘΩΣ Ƙŀǎ ǇǳƭƭŜŘ ǘƘŜ ǊǳƎ ƻǳǘ ŦǊƻƳ ŀƴȅ ΨǇǊƻŎŜǎǎΩ ƻŦ ƛƴǉǳƛǊȅ ς to 
the point where it feels that we are left with an empty shell ς an ugly 
shell - nothing of the what he feels of the beauty of mathematics.  

So where we acknowledged that the rule-based approach can be a very 
efficient method of summarising mathematical ideas, the excess of this 
approach is now accused of misrepresenting the essence of 
ƳŀǘƘŜƳŀǘƛŎǎΦ [ƻŎƪƘŀǊŘǘ ƛǎ ǘƘŜ ΨǊŜŀƭ ŘŜŀƭΩ ŀǎ ŀ ƳŀǘƘŜƳŀǘƛŎƛŀƴΣ ŀƴŘ ŀ 
teacher, so his view is worth considering. (He starts his passionate 
Ŝǎǎŀȅ ǿƛǘƘ ŀ ǘǊƻǳōƭƛƴƎ ǇŀǊŀƭƭŜƭ ƻǊ ΨŘǊŜŀƳΩ ςof  a school system where 
students spend years learning about music, its symbols and notations, 
ōǳǘ ǿƘŜǊŜ ǘƘŜ ƘƻǇŜ ƻŦ ŀŎǘǳŀƭƭȅ ǇƭŀȅƛƴƎ ƛǎ ŘŜŦŜǊǊŜŘ ǘƻ ΨǘƘŜ ŦǳǘǳǊŜΩ 
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outside of school ς where musicality has nothing to do with mastering 
the subject, but neat notation is highly prized).  

Returning to the analogy of learning chess, from this point of view 
much time is spent learning the rules, but rarely ever actually playing 
the game. It seems instinctive that some learning only comes from 
actually playing; that this feedback is needed for reflection and refining 
of strategy.  Similarly in school, students who only ever experience 
mathematics as rehearsal of known strategies, may have few 
ƻǇǇƻǊǘǳƴƛǘƛŜǎ ǘƻ ΨǿƻǊƪ ƳŀǘƘŜƳŀǘƛŎŀƭƭȅΩ Σ ŀƴŘ ǘƘǳǎ ŜȄǇŜǊƛŜƴŎŜΣ ŀǘ ǎƻƳŜ 
level, what mathematicians actually do.  

Arthur Koestler looked at diaries and letters of mathematicians4, and 
ƴƻǘƛŎŜŘ Ƙƻǿ ƻŦǘŜƴ ǘƘŜȅ ŘƛǎŎǳǎǎ ōŜŀǳǘȅΣ ŀƴŘ ŜȄǇǊŜǎǎŜŘ ŀ ΨƘƻǊǊƻǊ ƻŦ ǘƘŜ 
ƻƴŜ ǘǊŀŎƪ ƳƛƴŘΩ -  and he felt if wŜ ŘƛŘƴΩǘ know what their profession 
was, we might conclude from their writings that they were a group of 
poets or romantics. That is not the feeling that school maths often 
engenders! ςthere are many adults who might still recall the quadratic 
formula, but without much affection or sense of beauty, and without 
much sense of where it would be used.   

(Interestingly, some of those who first grappled with how computers 
could be used in school came to similar conclusions  - that a typical 
school maths curriculum is overly heavy with formalist notations and 
approaches ς and often does not lead to a natural fluency with genuine 
mathematical ideas,  or experimenting and playing with mathematical 
ƻōƧŜŎǘǎΦ IŜƴŎŜΣ ŦƻǊ ŜȄŀƳǇƭŜΣ tŀǇŜǊǘΩǎ ƛŘŜŀ ǘƘŀǘ ŎƻƴǎǘǊǳŎǘƛƻƴǎ ǿƛǘƘ ǘƘŜ 
Logo turtle could be used to build a more intuitive feel for geometry 
and differential change, as a precursor to formal development of those 
topics ςhe wanted to maintain rigour in a child friendly environment, by 
supporting intuition and discovery with tools that were less heavy with 
notation). 

 

 

 

Progressive Views 

Constructivism 

Many who subscribe to such progressive points of view also use the 
ǿƻǊŘ ΨŎƻƴǎǘǊǳŎǘƛǾƛǎǘΩ ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜƛǊ ŀǇǇǊƻŀŎƘΦ /ƻƴǎǘǊǳŎǘƛǾƛǎƳ ƛǎ ŀ 
view of learning that emphasises the learner actively making their own 
sense of the world, rather than simply memorising and replicating facts 
and procedures.  Piaget is often associated with this view; he 
emphasised that individuals learn by building their own view of the 
world; hence deep learning is always  a personal process which engages 
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ǿƛǘƘ ŜȄƛǎǘƛƴƎ ΨƳŜƴǘŀƭ ƳŀǇǎΩ Σ and often reshapes them.  

The implications for teaching are that we cannot just pour out  
information lesson after lesson and expect deep learning to occur. Even 
when students are compliant with the requirements, the knowledge 
that results from a relatively passive role (receiving information, 
memorising procedures, working sets of standard problems) often 
tends to be rather superficial. The constructivist point of view would 
argue that significant learning does not really occur until the learner 
Ƙŀǎ ΨƳŀŘŜ ǘƘŜ ŎƻƴŎŜǇǘǎ ǘƘŜƛǊ ƻǿƴΩΦ LŦ ǘƘƛǎ ŘƻŜǎ ƴƻǘ ƻŎŎǳǊ ǘƘŜƴ ǎǘǳŘŜƴǘǎ 
often have difficulty transferring concepts to unfamiliar contexts, and 
develop little of the sense of pleasure or wonder that Lockhardt 
mentions. 

A case study illustrates the different approach, and the associated skill 
sets, at two real (but anonymous) settings:  

In her book Experiencing School Mathematics, Boaler (2002) describes 
ǘǿƻ ǾŜǊȅ ŘƛŦŦŜǊŜƴǘ ŜƴǾƛǊƻƴƳŜƴǘǎΦ ά!ƳōŜǊ Iƛƭƭέ ǿŀǎ ǘƘŜ ǾŜǊȅ 
ŜƳōƻŘƛƳŜƴǘ ƻŦ ŜȄŜƳǇƭŀǊȅ άǘǊŀŘƛǘƛƻƴŀƭέ ƳŀǘƘŜƳŀǘƛŎǎ instruction. It had 
hard-working and professional teachers, a clearly specified curriculum 
(the English National Curriculum), and a straightforward, department-
wide approach to instruction. ¢ƘŜǊŜ ǿŀǎ ŀ ǾŜǊȅ ƘƛƎƘ ǊŀǘŜ ƻŦ άǘƛƳŜ ƻƴ 
ǘŀǎƪέ ŀǎ !ƳōŜǊ Iƛƭƭ ǎǘǳŘŜƴǘs watched teachers model the solutions to 
problems at the blackboard, and then worked collections of problems 
on worksheets.  

άtƘƻŜƴƛȄ tŀǊƪέ ǎŎƘƻƻƭ ƘŀŘ ŀ ǇƻǇǳƭŀǘƛƻƴ ǎƛƳƛƭŀǊ ǘƻ !ƳōŜǊ Iƛƭƭ ƛƴ ǘŜǊƳǎ ƻŦ 
demographics, but a radically different approach to mathematics 
ƛƴǎǘǊǳŎǘƛƻƴΦ ¢ƘŜ ŎǳǊǊƛŎǳƭǳƳ ǿŀǎ άǇǊƻōƭŜƳ ōŀǎŜŘΣέ ǿƛǘƘ ƭƛǘǘƭŜ ŜƳǇƘŀǎƛǎ 
on drill. One problem, for example, was for students to find as many 
shapes as they could whose volume was 216. Once the problem was 
assigned, teachers then worked with individual students, tailoring the 
ǇǊƻōƭŜƳ ǘƻ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ƴŜŜŘǎ ŀƴŘ ǎƪƛƭƭǎΦ {ǘǳŘŜƴǘǎ ƘŀŘ ŀ ƎǊŜŀǘ ŘŜŀƭ ƻŦ 
autonomy, and time on task was very low at times. 

 Boaler used multiple measures to determine the outcomes, in the 
aggregate and by way of individual descriptions. In the aggregate, there 
were few differences on skills-oriented tasks between students at the 
two schools ς but there were differences in perspective. Students at 
Amber Hill felt qualified only to solve problems that were nearly 
identical to problems they had worked, and they were uncomfortable at 
times even with that.6  
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Strengths Of Progressive Approaches 

1. Greater ΨhǿƴŜǊǎƘƛǇΩ ƻŦ /ƻƴŎŜǇǘǎ 

Progressive approaches emphasise problem solving, and inquiry. The 
idea is that if students grapple with problems, and have some sense of 
coming to a solution by themselves, they are more likely to feel they 
ŘŜŜǇƭȅ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ƛŘŜŀǎΦ ό[ƻŎƪƘŀǊŘǘΩǎ ǇŀǇŜǊ ƎƛǾŜǎ ŀ ǎŜƴǎŜ ƻŦ Ƙƻǿ 
that might apply to year 7 students).  

2. Coordination of Concepts 

Developing deeper conceptual understanding, rather than relatively 
rote recall and application of process and formulae, can also result in a 
better sense of how the principles are coordinated.  

Cognitive studies of chess players can again illustrate the principle - it is 
known that expert chess players, for example, have a superior recall of 
the location of pieces on a board, if shown a game in progress for just a 
few seconds, than do non chess players17. But when both are shown 
random positioning of pieces on a board, there is little difference in 
their recall. Evidently the expert chess players are using their 
knowledge of the game to structure their understanding and thus 
memory of the board; just as the sequence of letters in the phrase 
ΨǿƻǊƪƛƴƎ ƳŀǘƘŜƳŀǘƛŎŀƭƭȅΩ ƛǎ ŜŀǎƛŜǊ ǘƻ recall than the same letters in 
ΨƎƴƛƪǊƻǿȅƭ ƭŎŀƛǘŀƳǘŜƘƳŀΩ ς a grasp of the overall pattern can 
coordinate recall of the details.   

¢Ƙƛǎ ƛŘŜŀ ƻŦ ǎǳŎƘ ΨǎŎƘŜƳŀΩ ƻǊƎŀƴƛǎƛƴƎ ƪƴƻǿƭŜŘƎŜ ƛǎ ŀƭǎƻ ǇŀǊǘ ƻŦ tƛŀƎŜǘΩǎ 
ΨŎƻƴǎǘǊǳŎǘƛǾƛǎǘΩ ŀǇǇǊƻŀŎƘ ǘƻ ƭŜŀǊƴƛƴƎΦ {ƛƳƛƭŀǊƭȅΣ ŀ ƎǊŀǎǇ ƻŦ ǳƴŘŜǊƭȅƛƴƎ 
mathematical principles can reduce the need for rote recall or formula 
and procedure. A deeper understanding of the shapes discussed above 
can remove the need to learn all the area formulae by rote. Or 
understanding integration, for instance, can replace the need to 
memorise 3 or 4 different equations of motion under constant 
acceleration, since they can be derived from a common starting point.      

3. Encouraging Divergent Thinking in Problem Solving  

The essence of mathematical thinking includes a strong problem solving 
componentςnot just for utility (the engineer designing bridges or 
computer networks) but because eliciting the pattern and structure of 
things appeals for the insight involved, appeals to an aesthetic sense of 
patterns and logic. Courses that have encouraged students to think on 
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this level are arguably better representations of mathematics, than 
always restricting study to familiar procedures on known classes of 
ǇǊƻōƭŜƳǎΣ ǿƛǘƘ ΨŀƴǎǿŜǊǎ ƛƴ ǘƘŜ ōŀŎƪΩΦ hƴŜ ŀŘǾŀƴǘŀƎŜ ƻŦ ǇǊƻōƭŜƳ 
solving approaches is that they can promote divergent thinking in 
mathematics. Instead of students coming to expect that every problem 
corresponds to one correct method, and one correct solution, they may 
see some of the range of approaches. 

There are several varieties of this problem solving ς ranging from mild 
ŘƛǎƎǳƛǎŜ ƻŦ ŎƭƻǎŜŘ ǇǊƻōƭŜƳǎ όǊŜǇƭŀŎƛƴƎ Ψмс-оҐ Ψ  ǿƛǘƘ ΨWƻƘƴƴȅ ƘŀŘ мс 
aǇǇƭŜǎ ŀƴŘ ƎŀǾŜ ŀǿŀȅ ǘƘǊŜŜΦ Iƻǿ Ƴŀƴȅ ŘƻŜǎ ƘŜ ƘŀǾŜ ƭŜŦǘΚΩύ ǘƻ ƳƻǊŜ 
open ended questions which might permit multiple answers or 
ŀǇǇǊƻŀŎƘŜǎΣ ǊŀǘƘŜǊ ǘƘŀƴ ǘƘŜ ǘǊŀŘƛǘƛƻƴŀƭ ǎƛƴƎƭŜ άǊƛƎƘǘ ŀƴǎǿŜǊέΦ  ! ǎƛƳǇƭŜ 
reversal:  

 

άǘƘŜ ŀƴǎǿŜǊ ƛǎ оΣ όƻǊ нκо ƻǊ Ȅύ  - what might ǘƘŜ ǉǳŜǎǘƛƻƴ ōŜΚέ 
 
illustrates the idea of multiple answers ς as does the example above of 
finding possible shapes whose volume is 216.   

(George Polya wrote a problem solving textbook on this in 1950s, with 
some common sense rules for problem solving. He recognised that 
mathematics teachers do not necessarily engage in genuine research ς 
and so do need interesting and generative problems, in order to keep 
the aspect of inquiry alive in the classroom. Others have looked at how 
to teach courses using combinaǘƛƻƴǎ ƻŦ ƻǇŜƴ ŜƴŘŜŘ ǇǊƻōƭŜƳǎΣ ƻǊ ΨǊƛŎƘ 
ǘŀǎƪǎΩ ǿƘƛŎƘ ŀǊŜ ƻŦǘŜƴ ŘŜǎƛƎƴŜŘ ƛƴ ŀ ǿŀȅ ǘƘŀǘ ǎǘǳŘŜƴǘǎ ƻŦ ŀƭƭ ŀōƛƭƛǘƛŜǎ 
can attempt them and make some headway15).  

 

Weaknesses Of Progressive Approaches 

1. Pressure of Time / Volume of Curriculum 

A frequent objection that is heard is that there is simply too much 
material in the mathematics curriculum to hope that students will learn 
ƛǘ ŀƭƭ ŘŜŜǇƭȅ ōȅ ŀ ǇǊƻŎŜǎǎ ƻŦ ƛƴǉǳƛǊȅ ƻǊ ΨŘƛǎŎƻǾŜǊȅ ƭŜŀǊƴƛƴƎΩΦ ¢ŜŀŎƘŜǊǎ ŀǊŜ 
pragmatic, and many will feel the risk that basic skill sets may be 
neglected - that using extended problem solving approaches can lead 
to spending too much time on concepts that could be learnt more 
efficiently in a traditional functional manner. 

2. Possible Mismatch with Structured Curriculum and Assessment 

Even those who sense some of the limitations of traditional approaches 
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and are sympathetic to the idea of using more open ended questions or 
richer problem solving tasks, can feel that the system of assessment 
ŘƻŜǎ ƴƻǘ ƎƛǾŜ ǇŜǊƳƛǎǎƛƻƴ ǘƻ Ǝƻ ǘƘƛǎ ǿŀȅΦ ΨLΩŘ ƭƛke to teach like that, but it 
takes more time, and I have high stakes testing to comply with in the 
ƳŜŀƴǘƛƳŜΩ ƛǎ ŀ ŎƻƳǇƭŀƛƴǘ ƻŦǘŜƴ ƘŜŀǊŘ ŀǘ ǘƘŜ ǎŜƴƛƻǊ ŜƴŘ ƻŦ ǘƘŜ ǎŎƘƻƻƭΦ    

A related question is how detailed or prescriptive a given curriculum 
actually is ς whereas the more traditional approach is reflected in 
ŎǳǊǊƛŎǳƭŀ ǘƘŀǘ ƎƛǾŜ ƘƛƎƘƭȅ ŘŜǘŀƛƭŜŘ ƭƛǎǘǎ ƻŦ ŎƻƴǘŜƴǘΣ ƳƻǊŜ ΨǇǊƻƎǊŜǎǎƛǾŜΩ 
approaches tend to give broader boundaries with less detail, with the 
idea that students and teachers explore fewer topics but in more 
depth, and have some choice about how they structure the course. (In 
Australia, for example, NSW curriculum tends to be highly detailed, 
where some other states have moved to a broader boundaries 
approach, particularly at the P-10 stages).  

3. Relative Openness of Curricula can lŜŀŘ ǘƻ ΨCƭŀƪȅΩ LƳǇƭŜƳŜƴǘŀǘƛƻƴ 

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

The Standards were vague. This was part of their genius and part of 
what caused so much trouble. ... The genius is that the Standards set in 
motion a highly creative design process during the following decade, far 
transcending what the authors of the Standards could have produced in 
1989. Because it was in essence a vision statement rather than a set of 
design specs, it proved remarkably enfranchising: During the coming 
ȅŜŀǊǎΣ ŘƛŦŦŜǊŜƴǘ ƎǊƻǳǇǎ ǇǊƻŘǳŎŜŘ ǾŜǊȅ ŘƛŦŦŜǊŜƴǘ ǎŜǘǎ ƻŦ ƳŀǘŜǊƛŀƭǎ άƛƴ ǘƘŜ 
ǎǇƛǊƛǘ ƻŦ ǘƘŜ {ǘŀƴŘŀǊŘǎΦέ !ƴŘ ǘƘŜǊŜ ƛǎ ǘƘŜ ǊǳōΦ {ƻƳŜ ƻŦ ǘƘŜ ƳŀǘŜǊƛŀƭǎ 
produced would be considered pretty flaky. Some of the classroom 
practices employed in the name of the Standards would appear pretty 
dubious. And the Standards would be blamed for all of them.7 

 The openness would have suited a teacher of the calibre of Paul 
Lockhardt, bringing deep mathematical skills to the task. But the risk of 
flaky approaches ς perhaps dismissing the need for practicing basics - is 
also present. In the public mind, this became a significant factor in the 
ΨaŀǘƘ ²ŀǊǎΩΦ  

4. Greater Skills Required of Teachers 

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

Maintaining a focus on substantial mathematics while also fostering 
communication and collaboration in group work is quite difficult. 
Teachers who had themselves been taught in traditional ways were 
now being asked to teach in new ways (..) 
Teaching in the ways envisioned by the authors of the reform 
documents is hard. It calls for both knowledge and flexibility on the part 
of the teacher, who must provide support for students as they engage in 
mathematical sense making. This means knowing the mathematics 
well, having a sense of when to let students explore and when to tell 
them what they need to know, and knowing how to nudge them in 
productive directions. To pick one example, think about having students 
work together in grouǇǎΦ LŦ ȅƻǳ Ƨǳǎǘ ǘŜƭƭ ŀ ƎǊƻǳǇ ƻŦ ǎǘǳŘŜƴǘǎ ǘƻ άǿƻǊƪ 
ǘƻƎŜǘƘŜǊΣέ Ƨǳǎǘ ŀōƻǳǘ ŀƴȅǘƘƛƴƎ Ŏŀƴ ƘŀǇǇŜƴΦ {ǘǊǳŎǘǳǊƛƴƎ ǇǊƻōƭŜƳǎ ŦƻǊ 
groups so that interactions over them can be productive is a difficult 
design task.6 

Some primary teachers are more accustomed to using group work 
approaches, whereas secondary mathematics teachers tend to be less 
so; but conversely, the mathematical expertise is often stronger in 
secondary school.   

 

²Ƙŀǘ 5ƻŜǎ ά¢ƘŜ wŜǎŜŀǊŎƘέ {ŀȅΚ  

1. Broad Cognitive Science principles 

One of the interesting things about the so called Math Wars in the US, 
is that they were conducted amidst a relative lack of hard data ς since it 
took several years to generate and obtain a reasonable body of 
evidence under the new curricula. Reflections from cognitive science 
had lead the National Council of Teachers of Mathematics (NCTM) to 
ǇǊƻŘǳŎŜ ΨǘƘŜ {ǘŀƴŘŀǊŘǎΩ Φ ¢Ƙƛǎ ǿŀǎ ŀ ǇǊƻƎǊŜǎǎƛǾŜ ŎǳǊǊƛŎǳƭǳƳ ŘƻŎǳƳŜƴǘΣ 
informed by the general thinking that traditional curriculum did not 
reflect the growing body of new insights and research describing how 
people learn.  In that sense, the NCTM standards would claim a 
research base for their development.  
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However in the controversies that followed, hard data was not yet 
available about student outcomes under the new models. Many 
parents, and some mathematicians, reacted to perceptions of what 
might be lost in the new approach. 

2. Lack of SǳǇǇƻǊǘ ŦƻǊ Ψ{ǘŀǘǳǎ vǳƻΩ  

A charge that could be brought is that progressive or reform curriculum 
(such as the NCTM standards) are really an unproven experiment : that 
ǎŎƘƻƻƭǎ ƎƻƛƴƎ ǘƘƛǎ ǿŀȅ ŀǊŜ ŜȄǇŜǊƛƳŜƴǘƛƴƎ ǿƛǘƘ ŎƘƛƭŘǊŜƴΩǎ ŜŘǳŎŀǘƛƻƴ 
ǿƛǘƘƻǳǘ ΨǇǊƻƻŦ ǘƘŀǘ ƛǘ ǿƻǊƪǎΩ ς a charge that is also heard when new 
approaches are  mooted in Australian schools and curriculum.  

While a lack of evidence can be used to challenge a new curriculum, the 
status quo might be allowed to go unquestioned, which does not 
always seem appropriate: 

Suppose we declared that any proposed curriculum must, in order to be 
implemented, make a plausible case that it would do well. The reform 
curricula would fail because they cannot yet produce real proof, or real 
standards. But current mainstream curricula would fail even more 
strongly because there exists a massive body of evidence indicating that 
they do not work.7 

3. Traditional Schooling ς a Factory for Filtering and Sorting Students?  

¢Ƙƛǎ ǎŜƴǎŜ ƻŦ ƳŀǘƘŜƳŀǘƛŎǎ ŎǳǊǊƛŎǳƭǳƳ Ψƴƻǘ ǿƻǊƪƛƴƎΩ ŦƻǊ Ƴŀƴȅ ǎǘǳŘŜƴǘǎΣ 
despite the creativity and best efforts of teachers, may partly be due to 
the limitations of the inherited models of traditional school (not just in 
mathematics). Although this paper is looking specifically at maths, ƛǘΩǎ 
worth looking briefly at the broader structure of traditional schooling. 
For example, many have commented that public education was 
established in the early industrial era, and that it bears many marks of 
ǘƘŜ ΨƳŀǎǎ ǇǊƻŘǳŎǘƛƻƴΩ ǘƘƛƴƪƛƴƎ ǘƘŀǘ ǿŜǊŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎ ƻŦ ǘƘƛǎ ŜǊŀ 
(bells, rigid timetables, lock step curriculum in class, behaviourist 
approaches to learning) ς which do not necessarily reflect the best 
ways of organising learning ς especially in the light of recent 
understandings from research in cognitive science.  

 Further, the original assumptions behind traditional schooling have not 
always been about excellent education for all. Since compulsory 
education did not originally extend beyond primary school, one implicit 
function of school curriculum was to filter out who could move on to 
the next stage of education. So a system of curriculum and teaching 
that saw 50% or more of students tracking outside formal mathematics 
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by the end of year 9, may originally have been an acceptable 
arrangement ς ōǳǘ ƛǘ ƛǎ ŀ Řǳōƛƻǳǎ ǇǊŜƳƛǎŜ ŦƻǊ ǘƻŘŀȅΦ Wǳƭƛŀ !ǘƪƛƴΩǎ ŀǊǘƛŎƭŜ 
ƻƴ ǘƘŜ άthe challenge of reconceptualising the curriculum for the 
knowledge eraέ13 discussed the filtering assumption in the traditional 
model, which is illustrated below: 

 

 

όhǘƘŜǊǎ ƘŀǾŜ ƭƻƻƪŜŘ ŀǘ Ƙƻǿ ǘƘƛǎ ΨŦƛƭǘŜǊƛƴƎΩ ŀǇǇƭƛŜǎ ǘƻ ƳŀǘƘǎ ƭŜŀǊƴƛƴƎ ƛƴ 
particular; and which demographics tend to be funnelled into or out of 
further education18).  

Lƴ мфтн .ƭƻƻƳ όŀǳǘƘƻǊ ƻŦ ǘƘŜ ΨǘŀȄƻƴƻƳȅΩ ƻŦ ǘƘƛƴƪƛƴƎ ǎƪƛƭƭǎύ  ǿŀǎ 
commenting on some of the inherited assumptions:  

"The most wasteful and destructive aspect of our present educational 
system is the set of expectations about student learning .... The 
instructor expects a third of his pupils to learn well what is taught, a 
third to learn less well, and a third to fail or just 'get by'. These 
expectations are transmitted to the pupils through school grading 
policies and practices and through the methods and materials of 
instruction. Students quickly learn to act in accordance with them, and 
the final sorting through the grading process approximates the 
teacher's original expectations. A pernicious self-fulfilling prophecy has 
been created. ... it systematically destroys the ego and self-concept of a 
sizeable proportion of students who are legally required to attend 
school for ten to twelve years under conditions which are repeatedly 
frustrating and humiliating. The costs of such a system in reducing 
student opportunities for further learning and in alienating youth from 
ōƻǘƘ ǎŎƘƻƻƭ ŀƴŘ ǎƻŎƛŜǘȅ ŀǊŜ ǘƻƻ ƎǊŜŀǘ ǘƻ ōŜ ōƻǊƴŜ ŦƻǊ ƭƻƴƎΦέ9  
 
(For a more extended discussion on how some of the issues affect 
ǎŎƘƻƻƭ ŎǳƭǘǳǊŜΣ ǎŜŜ ǘƘŜ ǎŜŎǘƛƻƴ ΨBroader Issues in Industrial Models of 
SchoolingΩ ōȅ .Ǌƛŀƴ .ǊŜƴƴŀƴύΦ  


