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WORKSHOP PROGRAM – GRADES 8 and 9
Session 1:
1 ¾ hours

PROBLEM AREAS IN SPACE AND SHAPE
Engage with the 2014 ANA Diagnostic Report, extracts from the
Senior Phase CAPS and from the FET CAPS and use these extracts
to answer questions about the problem areas in Space and Shape.

Page 2

Session 2:
2 hours

ENGAGING WITH GRADE 8 and 9 CONTENT –
TRIANGLES
Work on exercises and do triangle constructions while engaging
with the Grade 8 and 9 Triangle content.

Page 12

Session 3:
2 hours

ENGAGING WITH GRADE 8 and 9 CONTENT –
SIMILARITY AND CONGRUENCY
Work on exercises, do constructions and solve riders while
engaging with Grade 8 and 9 Similarity and Congruency content.

Page 36
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SESSION 1: PROBLEM AREAS IN SPACE AND SHAPE
In this session you study extracts from the 2014 ANA Diagnostic Report as well as parts of the Space and
Shape Phase Overview in the Senior Phase CAPS document and the Geometry and Measurement Phase
Overview in the FET CAPS document.
PROCEDURE
•

Everyone in the class is numbered 1 or 2.

•

All the 1s go together and all the 2s go together so that there are two approximately equal sized groups.

1) Groups engage with the Summary of Key Findings from the 2014 ANA Diagnostic Report (given on
pages 3 and 4 of this document) and answer the question at the bottom of page 4.
2) Groups engage with the Extract from the Senior Phase Space and Shape Phase Overview (given on page
5 of this document) and answer the questions on page 6.
3) Groups read the Detailed Diagnostic Analysis from the 2014 ANA Diagnostic Report (given on pages 7,
8 and 9 of this document) and answer the questions on page 8, 9 and 10.
4) Groups then read the extract from the Senior Phase Space and Shape Phase Overview (given on page 5
of this document) and the FET Euclidian Geometry and Measurement Phase Overview (given on page
11 of this document) and answer the question on page 12.
5) Groups summarise their findings on flip chart paper and report back to the rest of the class.
TOTAL: 105 minutes or 1 ¾ hours
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1) The group reads through the following two pages from the 2014 ANA Diagnostic Report.
The following extract comes from pages 51 and 52 in the
Annual National Assessment (2014) Diagnostic Report (Intermediate and Senior Phases,
Mathematics)

Page 1
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(continued)

Page 2

Make a list of the problem areas in Shape and Space as identified by the 2014 ANA Diagnostic Report
……………………………………………………………………………………………………………..
……………………………………………………………………………………………………………..
……………………………………………………………………………………………………………..
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2) Study the following extract from the Senior Phase CAPS and then answer the questions that follow.
EXTRACT FROM THE SENIOR PHASE SPACE AND SHAPE PHASE OVERVIEW
(page 27 and 28 in the Senior Phase CAPS)
Geometry
of 2D
Shapes

GRADE 7

GRADE 8

GRADE 9

Classifying 2D shapes
•
Describe, sort, name and
compare triangles according to
their sides and angles,
focusing on:
equilateral triangles
isosceles triangles
right-angled triangles
•
Describe, sort, name and
compare quadrilaterals in
terms of:
length of sides
parallel and
perpendicular sides
size of angles (rightangles or not)
•
Describe and name parts of a
circle
Similar and congruent 2D shapes
Recognize and describe similar and
congruent figures by comparing:
shape
size

Classifying 2D shapes
•
Identify and write clear
definitions of triangles in
terms of their sides and angles,
distinguishing between:
equilateral triangles
isosceles triangles
right-angled triangles
•
Identify and write clear
definitions of quadrilaterals in
terms of their sides and angles,
distinguishing between:
parallelogram; rectangle;
square; rhombus; trapezium;
kite

Classifying 2D shapes
•
Revise properties and
definitions of triangles in
terms of their sides and angles,
distinguishing between:
equilateral triangles
isosceles triangles
right-angled triangles
•
Revise and write clear
definitions of quadrilaterals in
terms of their sides, angles and
diagonals, distinguishing
between: parallelogram;
rectangle; square; rhombus;
trapezium; kite

Similar and congruent 2D shapes
•
Identify and describe the
properties of congruent shapes
•
Identify and describe the
properties of similar shapes

Solving problems
Solve simple geometric problems
involving unknown sides and
angles in triangles and
quadrilaterals, using known
properties.

Solving problems
Solve geometric problems
involving unknown sides and
angles in triangles and
quadrilaterals, using known
properties and definitions.

Similar and congruent triangles
•
Through investigation,
establish the minimum
conditions for congruent
triangles
•
Through investigation,
establish the minimum
conditions for similar triangles
Solving problems
Solve geometric problems
involving unknown sides and
angles in triangles and
quadrilaterals, using known
properties of triangles and
quadrilaterals, as well as properties
of congruent and similar triangles.
Investigating properties of
geometric figures
• By construction, investigate the
angles in a triangle, focusing on
the relationship between the
exterior angle of a triangle and
its interior angles
• By construction, investigate
sides, angles and diagonals in
quadrilaterals, focusing on:
the diagonals of rectangles,
squares,
parallelograms, rhombi and
kites
exploring the sum of the
interior angles of polygons
• By construction, explore the
minimum conditions for two
triangles to be congruent

Construction
of geometric
figures
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Investigating properties of
geometric figures
• By construction, investigate the
angles in a triangle, focusing on:
the sum of the interior
angles of triangles
the size of angles in an
equilateral triangle
the sides and base angles of
an isosceles triangle
• By construction, investigate
sides and angles in
quadrilaterals, focusing on:
the sum of the interior
angles of quadrilaterals
the sides and opposite
angles of parallelograms
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In which Grade in the Senior Phase do learners:
a) start working with Similar and Congruent Shapes?
……………………………………………………………………………………………………………..
b) start working with Angles Formed by Parallel Lines?
……………………………………………………………………………………………………………..
c) construct triangles?
…………………………………………………………………………………………………………………………...
d) work with Angles Opposite Equal Sides?
…………………………………………………………………………………………………………………………...
…………………………………………………………………………………………………………………………...
e) focus on the sum of the interior angles of a triangle?
…………………………………………………………………………………………………………………………...
f) investigate the relationship between the exterior angle of a triangle and its interior angle?
………………………………………………………………………………………………………………………….
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3) The group reads this next section from the 2014 ANA Diagnostic Report and answer the questions that
arise from it.

PTO
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a) Give the correct solution for Example 2:
……………………………………………………………………………………………..
……………………………………………………………………………………………..
……………………………………………………………………………………………..
……………………………………………………………………………………………..
……………………………………………………………………………………………..

Grade 8 and 9 Participant’s Handout

8

Page 9 of 54

b) In which order should the learners have listed the vertices of the triangle and what reason
should they have used for the congruency?
…………………………………………………………………………………………………………
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c) Summarise the advice that the ANA report gives as to how to assist where learners have
trouble with questions like Example 3:
……………………………………………………………………………………………….
……………………………………………………………………………………………….
……………………………………………………………………………………………..
……………………………………………………………………………………………..
……………………………………………………………………………………………..
……………………………………………………………………………………………..
……………………………………………………………………………………………..
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4) There is never enough time to cover the Grade 8 and Grade 9 maths syllabus.
In order to finish the syllabus, some Grade 8 and 9 teachers decide to leave out parts of the Space and
Shape when they teach.
The following table lists the Phase Overview for the FET Geometry and Measurement.

EUCLIDIAN GEOMETRY AND MEASUREMENT
(page 14 and 15 in the FET CAPS

GRADE 10
a)
b)

c)

Revise basic results established
in earlier grades
Investigate line segments
joining the mid-points of two
sides of a triangle
Properties of special
quadrilaterals

GRADE 11
a)
b)

c)

d)

Revise Grade 10 work
Investigate and prove theorems
of the geometry of circles
assuming results from earlier
grades, together with other
results concerning tangents and
radii of circles
Solve circle geometry
theorems, providing reasons for
statements when required
Prove riders

GRADE 12
a)

b)

c)

Revise earlier (Grade 9) work
on the necessary and sufficient
conditions for polygons to be
similar
Prove (accepting results
established in earlier grades)
•
That a line drawn parallel
to one side of a triangle
divides the other two sides
proportionally (and the
Mid-point Theorem as a
special case of this
theorem);
•
that equiangular triangles
are similar;
•
that triangles with sides in
proportion are similar;
•
the Pythagorean Theorem
by similar triangles;
Riders.

Study the extract from the Senior Phase CAPS Overview (given on page 5) and the FET Geometry and
Measurement Phase Overview (given on this page) and use them to say whether these teachers have
made the correct decision or not.
…………………………………………………………………………………………………………….
…………………………………………………………………………………………………………….
…………………………………………………………………………………………………………….
…………………………………………………………………………………………………………….
…………………………………………………………………………………………………………….
…………………………………………………………………………………………………………….
…………………………………………………………………………………………………………….
Report back on your discussions to the rest of the class.
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SESSION 2: TRIANGLES
In this session you work on exercises and do triangle constructions while engaging with the Grade 8 and 9
Triangle content.
You will go through the following sections:
1) Naming triangles
2) Constructing triangles when the length of 3 sides is given
3) Equilateral triangles
4) Isosceles triangles
5) Constructing triangles when 3 lengths are not given
6) Angles in a triangle
7) Exterior angles of a triangle.
You will need
- A maths set (also called a geometry set)
- A few sheets of blank paper
- A pair of scissors
TOTAL: 2 ½ hours

Grade 8 and 9 Participant’s Handout
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TRIANGLES
•

All triangles have three sides and three angles.

•

We can describe a triangle further by looking at the sizes of its angles, and the lengths of its sides.

Triangles are often used in construction, as they
are strong, rigid shapes.

The following figures are all examples of triangles:
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1)

NAMING TRIANGLES

Triangles can be named according to their interior angles, or according to the length of their sides.
Acute – angled triangle
All three interior angles are acute.

A

In ∆ABC; Â is acute,

B̂ is acute, and
Ĉ is acute.
Triangles
can be
named

B

C

Obtuse- angled triangle
One interior angle is obtuse and the other two
are acute.

according In ∆LMN; L̂ is acute,
to the
M̂ is obtuse, and
size of its
N̂ is acute.
angles.
Right-angled triangle
One interior angle is right-angle and the other
two angles are acute.

N
L
M
J

In ∆JKL; Ĵ is acute,

K̂ is a right angle, and
L̂ is acute.
Scalene triangle
All three sides are different lengths.

Triangles

In ∆JKL;
DE ≠ EF ≠ FD
Isosceles triangle
Two sides of the triangle are equal in length.

L

K
D

F
E
Z

X

can be

In ∆XYZ;
YX = XZ, but
according YZ ≠ YX and YZ ≠ XZ
named
to the
length of
sides.

Y
Equilateral triangle
All three sides are equal in length.

R

T

In ∆RST;
RT = TS = SR

S
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ACTIVITY 1

NAMING TRIANGLES

1) For each of the triangles below, use a ruler and a protractor to measure the angles and sides and say
whether it is an acute-angled triangle, obtuse-angled triangle, right-angled triangle, scalene triangle,
isosceles triangle or an equilateral triangle. Note: these triangles can all be given two labels.
a)

b)

c)

……………………………..
……………………………..

………………………………
………………………………

d)

e)

………………………………

………………………………

………………………………

……………………………….

………………………………
………………………………
f)

………………………………
………………………………

2) For each of the triangles below, say whether these triangles are acute-angled, obtuse-angled, rightangled, scalene, isosceles or equilateral. Note: you may only be able to give these triangles 1 label,
not 2
a) ∆LMN; L̂ = 60°,

M̂ = 40°
N̂ = 100°.
……………………………..

b) ∆XYZ;
YX = 4 cm
XZ = 6 cm, and
YZ = 4 cm

c) ∆FGH;
FG = 3 cm
GH = 4 cm
HF = 5 cm

………………………………

………………………………

3) Can a triangle ever have more than one obtuse
angle? Explain your answer with a sketch.
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4) Can a triangle ever have more than two right
angles, explain your answer with a sketch?
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2)

CONSTRUCTING TRIANGLES WHEN THE LENGTH OF
THREE SIDES IS GIVEN

Example 1: Construct a triangle when the length of three sides has been given
Construct ∆ABC with AB = 10 cm, BC = 5 cm and CA = 8 cm.
SOLUTION
STEP 1:
Draw a rough sketch of the triangle that you are
C
going to draw.

B

A

STEP 3:
Measure 8 cm using your pair of compasses by
placing them on a ruler so that the sharp point
and the pencil are 8 cm apart.

STEP 2:
Draw the longest side. Label it with its length.

10 cm

A

STEP 4:
Put the compass point at the end of your line.
Draw an arc that is 8 cm from the end of the line.

A
STEP 5:
Use your ruler to set your pair of compasses to 5
cm. Draw an arc with the circle centre at the
other end of the line.

A

10 cm
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B

10 cm

B

STEP 6:
Draw the other sides of the triangle.

C

A

B

B
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ACTIVITY 2: CONSTRUCTING TRIANGLES GIVEN THE LENGTH OF
THREE SIDES
1)

These are rough sketches of some triangles.
a) Use the compass method to construct them on the next 3 pages.
b) Inside each triangle write its letter.
c) Ask a partner to measure your constructions for accuracy.

PTO
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ACTIVITY 2 (continued)

PTO
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ACTIVITY 2 (continued)

2)

a)

Try to draw a triangle with sides 10 cm, 4 cm, and 5 cm. What happens?

b)

Find another three lengths for which the same thing happens? Write down their lengths here:
………………………………………………………………………………………………..

c)

How can you tell without drawing if three given lengths will make a triangle?
………………………………………………………………………………………………..
………………………………………………………………………………………………..
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3)
•

EQUILATERAL TRIANGLES
An equilateral triangle is one which has three sides that are equal in length.

ACTIVITY 3
1)

a)

PROPERTIES OF EQUILATERAL TRIANGLES

Which of the triangles that you constructed in Activity 2 are equilateral triangles?
……………………………………………………………………………………………………

b)

Measure the angles of all the equilateral triangles that you constructed. What is the size of these
equal angles?
………………………………………………………………………………………………

2)

a)

Redraw one of the equilateral triangles you constructed in Activity 2 on a sheet of blank paper.
Cut the triangle out.

b)

Fold the equilateral triangle in half.
How many ways are there to fold an equilateral triangle in half?
……………………………………………………………………………………………………

c)

How many lines of symmetry does an equilateral triangle have?
…………………………………………………………………………………………………….
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4)
•

ISOSCELES TRIANGLES
An isosceles triangle is one which has two sides that are equal in length.

ACTIVITY 4
1)

a)

PROPERTIES OF ISOSCELES TRIANGLES

Which of the triangles that you constructed in Activity 2 are isosceles triangles?
………………………………………………………………………………………………

b)

Measure the angles of all the isosceles triangles that you constructed. How many equal
angles are there in each triangle?
………………………………………………………………………………………………

2)

a)

Redraw one of the isosceles triangles you constructed in Activity 2 on a sheet of blank paper.
Cut the triangle out.

b)

Fold the triangle in half.
How many ways are there to fold the isosceles triangle in half?
……………………………………………………………………………………………..

c)

How many lines of symmetry does an isosceles triangle have?
……………………………………………………………………………………………..

3)

a)

What can you say about the size of this
angle?
………………………………………

b)

What can you say about the sizes of
these angles?
………………………………………
PTO
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ACTIVITY 4 (continued)
4)

Find all the isosceles triangles in this diagram. You may use a ruler to measure the lengths if you
wish.
Write them using the letters of their vertices.
For example, ∆NOC is isosceles.

C

D

B

G

F
A

E
I
H
K
N

L

J
M
O

……………………………………………………………………………………………………
…………………………………………………………………………………………………….
…………………………………………………………………………………………………….
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5)

•

CONSTRUCTING TRIANGLES WHEN THREE LENGTHS
ARE NOT GIVEN
You can construct triangles when you do not know the length of all three sides. But, you have to have
been given the size of at least one angle.

Example 2: Construct a triangle when given one length and two angles.
Construct ∆PQR with PQ = 8 cm, 𝑃̂ = 80° and 𝑄̂ = 30°.
SOLUTION:
STEP 1: Draw a rough sketch of the triangle that
you are going to draw.

STEP 2: Draw a line 8 cm.

R

P

80
8 cm

30

Q
8 cm

P

STEP 3: Mark an angle 80° at the left-hand end.

STEP 4: Complete the angle with a line.

80

8 cm

P

Q

STEP 5: Mark a 30° angle on the other end.

Q

P

8 cm

Q

STEP 6: Complete the angle with a line. Where
the lines cross is the third vertex

R

80

P

80
8 cm
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P

30
8 cm

Q
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ACTIVITY 5: MORE TRIANGLE CONSTRUCTIONS
1)

Construct the three triangles in the space given below.
a)

50°

60°
9 cm

b)

110° 30°
8 cm

c)

7 cm
40°

70°

PTO
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ACTIVITY 5 (continued)
2)

a)

Try constructing this triangle.

140°

40°

6 cm

b)

What happens? …………………………………………………………………………………
…………………………………………………………………………………………………...

3)

a)

Construct this triangle alongside. For this triangle you are given the length of 2 sides and the
size of the included angle.
13 cm
70°
9 cm

b)

Write down the steps that you used to construct this triangle. ………………………………….
…………………………………………………………………………...……………………….
…………………………………………………………………………………………………….
……………………………………………………………………………………..……………..
…………………………………………………………………………………………………….
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ACTIVITY 5 (continued)
4)

5)

a)

Construct ∆XYZ with XY = 6 cm, 𝑋̂ = 135° and 𝑌̂ = 25°. For this triangle you are given the
length of 1 side and the sizes of 2 angles.

b)

Measure the lengths of sides XZ and YZ. ………………………………………………………

c)

Measure the size of 𝑍̂ ……………………………………………………………………………

a)

Construct ∆ABC with AB = 7 cm, BC = 11 cm and 𝐵̂ = 85°

b)

Measure the length of side AC. …………………………………………………………………

c)

Measure the sizes of 𝐶̂ and 𝐵̂ ……………………………………………………………………

Grade 8 and 9 Participant’s Handout
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6)

ANGLES IN A TRIANGLE

ACTIVITY 6
1)

INVESTIGATING ANGLES IN A TRIANGLE

a)

Draw any triangle ABC in the space given.

b)

Use a protractor to measure its three angles.
𝐴̂ = ……….

c)

𝐵̂ = ……….

𝐶̂ = ……….

Add the three angles together.
𝐴̂ + 𝐵̂ + 𝐶̂ = …………………………………………………………………………….

2)

d)

Compare your answer to those of others.

a)

Draw triangle ABC on a blank piece of paper.
The length of the sides and the size of the angles are not important.
Cut the triangle out.
Mark A, B and C inside the triangle.
Turn the triangle over and mark A, B and C on the other side of the triangle in the same
position as the first side
A

B
b)

Fold point A onto side BC.
B

c)

C

A

C

Fold the corners B and C to meet the vertex A.
BA C

d)

What can you say about the three angles of a triangle?
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We know the following about the sides and angles of a triangle:
A

1)

In any triangle, the sum of the interior
angles is 180°.
C

B

𝐴̂ + 𝐵̂ + 𝐶̂ = 180°
A
60°

2)

In an equilateral triangle all the angles are
equal and measure 60°
B

60°

60°

C

𝐴̂ = 𝐵̂ = 𝐶̂ = 60°
A

3)

In an isosceles triangle, the angles opposite
the equal sides are equal in size.

B

C

ˆ
AB = AC and B̂ = C

•

We can use these three facts to calculate the size of an unknown angle in a triangle.

Example 3:
Calculate the value of x in the sketch below.
97°
32°

SOLUTION:
x + 32° + 97° = 180°
 x + 129° = 180°
 x = 51°
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A sketch is not an accurate drawing, so
you cannot use a protractor to measure
the size of x.

(because the sum of the interior angles of a triangle is 180°)
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Example 4:
Calculate the value of a and b in the sketch.

a

b

75°

SOLUTION:
a = 75°
(because angles opposite the equal sides of an isosceles triangle are equal.)
b + 75° + 75° = 180° (because the sum of the interior angles of a triangle is 180°.)
 b + 150° = 180°
 b = 30°

Example 5:
Calculate the value of j and k in the sketch.

22°
j

k

SOLUTION:
j + k + 22° = 180° (because the sum of the interior angles of a triangle is 180°.)
But, j = k
(because angles opposite the equal sides of an isosceles triangle are equal.)
k + k +22° = 180°

2k = 158°

k = 79°

j = 79°
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ACTIVITY 7: CALCULATING ANGLES IN A TRIANGLE
1)

Calculate the size of the missing angle in each of the triangles below. Give reasons.
a)
b)

a
65°
60°
40°
35°
b
……………………………………………

……………………………………………….

……………………………………………

……………………………………………….

…………………………………………….

……………………………………………….

c)

d)
14°

30°

d
60°

135°

c
………………………………………………

……………………………………………….
………………………………………………..
………………………………………………..
e)

……………………………………………….
……………………………………………….
f)

f

55°
50°
e
…………………………………………………
…………………………………………………

65°
……………………………………………….
……………………………………………….

…………………………………………………
2)

a) i)

What type of triangle is the one in question 1d)? …………………………………….

ii) How do you know? ……………………………………………………………………
…………………………………………………………………………………………..
b) i)

What type of triangle is the one in question 1f)? ………………………………………

ii) How do you know? …………………………………………………………………….
…………………………………………………………………………………………...
PTO
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ACTIVITY 7 (continued)
3)

Calculate the size of the missing angles in each of the triangles below. Give reasons.
a)
b)
a

c

d
b

75°

24°

……………………………………………….

………………………………………………..

……………………………………………….

………………………………………………..

……………………………………………….

………………………………………………..

………………………………………………..

………………………………………………..

……………………………………………….

………………………………………………..

c)

d)
e

f

i
h

g

77°

…………………………………………………

………………………………………………

………………………………………………….

………………………………………………..

………………………………………………….

………………………………………………...

………………………………………………….

…………………………………………………

………………………………………………….

…………………………………………………

e)

f)
n

100°
j

k
m

…………………………………………………
…………………………………………………
…………………………………………………

………………………………………………….
………………………………………………….
…………………………………………………..

…………………………………………………

…………………………………………………..

…………………………………………………

…………………………………………………..
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7)

EXTERIOR ANGLES OF A TRIANGLE

ACTIVITY 8

INVESTIGATING THE EXTERIOR ANGLES OF TRIANGLES

Work in groups of at least 3.
1)

Each member of the group must construct one triangle ABC.
• One person should construct an acute-angled triangle,
• One person should construct a right-angled triangle, and
• One person should construct an obtuse-angled triangle.

2)

Produce or extend (this means make longer) each side AB to a point D.
C

A

B

D

𝐶𝐵̂ 𝐷 is called an exterior angle of ∆ABC. Use a protractor to measure 𝐶𝐵̂𝐷.
…………………………………………………………………………………………………….
3)

4)

Use a protractor to measure the sizes of the following angles:
a)
𝐴̂ ………….
b)

𝐶̂ ………….

c)

𝐴𝐵̂ 𝐶 ………

d)

𝐶𝐵̂ 𝐷 ……….

𝐴𝐵̂ 𝐶 is inside the triangle and adjacent to the exterior angle 𝐶𝐵̂ 𝐷.
What is the relationship between 𝐴𝐵̂𝐶 and 𝐶𝐵̂𝐷? ……………………………………………….
…………………………………………………………………………………………………….
……………………………………………………………………………………………………..
𝐴̂ and 𝐶̂ are also inside the triangle. They are called the interior opposite angles to 𝐶𝐵̂ 𝐷.
What is the relationship between 𝐴̂, 𝐶̂ and 𝐶𝐵̂ 𝐷? ………………………………………………...
……………………………………………………………………………………………………...
……………………………………………………………………………………………………...
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NOTE:
In any triangle, the exterior angle is equal to the sum of the interior opposite angles.

A

𝐴𝐶̂ 𝐷 = 𝐴̂ + 𝐵̂
B

•

D

C

We can use this to calculate the size of unknown angles in a triangle or the exterior angle of a triangle.

Example 6:
Calculate the value of a in the sketch.
93°
32°
SOLUTION:
a = 32° + 93°
a = 125°

a

(because the exterior angle of a triangle is equal to the interior opposite angles)

Example 7:
Calculate the value of x and y in the sketch.

146°

x

y

85°
SOLUTION:
x + 85 = 146° (because the exterior angle of a triangle is equal to the sum of the interior opposite angles)
x = 146 – 85
= 61°
y + 61° + 85° = 180
(because the sum of the interior angles of a triangle is 180°)
 x + 146° = 180°
 x = 180 – 146
You could also calculate this angle using adjacent angles on a
= 34°
straight line.
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ACTIVITY 8: CALCULATING ANGLES IN A TRIANGLE
Calculate the size of the missing angle or angles in each of the triangles below. Give reasons
1)
a

45°

105°

………………………………………………………………………………………………….
………………………………………………………………………………………………….
………………………………………………………………………………………………….
………………………………………………………………………………………………….
………………………………………………………………………………………………….
………………………………………………………………………………………………….
2)
c
b

52°

40°

…………………………………………………………………………………………………..
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
…………………………………………………………………………………………………….
…………………………………………………………………………………………………….
…………………………………………………………………………………………………….
…………………………………………………………………………………………………….
PTO
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ACTIVITY 8 (continued)
3)
h

120°

i

……………………………………………………………………………………………………..
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
4)
e
d

g 46°

75° f

…………………………………………………………………………………………………….
…………………………………………………………………………………………………….
…………………………………………………………………………………………………….
…………………………………………………………………………………………………….
…………………………………………………………………………………………………….
…………………………………………………………………………………………………….
……………………………………………………………………………………………………..
……………………………………………………………………………………………………..
……………………………………………………………………………………………………..
……………………………………………………………………………………………………..
……………………………………………………………………………………………………..
……………………………………………………………………………………………………..

Grade 8 and 9 Participant’s Handout

35

Page 36 of 54

SESSION 3: SIMILARITY AND CONGRUENCY
In this session you will work on exercises, do constructions and solve riders while engaging with Grade 8
and 9 Symmetry and Congruency content.

You will go through the following sections:
1. Similarity
1.1. Naming corresponding sides and angles of similar shapes
1.2. Calculating the lengths of similar shapes
1.3. Proving triangles similar
2. Congruency
2.1. The minimum conditions for proving triangles congruent
2.2. Proving triangles congruent.

You will need
- A maths set (also called a geometry set)
- A few sheets of blank paper
- A pair of scissors
TOTAL: 2 hours
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SIMILARITY AND CONGRUENCY
1) SIMILARITY
In Grade 7, 8 and 9 the learners deal with Transformations.
-

They discover that translations (slides), reflections (flips) and rotations (turns) result in new
shapes (images) that are the same size and same shape but not necessarily in the same orientation
(position). These transformations are called iso-metric transformations (iso- (same); -metric
(measure)).

-

Enlargement (and reduction) is also a transformation, BUT it is not an iso-metric transformation.
When a shape is enlarged, the shape remains the same, but the image is smaller or bigger than the
original figure.
When a shape has been enlarged or reduced, then we know that
o all the angles of one figure are equal to the corresponding angles of the other
o the length of each side of one figure is multiplied by the identical scale factor to get the
lengths of the sides of the other figure (i.e. the corresponding sides must be in proportion).
We say that the original shape and its image are SIMILAR
.
All SIMILAR shapes have:
1) Corresponding angles equal in size, AND
2) Corresponding sides in proportion

All regular shapes (such as the regular pentagons below) are similar. This means that all circles, of any
diameter are similar figures; all squares are similar figures and all equilateral triangles are similar figures.
These regular pentagons are all similar:
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1.1 NAMING CORRESPONDING SIDES AND ANGLES OF SIMILAR SHAPES
•

To solve problems with similar shapes, the learners need to be able to recognise the corresponding sides
and angles of the shapes.

Example 1: List the corresponding sides of ∆ABC and ∆DEF.

SOLUTION:
Because the angles of ∆ABC are equal to the corresponding angles of ∆DEF, we know that ∆ABC is
similar to ∆DEF.
• Both side AB and side DE are opposite 45, so AB and DE are corresponding sides.
• Both side BC and side EF are opposite 72, so BC and EF are corresponding sides
• Both side CA and side FD are opposite 63, so CA and FD are corresponding sides

Example 2:
The angles of quadrilateral ABCD are equal to
corresponding angles of EFGH, so ABCD and EFGH
are similar figures.

a)
b)
c)
d)

Which angle in quadrilateral EFGH is equal to 𝐶̂ ?
Which side in quadrilateral EFGH corresponds to AB?
Which angle in quadrilateral ABCD is equal to 𝐺̂
Which side in quadrilateral ABCD corresponds to HE?

SOLUTION:
a) 𝐸̂ = 𝐶̂
b) AB has a closed dot on one side and an open dot on the other.
GH also has a closed dot on one side and an open dot on the other.
So, GH corresponds to AB.
c) 𝐺̂ = 𝐴̂
d) BC corresponds to HE (both have an open dot on one side and a cross on the other side)
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1.2 CALCULATING THE LENGTHS OF SIDES OF SIMILAR SHAPES
•

When shapes are enlarged or reduced, their corresponding sides are in proportion. If we know the scale
factor of the enlargement, we can calculate the lengths of unknown sides.

Example 3:
Quadrilaterals ABCD and EFGH are similar.

a) Calculate the length of FG.
b) Find the size of 𝐺̂ .
SOLUTION:
𝐸𝐹

4

a) We know that DC = 2 cm and EF = 4 cm, so Scale Factor = 𝐷𝐶 = 2 = 2
Because the quadrilaterals are similar, corresponding sides are in proportion.
𝐹𝐺

FG corresponds to AD, so we know that 𝐴𝐷 = 2
∴

𝐹𝐺
3

=2

∴ 𝐹𝐺 = 6 cm
b) Because the quadrilaterals are similar, corresponding angles are equal.
𝐺̂ corresponds to 𝐴̂, so

Ĝ = 98°

Grade 8 and 9 Participant’s Handout

39

Page 40 of 54

Activity 1
1) Rectangle ABCD is similar to rectangle GEFH.
GEFH is an enlargement of ABCD that has been
rotated to the right.
Complete the sentences below to show which
sides are corresponding in these rectangles.
a) Side AB corresponds to ……….
b) Side BC corresponds to ……….
c) Side CD corresponds to ……….
d) Side AD corresponds to ……….
2) Rectangles IJKL and MNOP are
similar. Calculate the length of x.

………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
……………………………………………………………………………………………………….
………………………………………………………………………………………………………..
………………………………………………………………………………………………………..

3) Rectangles QRST and WZXV are similar.
Calculate the length of y.
…………………………………………………
…………………………………………………
…………………………………………………
…………………………………………………
…………………………………………………
…………………………………………………
PTO
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Activity 1 (continued)
4) The following pairs of triangles are similar.
For each pair of triangles mark the angles that are equal and then calculate the length of side x.
a)
……………………………………………………………
……………………………………………………………
……………………………………………………………
…………………………………………………………….
…………………………………………………………….
…………………………………………………………….
b)
……………………………………………………………
……………………………………………………………
……………………………………………………………
…………………………………………………………….
…………………………………………………………….
…………………………………………………………….

c)

……………………………………………
……………………………………………
…………………………………………….
…………………………………………….
…………………………………………….
…………………………………………….
…………………………………………….
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1.3 PROVING TRIANGLES SIMILAR
In general, to prove that any two shapes are similar, we have to prove
i) The corresponding angles are equal
ii) AND the corresponding sides are in proportion.
Triangles, however, are special.
a) If we know that the corresponding angles are equal, then we automatically know that the
corresponding sides are in proportion
b) If we know that the corresponding sides are in proportion, then we automatically know that the
corresponding angles are equal
This means we only need to prove that the angles are equal OR that the corresponding sides are in
proportion in order to say that the triangles are similar.

We are given ∆ ABC and ∆ DEF

̂=𝑫
̂; 𝑩
̂ =𝑬
̂; 𝑪
̂=𝑭
̂,
If we are given that 𝑨
We can conclude that
i) ∆𝐴𝐵𝐶 and ∆𝐷𝐸𝐹 are similar (𝑜𝑟 ∆𝐴𝐵𝐶 ||| ∆𝐷𝐸𝐹)
And
ii)

AB
DE

=

BC
EF

=

CA
FD
𝐀𝐁

𝐁𝐂

𝐂𝐀

If we are given that 𝐃𝐄 = 𝐄𝐅 = 𝐅𝐃
We can conclude that
i) ∆𝐴𝐵𝐶 and ∆𝐷𝐸𝐹 are similar (𝑜𝑟 ∆𝐴𝐵𝐶 ||| ∆𝐷𝐸𝐹)
And
̂
ii) 𝐴̂ = 𝐷
𝐵̂ = 𝐸̂
𝐶̂ = 𝐹̂

NOTE: Another important fact to remember about two triangles: If two pairs of corresponding angles
are equal then the third pair will always be equal too (since the sum of the three angles in a triangle is always
1800).
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Example 4:
Show that ∆HIJ is similar to ∆KLM and list the corresponding angles that are equal.

SOLUTION:
In ∆JHI and ∆MKL
𝐽𝐻

1)

𝑀𝐾
𝐼𝐽

2)

𝐿𝑀
𝐻𝐼

3)

𝐾𝐿

∴

𝐻𝐼
𝐾𝐿

5

50

= 3,5 = 35 =
2

20

= 1,4 = 14 =
4

40

= 2,8 = 28 =
=

𝐼𝐽
𝐿𝑀

=

𝐽𝐻
𝑀𝐾

10
7
10
7
10
7

=

… these are the 2 longest sides
… these are the 2 shortest sides
… these are the third sides

10
7

 ∆ JHI ||| ∆ MKL

(Corresponding sides in proportion)

̂; 𝐻
̂= 𝐾
̂ 𝑎𝑛𝑑 𝐼̂ = 𝐿̂
∴ 𝐽̂ = 𝑀

Note that the order of labelling the triangles in the conclusion is important.

Example 5:
∆ABC and ∆DEH are equiangular. List the sides which are in proportion.

SOLUTION:
• BC and EH are opposite 88°, so BC and EH are in proportion
• AC and DE are opposite 60°, so AC and DE are in proportion
• AB and DH are opposite 32°, so AB and DH are in proportion.
𝐵𝐶

𝐴𝐶

𝐴𝐵

∴ 𝐸𝐻 = 𝐷𝐸 = 𝐷𝐻
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Activity 2
REMEMBER: ||| means “is
similar to”.

1. Show that ∆JKL ||| ∆MNO by
proving that corresponding
sides are in proportion.
…………………………………………………………………………………………………………….
…………………………………………………………………………………………………………….
……………………………………………………………………………………………………………..
……………………………………………………………………………………………………………..
……………………………………………………………………………………………………………..
2. Prove that these two triangles are similar.
Give two possible reasons for your answer.
………………………………………………………
………………………………………………………
………………………………………………………
………………………………………………………
………………………………………………………………………………………………………………
………………………………………………………………………………………………………………
3) HG || PI with GP and HI intersecting at Q.
a) Show that ∆HGQ and ∆IPQ are equiangular.
b) Determine the values of x and y.
………………………………………………………
……………………………………………………….
……………………………………………………….
……………………………………………………….
……………………………………………………….
…………………………………………………………………………………………………………….
…………………………………………………………………………………………………………….
…………………………………………………………………………………………………………….
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2) CONGRUENCY
Iso-metric transformations consist of
• Translations (slides)
A

B

Moon A is congruent to Moon B
•

Reflections (flips)
C

D

Moon C is congruent to Moon D
•

Rotations (turns)
E
F

Moon E is congruent to Moon F
Each time a shape is translated, reflected or rotated, two CONGRUENT shapes are formed: the original
shape and its image.
The object and its image has
• The angles of the object equal to the corresponding angles of the image
• The sides of the object equal to the corresponding sides of the image
• The area of the object equal to the area of the image.
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2.1 THE MINIMUM CONDITIONS FOR PROVING TRIANGLES CONGRUENT
In general, to prove that any two shapes are congruent, we have to prove
i) The corresponding angles are equal
AND
ii) the corresponding sides are equal.
Triangles, however, are special. We have four different “reasons for congruency” that we can use to
prove triangles congruent.
• Each of these “reasons for congruency” consists of three specific corresponding equal parts of the
triangles
• Each time we can prove these three corresponding parts are equal, we can say that the triangles are
congruent.
We use the symbol ‘’ to stand for ‘is congruent to’. (Remember that ||| means ‘is similar to”.)

Consider triangles ABC and DFE

When we are told that ∆ABC is congruent to ∆DFE, we can deduce that:
•

Â = D̂ , Ĉ = Ê and B̂ = F̂

•

AND
AB = DF, AC = DE and BC = FE.

When given that
•

Â = D̂ , Ĉ = Ê and B̂ = F̂

AND
• AB = DF, AC = DE and BC = FE,
we can deduce that ∆ABC  ∆DFE.
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Activity 3
Work in groups of 3 to 4.
You will each need several sheets of blank paper and a maths set.
1)

Construct the following triangles on sheets of paper, cut them out and then compare your two triangles
to the triangles made by the rest of your group.
a)
A triangle with sides measuring 4 cm, 6 cm and 7 cm
b)
A triangle with sides measuring 5 cm, 8 cm and 10 cm
Did you discover the first reason for triangles being congruent?
CASE 1: SSS
If three sides of one triangle are respectively equal to three sides of another triangle the
triangles are congruent.

2)

Construct the following triangles on sheets of paper, cut them out and then compare your two triangles
to the triangles made by the rest of your group.
a)
∆ ABC with AB = 5 cm, BC = 10 cm and 𝐵̂ = 70°.
A
5 cm

B
b)

70°

10 cm

∆ DEF with FD = 5 cm, EF = 7 cm and 𝐸̂ = 40°.

C

D
5 cm

E
3)

40°
7 cm

F

Sometimes when two sides and an angle of one triangle are equal to the corresponding two sides and
one angle of another triangle, the triangles are congruent. Othertimes, they are not.
Describe the position of the angle which gives congruent triangles.
……………………………………………………………………………………………………………
……………………………………………………………………………………………………………
Did you discover the second reason for triangles being congruent?
CASE 2: SAS
If two sides and the included angle of one triangle are respectively equal to two sides and the
included angle of another triangle the triangles are congruent.
PTO
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Activity 3 (continued)
4)

Construct the following triangles on sheets of paper, cut them out and then compare your two
triangles to the triangles made by the rest of your group.
̂ = 40° and 𝐼̂ = 30°.
a) ∆ GHI with HI = 8 cm, 𝐻
G

H
̂ = 70° and 𝐿̂ = 30°
b) ∆ JKL with JL = 7 cm, 𝐾

40°

30°
8 cm

I

J
7 cm

K

70°

30°

L

Did you discover the third reason for triangles being congruent?
CASE 3: ASA or AAS or SAA
If two angles and one side of one triangle are respectively equal to two corresponding angles
and a corresponding side of another triangle the triangles are congruent.
5)

Construct a right-angled triangle with the hypotenuse = 7 cm, and a second side = 4,5 cm on a sheet
of paper, cut it out and then compare your triangle to the triangles made by the rest of your group.
Did you discover the fourth reason for triangles being congruent?
CASE 4: RHS or 900 HS
If in a right-angled triangle the hypotenuse and one side are equal to the hypotenuse and one
side of another right-angled triangle the triangles are congruent.

6)

Construct ∆ PQR with 𝑃̂ = 45°, 𝑄̂ = 65° and 𝑅̂ = 70 on a sheet of paper, cut it out and then compare
your triangle to the triangles made by the rest of your group. What do you notice?
Did you discover the following about equiangular triangles?
EQUIANGULAR TRIANGLES
Equiangular triangles are similar, not congruent.
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2.2 PROVING TRIANGLES CONGRUENT
The four reasons that can be used to prove triangles congruent are:
1) If three sides of one triangle are respectively equal to three sides of another triangle (SSS)
2) If two sides and the included angle of one triangle are respectively equal to two sides and the
included angle of another triangle (SAS)
3) If two angles and one side of one triangle are respectively equal to two corresponding angles and a
corresponding side of another triangle (ASA)
4) If, in a right-angled triangle, the hypotenuse and one side are equal to the hypotenuse and one side of
another right-angled triangle (RHS or 𝟗𝟎°HS)
NOTE: When proving congruency using 2 sides and an included angle or SAS, it is very important that the
known angle is the included angle, i.e. the angle between the sides involved

ˆ =E
ˆ
In ABC and DEF AB = DE, AC = DF and B

So ABC and DEF have two sides and one angle that are equal, yet clearly ΔABC is not congruent
to DEF . This is because the two equal angles are NOT included angles.
Example 6:
a) List the equal angles and the equal sides
b) Is ∆XYZ congruent to ∆PZY?
c) If so, what is the reason for congruency?
d) If congruent, state the remaining equal sides and angles.
SOLUTION:
a) In ∆𝑋𝑌𝑍 and ∆𝑃𝑍𝑌
𝑌̂1 = 𝑍̂2
(given)
𝑍̂1 = 𝑌̂2
(given)
YZ is a common side (or YZ = YZ)
b) ∆XYZ  ∆PZY [Order is important]
c) Two angles and a corresponding side are equal or ASA
d) ZX = YP
XY = PZ
𝑋̂ = 𝑃̂
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Example 7:
Prove that ΔAKL is congruent to ΔNMB .
B

A

L

K
SOLUTION:
Statement:
In ΔAKL and ΔNMB
1. AK = MN
2. KL = MB
3. AL = BN
∆AKL  ∆NMB

N

M

Reason:
Given
Given
Given
SSS

ˆ ˆ L=Band
ˆ ˆ
ˆ ˆ
We now know that A=N,
K=M

Activity 4
1) Study ∆ABD and ∆CDB
a) List the elements that are equal

A

B

D

………………………………………………………….
………………………………………………………….
………………………………………………………….

C

b) State whether the triangles are congruent or not. If they are congruent, state the case in abbreviated
form.
…………………………………………………………………………………………………….
c) If they are congruent, list the remaining equal sides and angles.
……………………………………………………………………………………………………….
……………………………………………………………………………………………………….
……………………………………………………………………………………………………….
PTO
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Activity 4 (continued)
2) In each of the following:
i) List the elements that are equal
ii) State whether the triangles are congruent or not. If they are congruent, state the case in
abbreviated form.
iii) If they are congruent, state the remaining equal sides and angles.
a) ∆EFG and ∆EGH

E

………………………………………………..
………………………………………………..
……………………………………………….

H

………………………………………………..

F

G

………………………………………………………………………………………………………
………………………………………………………………………………………………………
………………………………………………………………………………………………………
b) ∆LMK and ∆NJK

J

………………………………..
………………………………..
……………………………….

L

N

K

……………………………….
……………………………….
M
………………………………………………………………………………………………………
……………………………………………………………………………………………………..
c) ∆VWY and ∆XYW

Y

V

………………………………………………………..
………………………………………………………..
………………………………………………………..

W

X

………………………………………………………………………………………………………..
………………………………………………………………………………………………………..
…………………………………………………………………………………………………...PTO
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Activity 4 (continued)

P

ˆ =R
ˆ and PS ⊥ QR.
3) In ∆PQS and ∆PRS, Q
Prove that QP = PR.
HINT: When you have to prove two sides equal
in two different triangles, always prove the two
triangles congruent first.

1 2

Q

S

R

…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
…………………………………………………………………………………………………...
…………………………………………………………………………………………………...
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
4) In ∆KLN and ∆KMN, KL = KM and KN ⊥ LM.
ˆ =M
ˆ .
Prove that L
HINT: When you have to prove two angles equal
in two different triangles, always prove the two
triangles congruent first.

……………………………………………………
……………………………………………………
……………………………………………………
……………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
PTO
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Activity 4 (continued)
5) In the diagram, AB // DC; AD // BC; AD = BC;
AE ⊥ DF and BF ⊥ DF.
Prove that AE = BF.

A

B

…………………………………………….
……………………………………………..

D

1 2
E

C

1

F

………………………………………………………………………………………………….
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
…………………………………………………………………………………………………..
6) In the diagram KO = OM; NO = OL and LO ⊥ KM.
a) Prove that KL = LM = MN = NK.
b) What type of quadrilateral is KLMN?

K
1

2

O

……………………………………………………..
……………………………………………………...
……………………………………………………...

L

1 2

2

N

1

2 1

M

…………………………………………………………………………………………………..
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
……………………………………………………………………………………………………
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