Interactive
Maths Teaching

in the Primary School
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Starting points for interactive shape and
space work

This chapter will ...

m give an introduction to shape and space, briefly consider'ing'\hh‘at mlghi be the key
ideasyand'principles for lEaching it; = e )

[ ] provide examples,and starting points for interactive teaching of shape and space,
again modelling different approaches from Chapter 5. '

What is shape and space all about?

Clearly, ‘shape and space’ is about ‘shape’ and about ‘space’, but this trivialisation of the topic
hides several important points that, 1 think, are often lost when I see the topic tackled in schools.

The most important point about shape and space work in schools is that ch ildren's focus
tends to be on ‘shapes’, rather than on the notion of 'shape’. Perhaps the best example of this
distinction is illustrated by the general confusion over squares, oblongs and rectangles. Every
year when I teach a shape and space module to undergraduate student teachers 1 hear people
asking what the difference between these words is. Versions of the question include: ‘are
oblongs just rectangles?’; ‘what's the difference between rectangles and squares?’; ‘1 was told to
say rectangles because oblong was a primary school word’; and so on.

Let me first clear up any confusion. Rectangle refers to any quadrilateral (four-sided, two
dimensional) shape whose COIners are all right angled (note that the German for ‘right’ is
‘recht’). You should now be able to see that this includes the squares, since they share this prop-
erty, but also have the property of four equal length sides. This means that squares are
rectangles. So what about ‘oblong'? Well, note that although ‘squares are rectangles’, the inverse
statement ‘rectangles are squares’ is not always true, since there are many rectangles that are not
square - all those where one pair of sides is longer than the other. What we need is a word to
describe these ‘non-square’ rectangles ... and this is what the word ‘oblong’ does. Figure 7.1
shows this relationship visually. You will see that, in fact, square and oblong are best thought of
as adjectives, not nouns; they describe the kind of rectangle that we are looking at, but they are
used so frequently that they revert to nouns more often than not.

89




INTERACTIVE MATHS TEACHING IN THE PRIMARY SCHOOL

Rectangles

Square Rectangles Oblong Rectangles

 E—

Figure 7.1 Relationships between rectangles

To return now to the distinction between ‘shapes’ and ‘shape’, I want to point out that
there are lots of ‘shapes’ which are squares and oblongs, but that each one is named that way
because of its ‘shape’. Am I teasing you with language? No, the distinction is that each of ‘the
shapes' is fixed and relates only to that particular one; on the other hand the idea of the ‘shape’
of squares or oblongs focuses us on the properties that define the whole set of them; spatially
what it is about the object that makes it a square. This mirrors my claims in Chapter 2 about the
nature of maths being essentially to do with ideas. In the case of, say, squares children need to
abstract the idea of ‘square-ness’ from the activity and examples they engage in and then name
this idea 'squares’”

Unfortunately, in school, children often do little more than learn the names for ‘the
shapes’ with which they are presented. In other words they tackle things back to front by start-
ing with the names and trying to deduce the properties. It would make better sense to identify
the properties, collect all the shapes that fit these properties and then name this set. The name
then gets attached to the properties involved — the spatial arrangement that makes the shape
what it is - not to isolated examples of them. Of course later, once they know the names and
the essential properties that define the set, they will continue to explore further properties.

Where children experience the first of these approaches - naming isolated examples, as
they often do - two problems tend to occur. Firstly they cannot understand the inclusive nature
of shape — that squares can be included within rectangles (just as Nick Pratt can be included
within ‘male’ and ‘human’ etc.). Children who focus on particular shapes, not on the idea of
shape, focus on the differences all the time and fail to see the inter-relationships.

Second, and more importantly in the long run, children miss out on all the fun! Simply
knowing that a shape is called ‘a square’ is rather dull; understanding the notion of ‘square-
ness’ and seeing all the relationships and possibilities it holds is much more likely to be of
interest. For example, you might like to consider:
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7 M STARTING POINTS FOR INTERACTIVE SHAPE AND SPACE WORK

m Is a square a parallelogram?
i m Is a parallelogram a square?
m Do the diagonals of a square always cross in the middle?

m For rectangles with a fixed perimeter, the square rectangle always has the biggest
area (i.e. all the oblong rectangles with the same perimeter have smaller areas)
.. how could you demonstrate this?'

¢ ® Teaching of shape and space should focus on the spatial relationships that shapes have.

m We should be helping children to focus on the wider idea of ‘shape’ and the properties associated
with certain sets, not on examples of particular, individual shapes. 4

m  We should also be focusing on the implications of shape properties; what each property implies
about the shapes and their relationships to other shapes. '

IN YOUR CLASSROOM

® Do you show children many examples of each shape name so that they do not
come 1o associate the name only with particular versions of it?

m Do you include highly irregular examples, like this hexagon, as well as the more
common ones?

m Do you draw shapes at different angles so that their bases are not always horizontal?

m Do you draw out the connections between 2D and 3D shape, showing children that 2D shapes
form the boundaries of 3D shapes?

m Do you use ‘near examples’ to help children focus on what is and what is not included in each set
of shapes? For example, these non-rectangles are all ‘near examples’

m Do yousometimes use made-up names for shapes to help children focus on properties (for exam-
ple, calling quadrilaterals and pentagons ‘fourers’ and ‘fivers’ to focus on sides; or rectangles

‘squaries’ to focus on corners)?

1 The answers, by the way, are respectively: 'yes, always’; ‘only when it's a square one’; ‘yes, always’; and T'll let you
figure it out’
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INTERACTIVE MATHS TEACHING IN THE PRIMARY SCHOOL

As I did with number in the previous chapter, I now provide a series of starting points
for investigating shape and space across Key Stages 1 and 2, beginning with one example
lesson outline. Creating ‘purposeful” tasks tends to be easier than for other areas of the mathe-
matics curriculum because of the visual and tactile nature of shape and space. Simply using,
holding and manipulating shapes tends to be engaging for children and | have found that they
usually need little encouragement 10 focus intently on what they are doing. On the other
hand, this physical manipulation can often be unstructured and children can be t00 focused
on simply ‘doing’ with little thought given to the implicit shape ideas; the mathematical think-
ing tends to get lost. My aim, therefore, is to exemplify the shift in emphasis outlined in the
first section of this chapter, from looking at shapes towards thinking about pro perties, patterns
and spatial ideas.
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Example lesson outline 1: Lines of symmetry (Year 3)

Planning points

Commentary

Learning centre-point:
Recognise and sketch more than one line of symmetry.

Purposeful task:
Create a symmetry puzzle book using cut-out paper shapes.

A typical objective taken from the numeracy curriculum.

The lesson assumes that the children already have a working knowledge of line symmetry.

Getting started:

Teaching point:

Sit children in a horseshoe with individual whiteboards. Remember to use
neutral responses to answers to encourage children to keep thinking creatively.

Fold a square of paper in half and cuta shape from the folded edge.

» ‘Sketch what you think will appear when the paper is unfolded.’

Fold the paper twice and cut a shape from the folded corner. Adain, ask children

to sketch what they think will appear.

Again using two folds, try cutting shapes from different places on the folds of the
paper, asking children to predict the outcomes each time

Teaching point:

Encourage children to close their eyes and to visualise the pattern in their minds.
Model the unfolding carefully to help children to develop a visual picture of the
way it works.

Teaching point:

Resist talking as you unfold the paper, allowing children to concentrate on what

is happening visually.

Encourage children to show their predictions and to reason about why the shape will
appear that way. Note that you can use an interactive teaching programme and
whiteboard for this but, to me, the physical unfolding of the paper is important.

Ask children to describe how the pattern works. Focus on where the folds appear and

how these act as lines of symmetry.

The temptation is to ‘tell’ the children what is going on yourself. Try, instead, to let
them do the thinking. Then ask them to describe back to everyone what they were

visualising.
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7 M STARTING POINITS FOR INTERACTIVE SHAPE AND SPACE WORK

Interaction in practice — Symmetry (Year 3)

Follow up questions ...

8 The teacher has folded the paper left to right and then downwards and
| cut a square and an equilateral triangle from the top edge. The unfolded
il pattern will be two oblongs and two ‘diamonds’ (rhombuses) left and
l right of the vertical fold line.

| T: What I want you to do is watch as I unfold the paper slowly and
/ picture it in your mind, like playing a video in your head. Try t0

make your video g0 just ahead of mine though, so you se¢ it
unfolding just before it actually happens. OK ... here goes.

[Teacher unfolds the paper slowly.]

Right, now, I'm g0 ing to do it again and this ime 1 want you to do a co mmentary to your-
self as we go. In your head, imagine describing what is happening to someone else, on a
phone maybe. Someone who can't see you. Yes? What would you say to them to describe
how each part of the pattern was moving? OK, here goes.

[Teacher again unfolds the paper slowly.}

OK, now 1 want you to talk to your partner and describe to each other what you saw. Try to
think about how each part of the pattern moved.

[Children spend a minute talking in pairs.|

Right. Now I'm going to make it harder. One person in the pair put your hand up. ... OK,
you have got to turn round and face the other way. Face the wall over there. Right. Everyone
else, you are going to watch me do a new pattern and then you have got to describe it to your
partner who is going to try to draw it. Yes, on the whiteboard, that's right.

[Sounds of surprise ... groans of general excitement. |
OK, are you ready? No peeping you lot.
[Teacher cuts a new pattern and slowly unfolds it, then hides it away.]

7. OK, turn round the others. Off you go. The one who wasn't looking has got to draw what
; their partner describes to them. Think about how it unfolded to help you.

Ch1:Can we draw it for them?
4 7. No, youcan only talk ... and no pointing and drawing with your fingers either!
[Children talk in their pairs, trying to recreate the pattern.] '

0T OK let's see what's happened. Can you sit round the edge of the carpet? [Children shuffle
' 1o the edge.] Right. [lere is the pattern [ cut out [shows the paper pattern]. How have you
done? [General chatter which the teacher lets run ... then, interrupting] OK, OK. Listen ...
listen. I want you to decide who you think got it closest.
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INTERACTIVE MATHS TEACHING IN THE PRIMARY SCHOOL

Chi:
Ch2:
Ch3:

Ch4:

96

Marie-Jane.

Mine's useless!

Jay. His is good.

Yeh, his is really close.

[Children continue to comment freely until a general consensus is reached about the best.

Right Jay, your one has got the vote. Can Luke [partner] describe for us what you said
to Jay.

Um ...itshard ... 1 said, like ... no, it’s hard.

OK, well I'll unfold the paper again and you talk out loud. Everyone else, keep quiet as
Luke talks, but be ready to make suggestions for different things to say at the end.

The square starts in the middle of that side and when you unfold it it goes into an oblong.

It'slikea ...

[Interrupting] No, stop. You are listening now and then you can say it in a minute. Let
Luke finish first.

Then the oblong goes over to the other side ... the same shape ... | mean the same place.
Ok, thanks Luke, well done. Now, what about others. Any comments?

The oblong is like a double square. It's kinda two squares on top of each other.
[Teacher nods but remains silent. Indicates with a gesture for other comments.]
They're the same on each side.

Can you say any more about that?

The same distance [meaning from the centre-fold; again, teacher nods and gestures].
The triangle turns into a diamond.

Yeh, it kind of gets long.

And it goes on the other side again, like the oblong.

What do other people think?

It is. It's the same over there as Over there [indicating on each side of the vertical fold].

Several people have said that now. 1t’s the same over here as over here [indicates the two
sides again|. What 1 want to know now s, if 1 asked for a rule to describe how it unfolds
what would you say? I want a rule that tells me where the shapes end up. Talk together
first.

[Children talk in pairs for a minute or so. One or tWo ask for clarification of the task.]

OK, what rules would you have?

e T e e
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7 B STARTING POINTS FOR INTERACTIVE SHAPE AND SPACE \WORK

They're the same size ... the same. Each shape ... is the same ... you know ...
No. I don't know yet. Can you explain again.

[Pauses to think.] Both the shapes are the same size.
Which shapes?

Good question. Which shapes?

The oblongs. They are the same. And the triangles are.
OK, thanks. Any other rules?

And they are the same place.

How do you mean, same place?

He means ...

[Interrupting] Hold on. Let her finish.

It's the same on this side as that side. The place. This is the same [gets up and indicates
distance from central fold to oblong on each side.]

Great, OK. Anything else to say?

[The conversation continues for a short while with the teacher continuing to help the
children to articulate the ideas behind reflective symmetry. |

It is worth noting how much of the extract above is dominated by the teacher talking, yet

it remains interactive in the sense that the children are thinking deeply about how the reflec-
tions work. This is a nice example of how interaction can be visual as well as oral - playing up

the mental and playing down the oral in ‘mental/oral’ It is the visualisation that matters in this
task and it is from this that children can then develop the ‘rules’ for symmetry through dis-
cussing these visual images.
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Extensions:

Set up a jeweller's shop in the classroom and develop the making and sorting through role-
play.

Create ‘rules’ for the patterns, verbally at first and then recording them on paper to display
in the shop using children’s own symbols and drawings.

Make brooches and pendants out of shiny paper in a variety of different shapes. Include
different examples of the 'same’ shape, sorting them for the display again (1.e. ‘five-sided
pendants’; ‘curved brooches’ etc.).

Create similar patterns in different contexts (open a whole street of shops!) such as printing
patterns for a bedroom wallpaper border, T-shirt designs etc. Ask children to explain their
patterns and have an adult scribe this for a display of the items made.
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Extensions:

m Display the pictures and invite another class into the room to see if they can recognise the
original shape. Encourage your children to explain how the pictures work.

@ Investigate the shadows that 3D shapes cast when placed on an OHP. Use a cardboard
screen round the OHP to hide the shape and see if children can guess what it is as you
rotate it onto different surfaces.

@ Make a ‘shape museum’ using packaging from home. Each ‘artefact’ (shape) must have a
label describing some of its key features (properties).
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FExtensions:

m Use different starting shapes.
m Use more than two shapes to create more complex patterns.

@ Set up an ‘investigation zone' in the classroom with equipment (a computer, coloured
acetates or simply plastic shapes, pencils and paper) for children to experiment with during
free time.
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Year 3 continued

Learning Purposeful task | Interactive opportunities — getting started Interactive opportunities — plenary

centre-point

B Then challenge them to create as many different sets of
three polygons as possible. Leave the meaning of
‘different in this context vague and open to discussion.
Are two rectangles of varying size different (because of
their size) or the same (because they are both rectangles)?

W Tip: get children to glue their three shapes onto sugar
paper each time so they don’t get muddled up.

Extensions:

m Start with a shape other than a rectangle.

® Allow a third cut to make four polygons and look at the new sets you can make.

m Challenge each other to put the pieces back together again to recreate the original starting shape.

m Use the polygons created as simple tangram pieces and investigate new shapes that can be made with them.

® Encourage children to create their own ‘challenges’ for others and display these (for example: “What is the shape with the most sides that you
can make?’; ‘Can you make at least two squares?’ etc.).
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Extensions:

m Extend the complexity of the shapes. Circles are particularly interesting, Note that they

appear difficult to define, but can easily be forced by giving the following instructions: draw

a dot; place the pen anywhere other than on the dot; draw a Curve, always remaining an

equal distance from the dot and continue until you reach your starting point again.

@ Use the posters to write concise definitions of each shape and publish these in a class shape

and space ‘dictionary’.

@ Use LOGO or a floor robot and work out simple programmable instructions to draw the

shapes.

a Take long lengths of elastic and stitch the ends together to make a large loop. Challenge
olding it and moving in different

groups to stretch the elastic into different shapes by h

ways.
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Extensions:

m Explore all the nets that can be unfolded from each shape.

m Use ‘sets’ of pipe-cleaners and straws (or a commercially available alternative) to build
skeletal models instead of solids. (Note that skeletal models focus children’s attention on

edges and vertices, rather than faces.)

e AR e R AR A A o

m Allow children to use just one regular 2D shape, but as many as they like. This will provide
an opportunity to find the five regular solids (triangles lead to the tetrahedron, octahedron
and icosahedron, squares to the cube and pentagons t0 the dodecahedron).




"3jeUIWOp O} P|IYy> U0 Ou pue yeads 0} UdJp|IYyd
|| 3524n0dUR UED NOA SUSYO} JO JAqUINU Y} BUI|[O13U0D

Ag AupijeA J1ay) Sleqap pue uinj Ul sjuswajels sy} axel |
yeads Aay}

awi} yoes Inojod ajeridosdde ayy jo uaxjor e dn SAIf ualp(iyD =
‘suoljsanb Joj auo sjusWale}s

10} BUO 'SINO|OI JUBIIJIP OM} Ul SUBHO)} Bupj|el, aplacid W

JUBJaHIp XIS AjUO U JaY}330} pan|$ aq ued s3qnd Inoy —
¢ S|euoBelp aaey Luop sadeys q¢ -
o's9deys @z o) sapls Jo Jaquinu 3y}

se awes 3y} skem|e s| AW uwiAs jeuoljelol Jo Japio syl —

/[BIUOZLIOY 10 |EDIHISA 3q JIASU UED sjeuogelq —

gsweiboja||esed [e1dads aJe sajfueyoay -

‘s9|fueL] $3]3505!

jo sased [e1dads jsnlase sa|fuey) [esd)e(inb] -

*** 1 isurede 18ylo ayl

pue juawaje)s ay} Jof andie jsnw dnoid auQ "seapl 3y

japow uaipjiyd djay o} juswdinba sjesdosdde aplaoid

-(uMO 1noA dn axew 10) sjuBWAJe}s BUIMO}|0} dY} JO SUO
SSNIsiP O} Way) yjse pue sdnoss om] ojul ssep 3l yds m

‘sa|dwexa 43junod Sulpuly pue ujuoseal Aq

sjuswngie sy} yIeNe, o} ‘sse|d e se Kuj pue jsuiese pue
10}, sjuawingie ajeald A|a1elaq)|ap o} ualp|iyd afesnodou] W

‘Buiuljop pue Sulaaise

4noge Suingie spaau pue 210Jaq U3q dAey 1ysiw 1 ueyy

u1eIad 553| SI 2, JO B3PI BY} MOY 3JON 311, JO B3p!

ay) BuluLep 248 UAIP|IYD MOY SSNISIp O} UolsaNb siy}

3s() $SBUIY} 19410 OJUL WIN} }1 S30P 10 ‘B)f & shkemle 11 S| M
;Aem Jay1o ay} )i Suiyalalis inoge leym |

(‘(peaymoule) pio}jap e Bulwodaq 840499 ajfueuy
e 5W023q AjIJelUWIOW [|IM } 1BION) “H O 1X3U uaddey

{11 U1yl A3y} jeym sajed Ul SSNOSIP O} USIP|IYI 3V M

-1 ayj o} Suluaddey

D @ Av Av S1jeyMm, SSNISIQ 29y UMOYS

'saljsadoad adeys
[eISJaACIILOD tNOge

sodeys
{2 uowwod jo

“uoISSNISIP 3Y} J0j SSINUIW 0E-02 MO||Y B asoy} 21| saBewl Jo Jas e mexq W d}eqap e pjoH sajpiadosd mouy
julod-a4judd
Kieuajd - saniunjioddo aAnpeIdju| papie)s suied - sajjiunjioddo sAlpeldju] | yse} [njasoding suruiea

SPLEE)




5 Note that some dictionaries are happy 10 include deltoids as kites (inverted kites, if you like) whilst others dafine kites to have all their angles non-reflex (i.e. <180).

6Yas — since parallelograms are defined as being quadrilaterals with two pairs of parallel sides. Rectangles are simply 3 special case of the parallelogram where all four corners are right angles (and note that
squares are special cases of rectangles — and hence of parallelograms too - where all sides are also the same lengthl.

7 Clearly they can (imagine a square standing on one corner), bul this statement encourages children to distinguish between the word ‘diagonal’ in general and ‘the diagonal(s)’ of a shape.

& True for regular shapes, but not for all 2D shapes in general.
¢ Diagonals in 3D shapes are generally only considered to be those that connect vertices not in the same face. In other words, diagonals on the faces do not count and all diagonals must pass through points

‘inside’ the shape. A cube, for example, therefore has four digonals.
10 There are six different ways to arrange four cubes where ‘different’ means that rotations and reflections are considered to be ‘the same’ as each other. If they are considered as ‘different’ then the number

of solutions increases.

Extensions:
m Play ‘Call My Bluff’ with statements that the children have invented. For each statement children create an accurate answer and two plausible,
inaccurate ones and then others must guess which is which.

@ Ask children to write down their arguments, focusing on clarity and accuracy. Then email these to children at another school for them to
respond to ... and receive similar statements from them to puzzle over.




INTERACTIVE MATHS TEACHING IN THE PRIMARY SCHOOL

Summary

Shape and space work should be about the sense of shape, not just about particular
shapes that appear regularly, and their names. Names are important but properties are the
key thing and names should be linked to these.

How does the claim above relate to your view of shape and space? Do you tend to focus
on names or on properties? Are you able to make connections between shapes and under-
stand their properties?

Encouraging children to sort, construct and take apart shapes and to discuss what they
can see will help children to focus on properties.

What kinds of tasks have you given children in the past for shape and space? Have these
encouraged children to see new properties and to think creatively and logically about the
relationships between shapes?

O Further reading

johnston-Wilder, S. and Mason, J. (2005) Developing Thinking in Geomelry- London: Paul Chapman.
Ebbutt, S. and Mosley, E (199 6) Exploring Shape and Space. London: BEAM.
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