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A formula for a square root

Colin Foster recounts a conversation with a student about square roots.

Pupil: “What’s the formula for a square
root?”

Me: “What do you mean?”

The pupil explained that she knew
the formula for ‘squared’ — “you times it
by itself”. She was able to write this
algebraically as n2 = n X n, in which she
saw the right-hand side as an explanation
of the function on the left-hand side.
What she wanted was ‘the answer’ to
Jn=? At first she had thought, by
symmetry, that it must be fj — if squaring
is multiplying by itself, then the opposite
must be dividing by itself — but that
simply reduced to 1 — provided that n #
0 — so it didn’t seem to work.

Me: “What do you think ‘square root’
means?”

Pupil: “You find a number which
‘timeses’ by the same number to
make the number. So like the
square root of 36, you think, and
it’s 6 because 6 times 6 is 36, but
how do you get the 6 if you don’t
already know it? Do you always
just have to guess?”

For me moments like this are
wonderful. The pupil is asking questions
in order to find sense in the mathematics,
not because she is compelled to answer
any question that I have set her or to
achieve any particular externally-imposed
end. But I am faced with a multitude of
possible ways to respond. It seemed to
me that she had uncovered the way in
which inverse processes are often harder
than the original. DiViding is harder than
multiplying, factorising is harder than
expanding, finding the centre of rotation
is harder than rotating. Sixth-form

students sometimes ask for something
like a ‘product rule’ for integration and
are disappointed that the best way to
integrate is often to try something that
might work and differentiate it and see.
This does not always seem to them like
‘proper maths’: “I didn’t take A-level
maths just to guess answers!”

Of course, there are algorithms for
finding square roots without a calculator,
but I couldn’t remember one off the top
of my head. If T could have done, would
it have been useful to share it with this
pupil? T thought of drawing the graph of
y = x2 and thinking about inverse
functions. I thought about formalising
her ‘just have to guess’ into a more
systematic trial and improvement process,
perhaps on a spreadsheet. I thought about
mentioning that (—6) X (—6) is also 36
or talking about imaginary numbers.
Later, I thought about the Taylor series /
Binomial expansion of /(1+n) and
about ideas of irreducibility and elemen-
tary functions. But none of these really
felt like they were answering her
question. Perhaps a more geometric
response in terms of area would help? In
the same lesson, another pupil was
cubing and referring to it as ‘triangling’,
because of the power of 3. When I asked
him what he would call fourth powers,
he said ‘rectangling’ and then was
puzzled that it could just as well be
‘squaring’, as with a power of 2. In
subsequent conversation, I realised that
he had not connected the numerical
process of ‘squaring’ with finding the
areas of squares as geometrical objects.

In the end, I suggested that square

rooting really is much harder than
squaring, and admitted that although
there are methods of square rooting by
hand, I couldn’t remember any, and am
in just the same position as her when it
comes to ‘guess and try’. Rather than
being disappointed by this, she enthusias-
tically set about ‘trying to find a formula’
for it, suggesting that it might make her
famous! Should I have tried to prevent
her? I left wondering whether this
question perhaps sheds some light on
Why learners C()mm()nly make €rrors
such as \/36 =18. Some learners seem to
persist in dividing by 2 in order to square
root even though they are less likely to
multiply by 2 to square — although some
do that too. There is a definite process to
go through to square, and at least
dividing by 2 is a clearly defined and
reasonably easily performed and remem-
bered operation. It is hard to explain
how to find a square root without begin-
ning with the answer. Perhaps the main
thing I concluded is that it is better to be
genuine about mathematical difficulties,
and to empathise with a pupil’s insight,
rather than to launch down a well-
travelled path, however interesting the
pupil might find this, if it is not really
scratching where they itch.

Colin Foster teaches mathematics at King
Henry VIII School, Coventry.
c@foster77.co.uk

Laurinda Brown and Alf Coles also describe a
learner seeing ‘divide into itself” as the inverse of
‘times by itself” — see page 46-49 — Brown, L. and
Coles, A. (2008) Hearing Silence: Steps to teaching
mathematics, Black Apollo Press

MATHEMATICS TEACHING 220 / NOVEMBER 2010

Academic copyright permission does NOT extend to publishing on Internet or similar system. Provide link ONLY



The Association of Teachers of Mathematics This C!C“:IJmﬁ'nt is
copyright ATM and

f t ics educators issi
for mathematics educator others, Permissions:

primary, secondary and higher copyright@atm.org. uk

7 Prime Industrial Park = Shaftesbury 5t « Derby « DE23 8YE = +44 (0) 1332 346599 » www.atm.org.uk « info@atm.org.uk

The attached document has been downloaded or otherwise acquired from the website of the 72144/ . f?
Association of Teachers of Mathematics (ATM) at www.atm.org.uk g RZ@ Hdtten
Legitimate uses of this document include printing of one copy for personal use, reasonable mf?_@;?ﬂﬂ' -
duplication for academic and educational purposes. It may not be used for any other purpose in ;

any way that may be deleterious to the work, aims, principles or ends of ATM. M‘g’& ad- ':ﬁ}
Neither the original electronic or digital version nor this paper version, no matter by whom or in M .,_‘;('0“1:“

what form it is reproduced, may be re-published, transmitted electronically or digitally, projected

or otherwise used outside the above standard copyright permissions. The electronic or digital version may not be uploaded to a
website or other server. In addition to the evident watermark the files are digitally watermarked such that they can be found on
the Internet wherever they may be posted.

Any copies of this document MUST be accompanied by a copy of this page in its entirety.

If you want to reproduce this document beyond the restricted permissions here, then application MUST be made for EXPRESS
permission to copyright@atm.org.uk

The work that went into the research, production and preparation of
this document has to be supported somehow.

ATM receives its financing from only two principle sources:
membership subscriptions and sales of books, software and other
resources.

Membership of the ATM will help you through

%w, 'Z’%w ﬁﬂ"'w o Six issues per year of a professional journal, which focus on the learning and teaching of

. e maths. Ideas for the classroom, personal experiences and shared thoughts about

1mpotdanid - youn developing learners’ understanding.

rand® read Thi e Professional development courses tailored to your needs. Agree the content with us and
we do the rest.

e Easter conference, which brings together teachers interested in learning and teaching mathematics, with excellent
speakers and workshops and seminars led by experienced facilitators.

eRegular e-newsletters keeping you up to date with developments in the learning and teaching of mathematics.

e Generous discounts on a wide range of publications and software.

¢ A network of mathematics educators around the United Kingdom to share good practice or ask advice.

e Active campaigning. The ATM campaigns at all levels towards: encouraging increased understanding and enjoyment
of mathematics; encouraging increased understanding of how people learn mathematics; encouraging the sharing
and evaluation of teaching and learning strategies and practices; promoting the exploration of new ideas and
possibilities and initiating and contributing to discussion of and developments in mathematics education at all
levels.

e Representation on national bodies helping to formulate policy in mathematics education.

e Software demonstrations by arrangement.

Personal members get the following additional benefits:

e Access to a members only part of the popular ATM website giving you access to sample materials and up to date
information.

e Advice on resources, curriculum development and current research relating to mathematics education.

e Optional membership of a working group being inspired by working with other colleagues on a specific project.

e Special rates at the annual conference

e Information about current legislation relating to your job.

e Tax deductible personal subscription, making it even better value

Additional benefits

The ATM is constantly looking to improve the benefits for members. Please visit www.atm.org.uk regularly for new
details.

LINK: www.atm.org.uk/join/index.html






