Odd Questions Pupils Ask

by Colin Foster

Sometimes the juxtaposition of two topics in a teaching
schedule seems to provoke different questions and
responses from pupils. | have often worked with pupils on
odd and even numbers, but recently | did so with my Year
8 class shortly after some time studying negative numbers.
They seemed to have enjoyed the negative number work
particularly, with practical lessons walking up and down a
number line and some peer teaching in groups, but | did
not anticipate that many of them would come to the work
on odd and even numbers with these thoughts uppermost.
Sometimes it sirikes me as an un-mathematical habit for
pupils to assume that everything must be connected fo
whatever we have most recently done. No doubt this is
encouraged if teachers habitually begin with a starter that
appears fo be unrelated to the main task but eventually
turns out to be crucial. Perhaps we need more lessons in
which ideas are not intended to form simple links in a
chain? However, with the work on odd and even numbers,
| was very pleased that when the pupils mentioned
negative numbers they seemed to be making genuine
comparisons between the two topics and thinking in highly
mathematical ways.

Pupil: “Are there more even numbers than odd numbers,
then2"”

Me: “Why2"
Pupil: "Because zero is even.”

We had had a lengthy debate during the negative
numbers topic about whether zero was positive or
negative. Some thought that zero must be positive by
default, since it was not preceded by a negative sign.
Others thought that it was positive because when you draw
graphs in the first quadrant it appears on the axes
alongside all the other positive numbers. Other arguments
related to learning about zero early in primary school, long
before negative numbers made an appearance. (The
discovery of zero-as-a-number - rather than a placeholder
- and also of negative numbers in the chronology of the
history of mathematics is interesting here.) Some argued
that because nothing was being removed, zero was
definitely not negative, and so it must be positive. Others
attempted fo use the problems of division by zero to bolster
their point of view. In the end there was a weak consensus
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that zero was the cutoff point between the positives and
the negatives, and therefore was neither, although several
were unhappy that this therefore meant that there were
‘three kinds of numbers: positive, negative and zero’,
which seemed rather messy. One compelling image had
been a number line from =10 to +10. The symmetry of
having zero absolutely in the middle had convinced some
that it must be ‘neutral’ and could not join either camp,
unless it joined both! Had zero been included in the
positives, there would have been ‘more’ positives than
negatives, which somehow felt absurd - like there being
more matter than antimatter in the universe (which,
incidentally, is thought to be true in the visible universe)!

So now, since zero was firmly in the even numbers (a
member of the 2-times table, since 0 x 2 = 0), it was no
longer ‘neutral’, and so was swinging the balance towards
the evens. This seemed very ‘uneven’! Some notion of
‘pairing up’ was apparent in pupils’ thinking, putting 1
with 2, 3 with 4, etc., and -1 with =2, -3 with -4, etc.,
seeming to leave zero out all on-its own. But why not pair
0 with 1, 2 with 3, ekc? Someone suggested that
‘0 + 1 = ', so really adding 1 to infinity hardly made any
difference and there were (about?) the same number of
even and odd numbers. However, most pupils seemed to
agree that although they couldn’t say how many even or
odd numbers there were, there was definitely exactly one
more even number than there were odd numbers: zero.

When working with negative numbers we had developed
the familiar multiplication table below, describing the sign
of products of positive and negative numbers:

x | positive negative
positive positive negative
negative negative positive

The neat symmeiry of two positives and two negatives had
been commented on. Indeed, for some, this had been
sufficient to justify that ‘two negatives make a positive’,
otherwise there would be ‘too many’ negative answers. It
had been interesting to see how committed to ideas of
symmetry the pupils had been. But now we had tables such
as the following: '

The MA website www.m-a.org.uk



x , odd even
odd odd even
even even even

This time there are three ‘evens’ and only one ‘odd’l A
pattern seemed to be developing: first, there seem fo be
more even numbers than odd numbers altogether, and now
they are appearing in more than their fair share of cells in
the tablel The even numbers seemed to be winning
everywhere!

The addition table for odds and evens is more equitable,
with two odd and two even results:

+ | odd even
odd even odd
even odd even

When working on negative numbers, pupils had wanted to
construct a table like this for the results of adding and
subtracting directed numbers, but some had realized that
the answers would depend on the sizes, as well as the
signs, of the starting numbers, and so had reluctantly
abandoned this. It is possible to do such a thing, but
messy:

+ positive negative
positive positive same as the sign of
the number with the
larger magnitude
negative same as the  negative
sign of the
number with
the larger
magnitude
b
a-b positive negative
positive positive if a > b positive
negative if a < b
a zeroifa=b
negative | negative positive if 1bl>lal

negative if |bl<lal
zeroifa=b

Pupil: How come odd numbers will (sometimes) go into
even numbers but even numbers won’t go into odd

numbers?
- i g 12
Th | had dd has S0 4,
o pupil had in mind divisions such os —5=—2
compared with odd _ 1‘?- not an integer. Whereas €¥&"
even
is sometimes an integer, ﬂ is never an integer.

en
There was an implicit aisvumpfion behind many of the
pupils’ questions and comments that odd/even should in
some way parallel positive/negative, and much surprise
that this analogy seemed imperfect. For me, this relates to
experiences in science at school at about the same age,
when | wanted north/south in magnetism to work the same
way as positive/negative in eleciricity — and though there
are definite parallels it is more complicated than a simple
equivalence. The fact that even numbers are multiples of 2
whereas the odd numbers are not necessarily multiples of
anything other than 1 and themselves (but may be multiples
of other noneven numbers), makes the odds quite a
different bag from the evens. Odds and evens are well-
behaved under addifion and subtraction, but they were
never designed for mulliplication!

Just as | was reeling a little from all these questions and
observations, another pupil posed a question | had never
considered:

Pupil: Are there any odd numbers that don’t contain the
letter ‘E'2

Everybody began searching, but we couldn’t find any,

since ‘even’ special ‘trick numbers’ like ‘googol” are even.

However, someone wanted fo know whether “infinity” (with

no E’s) might be odd...

Keywords: Odd/even; Positive/negative numbers.

Author Colin Foster, King Henry Vill School, Coventry.
email: c@foster77.co.uk

:--hmthllon to learn is becoming increasingly tecognized. Tn
“subjects such as mathemalics, which does not: always ‘¢ome
~naturally to everyone, teachers are seeing the power that
“technology “has-in captivating learners of all abilities and in
suppomng them on their journey of maths educahon '

a long. way towards making learning more ‘engaging;.
J_egqn more. svccesshl Con uenHy, gpocbers of maths aJ:e
infrigued to- hear more ‘about how  teg

en anch ﬁm n‘loths teaching ‘and learning’ procéss. %

Inspmng Malhs 'I'eachmg and I.earmng ct BETI'

The prpfound influence that technology has on g ;iude_nts‘ ' _
' “event, takes over London Olympia: to bring-foge
“from around the globe. Each -

‘take ‘part in seminars: und 1o ‘network” with - ofher 11ke-mlr[ded
- individuals passionate about ﬂle use of iachnology i 'a‘d

oht. thatm some instances, student success. mdﬂ'ls o

_maths _teachers and’ Ihe yBETT

. www.bettshow.com| ||ows wsutors fo seled ureos-orihe show .
that are relevant to ‘

fidence; therefore.combining. leaming. with sornethlng ;
11'19[ stdw?c‘lmenb are confident using — in this case technology — goes- ;

. Olympia.

Each Jarluqry, BETT; Ihe world's largest edueoh‘b _

- :39 30 000" visitors -
bitors; 15°

attend the four-day event, to. browse the near 700 ex

Of  those éxhlbnl'ors k’l : it o,
lfaund '_Oljllﬂe Ot-_“

BETT 2011 isﬁuloaﬂundandﬂﬂsmr:dusﬁhu'&om
Wednesday 12 to Sﬂmrdqy 15 .lcnuury 30“ at’ I..ondon

Mathematics in School, January 2011

The MA website www.m-a.org.uk 35





