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Unit 4: Enrichment Topics in Space and
Measurement
Rationale
Spatial ideas and measurement activities play a vital role in many of our day-to-day activities.
Activities such as describing our surroundings, planning our time, manipulating objects, and
carrying out many simple everyday tasks require an understanding of space and measurement
concepts. Because of the relevance and usefulness of these concepts, the Space and
Measurement strand has an essential place in the primary school curriculum. Future teachers
therefore need to further develop their own understandings in these areas so they can become
confident and competent teachers.

Aims
This unit aims to produce beginning teachers who are:
•
•
•

able to solve a range of space and measurement problems
able to articulate their mathematical thinking
confident and competent to teach space and measurement concepts to primary school
children (grades 3 to 8)

Objectives
As a result of studying this unit students will:
•
•
•
•
•
•
•

create line designs
identify and create symmetrical designs
be familiar with Euclidean and non- Euclidean transformations
be able to produce a scale drawing
identify characteristics of polygons
construct 3-D shapes
be able to identify attributes to be measured in an object and the appropriate standard
unit to use

Unit outline
Enrichment Topics in Space and Measurement is a 3-credit point unit.
To successfully complete this unit students complete the following core modules:
Module 4.1
Module 4.2
Module 4.3
Module 4.4

Line Design and Symmetry
Transformation, Scale and Similarity
Investigating Polygons
Geometric Activities
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Module 4.5
Measurements
Each of these modules should take between 6 to 9 hours of lectures to complete. It is also
expected that students will spend an equivalent number of hours of non-contact time studying
the ideas and concepts raised in this unit.

How to use this material
This material has been developed to support your studies in this unit. It aims to support the
development of your own mathematical knowledge and skills, as well as prepare you to teach
mathematics in primary schools.
The material for this unit has been set out according to the different modules. For each module
the objectives and the concepts and skills to be developed within the module are stated. This
information is followed by a series of topics. Each topic consists of readings as well as
activities to complete. Extension activities have also been included. Your lecturer will guide
you through the materials during the lecture program. At times your lecturer may ask you to
complete activities and reading as homework. Sometimes you may work directly from the
book during lectures. Your lecturer may also include additional information and topics.
A glossary can be found at the end of the unit to assist you in reading the material.

Assessment
Assessment details will be provided by your lecturer. A range of different assessment tasks
will be given which require you to show your understanding of the concepts and skills covered
by this unit.

Inclusive curriculum
In the delivery of this unit it is expected that every person will be provided with an opportunity
to participate in and contribute to activities without fear or favour. Activities will be presented
to cater for a range of abilities and will be gender inclusive. Assessment tasks will cater for a
range of different learning styles.
You will be encouraged to plan activities for use in the primary school mathematics classroom
which are gender inclusive and present positive and non-stereotypical representations of
people.

References - for further reading
Booker, G., Bond, D., Briggs, J. and Davey, G., (1997). Teaching Primary Mathematics
(2nd Ed), Addison Wesley Longman Australia
Department of Education Papua New Guinea (1998). Lower Primary Mathematics
Syllabus Grade 3-5,
Department of Education Papua New Guinea (draft 1999). Upper Primary Mathematics
Syllabus Grade 6-8
Green, Wally (1998). Topics in Geometry Department of Education, PNG
Swan, K., Adamson, R., Addison, J. Asp, G., Cocking, M., FitzSimons, G., Lovitt, C., and
Orr, M. (1997). Nelson Maths for the CSF 7, Nelson
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Module 4.1: Line Design and Symmetry

Module 4.1 Line Design and Symmetry is a core module in the ‘Enrichment Topics in
Space and Measurement’ unit. Spatial ideas are used for a wide variety of practical
purposes and are basic to solutions to many design problems. During this module you will
develop your understanding of concepts of design and symmetry through opportunities to
create your own line designs and explore the symmetry in a variety of different shapes.

Objectives
By the end of this module you will be able to:
•
•
•

draw and construct line designs
identify lines of symmetry in a range of shapes
identify rotational symmetry in shapes.

Concepts and skills
•
•
•
•
•

Points, lines, rays, line segments, angles, curves, geometrical figures
Relationship between lines, curves and patterns
Drawing skills
Oral and written communication skills
Artistic skills
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Topic 1: Line Design
Designs and patterns can be seen all around us. Examples of designs and patterns can be
found in nature, in the art and craft, in floor and wall patterns, logos and in buildings.

Examples of designs and patterns (Paradise, May-June 2000)

Line designs are geometric art forms which can be created using a range of different methods.
They can be done on paper, with needle and thread and also by computer.
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A common characteristic of line design is the curved effect produced by a series of straight
lines. For example consider the triangle below:

To produce this line design we have evenly marked each line from 1 to 7. Then, using a ruler,
we have joined 1 to 1, 2 to 2, 3 to 3, 4 to 4, 5 to 5, 6 to 6 and 7 to 7.
From a series of straight lines a curved shape has been produced.

F 4.1 Activity 1 - Creating a line design
Draw an equilateral triangle and evenly mark each side, numbering the
points. Use your rule to join the points, 1 to 1, 2 to 2 etc. What design
have you produced?

Draw a quadrilateral and repeat the above process. What do you notice
about the line design you have produced?

Circle designs
Consider the circle below. The dots have been joined 1 to 2, 2 to 4, 3 to 6, 4 to 8. Continue
to pattern to complete the design. You need to think about what you will do after you join 18
to 36. By following this pattern you should be able to go right around the circle so that each
number from 1 to 36 has been a starting point.
This is called a 2-times circle design.

Student Support Material
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F 4.1 Activity 2 – Creating a circle design
Draw a circle and divide the circumference into 36 equal parts and
number these (see the example above). Create a 3-times or a 4-times
design. Again continue past the 36 point until every number has been a
starting point.

Designs using chords
A chord is a line joining two points on a circumference of a circle. The following design has
been developed by drawing chords of the same length, spanning 8 spaces. Complete the
design.
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Circle Design
Complete the above design by drawing cords of the same length, spanning 8 spaces

F 4.1 Activity 3 – Creating a design using chords
Draw a circle and divide the circumference into 36 equal parts. On the
circle draw two sets of chords of equal length. One spanning 10 spaces
and the other spanning 15 spaces. You may wish to use different colours.

Grid designs
Below is a grid with a set of axes from 0 to 16. The points have been connected in the
following way
(0, 16) and (2, 0)
(0, 14) and (4, 0)
(0, 12) and (6, 0)
(0, 10) and (8, 0)
Complete the grid by connecting the following points
(0, 8) and (10, 0)
(0, 6) and (12, 0)
(0, 4) and (14, 0)
(0, 2) and (16, 0)
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Grid Line Design

F 4.1 Activity 4 – Grid Line Design
Rule up a set of axes from 0 to 16 on both axes (see example above).
Space the scale division 1 cm apart.
Now join the points below to form another line design.
(0, 16) and (1, 0)

(0, 8) and (9, 0)

(0, 15) and (2, 0)

(0, 7) and (10, 0)

(0, 14) and (3, 0)

(0, 6) and (11, 0)

(0, 13) and (4, 0)

(0, 5) and (12, 0)

(0, 12) and (5, 0)

(0, 4) and (13, 0)

(0, 11) and (6, 0)

(0, 3) and (14, 0)

(0, 10) and (7, 0)

(0, 2) and (15, 0)

(0, 9) and (8, 0)

(0, 1) and (16, 0)

Shade your design to create and interesting pattern
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F 4.1 Activity 5- Creating your own design
Using the ideas above create your own design. You may use paper and
pencils, needle and thread, or a board with nails and string.
Write and explanation as to how your line design was created.

F 4.1 Extension Activity 1
Use a four-quadrant grid to draw one or more of the following designs

Student Support Material
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Topic 2: Symmetry
Symmetry of all types has been uses by people in an effort to create beauty and balance. Art
throughout the ages has been influenced by symmetry as illustrated by the examples below:

Examples of symmetry in art a) PNG Sepik, b) North American Indian and c) Sumerian
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Consider the shapes and designs below:

Diagram A:
line

Line symmetry -one

Diagram B: Line symmetry more than one line

Diagram C:
symmetry

Rotational

Diagram D:

Asymmetrical

Diagram E:
symmetry

Line and rotational

Student Support Material
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Diagram A. illustrates a shape which has line symmetry. When a line can be drawn so as to
divide a shape into two parts so that each is the mirror image of the other, then the shape is
said to have line symmetry or reflection symmetry. The line is called the line of reflection or the
line of symmetry.
You can check if a shape has line symmetry by:
1. Folding along the line of symmetry to see if one half would fit exactly over the other
2. Placing a mirror along the line of symmetry and seeing if the shape appears to be
complete
3. Trace the shape and then flip or turn over the shape and see if it still fits over the
original shape
Some shapes and designs have more than one line of symmetry. For example Diagram B has
5 lines of symmetry.
If you look at Diagram C you will notice it also symmetrical. However it doesn’t have any
lines of symmetry. A shape or design that can be rotated to cover the original in less than a full
turn is said to have rotational symmetry. If you trace around this shape, put a pin or pencil
through the centre point and then turn the tracing until the outline again fits over the original
shape you will see that it can fit onto itself in just 3 different ways. This shape is said to have
rotational symmetry of order 3.
Some shapes and designs are not symmetrical. They have no line of symmetry and do not have
rotational symmetry. Such a shape is described as being asymmetrical. Diagram D is an
example of such a shape.
Shapes and designs can have both line symmetry and rotational symmetry. For example
Diagram E has two lines of symmetry and rotational symmetry of order 4.

F 4.1 Activity 6 – Identifying symmetrical shapes and
designs
Consider the shapes and designs below. Draw up a table and group the
shapes and designs according to whether they:
-

have line symmetry only (state how many lines)

-

rotational symmetry only (state of what order)

-

both line and rotational symmetry (state how many lines and rotation
of what order)

-

are asymmetrical
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Symmetry in three dimensional shapes
If you take a three-dimensional shape, such as a pyramid, and cut it in half, so that each part is
a reflection of the other, the shape is said to have plane symmetry.

FExtension Activity 2 – Plane Symmetry
A cube has 9 planes of symmetry. Try to draw as many of these as you
can on the diagrams below.
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Three-dimensional shapes also can have rotational symmetry. You need to imagine turning the
shape around an axis to bring it back to its original position. For example if you have a fan, a
propeller turns about the propeller shaft – this is its axis of rotational symmetry. The order of
rotational symmetry about this axis is three.

F 4.1 Extension Activity 3 – Rotational symmetry in 3D
shapes
This die just fits into the box. In how many different ways can it be placed?
Hint: the answer is more than 6.
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Module 4.2: Transformation, Scale and
Similarity

Module 4.2 Transformation, Scale and Similarity is a core module within the
‘Enrichment Topics in Space and Measurement’ unit. During this module you will
investigate and experiment with concepts of transformations. Through the activities presented
you will develop your skills and perceptions of reflections (flips), translations (slides) and
rotations (turns). Hence, you will be able to use the skills and knowledge learnt to develop and
reinforce child’s spatial concepts when teaching in primary grades.

Objectives
By the end of this module you will be able to:
•
•
•
•

describe both Euclidean and non-Euclidean transformations
move shapes using Euclidean and non-Euclidean transformations
identify similarities and congruencies in transformed shapes
use principles of ratio and proportion to enlarge and reduce shapes.

Concepts and skills
•
•
•
•
•
•
•
•
•

Euclidean and Non-Euclidean transformations
Scale
Similarities and congruency
Ratio and Proportion
Perimeter, area, surface area and volume
Angles
Artistic and creative skills
Investigation and problem solving skills
Calculation
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Topic 1: Euclidean and Non Euclidean Transformation
A Euclidean transformation is one which preserves shape and size. The only thing that changes
is position. The Euclidean transformations are reflections, translations and rotations (flips, slide
and turn).

Translation
In translations each point in the plane is moved the
same distance in the same direction. Consider the
square ABCD. Suppose it is translated 4 units to the
right. We then have the shape A’B’C’D’.

Rotations
In rotations, every point is moved through an arc of a circle. It passes through the same angle
about a fixed point. Consider the triangle ABC. Suppose the triangle is rotated 90º about the
origin. It is assumed to be anticlockwise. We then have the triangle A’B’C’.

Reflections
In reflections, every point is reflected in a line as occurs in a mirror. Consider the triangle
ABC. Suppose it is reflected across the y-axis. It then became triangle A’B’C’.

Student Support Material
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F 4.2 Activity 1
(a) Write a story or draw a picture that depicts any form of Euclidean
transformation
(b) Draw three, two dimension figures that show each type of Euclidean
transformation eg: a translation, a rotation and a reflection.

Non-Euclidean transformation
Non-Euclidean transformations are those that do not preserve shape and size. For example:
•

topological transformation is a one-to-one continuous and reversible mapping of a set
of point onto itself. For example crumpling a piece of paper without tearing it. The
shape and size can change but other properties such as being closed or being inside
cannot change.

•

projective transformation is a special type of topological transformation in which each
point is projected onto its image from a central point. In this type of transformation
straightness does not change but the size and shape do.

•

dilation transformation is a transformation which produces a figure similar to the
original. The shape does not change, but size does, depending on the scale factor.
Student Support Material
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F 4.2 Activity 2
Make a stiff cardboard cut out for each of the figures in the left hand
column of this table and cast its shadows (1) in strong sunlight (2) in torch
light. Complete the following table to show which of shapes you were able
to make in each situation. Comment on your findings.

Student Support Material
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Topic 2: Congruence and Similarity
The term ‘congruent’ is applied to figures, which are exactly alike. It is important in geometry
and in practical mathematics e.g. when building a house or sewing cloths, to know when plane
figures or surfaces are exactly the same.
For example: We can show that the area of a parallelogram is exactly equal to the area of a
rectangle with the same base measurement and the same vertical height. We only have to see
that a triangle cut off one end of the parallelogram is congruent to a triangle drawn on the other
end.

Figures are congruent if they are exactly alike in all respects. The symbol ≡ or ≅ means ‘is
congruent to’.
The above definition means that congruent figures must be the same shape and the same size;
this in turn means that congruent figures must have equal angles and equal length of sides.
Tests for congruency
•
•
•
•

If one figure can be moved or translated so that it exactly covers or is superimposed
on the other
If measurements of all the sides and all the angles show that all corresponding parts are
equal
If one figure is the mirror image of the other
If congruency can be proved by deductive reasoning
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F 4.2 Activity 3
From the shapes below identify which shapes are congruent and give
your reasons.

Congruent triangles
Two triangles are congruent if:
•

•

•

•

Three sides of one
are congruent to the
three sides of the
other. Where S
stands for side
Two sides and the
included angle of one
are congruent to two
sides and the
included angle of the
other, where A stands
for angle

SSS

SAS

Two angles and a
side of one are
congruent to two
angles and the
corresponding side of
the other.

AAS

They are rightangled and the
Hypotenuse and a
side of one are
congruent to the
hypotenuse and A
side of the other,
where R stands for
right angle and H for
hypotenuse.

RHS

Student Support Material
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F 4.2 Activity 4
(i) Make a list of shapes around classroom, which are congruent.
(ii) Construct triangles from cardboard that satisfy the tests for
congruency.
(iii) This is the roof truss for a new house.
Are the two halves congruent? How do you know?
What is the length of the right-hand sloping side?

10m
6m
34°

34°
8m
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Topic 3: Scale and Similarity
Similar figures have the same shape but are not necessary the same size. One is a scale model
of the other. Mathematically if one shape is a scaled enlargement or reduction of another, we
say that they are geometrically similar.
In similar figures:
•
•
•

Corresponding angles are congruent.
Ratio of corresponding sides is constant.
The scale factor is written as Model or Image length over Original length.

The ratio of the corresponding sides is known as the scale factor.
Scales may be written in several ways:
1. Statement ?

One centimetre corresponds with one metre; 1 cm ? 1m

2. Ratio

?

One centimetre is to one hundred centimetres;

3. Graph

?

1 : 100

Note the order,
Model : Original

The three examples above shows that these three scale factors are equivalent.
A scale factor of 1:2 or ½ is a reduction, where the model is smaller than the original.
A scale factor of 3:1 or 3 is an enlargement, where the model is bigger than the original.
Scale models of cars, trains, buildings, boats, planes, photographs and enlargements are all
examples of similar figures.
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Children should have the experience of enlarging and reducing both two and three-dimensional
shapes. This enables them to also look at the aspects of measurement, (perimeter, area,
volume) and number (multiplication, division, and ratio).

F 4.2 Activity 5
Investigate one of the following statements. Draw a picture or write a
statement and justify your answer.
•

Is an adult a scale model of a small child?

•

Are all circles similar?, All cubes?, All squares, All rectangles?

Student Support Material
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F 4.2 Activity 6
(i)

Classify the following as enlargements or reductions.
(a): 4:1
(b):
1 m ? 1 km

(ii)

(iii)

¼

(c):

6

(d):

1/1000

(e):

If the following are measurements on the original object, apply the
scale in the brackets to find the measurements on the model or
image

(a)

27 km (1 cm ? 1 km)

(b)

930 m (1 cm ? 100m)

(c)

15 cm (1 mm ? 3 cm)

(d)

420m ( 1: 100)

(e)

750 km (1 mm ? 10 km) (f)

15 000 km (1: 10 000).

If the following are measurements on the model or image, apply
the scale in brackets to find the measurements of the original
object.
(a) 3cm (1cm ? 1m)

(b) 2.5cm (1mm ? 1 km)

(c) 6.5mm (1 mm ? 1 cm)

(d) 3.8cm (1: 1 000 000)

(e) 2.5cm (1cm ? 1 km )

(f) 4.6cm (1: 5 000 000)

(iv)

Use a scale of 1 cm to 1 m to draw a plan of a room 6.3 m long and
4.8 m wide.

(v)

Choose a suitable scale and draw a plan of each of the following
items.
(a)

Your desk top

(b)

Your mathematics classroom building

(c)

Your cubicle or the dormitory
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Topic 4: Dilation
Dilation is a transformation, which produces a figure similar to the original. The shape does not
change, but the size does, depending on the scale factor, hence dilation is a Non-Euclidean
transformation.
How does the transformation of dilation produces similar figures? Consider the quadrilateral
PQRS. If we required a similar quadrilateral with scale factor 2 we would proceed as follows:
Choose any point C inside as the centre of dilation and draw rays CP, CO, CR, and CS as
shown.

(ii) Locate points P’, O’, R’ on the rays such that
CP

CP’ = CO’ = CR’ = CS’ =
CO

CR

CS

2
1

The length CS' is
twice the length of
the length CP.

Form quadrilateral P’O’R’S’. Measure the sides and angles of both quadrilaterals and verify
that they are similar and that the scale factor is two.

If a reduction was required with scale factor ? for instance, the image vertices
Would lie on the rays inside the original quadrilateral such that;

CP’ = CO’ = CR’ = CS’ = 1
CP = CO = CR = CS = 3

Student Support Material
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The rectangle ABCD has been reduced by ½ to get the rectangle A’B’C’D’. The centre of
reduction is indicated at the bottom with the black dot. Notice that a figure can be reduced
from any point inside or outside the shape.
The length A’B’ is half the length of the original length AB. Therefore, if the length AB is 6 cm
long then A’B’ is 3 cm long. Under dilation with the origin as centre, the coordinates of the
image of a point are found by multiplying the coordinates of the original by the scale factor
e.g. under dilation with scale factor k: (a,b) ? (ka,kb)
For example, to find the image of the point A (3,-2) under a dilation, centre the origin with the
scale factor 4. Therefore, with centre the origin and scale factor 4, the image point will be 4
times the distance from the origin. Hence, A (3,-2) ? A’(12,-8).

F 4.2 Activity 7
(i) The triangle ABC has undergone a dilation with the origin as the centre
of dilation to form the image triangle A’B’C’.
(a) By measuring find the ratios OA’, OB’, OC’
OA OB OC
What is the scale factor?

(b) What are the ratios of the corresponding sides of the triangles:

(ii)

(a) On your own grid paper
label the x – axis from 0 to
14 and y-axis from 0 to 10.
Draw in the square PQRS
in the position shown.

6

4

2

(b). Dilate the square using
the origin as the centre of
dilation and using a scale
factor of 3. Label the
image square P’Q’R’S’.

(iii)

2

4

6

8

Use the graphs of (i) and (ii) to complete the table below. By
analysing the table, deduce a relationship between the coordinates
of a point and its image, and the scale factor under dilation with the
origin as the centre.
Student Support Material
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Point

A B C P Q R S

Coordinates of point
Coordinates of points
image
Scale factor

(iv)

Copy and dilate the figures below using the scale factors shown
(Choose your own centre of dilation):

D

G

E

F

(Scale factor:4)

K

N

L

X

W

M

(Scale factor 3)

Y

Z
(Scale factor: 1/3 )

Calculate the ratio, image area for the shapes above.
original area

(v)

Use the diagrams of the preceding activity and the results of the
above figures to complete the following table.
Figure

Scale
factor

Area of
Original

Area of
image

Area of image
Area of original

ABC
PQRS
DEFG
KLMN
XYZY

(vi)

By analysing your answers for activity (v) above, find a relationship
between image area, original area and scale factor.
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Module 4.3: Investigating Polygons

Module 4.3 Investigating Polygons is a core module in the ‘Enrichment Topics in
Space and Measurement’ unit. During this module you will be involved in classifying activities
and identifying the characteristics of various 2-D and 3-D shapes. Investigation activities will
be carried out where you will explore the properties of polygons, in particular their angle sums.

Objectives
By the end of this module you will be able to:
•
•
•
•

identify polygons, differentiating between regular and irregular polygons
calculate the angle sum of different polygons
identify interior and exterior angles of polygons
review the Primary Mathematics Syllabus to consider how the topic ‘Angles’ is taught.

Concepts and skills to be developed
•
•
•
•
•
•
•
•
•

Interior and exterior angles
Relationship between the area and length of polygons
Geometric properties of polygons (angles, sides, shape)
Investigative and problem solving skills
Oral language skills (explaining, clarifying)
Drawing
Measuring
Calculation
Recording, interpreting, reading skills
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Topic 1: Introduction to Shapes

F 4.2 Activity 1 – classifying shapes
Trace over the shapes below and cut out your own set. Label each shape
and then classify them in a range of different ways. Keep a record of the
different ways you classified the shapes and be prepared to discuss these
with your peers.
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Topic 2: Angles of Polygons
If you take any triangle and investigate the sum of its interior angles you will find that they add
up to 1800, or two right angles. This can be illustrated by cutting out a triangle from paper,
tearing it up into 3 pieces and then putting the vertexes together side by side (see illustration
below)

This can be further proven by reviewing our understanding of corresponding, alternate and cointerior angles of parallel lines, i.e.
•

Alternate angles are equal, with alternative interior angles being on opposite sides of
the transversal between the lines

•

Corresponding angles are equal, with corresponding angles being on the same side of
the transversal and both either above or below the lines

•

Co-interior angles are supplementary, meaning they add up to 1800, with co-interior
angles being on the same side of the transversal but between the lines
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If we draw a triangle ABC and then draw a line XY through A parallel to BC, and mark the
angles M and N, we can see that:
M is alternate to B, so M = B
N is alternate to C, so N = C

X___________________________Y
M A N

B

C

If we substitute B for M and C for N. we can see that the angles at the top of the figure are A,
B, C, and that they form a straight line, which is 1800. Therefore the interior angles ABC also
have the angle sum of 1800 or two right angles.

F 4.2 Activity 2 – angle sum of quadrilaterals
Using the strategies outline above investigate the angle sum of any
quadrilateral: For example:
- tearing up a paper quadrilateral
- using your knowledge of angle sum of triangles

Be prepared to share your findings.
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Convex and concave polygons
Polygons can be classified as either convex polygons or concave polygons. A convex polygon
is one where all its vertices point outside of the polygon. A concave polygon is a polygon
where one or more of its vertices points into the inside of the polygon.

F 4.2 Activity 3 – angle sum of polygons
Investigate the angle sum for convex polygons with ‘n’ number of sides.
Draw a table to record your findings e.g.
Polygon
triangle
quadrilateral

‘n’ sides

Number of
Sides
3 sides
4 sides
5 sides
6 sides
7 sides
8 sides
9 sides
10 sides
‘n’ sides

Figure

Number of
triangles
1
2

Sum of
Angles
1800
3600

Look for patterns and relationships. Use the information you have found
to establish a formula for the angle sum of polygons of any shape.

Would the results be different if the polygons were concave? Investigate.
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Topic 3: Teaching Angles
Within the PNG primary school mathematics syllabus the topic ‘angles’ is taught under the
content strand Geometry (Lower Primary) and Shapes and Space (Upper Primary). The
curriculum recommends that the topic is introduced through a range of practical experiences
such as asking children to consider directions and the amount of ‘turn’ needed to change
directions e.g. a full turn, half turn, so that the concept of what is meant by ‘angle’ is
developed. Children should then be provided with experiences in comparing angles, and use
non-standard units to measure angles before being introduced to the standard unit used which
is ‘a degree’.

&F 4.2 Activity 4
Read the following article which talks about the teaching of angles in the
primary school. Highlight main ideas and discuss these with a peer.

Use the Primary Mathematics Syllabus and ideas from the article to plan
a lesson which develops children’s understanding of angles. You may like
to make a resource to support your teaching.

Teaching angles
(adapted from Booker, G., Bond, D., Briggs, J., Davey, G., (1997) Teaching Primary
Mathematics (2nd Ed), Addison Wesley Longman Australia, p 300)

When teaching the concept of angles with children the following aspects need to be
developed.
An angle:
•
•
•

is a corner of a two- or three-dimensional figure. It is the space between the adjacent
sides of a figure or between two or three planes.
is the shape made when two lines radiate from a common point. These lines are called
the arms of the angle
measures the turn from one direction to another. This is the most important aspect
since it enables us to explain how all angles are measured.

These three aspects should be integrated through the common theme of the ‘amount of turning’
needed to form an angle.
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The concept of angle can further be developed by modelling different types of angles, through
the use of manipulatives and later by drawing pairs of intersecting lines. Simple manipulatives
which can be used to introduce the concept of angle include:
•
•

•

Angle arm – two cardboard strips held together at one end by a split pin paper clip.
Angle wheel – two cardboard circles of different colours with a radial cut in each to
allow one circle to rotate relative to the other. The amount of turn is revealed as a
coloured cardboard sector.
Angle discs – a cardboard circle with a single movable hand pinned through the centre
or and elastic loop threaded through the centre of the circle. One radius is drawn on
the circle as a reference line.

After children become aware of the concept of angle, they need to see that two different
angles can be compared by referring to the amount of turning in each case. Children need to
see that the size of each angle depends on the amount of turning. Angles can be compared by
superimposing one on the other, by using tracing paper and indirectly by using the angle arms.
Words like acute and obtuse need not be introduced at this stage, instead use simpler terms
which are more descriptive and less confusing e.g. angle I liklik na kona I sap, angle I bikpela
na kona ino sap.
Before introducing degrees, various non–standard units should be used to compare and
measure angles in large scale models of polygons and 3D shapes. These could include:
•
•

The full turn, half turn and quarter turn (full turn being 360 degrees)
Cardboard wedges made by the teacher (15 or 30 degrees). These can be called
angle units
•
A right angle and half a right angle
The final stage of the measurement phase is to introduce children to degrees as the standard
unit for measuring angles. The use of the protractor should be delayed until children are able to
estimate angle size with some accuracy. The degree can be related to the angle through which
the earth moves in a single day in its annual path around the sun. Although this is not strictly
equal, it gives an idea to where the notion of a degree may have come from and gives some
real meaning to a very small measure. More accurately a degree can be explained as 1/360 of a
full turn.
Since 1 degree is such a small unit it is difficult for children to develop an understanding of its
size. It is best to introduce children to simple fractions of a turn and by drawing large scale
examples of one degree on the floor or in the playground:
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• One full turn – 360 degrees
• One half turn – 180 degrees
• One quarter turn – 90 degrees
• One eighth turn – 45 degrees
• One twelfth turn – 30 degrees
Estimation is a very important skill and children should be given a lot of opportunities to
practice estimating the size of angles before using the common semicircular protractor. The
protractor should not be introduced to children until they can confidently estimate angles sizes
from 0 to 360 degrees to the nearest 30.
Analogue clocks can also be used to explore angle size, with each five-minute interval
corresponding to 30 degrees. This supports children in their estimations. Wall charts displaying
various angles, especially angles from 90 degrees up to 360, are also a very useful teaching
resource to have on display in the mathematics classroom.

Extension Activity – Pieced polygons
A pieced polygon is defined as a polygon with a hole in it, with the shape of the hole being
another polygon. The outer polygon is often referred to as the ‘parent’.

The diagram below show an example of a pieced polygon. The outer polygon or ‘parent’ is a
pentagon with 5 sides. The inner polygon is a quadrilateral with 4 sides. This pieced polygon

can be referred to as a (5/4)-gon

If the outer polygon or ‘parent’ has 2 or more holes in it we can symbolise it by putting both
after the /. For example if a quadrilateral has two triangular holes in it we would refer to the
figure as a (4/3,3)-gon
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An interior angle of a pieced polygon is defined as being any angle at a vertex in the interior of
the pieced polygon region. See the angles marked in the diagram below.

F 4.2 Activity 5 – Pierced polygons
(1) Sketch the following pieced polygons
(a) (6/3)-gon

(b) (3/5)-gon

(c) (5/3,4)-gon

(d) (6/3,4,5)-gon

(2) Find the sum of the interior angles of a pierced polygon of the form
(n/m)-gon in terms of right angles where n represents the number of
sides in the outer polygon and m the number of sides in the inner
polygon.
Construct a table and see if you can find the rule using these (n/m)gons

(i) (3/3)-gon

(ii) (4/3)-gon

(iii) (5/4)-gon

(iv) (3/4)-gon

(v) (4/5)-gon

(vi) 6/6)-gon

Hint: Use the angle sum of a triangle again.

For the experts: Find a general formula for pieced polygons that have
two or more holes.
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Module 4.4: Geometric Activities

Module 4.4 Geometric Activities is a core module within the ‘Enrichment Topics in
Space and Measurement’ unit. Geometry is one of the basic areas of mathematics, so it is
essential that primary teachers have a good understanding of the geometrical concepts that will
be presented to children. During this module you will have an opportunity to construct 3-D
geometrical shapes, investigate tessellating shapes and explore geometrical concepts.

Objectives
By the end of this module you will be able to:
•
•
•
•
•
•

construct a variety of 3-D shapes
describe and identify patterns, properties and relationships of different shapes (2-D
and 3-D)
create tessellating designs using a combination of plane shapes
review how patterns are taught through the Primary School Mathematics Syllabus
create designs using tangrams
investigate pentominoes.

Concepts and skills to be developed
•
•
•
•
•
•
•
•
•
•

Geometrical shapes and patterns
Geometrical properties of 3-D shapes
Spatial relationships
Constructing 3-D shapes from 2-D nets
Artistic and creative skills
Measurement and calculations
Investigation
Manipulative
Problem Solving
Scale
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Topic1: Two-Dimensional Shapes
Two-dimensional (2-D) shapes have the dimensions of length and width. They are flat shapes
and lie wholly on a single flat surface or plane. Two-dimensional shapes are also referred to as
plane shapes.
Two-dimensional shapes can be either polygons or closed curves. A polygon is a closed
shape with straight sides.
Some two-dimensional shapes have special features or properties. For example with polygons:
•
•
•

Lines of equal length are marked the same way
Parallel lines are marked by the same arrowheads
Right angles are marked with a ‘box’ in the right angle corner

Nelson Maths For the CSF 7(1997), Swan Ken
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F 4.4 Activity 1 – Euler’s Rule
Leonard Euler (pronounced ‘oiler’) who lived between 1701-83 discovered
a pattern in all two -dimensional shapes by investigating the relationship
between the number of vertices (V), the number of regions (R) and the
number of edges (E):
•

Edges being the lines between two vertices

•

Vertices are the corners where two lines meet

•

Regions being the parts separated by lines

For example this shape (A) has:
• 16 edges
• 9 vertices
• 9 regions (eight inside and the outside region always counts as
one)

Choose 6 different polygons and complete the table below

Shape

Vertices (V)

Regions (R )

Edges (E)

A

9

9

16

B
C
D
E
F
G

What pattern can you see? Write it down. From the pattern you have
discovered can you predict how many edges a shape which has 12
vertices and 5 regions will have?
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Topic 2: Tessellations
If a surface can be covered by the repeated use of a single shape, without leaving any gaps
and without any overlapping, then that shape is said to tessellate. Around us we can see many
examples of tessellating shapes. For example in wall designs and floor mats, in tiles and
brickwork.
When a single shape is used to cover a surface it is called a ‘regular tessellation’. When a
combination of regular shapes are used to cover the surface the result is called a ‘semi- regular
tessellation’.

From Wally Green 'Topic in Geometry' p59

Student Support Material

42

Unit 4 Enrichment Topics in Space and Measurement

F 4.4 Activity 2
Work together with a small group of your peers. Choose one of the
following investigations to complete. You will need to cut out congruent
shapes or draw them on dot paper.
Be prepared to share your findings with the class.

1. Will any quadrilateral tessellate? What about special quadrilaterals
such as parallelograms, rectangles, kites and trapeziums – will they
tessellate?

2. Will any triangle tessellate? What about special triangles such as
isosceles and equilateral triangles – will they tessellate?

3. A regular polygon has congruent sides and angles. For example

Determine which shapes will tessellate and which will form a ‘semi-regular
tessellation when combined with a second regular polygon.
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Topic 3: Three-Dimensional Shapes
Three-dimensional (3-D) shapes have the dimensions of length, width and height. They have
depth, which 2-D shapes do not. Classrooms, water tanks, cubes and pyramids are examples
of objects which are three-dimensional.

&@ 4.4 Activity 3
Read the article below which discusses different categories of threedimensional shapes.
Think about how you would introduce these shapes to primary school
children? Could you describe these shapes using Tok Pisin and/or Tok
Ples? In point form write a lesson plan outlining how you would introduce
3-D shapes to children. Also make a list of the words/phrases that you
would use.

Three-dimensional shapes – descriptions and language
(adapted from Chapter Five ‘Space and Geometry’ in Teaching Primary Mathematics
(1997) by Booker et. al)

Three-dimensional (3-D) shapes are traditionally called ‘solids’. They fall into three categories:
•
•

Those with all curved surfaces, such as spheres and egg shapes
Those with all their surfaces flat, such as prisms and pyramids
Prisms have two identical, parallel faces joined to one another by rectangles.
Boxes, bricks, and cartons are examples of prisms
Pyramids have one face with at least three straight edges; the faces joining
these edges are all triangles which meet at a common point.
A shape with all its surfaces flat is called a polyhedron. This is a Greek work
which means ‘many faces’. Polyhedrons all have corners and straight edges.
They do not roll but can slide along a table.
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Booker, Bond, Briggs and Davey; (1997) p 279

•

those with both flat and curved surfaces, such as cylinders which have two identical flat
surfaces joined to one another by a single curved surface. The two flat surfaces are
bounded by curves, not necessarily circles. Cones have one flat surface whose boundary
must be curved and a single curved surface extending to a point. These 3D shapes will roll
or slide depending on how they are placed on a table.

Booker, Bond, Briggs and Davey; (1997) p 280

The statements above are descriptions of prisms, pyramids, cones and cylinders rather than
definitions. At a primary school level definitions are not necessary. Rather, teachers need to
encourage children to describe particular shapes in their own words according to what they
see. Children may describe shapes differently from the teacher and classify shapes into
different groups from those describes. As long as the children are consistent according to their
own criteria then the teacher should accept this.
Children will develop their spatial language by hearing it used by other people, such as the
teacher and their peers, and by being encouraged to use more sophisticated language to
describe their experiences. As children become familiar with more advances concepts such as
parallelism, vertex, edge, face and angle, their descriptions will contain additional information.
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Topic 4: Teaching Shapes in the Primary School
The Primary School Mathematics Curriculum aims to develop children’s understanding of
geometric concepts. A review of the Lower and Upper Primary Syllabus documents shows
that in:
•
•

Lower Primary the strands ‘Geometry’ and ‘Pattern’ provide opportunities for
children to investigate geometrical ideas
Upper Primary geometric concepts are developed through the strand ‘Shapes and
Space’

&F 4.4 Activity 4
Read the article below which identifies skills which we need to develop in
children to improve their ability to solve spatial problems. After reading
the article:
(1) Highlight the main ideas and note down the implications for you
as a primary school teacher
(2) Plan a lesson which develops two or more of the skills identified
in the article. If possible teach this lesson to a group of children
or your peers. Write an evaluation of your teaching reflecting on
how well the skills were developed.

Basic skills in geometry
(adapted from Chapter Five ‘Space and Geometry’ in Teaching Primary Mathematics
(1997) by Booker et. al)

There are a number of basic skills that must be acquired by children in order to improve their
ability to solve spatial problems both within mathematics and in ordinary everyday life
situations. These skills are:
• Visualising spatial arrangements
• Communicating orally and in writing
• Drawing and making models
• Thinking logically
• Applying geometric concepts and knowledge
These skills can be developed together and should provide a focus for teaching geometry in
the primary school.
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1. Visualising
Much of what we do in life depends on processing information presented in a visual format.
Common tasks such as constructing a house, assembling an article brought in parts,
interpreting diagrams giving us instructions on how to make something, using a dress pattern,
interpreting a diagram or graph, all require us to use our visual skills.
Visual skills which need to be reinforced include:
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

recognising something from a picture
picking out the properties of geometric figures
identifying similarities and differences in plane and solid figures
interpreting diagrams and drawings such as sketches of 3-d objects and twodimensional situations such as street plans
reading a map
recognising a shape which has been turned around, inverted or viewed from a different
direction
imagining what a shape looks like after some transformation, such as rotation, or
distortion
imagining a situation from a written or oral description
seeing if a line is straight
estimating the size of an angle
recognising imbedded figures
fitting jigsaw pieces together
completing a geometric pattern
visualising a cross section of a solid object
imagining a solid from its net.

2. Communication
Geometry has a very rich and precise vocabulary and a structural pattern which enables
accurate and unambiguous descriptions to be made. Accurate communication of ideas is a
general objective in mathematics teaching, so the development of this complex language is a
long-term goal.
Children should be encouraged to talk and write about shapes and patterns and to describe
figures and relationships as accurately as possible. This is best achieved naturally while children
are involved in games and problem solving activities. Teachers should plan lessons in which
children are required to talk about, discuss and ask about geometric figures and their attributes
while solving problems. In these situations the names and properties of shapes will arise
naturally. The children’s own language can be used initially and only gradually replaced by
more precise terminology.
Communication is a two-way process between teacher and pupil. Teachers need to listen to
their pupils and students need to discuss geometric activities and problems among themselves.
Situations which foster language development include:
•

discussing similarities and differences between figures
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learning to use geometric language in oral and written forms
naming and describing a figure or spatial situation accurately
interpreting an oral description accurately
describing the properties of an object that someone is holding
describing a concept
interpreting written instructions of geometric situations accurately
describing spatial relationships
describing the location of something in relation to other objects

3. Drawing and modelling
Sketching and drawing in two dimensions and making three-dimensional models are other
forms of communication that are an integral part of geometry. A diagram should be accurate
enough to enable a person looking at it to be able to interpret it easily. There are situations
when a reasonable sketch, rather than a meticulously drawn figure, will be sufficient. However,
at other times, such as making or drawing a scale model, greater accuracy is required.
In the past mathematics teachers tended to emphasis more formal set constructions, such as
bisecting angles. However, in contemporary mathematics syllabuses more emphasis is
beginning to be placed on informal skills as it is felt that representing ideas, events and objects
by way of diagrams and concrete models supports the move towards problem solving.
Representative skills which should be included are:
•
•
•
•
•
•
•
•

drawing simple plane shapes
drawing scale diagrams cutting out cardboard shapes
sketching isometric diagrams of figures based on the cube
drawing very simple perspective sketches
sketching simple diagrams of cones, pyramids, cylinders
making 3 d models with clay, plasticine or cardboard
making plane shapes on a geoboard
constructing shapes using pattern blocks.

4. Thinking and reasoning
Logical skills such as classifying, seeking similarities and differences and reasoning are a
fundamental aspect of geometry at all levels and all teachers have a role to play in their
development.
To develop children’s sense of reasoning, teachers should ask probing questions at every
opportunity, encouraging children to give their justification for their answers and discourage
one word answers that may indicate a lack of analytical thinking. Questions like, ‘How do you
know that?’, ‘What evidence is there for that?’, ‘Why did you say that?’ help children realise
that geometry, like the rest of mathematics, has a base in logic and reasoning. Having to put
reasons in words often helps sharpen analytical thinking and eliminate guesswork.
Logical skills include:
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•
•
•
•
•
•
•
•

finding similarities and difference between shapes
understanding that shape is independent of orientation, position and size
understanding that certain properties can be used to identify shapes while others
cannot
classifying and sorting – realising that shapes belong to various families and that some
families are included in others
being able to identify and continue a pattern
conservation skills
formulating and testing hypotheses
making inferences.

5. Applying geometric concepts and knowledge
It could be argued that in order to include any topic in the school curriculum, it must be seen to
be useful in everyday life beyond the classroom. It is vital for children to realise that geometry
is valuable and useful in a range of ordinary tasks and in certain jobs.
In addition to this it is important to establish the link between the shape of objects and their
function. Students should consider the relationship between the shape and function of bridges,
buildings, windows, rooms, barrels, containers for different foods, footballs, etc.
Some of the applications of geometry that could be considered are:
•
•
•
•
•
•
•
•

making curtains, clothes etc
creating designs for fabrics, decorations, baskets, bilums
model making, sculptures, carvings, architecture, buildings
painting and drawing
making and reading a map
making cupboards, shelves
marking out a running track
packaging items to send for sale.
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Topic 5: Tangram
Tangrams are a Chinese puzzle made with seven geometrical pieces all cut from one large
square. The seven pieces are made up of:
•
•
•

Five triangles, two small, one medium and two large
A parallelogram
A square

Tangrams provide challenging activities which improve spatial relationships by using concrete
materials in problem solving situations. Tangram activities provide experiences where students
are require to use the tangram pieces to construct a range of different shapes.

F 4.4 Activity 5 - Tangram
Construct your own set of tangram pieces by copying the model provided
on the following page. Note that all the lines are drawn from vertices to
mid points.
Use all pieces of your tangram to make the shapes on the page after the
tangram model.
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Tangram (based on a 15 centimetre square)
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Shapes to be constructed from the tangram on the previous page.
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Topic 6: Pentominoes
Polyominoes (poly-om-in-oes) are shapes which are formed by joining squares together by
joining edges.
For example:
one square is referred to as a monoino
two squares - domino

three squares - tromino

four squares - tetromino

With polyominoes it is important to remember that the squares must be joined together by an
entire edge. Squares that only join at vertices or part of an edge are not polyominoes.

For example:
is not a tetromino because not all squares are joined
by edges

is not a domino because the squares are not joined by
an entire edge

A shape formed by five squares joined together side by side is called a pentomino. By
investigating pentominoes you can reinforce spatial concepts such as:
•
•
•
•
•
•

area and perimeter
congruency and similarity
symmetry
geometric shapes
scale
problem solving
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F 4.4 Activity 6 – Pentominoes
Cut out 5 squares (2cm squares on cardboard if possible)
Use the squares to see how many different pentominoes you can make.
As you make each pentomino draw a sketch of it so you have a record of
the different ones you make. If you turn one around (i.e. rotate it) or turn it
over so that it matches another one you have made, then they are the
same pentomino.
There are 12 different pentominoes. How many could you make?
Classify the pentominoes:
-

as polygons according to the number of sides

-

according to whether they have line symmetry only, rotational
symmetry only, both line and rotational symmetry, neither line or
rotational symmetry.

F 4.4 Activity 7 – Pentominoes investigations
Working with a peer complete one of the following investigation. Be
prepared to share your findings with the class.
(i)

Find out which pentominoes will tessellate

(ii)

If the squares have 1-cm sides, draw a table showi ng the area and
perimeter of each of the 12 pentomino. Write down all the
observations or conclusions you can reach from the information in
the table.

Pentomino

(iii)

(iv)

Perimeter

Area

Is it possible to use all the pieces to form
-

a 10 x 6 rectangle

-

a 15 x 4 rectangle

-

a 20 by 3 rectangle

Which of the pentominoes can be folded to make and open box
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F 4.4 Activity 8 Extension Activity – hexiamonds
A similar idea to pentominoes is a group of shapes called hexiamonds
which are an extension of the concept of a diamond, i.e.

di –amond: two equilateral triangles with a common side

Hex – iamond – six equilateral triangles each with at least one side in
common with another

Using isometric grid paper try to identify all 12 hexiamonds. Try to make
up some investigations for your peers similar to those in 4.4 Activity 7.
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Module 4.5: Measurements

Module 4.5 Measurements is a core module within the unit ‘Enrichment Topics in Space
and Measurement’. Measurement is an essential part of any primary mathematics program
as an understanding of measurement concepts is necessary for managing many situations which
occur in everyday life. During this module you will have the opportunity to further develop your
own skills in measurement, as well as investigate various method of direct and indirect
measurement. Consideration will be given to how you can teach measurement concepts in the
primary school.

Objectives
By the end of this module you will be able to:
•
•
•
•

identify different traditional methods of measurement commonly used in PNG
distinguish between direct and indirect measurement
identify and use different units of measurement
plan for the teaching of measurement in the Primary School.

Concepts and skills to be developed
•
•
•
•
•
•
•
•

Direct and indirect measurement
Units of measurement
Length, area, surface area, volume, capacity, weight, mass, money, time, temperature
Estimation
Measuring calculations
Recording and organising information
Investigation
Research
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Introduction
Measurement involves comparing an amount of the attribute being measured (e.g. attributes
such as length, mass, capacity) with a quantity of that attribute chosen as a unit in order to
provide a number (e.g. units such as metres, kilograms, litres).
Consider the following objects. Each of them can be measured according to the attributes
which they have:

_____________________
a line

a square

a cube

For example a line has the attribute of ‘longness’, which we call length. We can measure the
‘longness’ of the line by comparing it with the amount of ‘longness’ chosen as a unit in order to
provide us with a number, that is to quantify it. To measure the attribute of length the unit we
use to quantify it could be:
•
•

An arbitrary (non-standard) unit such as a pencil or hand span
A standard unit of length such as a metre

Consider the square. The square has the attribute of length. We can measure how long and
how wide it is. It also has the attribute of ‘area’ which is the amount of space contained by the
shape. To measure or quantify the ‘area’ of the square we could compare it with a unit of area
such as one square centimetre (1cm2)
The cube has the attribute of length and area. In addition it also has the attributes of ‘volume’
and ‘mass’. Volume is the amount of space contained in or occupied by a three-dimensional
object, while mass is the amount of matter contained in an object. To measure the volume of
the cube we could compare it to a unit of volume such as a cubic centimetre (cm3), while its
mass could be quantified by comparing it to a unit of mass such as a gram (g).
Note that a line does not have the attributes of area, volume or mass, so cannot be measured
for these.

Student Support Material

Unit 4 Enrichment Topics in Space and Measurement

57

Topic 1: Measurement in Traditional PNG Culture
In everyday life people find themselves needing to complete different forms of measurement.
The type of measuring we need to do will depend on the environment in which we live and the
purposes we have for measuring. It may be to build a ‘haus tambaran’, make a grass skirt, or
mark out an area of land to be cleared. Different cultural groups have constructed different
ways of measuring over time to suit their purposes.

F 4.5 Activity 1 – Investigating traditional ways of
measuring
Work together in mixed Provincial groups. Select one of following
measurement attributes and investigate how this type of measurement
was/is carried out in by different traditional PNG cultures.
length, mass, time, area, volume, speed

Consider:
-

What things are measured for this attribute

-

The purpose for the measuring

-

What materials or objects are used to do the measuring

-

The language used to talk about this measurement

-

Is there a constant units for the measurements or do the units change
each time the measuring is done

Create a display which illustrates and explains what you have found out
about the ways different groups measure.
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Topic 2: Direct and Indirect Measurement
In developing understandings of measurement concepts it is important to provide children with
opportunities to compare and order objects with the same attribute. Direct and indirect
measurement experiences provide children with these opportunities.
Direct measurement is when you measure two or more objects directly against one another.
For example when considering the attribute of length you might ask children to find objects
which are the same size as their pencil. You would compare a range of objects to see if they
were the same length, smaller or longer.
When considering area, you may directly compare the size of two books by place one on top
of the other to see which has the biggest area.

Indirect measurement involves using an intermediary unit to measure different objects and then
make comparisons. For example when measuring the volume of different containers we could
pour water or sand between containers to see which one holds the most. When measuring
length we could use paper strips to measure the length of the blackboard and the length of the
pinboard and then make comparisons. We also use indirect measurement methods to
measure inaccessible objects.

Illustrated by Murray Kaiyage Year 1 MTC 2000
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F 4.5 Activity 2 – Indirect measurement
In pairs, work through the following indirect measurement activities to find
the height of a tall tree. These methods will require you to use the fact that
in similar triangles the ratio of corresponding sides are equal (refer to
Module 4.2: Transformation, Scale and Similarities).
Record your findings and measure as accurately as you can. Note down
any inaccuracies you can identify with each of the methods used. Which
method do you think provided you with the most accurate result? Why?
Was your estimate close to the other results?

(i)

Estimation

Compare the height of the tree with the height of another object
which can be measured directly. For example the tree is about 6
times the height of the car - you can measure the height of the car
and make your estimation

(ii)

Right angle isosceles triangle method

When measuring the height of the tree, you need to move so that
the top of the tree can be seen through the plastic straw.
Consider if you could have used any right-angled triangle instead
of the isosceles triangle. Give reasons for your answer.

(iii)

‘Felling the tree’
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Take a pencil and hold it in your hand between you and the tree.
Walk away from the tree or towards the tree until the pencil appears
the same height as the tree.

Then turn the pencil through 900, so it appears at ground level with
one end at the base of the tree being measured. Keep the pencil at
the same distance from your eye. Get your partner to stand beside
the tree being measured and in line with the other end of the
pencil.

Student Support Material

Unit 4 Enrichment Topics in Space and Measurement

(iv)

Shadows

(v)

Height by mirror

Place a mirror flat on the ground as shown in the diagram
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Topic 3: Units of Measurement
When children are learning to measure they firstly need to become aware of the attributes of
objects so they can decide what is to be measured e.g. a pencil has the attribute of ‘longness’
so we can measure its length. Once the attribute has been identified in an object, children will
naturally begin to compare it with other objects which also have the same attribute e.g. my
pencil is shorter than my book.
This then leads to the need for a standard of measure for the attribute. At first children may
choose to use materials from their environment to quantify the measurement made and to
compare different objects e.g. my pencil is 4 rubbers long and my book is 10 rubbers long.
The use of these informal or non-standard units develops important principles of measurement
e.g. during a measuring activity the units used to measure should not change. Eventually these
understandings lead to children recognising the need for standard units so that objects can be
more accurately measured and a shared, common understanding of the measurement can be
made e.g. my pencil is 8.4cm long.

&F 4.5 Activity 3 – Non-standard units
Below is a list of reasons why measurement should be introduced to
children through the use of non-standard units. Read through the list and
discuss it with a peer. List down which reasons you think are the most
valid? Explain the reason for your choice. Be prepared to discuss your
work with the class.

Reasons for introducing measurement to children through the use of nonstandard units
(taken from Booker, G., Bond, D., Briggs, J., Davey, G., (1997) Teaching Primary Mathematics (2nd Ed),
Addison Wesley Longman Australia, p 350)

1. Materials for non-standard measurement are easier to obtain.
2. Historically, people used non-standard units before establishing standard units.
3. Non-standard units do not have to be used as accurately as standard units.
4. Non-standard units are easier to use.
5. Most of the measurement principles can be developed naturally using non-standard
units.
6. Non-standard units use materials that seem naturally related to the child’s everyday
experiences.
7. Using non-standard units shows children that they can measure anything with some
object that they possess.
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8. When children choose a unit to use they are better involved that when units are
imposed on them.
9. The complications associated with formal notation and conversions between units are
delayed when children begin measuring with non-standard units.
10. It is good to give children experience with unfamiliar systems of measurement just as
they might use bases other than ten in numeration.

Standard Units
When the purpose for measuring an object requires a precise, unambiguous response which
can be communicated exactly to everyone, then standard units are best used. For example if
you need to take medicine it is important that the exact dosage is taken. If we take too much
at one time it may cause serious problems and if we don’t take enough it may prove to be
useless and not cure the illness. We need to know to take for example 5 ml rather than half a
spoonful.
The standard units used in Papua New Guinea schools are the metric system.
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F 4.5 Activity 4 – Standard units
The diagram below shows how to convert lengths to different units
For example the diagram shows that:
-

the length measured in kilometres can be multiplied by 1000 to give
the length measured in metres

-

the length measured in centimetres can be divided by 100 to give the
length measured in metres

-

the length measured in centimetres can be multiplied by 10 to give
the length measured in millimetres

(i) Identify the standard units, as well as the smaller and larger units, used
to measure the following attributes:
mass, time, area, volume, capacity

(ii) Draw a diagram for each of the attributes which illustrates how the
various units can be converted.

(iii) Develop a series of 5 problems which require measurement
conversion. Exchange these with a peer and solve their problems.
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Topic 4: Teaching Measurement in Primary School
To be able to complete measuring activities in a range of different situations children need to
be able to firstly identify the attributes to be measured, be familiar with the standard units
which are used, and have an understanding of how to apply these. By working through the
learning sequence outlined in the reading below research has shown that children develop their
ability to measure.

&F 4.5 Activity 5 – A learning sequence for teaching
measurement
Read the following article and highlight the main points. Choose one of
the stages in the sequence outlines (e.g. 1 to 5) and write in your own
words:
-

what is the aim of this stage of the learning sequence

-

what type of activities would children do during this stage of the
sequence

-

why are these types of experiences important

Be prepared to share your ideas with the class.

Learning sequence for measuring
(adapted from Booker, G., Bond, D., Briggs, J., Davey, G., (1997) Teaching Primary Mathematics (2nd Ed),
Addison Wesley Longman Australia, p 322)
1. Identifying the attribute

For a child to be able to understand and cope with the measuring processes in a meaningful
way, they may need to develop new concepts, skills and language. Some of the attributes to
be measured (e.g. volume) may not yet form part of the child’s conscious experience. If this is
the situation, the teacher needs to provide initial experiences to develop the children’s
awareness of the attribute and to introduce the new language the child will need to talk about
it. Opportunities must be provided for children to manipulate objects that possess the attribute
being explored, to discuss these experiences with others and to make comparisons involving
the attribute. For example if you are developing the concept of volume with children, provide
experiences where children have a range of different size and shape containers. Allow them
opportunities to explore the amount of space inside the containers, to fill the containers with
different materials and to compare their findings.
You may need to spend plenty of time on these experiences so that you allow children to
become aware of what can be done to an object without changing the quantity of the attribute
that is present. For example does the length of a piece of string change if it is moved? Does the
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volume of water change if it is poured from one container to another without spilling? Many
experiences like these may be needed before children become familiar with the concepts being
developed and are ready to make comparisons between different amounts of an attribute.
2. Comparing and ordering

When children are aware of the attribute being investigated, they should be given opportunities
to compare and order different examples of the attribute. Activities for comparing two
examples should lead into activities for ordering or seriating three or more examples, (that is
placing things in order or sequence by size) using both direct and indirect methods. For
example, which pencil is the longest? Arrange the pencils in order from the longest to the
shortest.
These experiences reinforce the development of concepts associated with the attribute and
prepare children for the next stage when an example is measured by being compared with a
chosen amount of the attribute used as a unit.
3. Non-standard units

Before children develop formal measurement skills, they first need to be provided with initial
measurement activities using units from everyday experiences. For example lengths measured
in hand spans and volume measures in cupfuls. Children should be provided with many
opportunities to measure using these kinds of informal non-standard units in order to prepare
them for measuring using standard units. These experiences are related to the children’s
everyday experiences and their natural environment and can be fun and enjoyable. Through
these experiences children can be introduced to the use of units to provide numbers that
describe measurement outcomes, for instance the room is ten paces across.
Most of the principles associated with measurement can be developed naturally through the
use of non-standard units. The following measurement principles should therefore be
established firstly with children using non-standard units:
•

•

•
•

Units (even standard units) are not absolute but have been chosen for convenience e.g.
in measuring the length of the classroom, Phoebe’s pace would be a more convenient
and appropriate unit than Phoebe’s hand span.
During a measurement activity, the unit being used must not change e.g. it is not
appropriate to begin to measure the capacity of a container using cups of water and to
change during the activity to the use of spoonfuls of water as the unit.
Comparisons are performed conveniently by taking all measures in the same unit, so
that the largest number represents the greatest amount of the attribute being measured
The larger the unit used the smaller the number obtained, and vice versa

By using non-standard units the complications and difficulties associated with formal notation
and conversion between units are therefore delayed until children are ready to use their now
familiar measurement processes with standard units.
A wide variety of experiences in the use of non-standard units also provides opportunities for:
•
•
•

estimating amounts of attribute before they are measured
choosing appropriate units to suit different situations
coping with tolerance for error in judging the degree of accuracy appropriate in a given
situation.
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Eventually, wide experience with the use of non-standard units leads to the recognition of the
need to standardise units to avoid ambiguities, to facilitate communication and to support
precision in measurement in all situations. It is at this stage that the introduction of standard
measurement units is appropriate.
4. Standard units

The standard units used in Papua New Guinea are the metric units. Appropriate learning
experience are needed to allow children to become familiar with the quantity involved in each
unit, the correct language for naming each unit and the correct conventions for writing
measures using approved symbols. Children then need practical experiences in using
appropriate measuring devices, in making estimations of qualities in real world situations and in
mastering equivalences between units.
5. Applications

When children are confident and efficient in measuring correctly using appropriate standard
units, learning experiences should be directed towards extensive applications of measurement
and to the use of measurement formulas as powerful tools for generalisations. For example,
simple measurement formulas may be developed and used to generalise methods for
calculating areas, volumes, and perimeters. Later, these formulas provide appropriate starting
points for secondary school algebra, for instance, for providing experiences in substituting
specific values of a variable to find values of the expression.

Student Support Material

68

Unit 4 Enrichment Topics in Space and Measurement

Unit Glossary
Asymmetry

Not having symmetry. An object line symmetry or
rotational symmetry is described as asymmetrical.

Concave polygon

A concave polygon is a polygon where one or more of its
vertices points into the inside of the polygon.

Congruent

A shape or object is said to be congruent when they are
exactly alike in all aspects i.e. same size and shape.

Convex polygon

A convex polygon is a polygon where all of its vertices
point to the outside of the polygon.

Curve

A line of which no part is straight.

Direct measurement

When two or more objects are measured directly against
one another e.g. two pencils placed side by side and their
length compared, lifting two pawpaws to compare their
mass.

Euclidean transformation

The process by which a shape changes position but
does not change its shape or size e.g. position changed
through reflection (flips), rotation (turns) or translation
(slides).

Indirect measurement

When two or more objects are measured through the
use of an intermediary e.g. the width of the table and the
width of a door are measured by using hand spans.

Irregular polygon

A plane shape in which not all sides are equal in length
and at/or at least one angle is different in size from the
other angles.

Line of symmetry

The line that divides something in half so that one half is
the mirror image of the other half. This line is sometimes
called an axis of symmetry.

Line segment

Part of a straight line

e.g.

Line segment
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Metric system

A decimal system of weights and measures. The base
units for length is metre (m), for mass is kilogram (kg)
and for area is square metres (m2).

Non Standard units

Arbitrary units which are used to help us measure e.g.
hand span, paces, are non-standard units that can be
used to measure length.

Non-Euclidean
Transformation

the process by which a shape changes and size and/or
shape are not retained.

Pentomino

A pentomino is formed by joining five squares side by
side.

Plane shape

A plane shape is a shape that can be drawn on a flat
surface. It is a two-dimensional object.

Platonic solids regular
polyhedrons

A three-dimensional shape where all the plane faces are
identical in shape and size, all edges are the same
length, all angles are the same and all vertices are
identical. These shapes are symmetrical. There are 5
platonic solids – tetrahedron, cube, octahedron,
dodecahedron and an icosahedron.

Point chord

A line joining two points on a circumference.

Polygon

A plane shape which has 3 or more line segments as
sides, e.g. all straight sides such as a hexagon.

Polyhedron

A three-dimensional shape with plane faces.

Polyomino

A plane shape made of squares of the same size, each
square being connected to at least one of the others by a
common edge.

Ray

A half line. It has a starting point but no end

Regular polygon

A polygon is regular if its sides are equal in length and its
angles are equal in size.

Regular tessellation

When a single regular shape is used to cover a surface it
is called a regular tessellation.

Rotational symmetry

A shape or design that can be rotated to cover the
original in less than a full turn is said to have rotational
symmetry.
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Semi-regular tessellation: When combinations of regular shapes are used to cover
a surface then the result is called a semi-regular
tessellation.
Similarity

Similar figures have the same shape but not necessarily
the same size. One is the scale model of the other. In
similar figures corresponding angles are equal and the
ratio of corresponding sides is constant.

Solid shape

A solid shape is a figure with three-dimensions, usually
length, width and height.

Standard units

Units of measure that are accepted by agreement as the
basis for a system of measurement e.g. the metre, the
kilogram are standard units of the metric system.

Symmetry

A shape has symmetry or is symmetrical when one half
of the shape can fit exactly over the other half.

Tangrams

A Chinese puzzle made up of square cut into 7 pieces,
five triangles (two small, one medium size and two
large), a parallelogram and a square.

Tessellate

If a surface can be completely covered by the repeated
use of a single shape, without overlapping, then that
shape is said to tessellate.

Three-dimensional
shapes or solids

Shapes which have length, width and height e.g. cubes,
pyramids, cylinders.

Transformation

The process by which the shape, position or size of an
object is changed e.g. enlarged, flipped, rotated.

Two-dimensional shapes
or plane shapes

Plane shapes have two dimensions – length and width or
length and height – and lies wholly on or within a single
flat surface or plane. This means they lack depth, the
third dimension.
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