LESSON MATHEMATICS | KS4

" GOING WITH
THE FLOW

WHY

TE A[:H FLOWCHARTS CAN BE A GREAT WAY TO EXPLORE AND MAKE SENSE OF
MATHEMATICS, SAYS COLIN FOSTER..

THIS?

Flowcharts are a
convenient way of
representing a sequence
of operations
diagrammatically. Their
flexibility means that they
can be readily adapted to
different situations;
allowing learners to
increase their
understanding of subjects
across the curriculum as
they vary the operations
and investigate the effects
that result...

Flowcharts are a highly visual way
of communicating information and
are used in this lesson to set up
rules about operations that will be
performed iteratively. An iterative
mathematical process consists of a
cycle of operations that is carried
out repeatedly. They can be hard
to explain in words, but a flowchart
showing what is happening is
quick for students to comprehend.
In this lesson, students are invited
to explore what happens when
they put different numbers into a
given flowchart, and later to
experiment with varying the
features of the flowchart
themselves. They will encounter
some converging sequences and
use algebra to predict and explain
the outcomes. Although the
operations used in the flowcharts
in this lesson are simple, the fact
that they occur repeatedly makes
the analysis challenging. Linear
equations provide a good way of
making sense of what is going on
and enable students to design
their own flowchart that,
regardless of the initial input, will
produce a string of numbers that
converge to any value of their
choice. Being able to exercise
complete control like this over

an iterative mathematical

process is a potent way of helping
students to appreciate the power
of mathematics.
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LESSON
PLAN

STARTER ACTIVITY

Q. I would like you to try out this
flow chart and see what happens
with different numbers.

THINKOFANUMB

v

DIVIDEBY 3

v

ISTHEREA GOOD
REASONTO STOP?

YES

v

SToP

Give students a little while to
experiment with the flowchart. If
they ask what is meant by ‘a good
reason’, just say that it is up to them
to decide. Issues of ‘convergence’
will arise during the subsequent
discussion.

When students have had some
time to explore, have a discussion
about what they have found.

Q. What numbers did you try? Why?
What happened? What made you
stop? Do you have any
conjectures? What mathematical
questions can you ask about this?

Students will notice that, whatever
numbers they start with, by going
around the flowchart enough times
they will eventually end up with
numbers that get as close as they
like (the technical term is arbitrarily
close) to 2.5. We say that the
numbers obtained converge to 2.5.

A PRINTABLE, A4 VERSION OF THIS
FLOWCHART IS AVAILABLE AT:
www.foster77.co.uk/Iterating%20
TASK%20SHEET.pdf
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MAIN ACTIVITIES

Now | want you to change

some of the detadils in the
flowchart and see what effect
this has on the numbers that
come out. Ask your own
questions and see what you can

and copy this formula down
column A for quite a few rows.
Then students can alter the
number in A1 and see what
effect this has on the
subsequent numbers.

numbers or numbers greater
than 10007

M Does the flowchart process
always converge no matter what
number | start with? How can |
be sure?

find out.

If students are short of questions
to ask, you could collect ideas
together on the board — even if
these are not fully-formed
questions — and then collectively
try to improve them. It doesn’t
matter if not every student can
think of a good question. Once a
reasonable list of questions are
on the board students can
choose a question to pursue.
Sometimes better questions
emerge once students get a bit
further into the task.

Here are some possible
questions that students

could ask:

B What happens if | change the
+5 step to -5 instead?

B What happens if | change the
+5 step to +2 or
plus-something-else?

B What happens if | multiply by 3
instead of divide by 3?

B What happens if | divide by 5
instead of by 3 or divide by some
other number?

B What if | replace ‘divide by 3’
with ‘square root’? Or ‘cube root’?
B What happens if | restrict the
numbers | begin with; for
example, if | begin with negative

SUMMARY

H Does the flowchart process
still converge if | change

the operations?

B When does the flowchart
process converge quickly

and when does it converge
more slowly?

M Can | design a flowchart that
will converge to any number of
my choosing, such as 17.2 or -6?

No student will have time to work
on all of these questions. It is
probably more useful for them to
focus on just one or two
questions and try to get as far as
possible with those rather than
flitting from question to question.

Students will be able to get a
long way with just a calculator,
but if they have access to
spreadsheets, and know how to
write a simple formula, that will
save them a lot of time and allow
them to focus more on the bigger
picture. For example, to carry out
the process in the original
flowchart using a spreadsheet,
put the starting number in cell A1
and then in cell A2 put the
formula

=(A1+5)/3

You could conclude the lesson with a plenary in which the
students talk about what they have found out. In general, with
‘Add @’ and ‘Divide by b’, the sequence will converge to ,,% if [ >1.
This is why in our original example with =5 and b = 3 the
sequence converged to 5/2 = 2.5. If |»| <2, the sequence will
diverge, meaning that the values will not get arbitrarily close to
any fixed number, no matter how many iterations are carried out.
Generally, the closer the starting number is to the limit (the
number that the sequence converges to), the more quickly the
sequence will converge. One way to make quantitative
comparisons is to ask how many steps it takes until the numbers
don’t change in the first, say, 3 decimal places.

In the original flowchart, 2.5 is the limit, because it has the special
property that if you start with 2.5 it doesn’t change. This happens
because (2.5 + 5)/3 = 2.5, and this is the only number with this
property. This means that the flowchart effectively finds the
solution to the equation (x + 5)/3 = x. Once students realise this,
they can begin to predict algebraically, by solving these linear
equations, what value a given flowchart will converge to and
design flowcharts that will converge to any desired value,

regardless of the starting number.
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FURTHER
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