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Calculators have been around for about forty years
or so now. There are many different species of
them. Some are used in offices, some are built into
devices, such as cash registers or rulers, some are
on phones and some people even have them on
their wrists in the form of a watch. There are online
calculators, home loan calculators, superannuation
calculators and the bank manager will probably
pull out a financial calculator if you enquire
about a loan or an investment. There is an almost
uncountable number of calculator apps available
for high-tech devices like tablets and smartphones.

What these calculators have in common is that
they calculate answers to numerical questions.
That's why they call them calculators, and it's also
probably why so many people only think about
them in only one way.
This uni-dimensional thinking manifests in
several ways. When many teachers, in primary
schools, secondary schools and universities talk
of calculators, the conversation is often about
students using their calculators when they
shouldn't; or relying on their calculator for an
answer; or using their calculator instead of doing
something mentally. And they worry about what
will happen if the batteries go flat, and suggest
that students have a backup calculator, just in
case. Even the Australian Curriculum appears to
project a similar worldview, with many Content
Descriptions referring to students being able to
do things, "with and without digital technologies",
which often seems to mean "with and without a
calculator". Similarly, we have separate NAPLAN
Numeracy tests with and without calculators; in
many states we also have parts of high-stakes
examinations that are to be completed with and
without a calculator.
Mathematics, of course, is not the same as
calculation. All readers of this journal understand
that, although disturbingly many members of the
wider community seem not to do so. Mathematics
is about patterns, and ideas (including numerical
ideas) and relationships between ideas and is
immensely more interesting and much more useful
than mere calculation.
Over the forty years since affordable
calculators first appeared, and were shortly
upgraded to 'scientific' calculators, they have
changed a lot. The early scientific calculators
of forty years ago allowed scientists and engineers
(and anyone else interested in sophisticated
computation) to complete their everyday
calculations efficiently and accurately, and
dispense with both their slide rules, their tables
of logarithms and their trigonometric tables.

No doubt, if a scientist or an engineer needs to
undertake a calculation today, they can still do so
perfectly well on their 1970's calculator, provided
the batteries have not gone flat. The changes that
have been made were not made for them.
The changes to calculators have come about
almost entirely to suit students young and old
learning mathematics, not just students seeking
to calculate. Calculators have become easier to use
and have been improved to represent mathematical
ideas better, so that students can use them easily
and start to think about the ideas involved. A good
example is fractions, which are now commonly
represented on calculators in the same way as
they are represented in textbooks and elsewhere,
rather than using peculiar symbols, or diagonal
vincula. There are other examples, including
more sophisticated ones like powers and roots,
derivatives and integrals, logarithms to different
bases, matrices, complex numbers and series,
o name a few.
Students learning about these ideas can use a
calculator to see some of the connections between
them, such as to see for themselves that there
are many fractional representations of the same
number, that indices and logarithms are related in
a predictable way and that you can take 7 from 5
or divide 3 by 11 after all, when their grandparents
were told that "you can't take seven from five" or
that "eleven doesn't go into three". The calculator reveals that subtracting seven from five is
perfectly OK if you are prepared to entertain the
idea of negative numbers and that eleven does
go into three if you are prepared to entertain the
idea of fractions. A modern educational calculator
provides students, young and old, with in effect
a number line, with the key properties of the real
number system built into it and faithfully represented. That's a powerful tool for learning about
numbers, unless we only think about it as a device
for generating answers.
If students are permitted to use a graphics
calculator, they will have a chance to see more
aspects of mathematics, as the graphics screen is
large enough to show other things than numerical
relationships. A larger screen can show a table of
values, which allows students to see how functions
change: linear functions change in steady ways,
while quadratic functions do not. Exponential
functions change in different ways from quadratic
functions, and are sometimes increasing and
sometimes decreasing. A succession of values can
get 'closer and closer' to a limiting value, which

feels different when you see it happening than
when you just imagine it or even when you prove it.
Of course, a graphics screen can be used to
represent mathematical objects in graphs and
see how they work as well. Graphs of functions
are powerful ideas, and transformations of them
offer insights into families of functions. Slopes
and derivatives and roots and integrals are also
accessible ideas, not just symbolic procedures to be
remembered and produced on demand. A graphics
screen allows for data to be represented and to be
modelled and for geometric ideas to be represented
and manipulated and played with. It's like having
a pair of number lines, intersecting at right angles,
and available for mathematical experimentation.
Apart from making them more user-friendly,
almost all the substantial changes to calculators these past forty years have been to support
students learning mathematics. The additional
functionalities have not been devised and included
to help scientists and engineers, but students and
their teachers. Calculators for the world outside
school are for calculation. But calculators inside
school these days are for learning -learning
mathematics, not learning how to calculate.
Although they are generally not regarded as part
of a school's IT infrastructure, they remain the
singular technological device of the last generation produced entirely for the purposes of school
mathematics education. In classrooms and society
awash with other technologies (which were not
designed for education and many of which are very
expensive), calculators still have an important role
to play at all levels of schooling; but they will not
be very helpful for learning mathematics if we and
our students and their parents think about them
in only one way, regarding them merely as devices
to get an 'answer' or to find a shortcut to an
examination question.
Thinking about a calculator as solely for
calculation is analogous to thinking about
computers as solely for computation. These days
we attend instead to how a computer might be
used to support writing, reading, visualisation and
analysis. It is similarly time we stopped thinking
about and using a calculator in a limited way,
and focus on its many contributions to learning
mathematics. Rather than thinking about a
calculator as something used after the
mathematics has been learned, we need to think
about it as something to help with the learning in
the first place.
A calculator is not a crutch. It is a tool for
learning with, not a tool for leaning upon.
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