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UNIT 8.15: Data handling 2
Minimising errors
Project work
7 hours

17.5% 27.5%

1st semester
60 hours

2nd semester
60 hours

UNIT 8.6: Geometry and measures 2
Properties of shapes, including angle
sum and exterior angle of polygon
Similarity
Geometrical reasoning
10 hours

UNIT 8.4: Data handling 1
Constructing pie charts
Discrete and continuous data
Grouped data and frequency
diagrams
Calculating statistics
Using data from the Internet
6 hours

UNIT 8.14: Geometry and measures 4
Precision of measurement
Compound measures, including speed
and density
6 hours

UNIT 8.2: Geometry and measures 1
Symmetrical properties of 2-D shapes
Transformations
8 hours

UNIT 8.11: Probability
Probability
8 hours

R
easoning and problem

 solving should be integrated into each unit

55%

UNIT 8.3: Algebra 1
Linear sequences
Linear functions and their graphs
Use of graphics calculator and
graph plotter
6 hours

UNIT 8.5: Number 2
Mental, written and calculator
calculations with whole numbers and
decimals
Solving problems
7 hours

UNIT 8.8: Algebra 2
Algebraic expressions:
simplification and evaluation;
factorisation by removing
common factors
Addition and subtraction of
algebraic fractions
6 hours

UNIT 8.13: Algebra 4
Sequences
Proportional and linear functions
and graphs; sketching graphs of
'real-world' situations
Use of graphics calculator and
graph plotter
6 hours

UNIT 8.7: Number 3
Fractions: mental calculations,
combined operations and brackets,
using a calculator
Percentages
Solving problems
9 hours

UNIT 8.0: Grade 7 revision
3 hours

UNIT 8.12: Number 4
Ratio and proportion, including mental
calculations
Solving problems; graphs of
proportional relationships
9 hours

UNIT 8.10: Algebra 3
Linear equations (coefficients as
fractions or decimals)
Changing subject of formula
Solving problems by formulating
expressions or equations
9 hours

UNIT 8.9: Geometry and measures 3
Constructions, including scale drawings
Visualising 3-D shapes
Volume and surface area of cubes and
cuboids
9 hours

UNIT 8.1: Number 1
Powers and roots
Approximations with spreadsheet
Laws of arithmetic
5 hours

UNIT 8.16: Problem solving
Investigating problems, patterns and
sequences using number and algebra
Generating sequences with graphics
calculator and spreadsheet
Proof; finding a counter-example
6 hours
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GRADE 8: Number 1 

Powers and roots 

About this unit 
This is the first of four units for Grade 8 on 
number. This unit focuses on properties of 
numbers. 

The unit is designed to guide your planning and 
teaching of mathematics lessons. It provides a 
link between the standards for mathematics and 
your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
Supplement the activities where necessary with 
appropriate tasks and exercises from textbooks 
and other resources, including ICT. 

For extension or consolidation activities, look at 
the units for Grade 9 or Grade 7. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and 
‘real-life’ applications. 

Previous learning 
To meet the expectations of this unit, students should already be able to 
order, add, subtract, multiply and divide positive and negative numbers. 
They should know and be able to use the order of operations and brackets. 
They should know the squares of numbers 1 to 12 and the corresponding 
square roots, and be able to use the x2, √x and xy keys of a scientific 
calculator. 
 

Expectations 
By the end of the unit, students will know the general principles of the 
laws of arithmetic and how they underpin mental and written calculations. 
They will estimate and calculate positive integer powers of whole numbers 
and decimals, know cube roots of perfect cubes to ±216 and use the cube 
root sign 3√. They will find approximate values of square roots of whole 
numbers to 100. They will represent and interpret problems and solutions in 
numeric or algebraic form, using correct terms and notation, and using ICT 
where appropriate. 

Students who progress further will use the laws of indices to evaluate 
expressions with integral powers, including positive and negative powers of 
10. They will use the x2, √x, xy and x1/y keys of a scientific calculator, 
distinguishing between the root and the decimal approximation, and will use 
a calculator or spreadsheet to find the value of a square root or cube root to 
a given degree of accuracy. They will use numbers in standard form in 
calculations and to make estimations. They will analyse and solve problems 
in numeric or algebraic form, using ICT where appropriate. 

Resources 
The main resources needed for this unit are: 
• Internet access, computer and data projector 
• overhead projector (OHP) and OHP calculator 
 As an alternative to an OHP calculator, try the applet Scientific calculator 

(www.netl.doe.gov/cctc/resources/tools/calculator.html) 

 
 Other alternatives are: 

Scientific calculator  
(www.ktf-split.hr/periodni/en/calc4chem.html) 
Scientific and statistical calculator 
(www.7stones.com/Homepage/Publisher/Calc.html) 

• computers with Internet access for students 
• scientific calculators for students 
• individual mini-whiteboards 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• calculate, calculation, calculator, add, subtract, multiply, divide, sum, total, 

difference, product, quotient, halve, double, greater than, less than, 
inverse, operation, order of operations, brackets, nested brackets, laws of 
arithmetic, commutative, associative, distributive 

• positive, negative, odd, even, multiple, factor, power, root, cube, cube 
root, square, square root, index, indices, exponent 

• problem, solution, method, pattern, relationship, classify, order, predict, 
represent, model, solve, explain, justify, systematic 
 

UNIT 8.1 
5 hours 



178  |  Qatar mathematics scheme of work  |  Grade 8  |  Unit 8.1  |  Number 1 © Education Institute 2005 

Standards for the unit 

5 hours SUPPORTING STANDARDS 
Grade 7 standards 

CORE STANDARDS 
Grade 8 standards 

EXTENSION STANDARDS 
Grade 9 standards 

 8.1.1 Represent and interpret problems and solutions 
in numeric or algebraic form, using correct terms 
and notation. 

9.1.1 Represent, interpret, analyse and synthesise information 
presented in numeric or algebraic form. 

7.2.7 Know the order of operations and work out the 
value of expressions containing more than two 
terms. 

8.2.3 Know the general principles of the commutative, 
associative and distributive laws and how they 
underpin mental and written calculations. 

 

7.2.8 Use brackets to show which operation to 
perform first when writing expressions 
containing more than two terms. 

  

7.3.2 Add, subtract, multiply and divide positive and 
negative numbers and solve problems 
involving them. 

  

9.2.2 Use index notation and the laws of indices to evaluate 
expressions with integral powers, including positive and 
negative powers of 10. 

7.3.3 Evaluate mentally positive integer powers of 
whole numbers, and positive and negative 
square roots of perfect squares to 144; use 
the square root sign √; establish upper and 
lower bounds for square roots of numbers to 
100. 

8.2.1 Estimate and calculate positive integer powers of 
whole numbers and decimals; know cube roots 
of perfect cubes to ±216; use the cube root sign 
3√; find approximate values of square roots of 
whole numbers to 100. 

9.2.5 Find the value of a square root or cube root to a given 
degree of accuracy using a calculator or spreadsheet. 

7.3.4 Use the x2, √x and xy keys of a scientific 
calculator. 

8.2.2 Use the x2, √x and xy keys of a scientific 
calculator. 

9.2.4 Use the x2, √x, xy and x1/y keys of a scientific calculator, 
distinguishing between the root and the decimal 
approximation. 

  9.2.3 Read and write numbers in the standard form A × 10n, 
where n is a positive or negative integer and 1 ≤ A < 10; 
interpret numbers in standard form on a calculator 
display; use standard form in calculations and to 
estimate. 

4 hours 

Powers and roots 

 
1 hour 

Laws of 
arithmetic and 
mental 
calculations 

 

 

8.1.2 Choose and use appropriate mathematical 
techniques and tools to solve a problem, 
including ICT. 
 

9.1.3 Choose and use appropriate mathematical techniques 
and tools to solve each part of a problem, including ICT. 

Unit 8.1 
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Activities 

Objectives Possible teaching activities Notes School resources 

Discussing terms 
Explain that when a number is multiplied by itself any number of times, the product is called a power of 
that number, and is expressed by writing the number of factors to the right of the expression and above 
it. So a × a is the second power of a, and is written as a2, a × a × a is the third power of a and is written 
as a3, and so on. The number that expresses the power is called its index (or exponent). So 2, 5, and 7 
are respectively the indices of a2, a5 and a7. 

Say that a2 is usually read as a squared, and a3 as a cubed, whereas a4 is read as a to the power of 4, 
and similarly with higher powers. 

Explain that when the index is 1, it is usually omitted. We write a, rather than a1. 

The square root of a is denoted by 2√a, or more simply as √a. 

Similarly, the cube root, fourth root, fifth root, … of a are denoted by 3√a, 4√a, 5√a, … 

 

 
This column is for 
schools to note their 
own resources, e.g. 
textbooks, worksheets. 

4 hours 

Powers and roots 
Represent and interpret 
problems and solutions in 
numeric or algebraic 
form, using correct terms 
and notation. 

Estimate and calculate 
positive integer powers of 
whole numbers and 
decimals; know cube 
roots of perfect cubes to 
±216; use the cube root 
sign 3√; find approximate 
values of square roots of 
whole numbers to 100. 

Use the x2, √x and xy keys 
of a scientific calculator. 

Choose and use 
appropriate mathematical 
techniques and tools to 
solve a problem, including 
ICT. 

 

Evaluating powers of whole numbers 
Tell the class that to cube a number is to raise it to the power of three. Four cubed is written as 
43 = 4 × 4 × 4. 
• If a = 1, what is a3? If a = 2, what is a3? If a = 3, what is a3?  

If a = 4, what is a3? If a = 5, what is a3? 

As each answer is obtained, generate a sequence on the board: 
 1, 8, 27, 64, 125, …  

Continue with: 
• If a = 6, what is a3? If a = 7, what is a3? If a = 8, what is a3?  

If a = 9, what is a3? If a = 10, what is a3? 

Encourage students to work out the answers mentally. Remind them of mental strategies such as: 
 36 × 6 = (30 × 6) + (6 × 6) 

49 × 7 = (50 × 7) – (1 × 7) 
81 × 9 = (81 × 10) – (81 × 1) 

Ask students what 24 means, and what its value is. Repeat with 35, continuing to encourage mental 
calculation. 

Show students how to use the power key on their calculators. This is often marked as yx or xy , 
either as a separate key or as an inverse function, but on different makes of calculator the power key 
varies more than any other. 

Practice 
Give a short exercise on calculating powers of positive whole numbers, with and without a calculator. 
 

Using ICT 
Use Topic B: Indices: simplifying 
(www.mathsnet.net/algebra/index.html). 

 

 

Unit 8.1 
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Objectives Possible teaching activities Notes School resources 

 Powers of 10 
Show on the board what happens if a number is multiplied or divided by 10, 102, 103, 104, etc. 
• What is the connection between the power of 10 and the number of places the digits are moved? 

Ask students to complete this pattern: 
 10 000 = 104 

1000 = 103 
100 = 102 
10 = 10… 
1 = 10… 

• How is the next number down on the left-hand side obtained from the previous line? (divide by 10) 
• How is the pattern of indices on the right-hand side obtained? (they decrease by 1) 

Ask students to write down the next two lines of the pattern: 
 0.1 = 10–1 

0.01 = 10–2 

Establish that 1⁄10 = 10–1, that 1⁄100 = 10–2 and 1⁄1000 = 10–3. 

Demonstrate a few examples of mental calculations such as 7 × 0.1, 0.4 × 0.1, 7 ÷ 0.1, 4 ÷ 0.01, then 
give students some to do independently, writing the answers on their whiteboards. Follow this by writing 
a variety of numbers on the board (e.g. 32, 8, 0.09, 0.312, 48.9, 4598), asking students to multiply or 
divide them by 10, 102, 103, 0.1, 0.01 or 0.001. Discuss the methods used. 

 

 

 Evaluating expressions involving square roots 
Remind students that a square root of a positive number can be positive or negative, so that if a = 9,  
√a = +3 or –3, which can be written as ±3. 

Show the grid of algebraic expressions on the OHT on the right. Give values to a and b. These need to 
be perfect squares: for example, a = 9, b = 25. Write these values on the board. 

Point to an expression on the grid. Ask students to work out the value of the expression mentally and to 
write the answer on their whiteboards. Choose a student with the correct answer to explain how to 
calculate the answer. 

After pointing to several different expressions, change the values for a and b. For example, make  
a = 1 and b = 4. 

OHT 
 

a2 √a 2b2 √b 

3
2

b

 
3b2 

10
a  

2

5
a  

b2 
2

10
a

 
2√b 5√a 

2
a  3a2 

2

2
b  4√b 

    

 

 Finding cube roots 
Write the sequence of cubes on the board: 
 1, 8, 27, 64, 125, 216, 343, 512, 729, 1000, … 
• If a3 = 729, what is a? 

It is possible that answers of +9 and –9 will be given. Stress that only one answer is possible for the 
equation a3 = 729. Demonstrate that –9 × –9 × –9 = –729. 

Introduce the cube root notation. Tell the class that if 729 is the cube of 9, then 9 is the cube root of 
729, which is written as 3√729 = 9. Write on the board: 
• What is 3√64? What is 3√125? 
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Objectives Possible teaching activities Notes School resources 

 Finding powers and roots of decimals and negative numbers 

Extend the questioning to decimals. For example, ask students to calculate mentally: 
 (0.1)3,   (2.5)2,   3√0.027,   √0.81 

Remind students how to use their calculators to find squares, square roots, cubes and cube roots. 
Explain that, depending on the type of calculator that they are using, sometimes the square root sign is 
typed before the number and sometimes afterwards. If calculators have a separate cube and/or cube-
root key, demonstrate how to use them. 

Ask students to use their calculators to find: 
 √12.25 (answer: 3.5) 

√0.3721 (answer: 0.61) 

Extend the questioning to negative numbers. Ask students to calculate the following, using their 
calculators only where they need to: 
 (–8)2,   (–2)5,   (–4)4,   (–5)3 

Record answers on the board. Ask the class what they notice. Draw out that even powers of negative 
numbers are positive, and odd powers of negative numbers are negative. 
• What is (–1)223? 
• What is (–1)224? 

Practice 
Give a short exercise on calculating powers and roots of decimals and negative numbers, using 
calculators where appropriate. 

  

 Using a spreadsheet to find the approximate value of a square root 
Ask the class how they could find √7 if they had only a basic calculator with no square root key. Work 
with the class to find √7 to two decimal places. 

Explain that √7 must lie between 2 and 3, because √4 = 2 and √9 = 3. 
 Try 2.52 = 6.25. This is too low. 

Try 2.62 = 6.76. This is too low. 
Try 2.72 = 7.29. This is too high. 
Try 2.652 = 7.0225. This is very close but a little bit too high. 
Try 2.642 = 6.9696. This is very close but too low. 

 The answer is √7 = 2.65 to two decimal places. 

Ask students to work in pairs and using only the × key on their calculator to find √12 to two decimal 
places (answer: 3.46). 

Show the class how they could use a computer spreadsheet for this activity, without using the square 
root function. Give students an opportunity to work at computers to develop similar spreadsheets. 
 

 

 
√12 = 3.46 to two decimal places 
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Objectives Possible teaching activities Notes School resources 

The commutative law for addition 
Say that in addition the order in which the numbers are written does not matter, e.g. 3 + 8 means 3 add 
on 8, and  8 + 3 means 8 add on 3, and in either case the answer is 11. Similarly: 
 3 + 4 + 5 = 4 + 3 + 5 = 4 + 5 + 3 

Generalising, we can say that a + b = b + a, which is known as the commutative law of addition. 

However, subtraction is not commutative. For example, 7 – 3 ≠ 3 – 7. 

Explain that the commutative law of addition is useful when we are calculating. For example: 
• it is easier to think of, say, 5 + 476 as 476 + 5 by putting the larger number first; 
• an addition such as 11 + 58 + 19 can be reordered as 11 + 19 + 58, so that 11 and 19 can be added 

first, and the sum 30 + 58 can then be reordered as 58 + 30 to make 88. 

Note 
Students do not necessarily need to 
remember the names of the laws but they 
need to understand and be able to use their 
principles. 

 1 hour 

Laws of arithmetic and 
mental calculations  
Represent and interpret 
problems and solutions in 
numeric or algebraic 
form, using correct terms 
and notation. 

Know the general 
principles of the 
commutative, associative 
and distributive laws and 
how they underpin mental 
and written calculations. 

The commutative law for multiplication  
Say that in multiplication the order in which the factors of a product are written is immaterial. For 
example, 3 × 4 means 4 sets of 3 units, and 4 × 3 means 3 sets of 4 units. In each case, there are 12 
units in all. Similarly: 
 3 × 4 × 5 = 4 × 3 × 5 = 4 × 5 × 3 

In algebra, ab and ba each have the same value, and the expressions abc, acb, bac, bca, cab, cba 
each have the same value. (It does not matter in which order the letters are written but it is conventional 
to write them in alphabetical order.) This is known as the commutative law of multiplication. 

Point out that division is not commutative. For example, 9 ÷ 3 ≠ 3 ÷ 9. 

Explain that the commutative law of multiplication is useful when we are calculating. For example: 
• we can find the product of 8 and 15 as 8 × 15 or 15 × 8, whichever is easier; 
• a multiplication such as 4 × 36 × 25 can be reordered as 4 × 25 × 36 = 100 × 36, which is easy to 

calculate. 

 

 

 The associative law 
8 + (13 + 5) means that 13 and 5 are to be added and their sum added to 8. 13 and 5 may be added 
separately or together without affecting the result. So 8 + (13 + 5) = 8 + 13 + 5 = 26. 

Similarly, (8 + 13) + 5 means add 5 to the sum of 8 and 13. Again, 8 and 13 may be added separately 
or together without affecting the result, and (8 + 13) + 5 = 8 + 13 + 5 = 26. 

So 8 + (13 + 5) = (8 + 13) + 5. 

Generalising, a + (b + c) = (a + b) + c, which is known as the associative law for addition. 

Explain that this law too is useful when we are calculating a sum such as 23 + 47 + 62. We can either 
calculate (23 + 47) + 62 = 70 + 62 = 132, or 23 + (47 + 62) = 23 + 109 = 132, whichever is the easier. 

Similarly, the associative law for multiplication can be expressed as abc = (a × b) × c = a × (b × c). 

So the factors of a product can be grouped in any way that we would like. For example, 8 × 13 × 5 can 
be calculated as (8 × 13) × 5 = 104 × 5 = 520, or as 8 × (13 × 5) = 8 × 65 = 520. 

We can also use the commutative and associative laws for multiplication to show that, for example: 
 a3 × a5 = aaa × aaaaa = aaaaaaaa = a8 = a3+5 

 √(a8) = √(aaaaaaaa) = √(aaaa × aaaa) = aaaa = a4  
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Objectives Possible teaching activities Notes School resources 

 The distributive laws 
Remind the class that, for example: 
 24 × 3 = (20 + 4) × 3 = (20 × 3) + (4 × 3) 

38 × 6 = (40 – 2) × 6 = (40 × 6) – (2 × 6) 

Explain that these examples of the distributive law for multiplication over addition and subtraction can be 
expressed more generally as: 
 (a + b) × c = (a × c) + (b × c) 

(a – b) × c = (a × c) – (b × c) 

Similarly, for example: 
 143 ÷ 11 = (99 + 44) ÷ 11 = (99 ÷ 11) + (44 ÷ 11) 

133 ÷ 7 = (140 – 7) ÷ 7 = (140 ÷ 7) – (7 ÷ 7) 

These examples of the distributive law for division over addition and subtraction can be expressed more 
generally as: 
 (a + b) ÷ c = (a ÷ c) + (b ÷ c) 

(a – b) ÷ c = (a ÷ c) – (b ÷ c) 

Stress that the distributive law is very useful in multiplication and division calculations. It underpins the 
conventional written methods used for ‘long multiplication’ and ‘long division’. 

 

 

 Practice 
Show the class how some seemingly difficult calculations can be done mentally, sometimes supported 
by jottings, by applying the laws of arithmetic. Involve students by asking ‘How can we do this?’ and ‘Is 
there a different way to do it?’. 
• 222 + 567 + 777 = 222 + 777 + 567 = 999 + 567 = 1566 
• 3.7 × 99 = 3.7 × (100 – 1) = (3.7 × 100) – (3.7 × 1) = 370 – 3.7 = 366.3 
• 28 × 5 = 28 × 10 ÷ 2 = 280 ÷ 2 = 140 
• 15 × 8 = 15 × 2 × 2 × 2 = 120 
• 484 × 25 = 484 × 100 ÷ 4 = 48 400 ÷ 4 = 12 100 
• 3.15 × 25 = 3.15 × 100 ÷ 4 = 315 ÷ 4 = 78.75 
• 6785 ÷ 25 = 6785 ÷ 5 ÷ 5 = 1357 ÷ 5 = 271.4 

Give students a range of calculations to do mentally. Ask them to answer using their whiteboards. 
Choose students with the correct answer to explain how they calculated their answer. Include 
examples of addition or multiplication that are best tackled by applying the commutative or 
associative laws. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Oral questions to be read to students (no calculators) 

• What number is four cubed? 

• What is the cube root of 125? 

• To the nearest whole number, what is the square root of eighty-three point nine? 

   

Other tasks and questions (no calculator) 

Put brackets into this expression to make it correct. 

102  ÷  10  ÷  10  ÷  10  ÷  10  =  100 

 

  

Which of the following is FALSE when a, b and c are different numbers? 

A.  (a + b) + c = a + (b + c) 

B.  ab = ba 

C.  a + b = b + a 

D.  (ab)c = a(bc) 

E.  a − b = b − a 

TIMSS Grade 8 

 

  

Which of these is equal to 370 × 998 + 370 × 2? 

A.  370 × 100 

B.  372 × 998 

C.  740 × 998 

D.  370 × 998 × 2 

TIMSS Grade 8 

   

Look at these numbers. 

16,   25,   34,   43,   52,   61 

Which is the largest? 
Which is equal to 92? 

   

Assessment 
Set up activities that allow 
students to demonstrate 
what they have learned in 
this unit. The activities can 
be provided informally or 
formally during and at the 
end of the unit, or for 
homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

Which two of the numbers below are not square numbers? 

24,   25,   26,   27,   28 

   

 Other tasks and questions (calculator allowed) 

Jamal thinks of a number. He uses his calculator to square the number. 
He then adds 10.  
His answer is 34.01.  
What is Jamal’s number? 
 

   

 

Unit 8.1 
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GRADE 8: Geometry and measures 1 

Symmetry and transformations 

About this unit 
This is the first of four units on geometry and 
measures for Grade 8. It includes work on 
symmetry and transformations, building on the 
work in Grades 6 and 7. 

The unit is designed to guide your planning and 
teaching of mathematics lessons. It provides a 
link between the standards for mathematics and 
your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet the needs of your class. 
Supplement the activities where necessary with 
appropriate tasks and exercises from textbooks 
and other resources, including ICT. 

For extension or consolidation activities, look at 
the units for Grade 9 or Grade 7. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and 
‘real-life’ applications. 
 

Previous learning 
To meet the expectations of this unit, students should already be able to 
identify symmetry properties of plane shapes. They should be able to reflect 
a simple 2-D shape in a line parallel or at 45° to the axes, and rotate a 
shape through multiples of 90° about a vertex of the shape. They should be 
able to use appropriate mathematical techniques and tools to solve a 
problem, including ICT. 
 

Expectations 
By the end of the unit, students will identify reflection and rotation 
symmetry properties of 2-D shapes and draw 2-D symmetrical figures. They 
will identify and draw simple transformations of a 2-D shape, including 
reflections, rotations, translations and enlargement by a whole-number scale 
factor, and draw combinations of two of these transformations. They will use 
ICT to explore transformations. They will solve geometric problems involving 
transformations, supporting their solutions with diagrams and explanatory 
text. 

Students who progress further will identify and draw, on paper and using 
ICT, enlargements of 2-D shapes by a positive fractional scale factor, and 
will identify the scale factor as the ratio of two corresponding line segments. 
They will identify transformations, mapping a 2-D shape onto its image, and 
find a line of reflection, centre or angle of rotation, scale factor or centre of 
enlargement. They will analyse, interpret and solve geometric problems, on 
paper and by using ICT, explaining and justifying the steps that they have 
taken. 
 

Resources 
The main resources needed for this unit are: 
• overhead projector (OHP) 
• Internet access and computer linked to data projector 
• dynamic geometry system (DGS) such as: 

Geometer’s Sketchpad  
(see www.keypress.com/sketchpad/) 
Cabri Geometrie 
(see www.chartwellyorke.com/cabri.html) 

• computers with Internet access and a dynamic geometry system for 
students 

• tracing paper 
• mirrors 
• centimetre squared paper 
• sharp pencil, ruler and protractor for each student 
• individual mini-whiteboards 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• angle, whole turn, half turn, quarter turn, right angle, straight line, degrees, 

clockwise, anticlockwise 
• names of shapes 
• transformation, reflect, reflection, rotate, rotation, translate, translation, 

enlarge, enlargement, mirror line, centre of rotation, angle of rotation, 
centre of enlargement, scale factor, guidelines, rays  

• line of symmetry, line symmetry, rotation symmetry, order of rotation 
symmetry 

• object, image, map onto, perpendicular distance, congruent 
• classify, solve, explain, justify, prove, method 

 

UNIT 8.2 
8 hours 
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Standards for the unit 

8 hours SUPPORTING STANDARDS 
Grade 6 and Grade 7 standards 

CORE STANDARDS 
Grade 8 standards 

EXTENSION STANDARDS 
Grade 9 standards 

 8.1.1 Represent and interpret problems and solutions in 
geometric form, using correct terms and notation. 

9.1.1 Represent, interpret, analyse and synthesise 
information presented in geometric form. 

7.9.1 Identify, sketch, label and describe 
symmetry properties of plane shapes: 
• triangles; 
• quadrilaterals; 
• polygons. 

8.6.2 Identify reflection and rotation symmetry properties of 
2-D shapes, including triangles, quadrilaterals and 
regular polygons, and draw 2-D symmetrical figures. 

 

6.8.1 Draw the reflection of a 2-D shape in a 
given mirror line. 

6.8.2 Draw the rotation of a 2-D shape about one 
of its vertices. 

8.6.5 Draw transformations of a simple 2-D shape, 
including: 
• reflection in lines parallel to or at 45° to the axes; 
• rotation about the origin, or a vertex of the shape, or 

a mid-point of a side, through multiples of 90°; 
• translation parallel to one of the axes; 
• enlargement by a whole-number scale factor using 

a given centre of enlargement; 
• the combination of two of the above 

transformations. 

9.5.7 Identify and draw, on paper and using ICT, the 
enlargement of a simple plane figure by a positive 
fractional scale factor; identify the scale factor as 
the ratio of two corresponding line segments. 

 8.6.6 Identify the reflection, rotation, translation or 
enlargement of a 2-D shape. 

  

9.5.6 Identify a single transformation mapping a 2-D 
shape onto its image: reflection, rotation, 
translation or enlargement by a positive integer 
scale factor; find a line of reflection, centre or angle 
of rotation, scale factor or centre of enlargement in 
simple cases. 

7.1.2 Choose and use appropriate mathematical 
techniques and tools to solve a problem, 
including ICT. 

8.6.7 Use ICT to explore transformations and to explain or 
establish geometrical properties. 

9.5.8 Use ICT to explore transformations. 

6 hours 

Symmetry and 
single 
transformations 

 
2 hours 

Combinations of 
transformations 

 

 

8.1.3 Use diagrams and explanatory text to explain the 
solution to a problem and support it with evidence. 

9.1.4 Explain and justify the steps taken to solve a 
problem or arrive at a conclusion, orally and in 
writing. 
 

Unit 8.2 
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Activities 

Objectives Possible teaching activities Notes School resources 

Revision: line symmetry and rotation symmetry 
Remind students of the two types of symmetry for 2-D shapes: line or reflection symmetry, and 
rotation symmetry. A plane shape has rotation symmetry if it can be rotated about a point to look 
exactly the same in a new position.  

Discuss symmetry in the environment. 

 

 

 
 

 
This column is for 
schools to note their 
own resources, e.g. 
textbooks, worksheets. 

 

Discuss the lines of symmetry and the order of rotation symmetry of a square (four lines of 
symmetry, rotation symmetry of order 4). Repeat for a rectangle (two lines of symmetry, rotation 
symmetry of order 2), then for a kite (one line of symmetry but no rotation symmetry, so rotation 
symmetry of order 1). 

Ask students to draw on squared paper two copies of the first 3 by 3 tile. Ask them to use one 
copy to shade in one more square so that the tile has two lines of symmetry. Use the other copy 
to shade in three more squares so that the tile has four lines of symmetry. 

Now ask them to copy the second 3 by 3 tile. Ask them to shade in one more square so that it 
has rotation symmetry of order 2 and no lines of symmetry. 

 

 

 

 
 

 

 

 

 

Problem solving 
Ask students to work in pairs or groups. The class can all work on the same investigation or be 
allowed to make their own choice from investigations suggested. Students may need tracing 
paper, mirrors and centimetre squared paper. 

Before students start the investigation, discuss the approach. 
• Draw some easy examples first, showing any lines of symmetry and/or stating the order of 

rotation symmetry on the diagrams. 
• Explain anything you notice from the diagrams. 
• Describe and explain any patterns that you spot, using diagrams and text.  
• Summarise your results with a conclusion. 
• If possible, extend the investigation by introducing different questions. 

  

Investigation 1 
Pentominoes are made from five squares that touch edge to edge. 

Investigate the line and rotation symmetry for different pentominoes. 

Extend the problem by investigating hexominoes (six squares that touch edge to edge). 

 

 
 

 

 

6 hours 

Symmetry and single 
transformations 
Represent and interpret 
problems and solutions in 
geometric form, using correct 
terms and notation. 

Identify reflection and rotation 
symmetry properties of 2-D 
shapes, including triangles, 
quadrilaterals and regular 
polygons, and draw 2-D 
symmetrical figures. 

Draw transformations of a simple 
2-D shape, including: 
• reflection in lines parallel to or 

at 45° to the axes; 
• rotation about the origin, or a 

vertex of the shape, or a mid-
point of a side, through 
multiples of 90°; 

• translation parallel to one of 
the axes; 

• enlargement by a whole-
number scale factor using a 
given centre of enlargement; 

Identify the reflection or rotation, 
translation or enlargement of a  
2-D shape. 

Use ICT to explore 
transformations and to explain or 
establish geometrical properties. 

Use diagrams and explanatory 
text to explain the solution to a 
problem and support it with 
evidence. 
 

Investigation 2 
• Investigate the line symmetry of a 3 by 3 tile when three squares are shaded. 
• Investigate the line symmetry when different numbers of squares are shaded. 
Possible results for this investigation are shown on the next page. 
 

 

 
 

 

Unit 8.2 
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Objectives Possible teaching activities Notes School resources 

 

 
 

Students should notice that for five shaded 
squares, the diagrams are the same as for 
four squares but with the shading reversed. 
Similarly for six, seven and eight squares. 

The results could be summarised in a table. 
The investigation could be extended by using 
a different size of tile. 

 

 

 

 

 Reflection 
Remind students about the terms object, image, mirror line and reflection. Write these words on 
the board, illustrating them with a diagram. 

Ask students to describe the position of the image in relation to the object. They should 
remember that the corresponding points on the object and the image are at the same distance 
from the mirror line, and the lines joining them are perpendicular to the mirror line. Explain that 
these conditions apply to all reflections. 

Say that a reflection is an example of a transformation. Write transformation on the board. 

Remind students of the notation used for reflecting shapes in a mirror line. ABC is mapped 
onto A′B′C′ by a reflection in the mirror line. 

Show an example, such as the one on the right. Join corresponding points to demonstrate that 
they are at the same distance from the mirror line and that the line joining them is perpendicular 
to it. 
• Are any properties of the rectangle changed after reflection, or do they remain the same?  

Draw out that the image is the same shape and size; the angles stay the same and the area 
stays the same. The object and the image are congruent. 

 

 
 

 

 
 

 

 Use a dynamic geometry system (DGS) to construct a triangle and a line to act as a mirror line. 
Construct the image of one vertex by drawing a perpendicular to the mirror line and finding a 
point at an equal distance on the opposite side. Repeat for the other vertices and draw the 
image triangle. 

Discuss the effect of dragging vertices of the triangle. 
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Objectives Possible teaching activities Notes School resources 

 Practice 
Get students to copy each of the shapes on the right onto squared paper and to draw the 
reflection of each one in the given mirror line. 

 

 
 

 

 Identifying a mirror line 
Show students how to construct a mirror line, given an object and its image, by finding a pair of 
corresponding points and constructing the perpendicular bisector of the line joining the two 
points. Follow up with some practice. 

 

 Revision: rotation 
Explain that another type of geometrical transformation is rotation. Ask the class to copy the L-
shape on squared paper and mark with A the vertex shown. 

Show the class how to rotate the shape through 90° clockwise about the vertex A. This is best 
done by using a plastic or card shape on an OHT of a square grid. 

Ask students to explain why this rotation is the same as a rotation of 270° anticlockwise about A. 
Point out that the terms object and image are used to describe rotations in the same way as for 
reflections. The point about which the shape is rotated is called the centre of rotation. The 
measure of the turn is known as the angle of rotation, and whether this is clockwise or 
anticlockwise must be specified. Write these terms on the board. 

Now show the class how to rotate the shape through 180° clockwise about A. Ask them to 
explain why this rotation is the same as a rotation of 180° anticlockwise about A. 

Repeat the activity, this time rotating the L-shape about a point outside the shape. 

Stress that to describe a rotation, three facts must be known: 
• the centre of rotation; 
• the angle of rotation; 
• the direction of rotation (clockwise or anticlockwise). 

Stress also that the shape and size of the image remains the same as the object after a rotation. 
The object and the image are congruent. 

 

 

 

 

 Practice 
Ask students to copy each of the shapes on the right onto squared paper and to draw the 
rotation of each one about the point marked A as specified. 
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Objectives Possible teaching activities Notes School resources 

 Translation 
Explain to the class that another type of transformation is translation. A translation changes the 
position of a 2-D shape by moving it a certain distance in a specified direction, without reflecting 
it or rotating it. 

Explain that a translation maps the object to the image by moving it a number of units to the right 
or left, followed by a number of units up or down. Demonstrate by sliding a plastic or card shape 
on an OHT of a square grid. 

Ask the students to copy the triangle on a square grid. Then show them how the triangle is 
translated 3 units to the right, followed by 2 units up. Get them to draw the image. 

Establish that translation is the same from any vertex of the triangle, as the arrows show. Point 
out that the arrows are parallel. 

Stress that when an object is translated to a new position, every point on the object moves 
through the same distance and in the same direction. 

Ask the class to copy the diagram on the right on squared paper. Show them how rectangle 
ABCD is translated 2 units to the left, followed by 3 units down, onto rectangle A′B′C′D′. 

 

 

 

 

 Practice 
Ask students to describe each of these translations: 
• A to B; 
• A to C; 
• B to D; 
• C to B; 
• D to A. 

 

 

 Now give students a copy of the diagram on the right. Ask them to: 
• write down the coordinates of P, Q, R and S; 
• translate the rectangle PQRS 4 units left and 5 units up to form the image rectangle P′Q′R′S′; 
• write down the coordinates of P′, Q′, R′ and S′. 
• describe the translation that maps the rectangle P′Q′R′S′ onto the rectangle PQRS. 
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Objectives Possible teaching activities Notes School resources 

 Enlargement by a positive integer scale factor 
Remind the class that the three transformations they have met so far, reflections, rotations and 
translations, have not changed the size of the object. They are now going to look at a 
transformation that does change the size of an object: an enlargement. 

Show the OHT on the right. Explain that all the sides of triangle A′B′C′ are twice as long as the 
sides of triangle ABC and that OA′ = 2 × OA, OB′ = 2 × OB and OC′ = 2 × OC. Triangle ABC has 
been enlarged by a scale factor of 2 about the centre of enlargement O to give the image 
triangle A′B′C′. 

The dotted lines are called the guidelines, or rays, for the enlargement. To enlarge a shape, a 
centre of enlargement and a scale factor must be specified. 

Show the class how to enlarge a triangle XYZ by a scale factor of 2 about centre of enlargement 
O. 
• Draw triangle XYZ. Identify and label the point O. 
• Draw rays OX, OY and OZ. Measure the length of the three rays and multiply each of these 

lengths by 2. 
• Extend each of the rays to these new lengths measured from O and plot the points X′, Y′ and 

Z′. Join X′, Y′ and Z′. 

Triangle X′Y′Z′ is the enlargement of triangle XYZ by a scale factor of 2 about centre of 
enlargement O. Point out that corresponding angles on the object and image are the same. 

Now show the class how to enlarge a shape about the origin on a coordinate grid.  

Rectangle ABCD on the coordinate grid on the right has been enlarged by a scale factor of 3 
about the origin to give the image rectangle A′B′C′D′.  

The coordinates of the object are A (0, 2), B (3, 2), C (3, 1) and D (0, 1). The coordinates of the 
image are A′ (0, 6), B′ (9, 6), C′ (9, 3) and D′ (0, 3).  

Establish that if a shape is enlarged by a scale factor about the origin on a coordinate grid, the 
coordinates of the enlarged shape are multiplied by the scale factor. 

OHT 

 

 

 

 

     
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Practice 
Give students the first resource sheet with a selection of shapes to enlarge by a given scale 
factor about a given centre of enlargement. Make sure that there is room on the paper for the 
enlargement to be drawn accurately. 

Get students to copy the shapes on the second resource sheet onto centimetre squared paper 
and to enlarge each one by the given scale factor about the origin O. 
a. Scale factor 2 
b. Scale factor 3 

Resource sheet 1 

 
 
Resource sheet 2 
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Objectives Possible teaching activities Notes School resources 

 Extension: enlargement by a negative integer scale factor 
Explain to able students that we can also have negative enlargement. In this, the image is 
inverted and on the other side of the centre of enlargement. The scale factor is negative. 
Illustrate with a diagram as on the right, which shows two triangular flags. 

Show that the lengths of the lines on flag B are double those on flag A and that the lengths of 
the rays from O to flag B are double those from O to flag A. Explain that object flag A has been 
enlarged by a scale factor of –2 about the centre of enlargement O to give image flag B. Point 
out that corresponding angles on the object and image remain the same. 

Summarise the method for negative enlargement: 
• draw rays from points on the object to O; 
• measure the length of the rays and multiply by the scale factor, in this case a negative 

number leading to a negative length; 
• continue the rays beyond O by these new lengths to find the corresponding points on the image; 
• join these points to produce the image. 

Now demonstrate negative enlargement on a coordinate grid with the centre of enlargement at 
the origin (0, 0). Show how the grid enables us to find the image points by counting grid units in 
the vertical and horizontal directions. This can be an alternative to drawing rays. 

The coordinates of the image are then the coordinates of the object multiplied by the negative 
scale factor. 

 
 

 

 

 Exploring single transformations using ICT 
Get students to work in pairs at computers to solve problems involving single transformations, 
using, for example: 
• Mirror and Centre point 

(from Symmetry and transformations, www.smilemathematics.co.uk). 

Give students the opportunity to create and solve their own reflection or rotation problems using 
ICT. For example, use: 
• Transformations – Reflection or  

Transformations – Rotation or  
Transformations – Translation  
(nlvm.usu.edu/en/nav/vlibrary.html). 

Students could also construct and explore transformations using a dynamic geometry system 
such as Geometer’s sketchpad. 

Ask students to write a short report of their computer work, illustrating their solutions to some of 
the problems with diagrams and explanatory text. 

Transformations – Reflection 

 
Transformations – Rotation 

 

Transformations – Translation 

 
 

Mirror 

 
Centre point 
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Objectives Possible teaching activities Notes School resources 

Combined transformation 
Explain that shapes can be transformed by using a combination of transformations. Show the 
class some examples of a combination of two transformations, such as a reflection followed by a 
translation, or a translation followed by a rotation. 
Give students copies of the grid on the right.  

Ask students to find three different combinations of two transformations that will map shape A 
onto shape B. Possible answers are: 
• a reflection in the y-axis followed by a reflection in the x-axis; 
• a rotation of 90° clockwise about the origin followed by a rotation of 90° clockwise about the 

origin; 
• a translation of 7 units right followed by a reflection in the x-axis. 

 

 
 

 2 hours 

Combinations of 
transformation 
Represent and interpret 
problems and solutions in 
geometric form, using correct 
terms and notation. 

Draw transformations of a simple 
2-D shape, including: 
• the combination of two of the 

above transformations 
(reflection, rotation, 
translation, enlargement). 

Use ICT to explore 
transformations and to explain or 
establish geometrical properties. 

Use diagrams and explanatory 
text to explain the solution to a 
problem and support it with 
evidence. 

Exploring simple combinations of transformations using ICT 
Get students to work in pairs at computers to solve problems involving combinations of 
transformations. 

Use Transformations – Composition to explore the effect of applying a composition of 
translation, rotation and reflection transformations to objects 
(nlvm.usu.edu/en/nav/vlibrary.html). 

Use Bathroom tiles to identify the transformation to map one tile to another. There are three 
levels: reflection only, rotation only, and reflection and rotation combined 
(www.bbc.co.uk/education/mathsfile/gameswheel.html). 

Use Transform to investigate the effect of reflections, rotations, translations and enlargements 
on 2-D shapes in the plane, focusing on a single transformation or on combinations 
(from Symmetry and transformations, www.smilemathematics.co.uk). 

Use Post the shapes to post shapes in the ‘letter boxes’ by using transformations 
(www.mathsonline.co.uk/nonmembers/gamesroom). 

Ask students to write a short report of their computer work, illustrating their solutions to some of 
the problems with diagrams and explanatory text. 

Practice 
Give students some examples to practise: 
• drawing the image of a simple shape after a combination of two transformations; 
• identifying a combination of two transformations that will transform a simple shape onto a 

given image. 
 

Transformations – 
Composition 

 
Bathroom tiles 

 
 

 
Post the shapes 

 
Transform 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

The diagram shows triangle ABC and the line y = x. 
Draw triangle PQR, which is the reflection of triangle ABC in 
the line y = x. 

 

 
 

  

Here is a shape on a square grid.  
The shape is rotated 90° clockwise about point B and 
enlarged by a scale factor of 2. Use a ruler to draw the 
enlarged shape in its new position. 

 

 

 
 

  

Assessment 
Set up activities that allow 
students to demonstrate 
what they have learned in 
this unit. The activities can 
be provided informally or 
formally during and at the 
end of the unit, or for 
homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. A half turn about point T is applied to the shaded figure. 

Which of the diagrams on the right shows the result of the half 
turn? 

TIMSS Grade 8 

 

 
 

 

 Triangle PQT can be rotated (turned) onto triangle SQR. 
What point is the centre of rotation? 

A. P         B. Q       C. R         D. S        E. T 

TIMSS Grade 8 

 

  

 The grid shows an arrow. 

On the grid, draw an enlargement of scale factor 2 of the 
arrow. 

Use point C as the centre of enlargement. 

 

 
 

  

 

Unit 8.2 
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GRADE 8: Algebra 1 

Sequences, functions and graphs 

About this unit 
This is the first of four units on algebra for Grade 
8. This unit focuses on number sequences and 
includes some work on functions and graphs. It 
builds on the work in Grade 7. 

The unit is designed to guide your planning and 
teaching of mathematics lessons. It provides a 
link between the standards for mathematics and 
your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
Supplement the activities where necessary with 
appropriate tasks and exercises from textbooks 
and other resources, including ICT. 

For extension or consolidation activities, look at 
the units for Grade 9 or Grade 7. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and 
‘real-life’ applications. 
 

Previous learning 
To meet the expectations of this unit, students should already be able to 
model and solve algebraic problems in a range of contexts. They should be 
able to find missing terms in and extend patterns or sequences, using a 
graphics calculator as appropriate, and generalising term-to-term and 
position-to-term relationships using words or symbols. They should be able 
to plot straight line graphs in all four quadrants, on paper and using ICT, and 
read off estimated values for x and y. 
 

Expectations 
By the end of the unit, students will represent and interpret algebraic 
problems, finding and explaining alternative solutions, and using ICT where 
appropriate. They will present reasoned arguments using symbols, 
supported by diagrams and explanatory text. They will extend and find 
missing terms in numeric, algebraic or geometric patterns or sequences, 
generalising relationships using symbols. They will use a graphics calculator 
to generate sequences and plot graphs. They will be able to define a 
function, and represent functions as ordered pairs, tables, graphs, words or 
equations. Given the graph of a function, they will identify points that lie on 
the graph and intercepts on axes. 

Students who progress further will analyse, interpret and solve algebraic 
problems by developing simple proofs, and will seek alternative solutions. 
They will generalise where possible and identify exceptional cases. They will 
use a graphics calculator and a function graph plotter to plot graphs of linear 
functions, and simple quadratic and cubic functions. They will find the 
gradients of parallel and perpendicular lines. They will use graphical 
methods to find the approximate solution of a pair of simultaneous linear 
equations, on paper or using ICT. 

Resources 
The main resources needed for this unit are: 
• overhead projector (OHP) 
• Internet access, computer and data projector 
• graph plotting software such as: 

Autograph 
(see www.autograph-math.com) 
Graphmatica 
(free from www8.pair.com/ksoft) 

• spreadsheet software such as Microsoft Excel 
• a simulation of a graphics calculator for teaching purposes, e.g. the 

program GraphApplet (www.lundin.info/graphapplet.asp) 

 
• computers with Internet access, spreadsheet and graph plotting software 

for students  
• graphics calculators for students 
• individual mini-whiteboards 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• sequence, rule, term, general term, consecutive, ascending, descending, 

arithmetic sequence, constant difference, flow chart 
• linear function, map, input, output, inverse function, quadratic function 
• x-coordinate, y-coordinate, axes, graph, positive, negative, origin, 

intercept, gradient 
• algebra, substitute, evaluate, formulate, expression, formula, variable 
• problem, classify, pattern, relationship, generalise, predict, represent, 

solve, explain, justify 
 

UNIT 8.3 
6 hours 
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Standards for the unit 

6 hours SUPPORTING STANDARDS 
Grade 7 standards 

CORE STANDARDS 
Grade 8 standards 

EXTENSION STANDARDS 
Grade 9 standards 

7.1.1 Model or represent mathematical problems 
from a range of contexts. 

8.1.1 Represent and interpret problems and solutions in 
numeric, algebraic, geometric or graphical form, using 
correct terms and notation. 

9.1.1 Represent, interpret, analyse and synthesise information 
presented in numeric, algebraic, geometric or graphical 
form. 

 8.1.2 Choose and use appropriate mathematical techniques 
and tools to solve a problem, including ICT. 

9.1.3 Choose and use appropriate mathematical techniques 
and tools to solve each part of a problem, including ICT. 

7.8.1 Extend and find missing terms in numeric 
or geometric patterns or sequences using 
words, diagrams or symbols (term-to-term 
or position-to-term rules). 

8.5.2 Extend and find missing terms in numeric, algebraic or 
geometric patterns or sequences (term-to-term or 
position-to-term rules). 

 

7.8.2 Use the [ANS] and [ENTER] keys on a 
graphics calculator to generate term-to-
term and position-to-term sequences. 

8.5.1 Use a graphics calculator to generate sequences and 
plot graphs. 

9.4.1 Use a graphics calculator and a function graph plotter to 
plot graphs. 

8.5.3 Generalise the relationship between one term of a 
sequence and the next, or describe the nth term, 
using symbols. 

9.1.7 Generalise where possible and identify exceptional 
cases. 

7.8.3 Generalise the relationship between one 
term of a sequence and the next, or 
between the number of the term and the 
term, using words or symbols. 8.5.4 Know that a function is a relation between two sets 

called the domain and the range in which each 
member of the domain is related to precisely one 
member of the range, called its image. 

 

 8.5.5 Recognise that functions can be represented as 
ordered pairs, tables, graphs, words or equations; 
given a function in one representation, generate an 
equivalent representation. 

 

9.4.2 Find the gradients of lines given by y = mx + c; 
understand the idea of slope; find the gradients of lines 
parallel and perpendicular to y = mx + c. 

7.8.5 Use a straight line graph to estimate the 
value of y given the value of x, and vice 
versa; identify intercepts on axes. 

8.5.7 Given the graph of a function, identify attributes such 
as points that lie on the graph and intercepts on axes. 

9.4.3 Use graphical methods to find the approximate solution 
of a pair of simultaneous linear equations with two 
unknowns, on paper and using ICT. 

7.8.4 Use coordinates in all four quadrants to plot 
graphs of y = mx + c, on paper and using ICT.

 9.4.4 Generate points and plot graphs of simple quadratic and 
cubic functions, e.g. y = 3x2 + 4, y = x2 – 2x + 1. 

 8.1.4 Present a concise, reasoned argument orally, in 
writing and by using symbols. 

9.1.6 Develop a simple proof. 

3 hours 

Sequences 

 
3 hours 

Functions and 
graphs 

 8.1.7 Find and explain alternative solutions to problems. 9.1.8 Seek alternative solutions to problems. 
 

Unit 8.3 
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Activities 

Objectives Possible teaching activities Notes School resources 

Revision: simple linear sequences 
Write on the board: 
 The first term is . To find the next term of the sequence, add . 

Invite a student to choose a number to go in each box (e.g. 4 in the first box, 3 in the second). 
• What are the first five terms of this sequence? (4, 7, 10, 13, 16) 

Ask a series of questions, drawing out the possibilities where there is more than one answer. 
• What numbers would you put in the boxes to make: 
 – all the numbers in the sequence even?  
 – all the numbers in the sequence odd? 
 – all the numbers in the sequence multiples of 3? 
 – all the numbers in the sequence end in the same digit? 
 – exactly ten two-digit numbers in the sequence? 
 – every other number in the sequence a whole number? 
 – every fourth number in the sequence a whole number? 
 – every fourth number in the sequence a multiple of 5? 

  

This column is for 
schools to note their 
own resources, e.g. 
textbooks, worksheets. 

3 hours 

Sequences 
Represent and 
interpret problems and 
solutions in numeric, 
algebraic, geometric or 
graphical form, using 
correct terms and 
notation. 

Extend and find 
missing terms in 
numeric, algebraic or 
geometric patterns or 
sequences (term-to-
term or position-to-
term rules). 

Use a graphics 
calculator to generate 
sequences and plot 
graphs. 

Choose and use 
appropriate 
mathematical 
techniques and tools 
to solve a problem, 
including ICT. 

Generalise the 
relationship between 
one term of a 
sequence and the 
next, or describe the 
nth term, using 
symbols. 

Present a concise, 
reasoned argument 
orally, in writing and by 
using symbols. 

Show the first set of shapes on the OHT on the right. Ask a student to draw the next shape in 
the pattern. 
• How many rectangles will there be in pattern 7? How did you work it out? 

Bring out through discussion that they have used the term-to-term rule. 
• How many rectangles are there in pattern 20? 

Ask students to discuss this in pairs and record their values.  

Organise the values in a table.  

Pattern 1 2 3 … 7 … 20 

No. of rectangles 5 8      

Ask students to explain how they got the 20th term.  

Counteract the misconception that you multiply the 2nd term by 10 to obtain the 20th term by 
offering a counter-example from the table, such as the 1st and 3rd terms. 

Ask pairs of students to work out how many rectangles there are in pattern 50, and to explain 
their method. 

Model how to write the correct general term in words and symbols, linking the explanation to the 
diagrams. Use the lower diagram on the OHT to make sure that links are made between the 
numerical and spatial patterns: Think of the original two rectangles (on the left-hand end). Each 
time three rectangles are added to form the next pattern. So a position-to-term rule is: 
 number of rectangles = 2 + (3 × pattern number) 

OHT 

 

 
 

 

 

 

Unit 8.3 
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Objectives Possible teaching activities Notes School resources 

 Write on the board T(n) = 2n + 7. 

Explain that the notation T(n) stands for the nth term of a sequence. It is a formula describing a 
sequence, from which every term can be found by substituting the integers 1, 2, 3, 4, … 

Working with the class, generate the sequence: 9, 11, 13, 15, … Point out that the sequence 
goes up in 2s and that the first term is 2 + 7. 

Repeat with T(n) = 3n + 2. This generates 5, 8, 11, 14, … Point out that this sequence goes up 
in multiples of 3, the number in front of the n, plus 2. Demonstrate that this rule also works for 
negative numbers. 

Repeat with T(n) = 4n – 3. This sequence is 1, 5, 9, 13, … 

  

 Now write on the board: 9, 13, 17, 21, … 
• What is the nth term is for this sequence? 

Ask students for the reasons why they have suggested various rules. Lead them to the fact that, 
since 4 is added on every time to obtain the next term, the nth term will start with 4n.  
Then consider the first term, which is of the form 4n + d, where n = 1. See what has to be added 
to 4 to get the first term of 9. This will be 5. So the nth term will be 4n + 5. 

Write on the board the sequence 3, 8, 13, 18, …  
• What is the nth term for this sequence? 

Students should be able to identify the first part as 5n since 5 is added on each time. 
• What must be added to 5 to get the first term of 3? (–2)  

Establish that the nth term is given by 5n – 2. 

 

 

 Practice 
Give students some linear sequences as in the examples on the right and ask them to find the 
nth tem. 

Answers 

a.  7n + 1           b.  3 – 4n          c.  3n – 18          d.  2 1
5 1

n
n

+
−

 

Examples 
Find the nth term of each of these sequences. 
a. 8, 15, 22, 29, 36, … 
b. –1, –5, –9, –13, –17, … 
c. –15, –12, –9, –6, –3, … 

d. 3 5 7 9 11, , , , ,
4 9 14 19 24

 … 

 

 Using a graphics calculator to generate and investigate sequences 
Use the simulation GraphApplet to generate some sequences with the class. As you do so, ask 
questions such as ‘What happens next?’ and ‘What happens if …?’ 

1 Generate the terms of a sequence such as 3, 8, 13, 18, 23, … using a term-to-term rule: 
5 [EXE] 
[ANS] + 4 [EXE] 
[EXE] [EXE] [EXE] 

2 Generate the terms of a sequence such as 1, 4, 9, 16, … using a position-to-term rule: 
1 [EXE] 
(√ [ANS] + 1)2 [EXE] 
[EXE] [EXE] [EXE] 
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Objectives Possible teaching activities Notes School resources 

 Using a spreadsheet to generate and investigate sequences 
Show students how to enter a formula into a spreadsheet. Set the spreadsheet to a font size 
suitable for a demonstration, such as 24 point. 
1 Generate the terms of a sequence such as 0.7, 0.4, 0.1, … using a term-to-term rule. 
 Create a column for the term number. Enter 1 in cell A2, and the formula =A2+1 (no spaces 

between signs, letters and numbers) in cell A3. Replicate this down column A. 
 Create a column for the terms of the sequence. Enter the first term of an arithmetic sequence 

in cell B2 (e.g. 0.7). Choose a difference (e.g. –0.3) and enter the formula =B2-0.3 in cell B3. 
Replicate this down column B. 

2 Generate the same sequence using a position-to-term rule. 
 Create a column for the term number as above. 
 Create a column for the terms of the sequence. Enter =1-0.3*A2 in cell B2. Replicate this 

down column B. 

Practice 
Get students to use a spreadsheet to practise generating sequences such as: 

1005, 1003, 1001, … 1, –2, 4, –8, … 1, 0.5, 0.25, 0.125, … 

 

 

 
 

 

3 hours 

Functions and 
graphs 
Know that a function is 
a relation between two 
sets called the domain 
and the range in which 
each member of the 
domain is related to 
precisely one member 
of the range, called its 
image. 

Recognise that 
functions can be 
represented as 
ordered pairs, tables, 
graphs, words or 
equations; given a 
function in one 
representation, 
generate an equivalent 
representation. 

[continued] 
 

Graphs of functions 
Explain that a function is a relation between two sets called the domain and the range in which 
each member of the domain is related to precisely one member of the range, called its image. 
Illustrate by using examples of tables, mappings and graphs. 

Remind students that a function such as x → 6 – 3x can be rewritten as an equation y = 6 – 3x, 
where y is a new symbol representing the output. 

Substitute different values of x to find the outputs y. Create a table of these values, choosing a 
range of negative to positive integer values of x. Explain the relationship between input and 
output, ordered pairs and coordinates, and use the coordinates to plot the graph of the function. 

Draw the axes using Autograph or another graph plotter. Point out the linear scale.  

Explain that the straight line represents all the points that satisfy y = 6 – 3x. Demonstrate this by 
choosing any non-integer point, such as x = 1.5. Calculate 
 y = 6 – (1.5 × 3) = 1.5  
and show that (1.5, 1.5) is on the line. 

Repeat for a few other points. 

Practice 
Give out graph paper. Ask students to draw up a table of values and plot the graph of a function 
such as y = 2x + 3 or y = 3x – 2 or 2y + x = 5. 

 

x –2 –1 0 1 2 3 

y 12 9 6 3 0 –3 

 

y = 6 – 3x 
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Objectives Possible teaching activities Notes School resources 

Gradients and intercepts 
Write the equation y = mx + c on the board. Remind the class that this is the equation that fits 
every straight line graph. 
• What do m and c represent? (the gradient and the intercept on the y-axis respectively) 

Draw a pair of axes labelled from –1 to 10, and a straight line that goes through the points (0, 1) 
and (3, 7). 

Ask students if they can find out what the gradient of this line is. Ask them to make suggestions 
for the equation of the line. Plot each suggestion to verify whether or not it coincides with the 
line. 

Go through the process of finding the gradient with the class. Explain that we need to find the 
number of units vertically for one unit horizontally. This is the gradient. Alternatively, we can 
divide any vertical rise by the corresponding horizontal distance. Show that the best way to 
measure this is by drawing a right-angled triangle against the line.  

Now show the class how to determine the equation of this line. As it cuts the y-axis at y = 1 and 
has a gradient of 2, the equation is y = 2x + 1. 

Draw another straight line through (0, –1) and (3, 8) by moving the marked coordinate points in 
Autograph. (This line has a gradient of 3, and an equation of y = 3x – 1.) 

Now draw a line on the board with a negative gradient, through (0, 10) and (5, 0). 
• What is the gradient of this line? (2)  
• Is the equation of this line y = 2x + 10? (no) 

Discuss the difference between this line and the previous line, which also had a gradient of 2. 
The difference is that the graphs slope different ways. Explain that we need to differentiate 
between each direction of slope. This is done by giving a positive gradient to those lines sloping 
from bottom left to top right, and a negative gradient to those sloping from top left to bottom 
right. Hence the equation of the second line is y = –2x + 10 or y = 10 – 2x. 

 

 

 

 

 

 [continued] 
Given the graph of a 
function, identify 
attributes such as 
points that lie on the 
graph, intercepts on 
axes and intervals 
where the function 
increases, decreases 
or is constant. 

Use a graphics 
calculator to generate 
sequences and plot 
graphs. 

Choose and use 
appropriate 
mathematical 
techniques and tools 
to solve a problem, 
including ICT. 

Find and explain 
alternative solutions to 
problems. 

Practice 
Give students some practice in: 
• finding the gradient of lines joining given pairs of coordinates; 
• finding the gradient and y-axis intercept for given equations; 
• finding the equation of given linear graphs, such as those below. 

 
 

Using ICT 
Practise using Slope of a line and the accompanying 
worksheet (www.hbschool.com/elab/act_8_24.html). 
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 Investigating graphs with a graphics calculator 
Use a simulation of a graphics calculator to show students how to draw a graph, e.g. use: 
 [WINDOW] to draw the axes; 
 [Y=] to input the function in the form y = …; 
 [GRAPH] to draw the graph; 
 [TRACE] to trace along the graph. 

Example 1 
• Draw the graph y = 4x – 1. Trace along the graph. Read off values for x= and y=.  

Describe the relationship between the values for x and the values for y. 

Example 2 
• Investigate the family of straight lines y = mx + c. For example, draw the graphs of y = x + 1,  

y = x + 2, y = x + 3, y = x – 1, y = x – 2. What can you conclude about c? 

Example 3 
• Find some more straight line graphs that pass through the point (4, 6). 

  
Example 4 
• Suggest possible equations for these straight line graphs. 

         
 

[WINDOW] 

 

[Y=] 

 

[GRAPH] 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Enter the terms and sum for row 7 in the table. 

Without writing out all the terms, what is the sum for row 20? 
What is the value of the sum for row n? 

TIMMS Grade 8 

 

 

Row Terms Sum 
Row 1 1  1 
Row 2 1 + 3  4 
Row 3 1 + 3 + 5  9 
Row 4 1 + 3 + 5 + 7  16 

:   
Row 7   

:   
   

 

Matchsticks are arranged as shown in the figures. If the pattern is continued, how 
many matchsticks would be used to make figure 10? 

A. 30          B. 33          C. 36         D. 39          E. 42 

TIMSS Grade 8 

 

 

 

The table represents a relation between x and y. 
What is the missing number in the table? 

A. 2          B. 3          C. 4          D. 5          E. 6 
TIMSS Grade 8 

 

x 1 2 4 7 

y 1 ? 7 13 
   

  

A straight line graph passes through the points (3, 2) and (4, 4). 
Which of these points also lies on the line? 

A.  (1, 1)        B.  (2, 4)        C.  (5, 6)        D. (6, 3)        E  (6, 5) 

TIMSS Grade 8 

     

Assessment 
Set up activities that allow 
students to demonstrate 
what they have learned in 
this unit. The activities can 
be provided informally or 
formally during and at the 
end of the unit, or for 
homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

Look at this diagram. 

The line through points A and F has the equation y = 11. 
What is the equation of the line through points A and B? 

The line through points A and D has the equation y = x + 3. 
What is the equation of the line through points F and E? 

What is the equation of the line through points B and C? 

 

 
 

  

 

Unit 8.3 
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GRADE 8: Data handling 1 

Pie charts, grouped data and statistics 

About this unit 
This is the first of three units on data handling for 
Grade 8. It extends Grade 7 work on pie charts 
and bar charts and on finding the mean, median, 
mode and range. 

The unit is designed to guide your planning and 
teaching of mathematics lessons. It provides a 
link between the standards for mathematics and 
your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
Supplement the activities where necessary with 
appropriate tasks and exercises from textbooks 
and other resources, including ICT. 

For extension or consolidation activities, look at 
the units for Grade 9 or Grade 7. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and 
‘real-life’ applications. 
 

Previous learning 
To meet the expectations of this unit, students should already be able to 
answer questions by collecting and classifying data, and constructing and 
interpreting bar charts, pie charts and tables, on paper and using ICT. They 
should be able to compare different representations of the same set of data 
to determine which are the most useful for their purpose, and to find the 
mean, mode, median and range of a set of data.  
 

Expectations 
By the end of the unit, students will collect data from secondary sources, 
including the Internet. They will represent and interpret discrete and 
continuous data in a range of charts and graphs, on paper and using ICT, 
including pie charts, bar charts and frequency diagrams. They will compare 
two data sets using, for example, the mean, median or range, or the shape 
of the distribution. They will use diagrams and explanatory text to explain the 
solution to a problem and will support it with evidence. 

Students who progress further will identify questions or problems that can 
be answered or solved by a statistical investigation. They will construct and 
interpret frequency diagrams, scatter diagrams and lines of best fit by eye, 
on paper and using ICT. They will calculate the mean, range and median of 
small sets of discrete or continuous data, and identify the modal class and 
estimate the mean, median and range for sets of grouped data. They will 
explain and justify the steps that they have taken to solve a problem or 
arrive at a conclusion. 
 

Resources 
The main resources needed for this unit are: 
• Internet access and computer linked to data projector 
• overhead projector (OHP) 
• spreadsheet software such as Microsoft Excel 
• computers with Internet access and spreadsheet software for students 
• sharp pencil, ruler, compasses and protractor for each student 
• individual mini-whiteboards 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• frequency diagram, frequency table, pie chart, tally, tally chart, pictogram, 

bar chart, bar line graph, line graph, axis/axes, vertical axis, horizontal 
axis, scale, interval, label, title, table, row, column, heading, spreadsheet 

• data, secondary data, primary data, information, collect, count, frequency, 
discrete, continuous, group, class interval 

• sort, criterion/criteria, category, set, subset 
• statistics, average, mean, assumed mean, median, mode, range 
• problem, hypothesis, sort, classify, represent, interpret, solve, explain, 

justify, method, conclusion, results 
 

UNIT 8.4 
6 hours 
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Standards for the unit 

6 hours SUPPORTING STANDARDS 
Grade 7 standards 

CORE STANDARDS 
Grade 8 standards 

EXTENSION STANDARDS 
Grade 9 standards 

 8.1.1 Represent and interpret problems and solutions in 
graphical form, using correct terms and notation. 

9.1.1 Represent and interpret problems and solutions in 
graphical form, using correct terms and notation. 

 

 

8.8.3 Collect data from secondary sources, including tables 
and lists from ICT-based sources such as CD-ROMs 
and the Internet. 

9.8.1 Identify questions or problems that can be 
answered or solved by collecting, organising, 
representing, analysing and interpreting data. 

9.8.2 Construct and interpret scatter diagrams, and lines 
of best fit by eye, understanding what these 
represent. 

7.11.1 Answer questions by collecting and 
classifying data, and constructing and 
interpreting: 
• tables, 
• bar charts, 
• pie charts, 
on paper and using ICT. 

8.8.4 Represent data in charts and graphs, on paper and 
using ICT, including: 
• frequency tables; 
• bar charts and frequency diagrams for discrete 

and continuous data; 
• pie charts. 

9.8.4 Construct and interpret frequency diagrams, 
choosing appropriate equal class intervals. 

7.11.2 Compare different representations of the 
same set of data and determine which are 
the most useful for a given purpose. 

8.8.5 Compare in general terms two data sets using, for 
example, the mean, median or range, or the shape of 
distribution. 

9.8.3

7.11.3 8.8.6 Answer questions by interpreting data sets (e.g. draw 
conclusions, make predictions, and estimate values 
between and beyond given points). 

Calculate the mean, range and median of small 
sets of discrete or continuous data; identify the 
modal class and estimate the mean, median and 
range for sets of grouped data. Calculate the mean of a small set of data; 

find the mode, median and range; 
distinguish between the purposes for which 
these are used. 8.1.2 Choose and use appropriate mathematical techniques 

and tools to solve a problem, including ICT. 
9.1.3 Choose and use appropriate mathematical 

techniques and tools to solve each part of a 
problem, including ICT. 

3 hours 

Pie charts and 
frequency 
diagrams 

 
3 hours 

Using statistics 

 

 

8.1.3 Use diagrams and explanatory text to explain the 
solution to a problem and support it with evidence. 
 

9.1.4 Explain and justify the steps taken to solve a 
problem or arrive at a conclusion, orally and in 
writing. 
 

Unit 8.4 
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Activities 

Objectives Possible teaching activities Notes School resources 

Constructing pie charts 
Explain to students that they are going to construct pie charts from data that has already been 
collected for them, and that this type of data is called secondary data. Data that they collect for 
themselves is called primary data. 

Draw a circle on the board or OHP. Tell the class that this is to be a pie chart representing a group 
of students. 
• How would you show that one quarter of the students wear glasses and the rest do not? 

Establish that one quarter of the circle would represent the group wearing glasses, and that the 
angle at the centre of this sector is 90°, which is 1⁄4 of 360°. 
• How would you show that two thirds of the group are right-handed and the rest are left-handed? 

Establish that one third of the circle would represent the left-handed group, and that the angle at 
the centre of this sector is 1⁄3 of 360° = 120°. 

Now say that you want a pie chart to represent 36 people who voted for their favourite fruit. Draw 
the frequency table on the right on the board. Check with the class that the total number is 36. 
• What size of sector would represent one person? (a 10° sector, because 360° ÷ 36 = 10°) 
• What size of sector would we need to represent the 20 people who prefer oranges? (200°) 

Show the class that as 20 is 20⁄36 or 5⁄9 of the total number of 36 people, the sector that represents 
them must have an angle at the centre of 5⁄9 of 360°. 

Add a third column to the frequency table, label it ‘Degrees’ and enter the value 200 for oranges. 

Repeat for apples, bananas and melons. 

Demonstrate how to use ruler, compasses and protractor to construct a pie chart, getting students 
to reproduce it in their books. 

 

 

 

 

 

 

 

 

Favourite fruit Number 

orange 20 

apple 7 

banana 6 

melon 3 
 
 

Favourite fruit Number Degrees 

orange 20 200 

apple 7 70 

banana 6 60 

melon 3 30 
   

 
This column is for 
schools to note their 
own resources, e.g. 
textbooks, worksheets. 

 

Explain to students that the ‘favourite fruit’ pie chart used a total of 36 to make the work easier. 
Say that this will not always be the case and that they may need to use calculators to do some of 
the work, and to round the angles to, say, the nearest degree. 

Demonstrate by working out with the class the angles for a pie chart to represent some data about 
favourite cars, as on the right. The angles should be 23⁄83, 31⁄83 and 29⁄83 of 360° for Honda, Mazda 
and Nissan, giving 100°, 134° and 126° respectively when rounded to the nearest degree. 
Get students to construct a ‘favourite car’ pie chart in their books. 

 

Favourite car Number Degrees 

Honda 23  

Mazda 31  

Nissan 29  
   
 

 

3 hours 

Pie charts and 
frequency diagrams 
Represent and interpret 
problems and solutions 
in graphical form, using 
correct terms and 
notation. 

Represent data in charts 
and graphs, on paper 
and using ICT, including: 
• frequency tables; 
• bar charts and 

frequency diagrams 
for discrete and 
continuous data; 

• pie charts. 

Answer questions by 
interpreting data sets 
(e.g. draw conclusions, 
make predictions, and 
estimate values between 
and beyond given 
points). 

Choose and use 
appropriate mathematical 
techniques and tools to 
solve a problem, 
including ICT. 

 

Practice 
Ask students to construct frequency tables and pie charts for these data sets. 
• The favourite hobby of 24 students: 

sport 4; computing 5; games console 8; music 5; other 2. 
• The ages of 57 teachers in a school: 

11 aged 21–30; 19 aged 31–40; 17 aged 41–50; 8 aged 51–60; and 2 aged 60+. 
 

 

 

Unit 8.4 



206  |  Qatar mathematics scheme of work  |  Grade 8  |  Unit 8.4  |  Data handling 1 © Education Institute 2005 

Objectives Possible teaching activities Notes School resources 

 Using ICT 
Remind students how to use a spreadsheet to construct pie charts. Get them to reproduce some 
of the more complex pie charts that they have drawn using rulers, compasses and protractors. 

 

 
 

 

 Practice 
Give students some practice in matching sets of data to pie charts and bar charts using the applet 
Data picking (www.bbc.co.uk/education/mathsfile/gameswheel.html). 

Data picking 

 
 

 

 

 

 

 

Grouped data and equal class intervals 
Write 0–10, 10–20 and 20–30 on the board. Tell the class that these represent intervals (in 
minutes) for how long students spend on a piece of work. 
• There is a problem with these intervals. What is it?  

Draw out that the intervals overlap, and that it is not possible to record more than 30 minutes. 

Change the intervals to 0–10, 11–20, 21–30 and 31+, and ask students if this solves the 
problems. Draw out that there are now gaps between the intervals and there is nowhere to put, 
say, 10 1⁄2 minutes. 

Ask the class to give you ideas on how to record the times without these problems. Prompt them 
to use the signs <, >, ≤, ≥, so that 0 < time ≤ 10. Compare the meaning of 0 ≤ time < 10. 

 

 

 

 

Draw on the board the table on the right. Ask students to use their rulers to measure the height of 
different books in the classroom. Record their data, striking out any measurements of 20 cm or less. 

Discuss the choice of equal class intervals. Explain that there should not be too many (no more 
than about 10), nor should there be too few (a minimum of four). From the range of data on the 
board, choose intervals of 2 cm, and draw up the frequency table on the right. Show how 22 would 
be in the first class interval using the notation 20 < h ≤ 22, but in the second class interval using 
notation 20 ≤ h < 22. 

With the students, complete the frequency table. 

Explain that quantities such as length, mass, time, temperature and speed are continuous 
variables, and they can never be measured exactly. For example, in growing from 130 cm to 
131 cm our height in centimetres assumes every possible value between 130 and 131. 

Quantities that can be measured precisely by counting are called discrete variables. They vary in 
integer steps. Examples are the populations of different cities, the numbers of letters in different 
words, or the numbers of petals on different flowers. 
 

 

Height h (cm) Frequency 

20 < h ≤ 22 

22 < h ≤ 24 
24 < h ≤ 26 

26 < h ≤ 28 

28 < h ≤ 30+ 
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Objectives Possible teaching activities Notes School resources 

 

Constructing frequency diagrams with equal class intervals 
Sketch a bar chart on the board or show one on an OHT. Leave gaps between the bars and label 
the bars red, blue, etc. 

Sketch or show a frequency diagram (with no gaps and equal class intervals), labelling the 
divisions between the bars with continuous data. 

Ask students what the differences are between the two diagrams. They will probably point out the 
gaps. Ask them why there are gaps on a bar chart. Refer back to discrete data. 

Refer again to the frequency diagram and point out, if necessary, that this diagram has continuous 
data. State that there should be no gaps between bars. Ask students to explain why. 

Discuss the features of a good frequency diagram for continuous data: 
• a title; 
• suitable class intervals; 
• axes labelled, with the horizontal axis labelled at the class boundaries; 
• no gaps between bars. 

Practice 
Give students some practice in constructing and interpreting frequency diagrams for continuous 
data with equal class intervals. 

 

      

 

3 hours 

Using statistics 
Represent and interpret 
problems and solutions 
in graphical form, using 
correct terms and 
notation. 

Collect data from 
secondary sources, 
including tables and lists 
from ICT-based sources 
such as CD-ROMs and 
the Internet. 

 

[continued] 

Revision: mode, median, mean, range 
Ask students to explain what is meant by mode, median, mean and range. 

Write on the board: 5, 9, 11, 7, 9. 
• What is the mode (median, range, mean) of this set of numbers?  

Repeat for 15, 19, 21, 17, 19. 
• How did you work out the answers?  

Repeat for a different set of numbers. Then ask students to discuss this problem in pairs: 
• Sara has six cards, each of which has a positive whole number printed on it. Four of the cards 

have the number 10. Without knowing the numbers on the other two cards, can you give the 
value of the median, mode and range? 

Take feedback, asking students to explain their reasoning. Establish that only the mode can be 
determined, as 10 must be the most common number no matter what the two unknown numbers 
are. However, the two unknown numbers could be the two middle numbers, or the greatest and 
least numbers, making it impossible to determine the median or range. 
• The six cards have a mean of 10. What can the numbers on the other two cards be? 
Discuss possible answers (any pair of numbers with a total of 20).  
• Which answer would give the greatest range? Why? 
• The six cards have a mean of 10 and a range of 6. How many answers can you now find?  
 

  



208  |  Qatar mathematics scheme of work  |  Grade 8  |  Unit 8.4  |  Data handling 1 © Education Institute 2005 

Objectives Possible teaching activities Notes School resources 

Draw on the board the table of data on the right. Ask students to look at the top row and to tell you 
the mean value. Ask them how they worked it out. Prompt them to refer to the pattern and the 
symmetry of the row. Now ask the class for the mean of the second row.  
• Compare the first and second rows. What has happened to each number? 

Now ask the class for the range of the numbers on the top row and the range of numbers on the 
bottom row. Establish that, although the mean has increased by 1, the range is unchanged. 

Repeat for different second rows, e.g. a second row of 2, 6, 10, 14, 18, 22, 26. 

 

1 3 5 7 9 11 13 

2 4 6 8 10 12 14  

 

Using an assumed mean 
Explain that the use of an assumed mean will save on calculations when data consist of large 
numbers with a fairly small range. Say that you want to find the mean of four numbers: 528, 533, 
541, 550. These are shown in the first column of the table on the right. 

Assume a mean of 528. Subtract this from each number to get the values in the second column. 
Find the mean of these small values. Then add 528 to get the mean of the original numbers. So 
10 + 528 = 538. Repeat using an assumed mean of 538, showing that it gives the same result. 

 

Data Data: assumed mean 528 
528 
533 
541 
550 

0 
5 
13 
22 

TOTAL 40 
Mean 10 

Data mean 528 + 10 = 538 
   

 

Practice 
Give students some practice in calculating a mean using an assumed mean and in solving simple 
problems involving the mean, median, mode and range. 
Students could also practise by using level 3 of the applet Train race 
(www.bbc.co.uk/education/mathsfile/gameswheel.html). 

Train race  

 
 

 

[continued] 
Compare in general 
terms two data sets 
using, for example, the 
mean, median or range, 
or the shape of 
distribution. 

Answer questions by 
interpreting data sets 
(e.g. draw conclusions, 
make predictions, and 
estimate values between 
and beyond given 
points). 

Choose and use 
appropriate mathematical 
techniques and tools to 
solve a problem, 
including ICT. 

Use diagrams and 
explanatory text to 
explain the solution to a 
problem and support it 
with evidence. 

 

Comparing two data sets 
Show the OHT on the right, a bar chart of the lengths of 100 words in two English-language 
newspapers. Ask students to discuss in pairs what the chart shows and to make comparisons 
between the two data sets.  

Take feedback. Make sure that ideas of what is similar and what is different are included. Explain 
that, when quantities differ, the difference may be slight or significant. 

Look back at some of the students’ statements and develop them to make them more explicit, e.g. 
 Newspaper 1 has significantly more longer words, i.e. of 7 and 8 letters, than newspaper 2. 
 Both newspapers have similar numbers of shorter words, i.e. of 1 or 2 letters. 
 The modal length of word for both newspapers is 3. 

Explain that it is important to draw inferences from the data. 
• Why do some newspapers choose to use shorter words?  
• Why do you think the modal length of word is 3 for both newspapers? 
 

OHT 
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Objectives Possible teaching activities Notes School resources 
 Give students copies of the resource sheet on the right. Point out that the graph gives 

percentages, not actual numbers. They should assume that the numbers of male and female 
teachers are about the same. Ask them, initially working individually, to interpret the data in the 
chart. They should write statements, making sure that they:  
• include comparisons, saying which is more or less;  
• draw on specific values from the data; 
• indicate whether they think differences are slight or significant; 
• give possible reasons for their findings. 

Students should then exchange statements, explaining them to one another and offering ideas for 
improvements. Encourage them to summarise their findings. Take feedback. Include discussion of 
which group of teachers will in general be younger in 6 years’ time: male or female. 

Resource sheet 

 

 

 Comparing data for larger data sets 

Show students how to retrieve data from the Internet. For example, show them how to paste 
data from a web page into a spreadsheet, or how to download a spreadsheet as an Excel file. 

The website www.devon.gov.uk/dcs/ict/models/moweath.html has a useful Excel spreadsheet 
on world weather patterns. This contains climatic data for 85 capital cities over the world, 
including Doha. For each city is given the average monthly temperature (all 12 of them), the 
altitude, the latitude and the hemisphere. The average annual temperature is calculated. 

This quotation is taken from the website: ‘If cities from similar latitudes and altitudes are 
compared with respect to their monthly temperature curves then some interesting results 
emerge. For example, take Doha (Qatar), Karachi (West Pakistan) and Nassau (Bahamas). All 
are near the sea at low altitude and at 25° latitude. But their graphs are substantially different. 
Nassau gives a more flattened curve than Doha, whereas Karachi has a substantial drop in 
temperature over the summer months. Nassau has a more constant climate because of its mid 
ocean location, whereas Doha clearly is influenced by the climate of the Arabian Gulf. But what 
is causing Karachi’s drop?’ 

Ask students to produce graphs comparing and contrasting the mean monthly temperature in 
Doha with other cities and to think of possible explanations for the variations. 

 

 
 

Doha: Mean monthly temperature (°C)

0
5

10
15
20
25
30
35
40

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec
Month

Temperature 
(°C)

 
 

 

 Using Internet data 
Explain that spreadsheets like Excel have limitations as they do not generate frequency diagrams 
for grouped data. Nevertheless, they can sort data into ascending or descending order, which 
makes it easy to identify the range, and to count the data in selected class intervals. Show 
students how to use the ‘Sort’ function in Excel by sorting the average temperature column into 
descending order. This will reveal a range of 42.5 degrees, from –10.0°C in Yakutsk to 32.5°C in 
Bangkok. Doha can be seen as the 11th warmest city, with an average temperature of 26.4°C. 

Show students how they can work out the mean of the values in any column by entering a formula 
into the cell below the last value in the column. The range can be calculated in the next cell below 
by entering a formula to subtract the least value from the greatest value. 

Ask students to work out the range and average temperature for each month for the 85 cities, and 
to comment on their findings in a written report. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

The table on the right shows the sales increases at Super Value Stores from 
2005 to 2006. 

Use the data in the table to construct a bar graph. 
Indicate the scale for the percentage increase and label each bar. 

TIMSS Grade 8 

 

Type of item Percentage increase 
CDs 
Food 
Toys 
TVs 

Clothes 

80% 
15% 
25% 
40% 
120% 

    

  

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be provided 
informally or formally during 
and at the end of the unit, or 
for homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in the 
activities. 

The graph on the right shows the distribution of crops in a certain country. 
According to the information in the graph, which of these statements is true? 

A. More oats are grown than wheat. 
B. Corn is more than one half of the country’s crop. 
C. Oats are more than one third of the country’s crop. 
D. The total crop of the oats and wheat is greater than the corn crop. 

TIMSS Grade 8 

 

 

 80 students from a school took part in a sponsored swim.  
The numbers of lengths swum are shown on this graph. 
Did Grade 10 have fewer pupils taking part in the swim than Grade 7? 

A.  Yes             B.  No          C.  Cannot tell 

Explain your answer. 

What is the mean number of lengths swum by each of the 80 students? 

 

 
 

 

 Five songs are recorded on tape.  
The playing time of each song is shown in the table. 
Estimate to the nearest minute the total time taken for all five songs to play. 
Explain how this estimate was made. 

TIMSS Grade 8 

 

Song Amount of time 
1 2 minutes 41 seconds 
2 3 minutes 10 seconds 
3 2 minutes 51 seconds 
4 3 minutes 
5 3 minutes 32 seconds 

   

 

 These graphs show the range in the midday temperature in Miami and Orlando 
each month; e.g. in January the midday temperature in Miami ranges from 17°C 
to 24°C. 

In which city is there the greatest variation each month in the midday 
temperature? 
In which three months is the maximum temperature in Miami greater than the 
maximum temperature in Orlando? 

What is the range in the minimum monthly temperature in Miami? In Orlando? 

 

 
 

 

Unit 8.4 
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GRADE 8: Number 2 

Working with whole numbers and decimals 

About this unit 
This is the second of four units on number for 
Grade 8. This unit, which is largely revision, 
focuses on whole numbers and decimals and 
includes the use of the calculator. 

The unit is designed to guide your planning and 
teaching of mathematics lessons. It provides a 
link between the standards for mathematics and 
your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
Supplement the activities where necessary with 
appropriate tasks and exercises from textbooks 
and other resources, including ICT. 

For extension or consolidation activities, look at 
the units for Grade 9 or Grade 7. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and 
‘real-life’ applications. 

Previous learning 
To meet the expectations of this unit, students should already be able to 
round numbers in decimal form to any positive or negative power of 10, to 
multiply and divide integers and decimals by 0.1, 0.01, 0.001, and to use 
mental methods to add, subtract, multiply and divide whole numbers and 
decimals in simple cases. They should be able to add and subtract decimals 
with up to three places, and to multiply or divide by a decimal with up to two 
decimal places, rounding answers appropriately and checking them for 
accuracy and reasonableness. They should be able to use a calculator for 
more complex calculations, interpreting the display in the context of the 
problem.  
 

Expectations 
By the end of the unit, students will use mental, written and calculator 
methods for the four operations to solve problems involving whole numbers, 
decimals, money or measures, interpreting the calculator display, checking 
results and rounding answers appropriately. They will use the laws of 
arithmetic to support mental calculations. They will explain their solutions 
using diagrams and text. 

Students who progress further will use the four operations to solve 
problems involving whole numbers, decimals, money or measures. They will 
round numbers to a given number of significant figures and use rounding to 
make mental estimations of calculations. They will use numbers in the 
standard form A × 10n, where n is a positive or negative integer and  
1 ≤ A < 10, to estimate and calculate, including with a scientific calculator. 
They will check answers for accuracy and reasonableness, and round 
answers appropriately. 
 

Resources 
The main resources needed for this unit are: 
• Internet access, computer and data projector (optional) 
• overhead projector (OHP) and OHP calculator 
 As an alternative to an OHP calculator, try the applet Scientific calculator 

(www.netl.doe.gov/cctc/resources/tools/calculator.html) 

 
 Other alternatives are: 

Scientific calculator  
(www.ktf-split.hr/periodni/en/calc4chem.html) 
Scientific and statistical calculator 
(www.7stones.com/Homepage/Publisher/Calc.html) 

• calculators for students 
• individual mini-whiteboards 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• calculate, calculation, calculator, add, subtract, multiply, divide, sum, total, 

difference, greater than, less than, equal, equivalent, inverse, remainder 
• decimal, whole number, multiple, digit, most significant digit, value, place 

value, decimal place, units, tenths, hundredths, thousandths, 
approximately, estimate 

• problem, classify, compare, order, pattern, predict, represent, solve, 
explain, justify, method 
 

UNIT 8.5 
7 hours 
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Standards for the unit 

7 hours SUPPORTING STANDARDS 
Grade 7 standards 

CORE STANDARDS 
Grade 8 standards 

EXTENSION STANDARDS 
Grade 9 standards 

 8.1.1 Represent and interpret problems and solutions in 
numeric form, using correct terms and notation. 

 

7.2.2 Round whole numbers to any given power of 10, and decimals, 
including measures, to the nearest whole number or given decimal 
place; use the approximation sign ≈. 

 9.2.1 Round whole numbers and decimals, 
including measures, to a given number 
of significant figures; use rounding to 
make mental estimations of calculations. 

7.2.3 Multiply and divide integers and decimals by 0.1, 0.01, 0.001.  

7.2.4 Use and explain mental methods to add, subtract, multiply and 
divide whole numbers and decimals in simple cases. 

8.2.3 Know the general principles of the commutative, 
associative and distributive laws and how they 
underpin mental and written calculations. 

7.2.5 Use and explain written column methods (algorithms) to: 
• multiply by a decimal with up to two decimal places, 

understanding where to position the decimal point by 
considering equivalent fractions;   

• divide by a decimal with up to two decimal places by 
transforming the calculation to one with an integer divisor. 

 

9.2.3 Read and write numbers in the standard 
form A × 10n, where n is a positive or 
negative integer and 1 ≤ A < 10; interpret 
numbers in standard form on a calculator 
display; use standard form in calculations 
and to estimate. 

7.2.6 Consolidate adding and subtracting decimals with up to three 
places. 

  

7.2.9 Use a scientific calculator, including the memory, for calculations 
with whole numbers and decimals, including combined operations, 
working efficiently, interpreting the display and rounding answers 
in the context of the problem. 

  

7.2.13 With and without a calculator, solve routine and non-routine 
problems involving whole numbers, decimals, money or measures. 

7.2.12 Round answers to calculations to a given degree of accuracy, or to 
a degree of accuracy appropriate to the context of the problem. 

8.2.4 Use mental, written and calculator methods for the 
four operations to solve problems involving whole 
numbers, decimals, money or measures, 
interpreting the calculator display and rounding 
answers appropriately. 

9.2.6 Use the four operations to solve 
problems involving whole numbers, 
decimals, money or measures. 

 8.2.5 Check answers for accuracy by using inverse 
operations. 

 

 8.2.6 Check answers for reasonableness by using an 
estimate based on approximations and by 
considering the context of the problem. 

9.2.9 Check answers for accuracy and 
reasonableness, and round answers 
appropriately. 

7 hours 

Decimals 

 

 8.1.3 Use diagrams and explanatory text to explain the 
solution to a problem and support it with evidence. 
 

 

Unit 8.5 
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Activities 

Objectives Possible teaching activities Notes School resources 

7 hours 

Decimals 
Represent and interpret 
problems and solutions in 
numeric form, using correct 
terms and notation. 

Know the general principles 
of the commutative, 
associative and distributive 
laws and how they underpin 
mental and written 
calculations. 

Use mental, written and 
calculator methods for the 
four operations to solve 
problems involving whole 
numbers, decimals, money 
or measures, interpreting 
the calculator display and 
rounding answers 
appropriately. 

Check answers for 
accuracy by using inverse 
operations. 

Check answers for 
reasonableness by using an 
estimate based on 
approximations and by 
considering the context of 
the problem. 

Use diagrams and 
explanatory text to explain 
the solution to a problem 
and support it with 
evidence. 
 

Rounding 

Ensure that students recognise that increasing powers of 10 underpin decimal notation. Extend to 
100 and negative powers of 10. 

Remind students of the rules for rounding numbers to a given power of 10 and give a little practice in 
rounding. Include some very large and very small numbers.  

Remind students that answers to calculations can be estimated by using approximations. This is a 
useful way to check the reasonableness of an answer, especially with calculator work. 

Show the class how to estimate the following using the approximation sign (≈): 

• 921 ÷ 28 ≈ 900 ÷ 30 = 30 

• 48.3 27.6 50 30 20 4
14.4 8.6 14 9 5

− −≈ = =
− −

 

• 31% of 278 ≈ 3⁄10 of 300 = 90 

Remind students that there can be different ways to estimate. 0.42 231
121

×  could be approximated as: 

 0.5 200 1
100
× =  or 0.4 200 0.8

100
× =  or 0.4 240 0.8

120
× =  

Repeat with other examples, such as: 

 
321.2 7.5 0.04 28.3 23              

5.6 4.08 0.3 58 46 47
− ×

− × ×
 

Discuss how to use approximations to estimate each calculation. 

Discuss rounding before or after a calculation. Write an example on the board, such as: 
 3.46 × 1.56 = 5.3976 = 5.4 to 1 d.p. 

Round the values in the product to 1 d.p.: 
 3.5 × 1.6 = 5.6 

Discuss the difference in the answers when rounding takes place before calculation. 

Repeat with: 3.46 ÷ 1.56 = 2.2179… = 2.2 to 1 d.p. Rounding before the calculation gives:  
 3.5 ÷ 1.6 = 2.1875 = 2.2 to 1 d.p. 

To 1 d.p. there appears to be no difference. However, to 2 d.p. answers are 2.22 and 2.19. 

Emphasise that rounding should not take place until after the calculation is done. 
 

Using ICT 
Give students some practice in rounding 
numbers and estimating answers to 
calculations. 

Use Rounding off (level 2) 
(www.bbc.co.uk/education/mathsfile/ 
gameswheel.html). 

 

 
This column is for 
schools to note their 
own resources, e.g. 
textbooks, worksheets. 

Unit 8.5 



214  |  Qatar mathematics scheme of work  |  Grade 8  |  Unit 8.5  |  Number 2 © Education Institute 2005 

Objectives Possible teaching activities Notes School resources 

 Adding and subtracting decimals mentally 
Remind students that addition but not subtraction is commutative so that 8.6 + 107.2 = 107.2 + 8.6 
but 8.6 – 107.2 ≠ 107.2 – 8.6.  

Remind them also of the associative law, so that 0.8 + (1.3 + 2.9) = (0.8 + 1.3) + 2.9. The calculation 
can be done either way. 

These laws are useful when we are calculating:  
• we can put the larger number first when adding; 
• an addition such as 2.1 + 5.8 + 1.9 can be reordered as 5.8 + 2.1 + 1.9, and 2.1 and 1.9 can be 

added first, giving 5.8 + 4 = 9.8. 

  

 Multiplying whole numbers by a power of 10 

Show the diagram on the right. Ask students to explain the results and to suggest other ‘arms’ that 
could be added to the diagram. 

Repeat with 5.7 in the centre of the diagram and record students’ responses. Establish that there 
are several different ways of recording the answers. For example: 
 0.057 × 100 = 5.7  0.057 ÷ 0.01 = 5.7 

0.057 × 10 × 10 = 5.7  0.057 ÷ 0.1 ÷ 0.1 = 5.7 
0.057 × 102 = 5.7  0.057 ÷ 10–2 = 5.7 

Ask students to work in groups to develop their own diagram showing equivalent calculations for 
other numbers (e.g. 3.2, 67.3, 0.43).  

Move on to review students’ understanding of place value and notation of: 
• multiplication and division by 10, 100 and 1000; 
• multiplication and division by positive integer powers of 10; 
• multiplication and division by 0.1 and 0.01; 
• multiplication and division by negative integer powers of 10. 

 

 

 

 

 

 

 

 

 

 

 Multiplying decimals with one significant figure mentally 

Remind the class that a calculation such as 0.7 × 0.3 can be thought of as 7 3 21
10 10 100

,× =  or 0.21. 

Illustrate with a diagram, as on the right. 

Point out that there is the same number of decimal places in the answer as there is in the product. 

Give students a few examples of multiplying decimals with one place mentally, getting them to 
answer on their whiteboards. Continue with examples such as:  
 0.9 × 0.04 = 0.036, 0.05 × 0.4 = 0.020 

Stress that in the last example the zero at the end is not included in the final answer of 0.02.  

Ask for the product of 0.7 and 8000. Remind students that the commutative law allows the 
multiplication to be done as 8000 × 0.7 and that the associative law allows them to use equivalent 
calculations. We divide 8000 by 10 and multiply 0.7 by 10, so that the calculation becomes  
800 × 7 = 5600. Show how this is justified. 

Repeat with other examples, such as: 4000 × 0.08 = 400 × 0.8 = 40 × 8 = 320. 
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Objectives Possible teaching activities Notes School resources 

 Multiplying other decimals mentally 
Remind students of a mental method for multiplying a number with one decimal place by a single-
digit number based on the distributive law, such as 7 × 2.3 = 7 × 2 + 7 × 0.3 = 14 + 2.1 = 16.1. 

Use a target board such as the one shown. Choose a number and ask students to multiply it mentally 
by a number from 2 to 9. Ask students to write answers on their whiteboards. 

 

3.5 5.2 3.6 1.9 1.3 

1.8 1.6 1.4 2.6 4.8 

3.2 1.5 1.2 2.4 3.4 

2.8 3.8 1.7 2.2 6.2 
    

 

 Dividing decimals mentally 
Recall the rules for dividing multiples of powers of 10, for example, 10 000 ÷ 200.  

Discuss how to ‘cancel’ by dividing dividend and divisor by the same power of 10 (effectively 
cancelling zeros). Demonstrate the equivalent division: 10 000 ÷ 200 = 1000 ÷ 20 = 100 ÷ 2 = 50. 

Repeat with more examples, e.g. 8000 ÷ 20, 15 000 ÷ 30. 

Now ask for the answer to 90 ÷ 0.6. Demonstrate how to write an equivalent calculation: 900 ÷ 6 = 150.

Discuss how both the dividend and divisor have been multiplied by the same power of 10. Repeat 
with 3200 ÷ 0.08 = 32 000 ÷ 0.8 = 320 000 ÷ 8 = 40 000. 

Extend to examples such as 0.06 ÷ 0.003, 0.012 ÷ 0.6. 

  

 Practice 
Prepare (but do not number) a set of cards that use multiplication or division by 0.1 or 0.01. A set of 
28 cards is suggested here. Give each student a card. Some students can have two cards if 
necessary. Keep the first card yourself and read it out. The student with the answer on their card 
reads it out and the question that follows. Continue until the last card is reached. 

Cards 
1 START. You are 3 × 0.1. 
3 I am 50. You are 4 ÷ 0.01. 
5 I am 0.06. You are 11 × 0.1. 
7 I am 900. You are 50 × 0.01. 
9 I am 60. You are 9 × 0.01. 
11 I am 8. You are 9 ÷ 0.1. 
13 I am 0.23. You are 49 ÷ 0.1. 
15 I am 0.21. You are 76 ÷ 0.1. 
17 I am 5.2. You are 9 × 0.1. 
19 I am 2. You are 20 ÷ 0.1. 
21 I am 0.8. You are 18 ÷ 0.1. 
23 I am 0.02. You are 99 ÷ 0.1. 
25  I am 0.05. You are 66 × 0.1. 
27 I am 0.52. You are 7 × 0.1. 

 
2 I am 0.3. You are 5 ÷ 0.1. 
4 I am 400. You are 6 × 0.01. 
6 I am 1.1. You are 90 ÷ 0.1. 
8 I am 0.5. You are 6 ÷ 0.1. 
10 I am 0.09. You are 80 × 0.1. 
12 I am 90. You are 23 × 0.01. 
14 I am 490. You are 21 × 0.01. 
16 I am 760. You are 52 × 0.1. 
18 I am 0.9. You are 20 × 0.1. 
20 I am 200. You are 8 × 0.1. 
22 I am 180. You are 2 × 0.01. 
24 I am 990. You are 5 × 0.01. 
26 I am 6.6. You are 5.2 × 0.1. 
28 I am 0.7. END. 
 

 Use a target board such as the one on the right. Point to two of the numbers. Ask students to give 
you their product or quotient. Ask students to explain how they worked out their answers. 

Check students’ understanding by asking questions such as the following. 
• If I divide a number by 0.1 and then again by 0.1 the answer is 0.03. What number did I start with? 

How do you know? 
• Why do 3.3 × 10 × 10 and 3.3 ÷ 0.01 give the same answer? 
• Using the numbers on the board, give me an example of division making a number smaller, and of 

division making a number larger. 
 

 

0.4 17.6 3 

0.33 30 156 

4000 1.56 1.76 

3.3 0.0176 0.0003 
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Objectives Possible teaching activities Notes School resources 

 Consolidating written methods of adding and subtracting decimals 
Write on the board: 26.3 and 1.847. 
• What is the sum of the two numbers? 
• Which number is larger? How much larger is it than the other? 

Ensure that students understand the values of the digits and can calculate the sum and difference. 

Discuss answers and methods. Set the calculations out in column form. Stress the importance of 
lining up the decimal points when adding and subtracting decimals. 

Explain that padding empty spaces with zeros makes no difference to the number but can help to 
keep track of the calculation. Ask students to do the calculations. 
• How can we check the answers? 

Remind students of the use of inverse operations. Ask them to do these calculations to confirm that 
their answers were correct. 

 
 

 Consolidating written methods of multiplying and dividing decimals 
Consolidate multiplying and dividing decimals with up to two decimal places. Work out 32.6 × 3.7. 
First, approximate the answer: 30 × 4 = 120. Do the calculation as 326 × 37, using a column method. 
The answer has two decimal places, as there were two places in the original multiplication. So the 
answer is 120.62, which agrees with the estimate. 

Work out 154 ÷ 5.6. First, approximate the answer: 150 ÷ 6 = 25. Then treat it as a whole-number 
problem by writing it as 1540 ÷ 56: The answer is 27.5. 
• How can we check the answer? 

Ask students to use inverse operations to check these calculations to confirm that their answers were 
correct. 

 
 

 Practice 
Provide some practice that includes rounding the answer to a specified number of decimal places. 
Include some simple word problems involving money or measures, making sure that some of them 
include mixed units. 
• Postage stamps cost QR 0.25 each. How much will 254 postage stamps cost? 
• Find the area of a rectangle 2.39 cm by 4.6 cm, giving the answer to one decimal place. 
• A tray of tomatoes weighs 17.68 kg. The tomatoes are packed in boxes with an average weight of 

720 g. How many boxes can be packed? 

With the word problems, students should think about the reasonableness of an answer in the context 
of the problem. 
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Objectives Possible teaching activities Notes School resources 

 Using the bracket keys on a calculator 

Ask students to work out 37.8 7.2
3.6 2.1

+
−

 using their calculators. Discuss how answers were obtained, e.g. 

 10.4 = (37.8 + 7.2) ÷ 3.6 – 2.1   37.7 = 37.8 + 7.2 ÷ 3.6 – 2.1 

Discuss how the calculation should be done. Emphasise the need to work out the numerator (= 45) 
and the denominator (= 1.5) separately. Make the point that the line that separates the top from the 
bottom not only means ‘divide top by bottom’ but implies brackets and an order of operations. The 
calculation could be rewritten as (37.8 + 7.2) ÷ (3.6 – 2.1) or 45 ÷ 1.5 = 30. 

Demonstrate how to use the bracket keys on a calculator for calculations such as: 

 9.8 – (6.03 – 2.9)          9.6 4.85
9.6 4.85

−
+

 

 
 

 Using the memory and other keys 
Remind students about the function of the memory keys. These vary according to the type of 
calculator, but in general are: 
M in  This key puts the value in the display into the memory and the previous contents of the 

memory are lost. This is STO on some calculators. 

M +  This key adds the contents of the display to the contents of the memory. 

M −  This key subtracts the contents of the display from the contents of the memory. This is 
SHIFT M+ on some calculators. 

MR  This key recalls the contents of the memory and puts it in the display. The contents of the 
display will disappear but may still be involved in the calculation. 

By using examples such as 23.5 16.1
5.8 2.2

+
−

and √25.9 ÷ (18.6 – 9.73), show how calculations can be 

more efficient by using the memory keys and/or bracket keys. 

Check also that students can use the π key and the square, square root and power keys by working 
through a variety of calculations. Work out, for example, √(π ÷ 5.32) = 0.334 425 254 9 ≈ 0.33. Discuss 
the need to round answers to a sensible degree of accuracy. 

Stress that with all calculations done on a calculator it is important to estimate the answer as a check 
on accuracy. 

Practice 
Give students some practice in the use of brackets and the memory. For example, ask them to 
calculate: 

a. 42.3 10.6 2.2
48.7 12.05

+ ×
−

 b. 48.6
96.1 0.3×

 

c.  4.73 – (8.7 – 9.21)2 d.  (2.45 × 6.3 – 8.72)3 
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Assessment 

 Examples of assessment tasks and questions  Notes School resources 

Mental questions to be read to students 

• What is seven point nine divided by two? 

• On average, the driest place on Earth gets only nought point five 
millimetres of rain every year. In total, how much rain would it expect 
to get in twenty years? 

 

• What is twenty divided by zero point five? 

• To the nearest centimetre, the length of a pencil is ten 
centimetres. What is the least value the length of the pencil 
could be? 

 

Other tasks and questions (no calculator) 

Which list shows the numbers from smallest to largest? 

A. 0.345, 0.19, 0.8,  1⁄5 

B. 0.19, 1⁄5,  0.345,  0.8 

C. 0.8,  0.19,  1⁄5,  0.345 

D. 1⁄5,  0.8,  0.345,  0.19 
TIMSS Grade 8 

 

In a discus-throwing competition, the winning throw was 61.6 m. 
The second-place throw was 59.72 m. How much longer was the 
winning throw than the second-place throw? 

A.  1.18 m          B.  1.88 m          C.  1.98 m          D.  2.18 m 
TIMSS Grade 8 

 

Which of these is 89.0638 rounded to the nearest hundredth? 

A.  100          B.  90          C.  89.1          D.  89.06          E. 89.064 

TIMSS Grade 8 

What is 24.56 divided by 0.004?  

A.  0.614          B.  6.14          C.  61.4          D.  614          E.  6140 

TIMSS Grade 8 

 

About 7000 copies of a magazine are sold each week. Approximately 
how many magazines are sold each year? 

A.  8400     B.  35 000     C.  84 000     D.  350 000     E.  3 500 000 

TIMSS Grade 8 

A stack of 200 identical sheets of paper is 2.5 cm thick. 
What is the thickness of one sheet of paper? 

A.  0.008 cm          B.  0.0125 cm          C.  0.05 cm          D.  0.08 cm 

TIMSS Grade 8 

 

Write 0.28 as a fraction reduced to its lowest terms. 
TIMSS Grade 8 

Multiply: 0.203 × 0.56. 

TIMSS Grade 8 

 

Assessment 
Set up activities that allow 
students to demonstrate 
what they have learned in 
this unit. The activities can 
be provided informally or 
formally during and at the 
end of the unit, or for 
homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

Explain why 9 1⁄3 is not the same as 9.33.   

 Other tasks and questions (calculator allowed) 

The area of a rectangular table top is 1.178 square metres.  
Its length is 95 cm. What is its perimeter? 
 

  

 

Unit 8.5 
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GRADE 8: Geometry and measures 2 

Properties of shapes 

About this unit 
This is the second of four units on geometry and 
measures for Grade 8. It builds on the work on 
geometry in Grade 7 and on Unit 8.2, Geometry 
and measures 1. 

The unit is designed to guide your planning and 
teaching of mathematics lessons. It provides a 
link between the standards for mathematics and 
your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
Supplement the activities where necessary with 
appropriate tasks and exercises from textbooks 
and other resources, including ICT. 

For extension or consolidation activities, look at 
the units for Grade 9 or Grade 7. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and 
‘real-life’ applications. 

Previous learning 
To meet the expectations of this unit, students should already be able to 
identify angle, side, diagonal and symmetry properties of plane shapes. 
They should be able to calculate unknown angles in geometric figures, 
including corresponding, alternate and supplementary angles and exterior 
angles of triangles, reasoning logically and explaining their conclusions. 
 

Expectations 
By the end of the unit, students will identify symmetry properties of 2-D 
shapes, including triangles, quadrilaterals and regular polygons. They will 
calculate interior and exterior angles of polygons. They will identify similar 
shapes and will know that corresponding sides of similar shapes are in the 
same ratio. They will use their knowledge of properties of shapes and step-
by-step reasoning to solve geometric problems, supporting their arguments 
with diagrams and explanatory text. 

Students who progress further will know the conditions of congruence 
and of similarity, and will determine whether two triangles are congruent or 
similar. They will use their knowledge of angles and properties of 2-D 
shapes to analyse, interpret and solve geometric problems by developing 
simple proofs, explaining and justifying the steps that they have taken. 

Resources 
The main resources needed for this unit are: 
• overhead projector (OHP) 
• Internet access and computer linked to data projector 
• dynamic geometry system (DGS) such as: 

Geometer’s Sketchpad  
(see www.keypress.com/sketchpad/) 
Cabri Geometrie  
(see www.chartwellyorke.com/cabri.html) 

• computers with Internet access and dynamic geometry system for 
students 

• sets of congruent triangles and quadrilaterals made from card 
• squared dotty paper 
• individual mini-whiteboards 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• angle, degrees, right angle, straight line, acute, obtuse, reflex, base 

angles, interior/exterior angles, supplementary, complementary, alternate, 
corresponding, vertically opposite 

• ruler, set square, protractor 
• clockwise, anticlockwise, horizontal, vertical, parallel, perpendicular, 

adjacent, opposite 
• line, line segment, point, mid-point, intersection, bisector, transversal, 

vertex/vertices, side, diagonal, scalene triangle, isosceles triangle, 
equilateral triangle, right-angled triangle, hypotenuse, quadrilateral, 
square, rectangle, parallelogram, rhombus, and names of other shapes 

• classify, solve, explain, justify, method, prove 
 

UNIT 8.6 
10 hours 
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Standards for the unit 

10 hours SUPPORTING STANDARDS 
Grade 7 standards 

CORE STANDARDS 
Grade 8 standards 

EXTENSION STANDARDS 
Grade 9 standards 

 8.1.1 Represent and interpret problems and solutions in 
geometric form, using correct terms and notation. 

9.1.1 Represent, interpret, analyse and synthesise 
information presented in geometric form. 

7.9.1 Identify, sketch, label and describe angle, side, 
diagonal and symmetry properties of plane shapes: 
• triangles (isosceles, equilateral, right-angled, acute- 

and obtuse-angled scalene triangle); 
• quadrilaterals (square, rectangle, parallelogram, 

rhombus, trapezium, kite); 
• polygons (pentagon, hexagon, octagon, decagon). 

8.6.2 Identify reflection and rotation symmetry properties 
of 2-D shapes, including triangles, quadrilaterals 
and regular polygons. 

 

8.6.1 Calculate interior and exterior angles of polygons. 9.5.1 Use knowledge of angles and properties of  
2-D shapes to conjecture or deduce properties 
in a given plane figure. 

8.6.3 Use knowledge of angle properties of intersecting 
and parallel lines, and of the angle, side and 
symmetry properties of triangles, quadrilaterals and 
polygons, to conjecture or deduce properties in a 
given figure. 

9.5.4 Identify congruent triangles and their 
corresponding angles and sides; know the 
conditions of congruence and determine 
whether two triangles are congruent. 

8.6.4 Identify similar shapes; know that corresponding 
sides of similar shapes are in the same ratio. 

9.5.3 Identify similar triangles and their 
corresponding angles and sides. 

7.9.2 Calculate unknown angles in geometric figures, 
involving: 
• angles in a straight line, around a point or vertically 

opposite angles; 
• corresponding, alternate and supplementary 

angles; 
• side or angle properties of isosceles, equilateral, 

right-angled and scalene triangles, including the 
angle sum and exterior angle properties; 

• side or angle properties of squares, rectangles, 
parallelograms and rhombuses, including angle 
properties related to their diagonals; 

• angle bisectors and perpendicular bisectors. 

 9.5.5 Use the properties of congruence or similarity 
of triangles to solve problems, e.g. find 
unknown sides or angles of similar or 
congruent triangles. 

7.1.4 Use logical reasoning to establish the truth of a 
statement. 

8.1.5 Use step-by-step reasoning to deduce properties or 
relationships in a given geometrical figure. 

9.1.6 Develop a simple proof. 

4 hours 

Properties of 
shapes 

 
4 hours 

Similarity 

 
2 hours 

Geometric 
reasoning 

7.1.3 Present and explain solutions and conclusions in the 
context of the original problem, orally and in writing. 

8.1.3 Use diagrams and explanatory text to explain the 
solution to a problem and support it with evidence. 

9.1.4 Explain and justify the steps taken to solve a 
problem or arrive at a conclusion, orally and in 
writing. 
 

Unit 8.6 
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Activities 

Objectives Possible teaching activities Notes School resources 

Revision: angles 
Ask students to listen to the following instructions, and sketch and label the diagram. 
 Draw an isosceles triangle ABC. 

Mark the equal angles and sides. 
Mark and shade angle ABC. 
Extend line AB to point D, and mark the exterior angle of the triangle. 

Discuss different orientations of the triangle. 

Now ask students to do the same for these instructions. 
 Draw a pair of parallel lines with an intersecting transversal. Label the parallel lines. 

Label a pair of corresponding angles with the letter c. 
Label a pair of alternate angles with the letter a. 
Label a pair of vertically opposite angles with the letter v. 

Discuss answers and the relationships between the angles. 
• Which are equal? Do any add up to 90° (complementary)? … to 180° (supplementary)? 

 
 

 
This column is for 
schools to note their 
own resources, e.g. 
textbooks, 
worksheets. 

4 hours 

Properties of shapes 
Represent and interpret 
problems and solutions in 
geometric form, using correct 
terms and notation. 

Identify reflection and rotation 
symmetry properties of 2-D 
shapes, including triangles, 
quadrilaterals and regular 
polygons. 

Calculate interior and exterior 
angles of polygons. 

Use knowledge of properties of 
intersecting and parallel lines, 
side and symmetry properties of 
triangles, quadrilaterals and 
polygons, to conjecture or 
deduce properties in a given 
figure. 

Use step-by-step reasoning to 
deduce properties or 
relationships in a given 
geometric figure. 

Use diagrams and explanatory 
text to explain the solution to a 
problem and support it with 
evidence. 

Interior and exterior angles of a polygon 
Remind the class that the sum of the interior angles of a triangle is 180°, and that the sum of the 
interior angles of a quadrilateral is 360°. Illustrate by splitting a quadrilateral into two triangles. 

Remind students also that a polygon is a plane shape with three or more straight sides. A 
regular polygon has sides of equal length. 
• What other names of polygons do you know? (pentagon, hexagon, heptagon, octagon, 

nonagon, decagon, …) 

Demonstrate on the board or using a dynamic geometry system how to find the sum of the 
interior angles of a hexagon. Show how a hexagon can be split into four triangles from one of its 
vertices. Explain that the sum of the interior angles of each triangle is 180°. So the sum of the 
interior angles of a hexagon is 180° × 4 = 720°. From this we can deduce that each interior 
angle of a regular hexagon is 720° ÷ 6 = 120°. 

Explain to the class how to form an exterior angle of a polygon by extending a side of the 
polygon. In the diagram, a is an exterior angle of the quadrilateral. 

Extend all the sides of a pentagon to give all of its exterior angles. Explain how, if a person 
stands on a vertex and turns through all the exterior angles in turn, they will have turned through 
360°. So the sum of the exterior angles is 360°. Stress that this is true for all polygons. From this 
we can deduce that each exterior angle of a regular pentagon is 360° ÷ 5 = 72°. 

Ask students: 
• What is the size of the interior angles of a regular nonagon? (140°) 
• What is the size of each exterior angle of a regular nonagon? (40°) Why? (the exterior angle 

and the interior angle have a sum of 180°) 

 

 

 
 

 

 

 

 

 

Unit 8.6 
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Objectives Possible teaching activities Notes School resources 

 Practice 
Work through a problem with the class. For example: 
Calculate the size of angle a in this polygon. 

 
Ask students to complete the questions on the resource sheet on the right. 

Answers 
1 135°             2  18             3  20 
4 The interior angle and exterior angle at each vertex sum to 180°. The total of the three 

exterior angles and interior angles is 180° × 3 = 540°. The three interior angles sum to 180°. 
So the three exterior angles have a sum of 540° – 180° = 360°. 

Resource sheet 
1 Calculate the size of the interior angle of a 

regular octagon. 
2 The size of an exterior angle in a regular 

polygon is 20°. 
How many sides does the polygon have? 

3 The size of an interior angle in a regular 
polygon is 162°. 
How many sides does the polygon have? 

4 Given that the sum of the interior angles of a 
triangle is 180°, prove that the sum of the 
exterior angles of a triangle is 360°. 

 

 Regular polygons 1 
Draw on the board a regular pentagon ABCDE. Ask students to work in pairs to calculate ∠ABE. 
Invite a pair to the board to explain each step of their reasoning. 

Repeat with a regular hexagon. 

Able students may be able to show that, given a regular polygon with n sides, when the first and 
third of three adjacent vertices are joined, the base angle of the isosceles triangle that is formed 
is 180° ÷ n. 

 

 

 

 Regular polygons 2 
Explain that the regular pentagon on the right is made from five identical isosceles triangles that 
fit together around a point. The triangles fit with no gaps and no overlaps. Get students to work 
in pairs to consider the questions and to answer on their whiteboards. 
• What is the measure of the angles in one of the triangles? Explain your reasoning. 

Say that a regular decagon can be made from 10 identical isosceles triangles that fit together 
around a point with no gaps and no overlaps. 
• What is the measure of the angles in one of the triangles? Explain your reasoning. 

Say that all regular polygons can be made from isosceles triangles that fit together around a 
point with no gaps and no overlaps. Only 12 of these regular polygons have isosceles triangles 
in which all the angles are whole numbers greater than or equal to 10°. 
• How many sides do these polygons have? (3, 4, 5, 6, 9, 10, 12, 15, 18, 20, 30, 36) 
• How can you be certain that there are no more than 12 of these polygons? 

Draw out that the polygons must have 3 or more sides. The number of sides must be a factor of 
360 which, when divided into 360, results in an even number that is greater than or equal to 10. 
We can be sure that there are no more than 12 such polygons by considering all the possible 
factors of 36 systematically. 
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Objectives Possible teaching activities Notes School resources 

 Regular polygons 3 
Say that isosceles triangles can fit together around a point in a different way to make ‘windmill’ 
patterns. The triangles fit with no gaps and no overlap. 
• What is the measure of the angles in one of the triangles? Explain your reasoning. 

Ask students to work on the question in pairs. 

Take feedback. Establish that angle c must be one fifth of 360° = 72° (angles at a point). Angle d 
is therefore 180 – 2c = 180 – 144 = 36°. 

 

 

 Say that this windmill pattern has been made into a regular pentagon by drawing five extra 
triangles. Ask pairs to work out the measure of the angles in each triangle. 
Take feedback.  
Establish that we already know angles c and d.  

 k + d = 54° (since five isosceles triangles form the outer regular pentagon), so k = 18°. 

 h = 180 – c = 108° (∠s on a straight line). 

 j = 180 – h – k = 180 – 108 – 18 = 54° (∠s in a ). 

 
 

 

 Suggestions for using ICT to explore angle properties of polygons 
Explore and then prove the exterior angle sum of a polygon using Sum of outer angles 
(www.ies.co.jp/math/java/geo/angle.html). 

Use Polygons around a point and the accompanying worksheet to discover a rule for 
surrounding a point with polygons (www.hbschool.com/elab/act_7_11.html). 

Use Polygon creator to generate Logo style instructions to create polygons. Get students to 
generalise the commands involved (www.ies.co.jp/math/java/geo/angle.html). Discuss the 
symmetries of the resulting figures. 

Use Exploring angle sums using half turns to investigate the sum of the interior angles of 
triangles, quadrilaterals and other polygons using rotations of 180° about a mid-point 
(illuminations.nctm.org/tools/index.aspx). 

Sum of outer angles 

 
Polygons around a point 

 
 

Polygon creator 

 
Exploring angle sums using half turns 
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Objectives Possible teaching activities Notes School resources 

Congruence 
Remind the class that after a transformation of reflection, rotation or translation, the shape has 
moved, but is otherwise unchanged. The object and the image are the same shape and size. 
Write on the board: 
 Two shapes are congruent if they are exactly the same shape and size. 
 Reflections, rotations and translations produce images that are congruent to the original object. 

Have ready some sets of various congruent triangles and quadrilaterals made from card. Get 
groups of students to sort the shapes into congruent pairs. Make sure that students understand 
that, for each pair of congruent shapes, corresponding sides and angles are equal. 

Investigation 
Give students some squared dotty paper. Ask them to investigate different ways of dividing a  
4 by 4 dotty grid into two congruent shapes. Able students can try four congruent shapes. 

Examples of two congruent shapes 

 

Examples of four congruent shapes 

 

 4 hours 

Similarity 
Represent and interpret 
problems and solutions in 
geometric form, using correct 
terms and notation. 

Identify similar shapes; know that 
corresponding sides of similar 
shapes are in the same ratio. 

Use step-by-step reasoning to 
deduce properties or 
relationships in a given 
geometric figure. 

Use diagrams and explanatory 
text to explain the solution to a 
problem and support it with 
evidence. 

 

Similar triangles 
Remind the class about the properties of an enlargement by showing how a triangle is enlarged 
by a scale factor of 2. 

Triangle ABC has been mapped onto triangle A′B′C′ by an enlargement of scale factor 2. Under 
an enlargement, all the angles are the same size and corresponding sides are in the same ratio. 

So AB : A′B′ = AC : A′C′ = BC : B′C′ = 1 : 2. 

This can also be written as A B A C B C 2.
AB AC BC
′ ′ ′ ′ ′ ′

= = =  

Explain to the class that the two triangles are said to be similar. Two triangles are similar if their 
angles are the same size or their corresponding sides are in the same ratio. Stress that only one 
of these conditions is required to show that two triangles are similar. 

Show the class how to use similar triangles by demonstrating the following three examples. 
Some revision on parallel lines may be needed. 

Example 1 
Show that the two triangles on the right are similar. 
 In triangle ABC, ∠C = 80° (the sum of the angles in a triangle = 180°). 

In triangle XYZ, ∠X = 48° (the sum of the angles in a triangle = 180°). 
 Since the angles in both triangles are the same, triangle ABC is similar to triangle XYZ. 

Example 2 
Triangle ABC is similar to triangle DEF. Calculate the length of the side DF. 
 Let side DF = x. 

 Since the triangles are similar, corresponding sides are in the same ratio. 

 So DE EF DF .
AB BC AC

= =  Therefore 15 3.
6 5

= =x  So x = 18 cm. 

 

 

 

 

 

 

 

 

 
 

 

 

 



225  |  Qatar mathematics scheme of work  |  Grade 8  |  Unit 8.6  |  Geometry and measures 2 © Education Institute 2005 

Objectives Possible teaching activities Notes School resources 

 Example 3 
In triangle ADC, EB is parallel to DC. Calculate the length of the side DC. 
 ∠AEB = ∠ADC (corresponding angles in parallel lines). 

∠ABE = ∠ACD (corresponding angles in parallel lines). 
 So triangle AEB is similar to triangle ADC (since ∠A is common to both triangles). 
 Let side DC = x. 
 Since triangle AEB is similar to triangle ADC, the corresponding sides are in the same ratio. 

 So DC AC 2.
EB AB

= =  Therefore 8 2.
3 4

= =x  So x = 6 cm. 

 

 

 
 

 Practice 
Give out copies of the resource sheet on the right, one per student. Ask students to complete 
the questions independently. 

Bring the whole class together. Take feedback on the questions that students have done. Work 
through one or more of the problems. 

Ask the class to explain the two conditions needed to show that two triangles are similar. Check 
that they understand the difference between similar triangles and congruent triangles. 

 

Resource sheet 
1 Sara has made some photocopies of a 

drawing of a kite. The photocopies are 
different sizes. Work out lengths w and x. 

 
 

  2 In the diagram below, PQ is parallel to BC. 
Calculate length PQ. 

 
 

3 In the diagram below, ∠ABC = ∠LMC, and 
∠ACB = ∠KNB. 
Calculate length LM. 
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Objectives Possible teaching activities Notes School resources 

Reasoning and proof 1 
Ask the class to close their eyes and to follow your instructions.  

Imagine a large blue equilateral triangle on the table in front of you. 
Place a small yellow equilateral triangle inside the large blue triangle. 
Slide the small yellow triangle into a corner of the large blue triangle so that it fits exactly. 

What shape is the blue shape that you can now see? 

Encourage students to discuss their answers with a partner before writing them on their 
whiteboards. Check answers. Sketch the diagram on the right on the board. Now ask: 
• How do you know that the quadrilateral DECB is a trapezium?  

Draw out the proof, writing it on the board, demonstrating how to justify reasoning with concise 
explanations in brackets. 
 ∠ADE = ∠DBC = 60° (internal angles of equilateral triangles). 
 Since DE and BC are crossed by the transversal ADB, ∠ADE and ∠DBC are corresponding 

angles, and DE is parallel to BC. 
• How do you know that DECB is an isosceles trapezium? 
 AD = AE (sides of the same equilateral triangle ADE). 
 AB = AC (sides of the same equilateral triangle ABC). 
 So AB – AD = AC – AE, or DB = EC. 

 

 

 

 

 

 

 

2 hours 

Geometric reasoning 
Represent and interpret 
problems and solutions in 
geometric form, using correct 
terms and notation. 

Use knowledge of properties of 
intersecting and parallel lines, 
side and symmetry properties of 
triangles, quadrilaterals and 
polygons, to conjecture or 
deduce properties in a given 
figure. 

Use step-by-step reasoning to 
deduce properties or 
relationships in a given 
geometric figure. 

Use diagrams and explanatory 
text to explain the solution to a 
problem and support it with 
evidence. 

Reasoning and proof 2 
Demonstrate how to present a solution to a geometrical problem.  

Show the OHT on the right. Ask students to draw and label the diagram and to discuss the 
question in pairs.  
• What information can you add to the diagram? 
 Label AB and CD as parallel.  

Label AP = PB = CD. 
Label BC = AD (isosceles trapezium). 
Label ∠DAP = ∠PBC = 75° (isosceles trapezium). 

• Which angles can you calculate first? Justify your answers. 

Discuss students’ solutions. Draw out that: 
 ∠DAP = ∠APD = 75° (triangle APD is isosceles) 
 ∠ADC = 180° – 75° (interior angles, AB and DC are parallel) 
 ∠ADP = 180° – 75° – 75°  (angle sum of triangle is 180°) and so on 
 

OHT 

 
ABCD is an isosceles trapezium 
with AB parallel to DC. 

P is the mid-point of AB, and 
AP = CD, AD = DP.  

∠DAP = 75°. 

Calculate the sizes of the other angles. 
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Objectives Possible teaching activities Notes School resources 

 Reasoning and proof 3 
Show the OHT on the right.  

Explain that the shape has three identical white tiles and three identical grey tiles. The sides of 
each tile are the same length. Opposite sides of each tile are parallel. One of the angles is 70°. 

Ask students to discuss in pairs how to solve the problem and to explain their reasoning. For 
example: 
 k = 180 – 70  (corresponding angles) 
 3(m + 70) = 360  (sum of angles at a point) 

Stress that each step must be justified with a concise explanation given. 

OHT 
Calculate the size of angles k and m. 
Give reasons for your answer. 

 

 

 

 

 

 Practice 
Give students a range of geometric problems to solve that will require them to apply their 
knowledge of properties of lines and geometric shapes to deduce properties in a given figure. 

  

 Using ICT 1 
Use Problems about angles 1 and 2 to explore a geometric problem and use alternate angles to 
prove the result (www.ies.co.jp/math/java/geo/angle.html). 

Problems about angles 1 

 
 

Problems about angles 2 

 

 Using ICT 2 
Use a dynamic geometry system (DGS) to show students the exterior angle of a triangle and the 
sum of the two interior opposite angles.  

Drag the triangle’s vertices to change its side lengths and angles. Ask students:  
• What do you notice about the exterior angle and the sum of the two interior opposite angles? 
• Can you explain why this happens? 
• What properties of a triangle do you need to use to prove it? 

Support students in developing the proof, either by using the diagram shown or perhaps by 
giving them some of the steps and asking them to explain what happens. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

The diagram shows a rectangle that just touches an equilateral triangle. 

Find the size of the angle marked x. 
Explain how you worked out your answer. 

 

 
 

 

Prove that the interior angle of a regular hexagon is 120°. 

In a quadrilateral, two of the angles are 110°, and a third angle is 90°. 
What size is the remaining angle? 

A.  50°            B.  90°            C.  130°            D.  140°            E.  None of these 

TIMSS Grade 8 

   

In the diagram on the right, F is the centre of a regular pentagon.  
Work out the value of angle x. 
Explain how you worked out your answer. 

 

  

Assessment 
Set up activities that allow 
students to demonstrate 
what they have learned in 
this unit. The activities can 
be provided informally or 
formally during and at the 
end of the unit, or for 
homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose 
tasks and questions from 
the examples to 
incorporate in the 
activities. 

Which figure shows all the lines of symmetry for a rectangle? 

TIMSS Grade 8 

 

 

 In the figure on the right, ∠AOB is 70°, ∠COD is 60° and ∠AOD is 100°. 
What is the size of ∠COB? 

TIMSS Grade 8 

 

 

 
 

  

 Which two triangles are similar? 

A. I and II         B. I and IV         C. II and III         D. II and IV         E. III and IV 
TIMSS Grade 8 

 

 
 

 

 These triangles are congruent. The measures of some of the sides and 
angles of the triangles are shown. What is the value of x? 

A. 52         B. 55          C. 65          D. 73          E. 75 

TIMSS Grade 8 
 

 

  

 

Unit 8.6 
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GRADE 8: Number 3 

Fractions and percentages 

About this unit 
This is the third of four units on number for 
Grade 8. This unit focuses on fractions and 
percentages, and links closely to Unit 8.5, 
Number 2, which is on decimals.  

The unit is designed to guide your planning and 
teaching of mathematics lessons. It provides a 
link between the standards for mathematics and 
your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
Supplement the activities where necessary with 
appropriate tasks and exercises from textbooks 
and other resources, including ICT. 

For extension or consolidation activities, look at 
the units for Grade 9 or Grade 7. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and 
‘real-life’ applications. 
 

Previous learning 
To meet the expectations of this unit, students should already be able to 
convert fractions to decimals and decimals to fractions, order fractions and 
represent them on a number line. They should be able to: use mental 
methods to find a fraction of a number or quantity, and to add, subtract, 
multiply and divide simple proper fractions; use written methods to add, 
subtract, multiply and divide mixed numbers, including combined operations 
for addition and subtraction; and use a calculator to calculate with fractions. 
They should be able to find fraction, decimal and percentage equivalents, 
estimate and calculate a given percentage of a quantity, express one 
quantity as a percentage of another, and find the whole given a percentage 
part. They should be able to calculate simple percentages mentally, and find 
a percentage profit or loss given a cost price and selling price, using a 
calculator when appropriate. They should be able to solve problems 
involving fractions or percentages, with and without a calculator. 
 

Expectations 
By the end of the unit, students will use mental methods when 
appropriate to compare, add, subtract, multiply and divide proper fractions, 
and to calculate percentages They will use written methods for combined 
operations with mixed numbers, including brackets. They will solve routine 
and non-routine problems involving fractions or percentages, using a 
calculator when appropriate, and explaining solutions using diagrams and 
text. 

Students who progress further will solve harder problems involving 
fractions, percentages, ratios and proportions, and calculate simple interest. 
 

Resources 
The main resources needed for this unit are: 
• Internet access, computer and data projector (optional) 
• overhead projector (OHP) and OHP calculator 
 As an alternative to an OHP calculator, try the applet Scientific calculator 

(www.netl.doe.gov/cctc/resources/tools/calculator.html) 

 
 Other alternatives are: 

Scientific calculator  
(www.ktf-split.hr/periodni/en/calc4chem.html) 
Scientific and statistical calculator 
(www.7stones.com/Homepage/Publisher/Calc.html) 

• calculators for students 
• individual mini-whiteboards 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• add, subtract, multiply, divide, sum, total, difference, product, dividend, 

divisor, quotient, equivalent, simplify, convert, approximately, estimate 
• decimal, whole number, units, tenths, hundredths, thousandths 
• fraction, numerator, denominator, proper fraction, improper fraction, mixed 

number, equivalent, common denominator, cancel, simplify, simplest 
form, reciprocal, order of operations 

• percentage, proportion, discount, reduction, reduce, increase, decrease, 
income tax, taxable income, credit, debit 

• problem, classify, compare, order, pattern, predict, represent, solve, 
explain, justify, method  
 

UNIT 8.7 
9 hours 
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Standards for the unit 

9 hours 
 SUPPORTING STANDARDS 

Grade 7 standards 
CORE STANDARDS 
Grade 8 standards 

EXTENSION STANDARDS 
Grade 9 standards 

  8.1.1 Represent and interpret problems and solutions in 
numeric form, using correct terms and notation. 

 

7.4.1 Convert terminating decimals to fractions, 
expressing them in their simplest form. 

  

7.4.2 Convert fractions to decimals, using division or a 
scientific calculator, and represent them on a number 
line. 

  

7.4.3 Order fractions by creating a common denominator 
or by converting them to decimals. 

  

7.4.5 Use mental methods to find a fraction of a number 
or quantity, and to compare, add, subtract, multiply 
and divide proper fractions in simple cases. 

8.3.1 In appropriate cases, use mental methods to: 
• compare, add, subtract, multiply and divide 

proper fractions; 
• calculate using percentages. 

 

7.4.6 Use written methods to add, subtract, multiply and 
divide mixed numbers, including combined 
operations for addition and subtraction. 

8.3.2 Use written methods for combined operations with 
mixed numbers, including brackets. 

 

7.4.7 Use the fraction key on a scientific calculator to 
calculate with fractions. 

8.3.3 Use a scientific calculator to calculate with fractions 
or percentages. 

 

7.5.1 Find fraction, decimal and percentage equivalents.   

7.5.2 Estimate and calculate a given percentage of a 
quantity. 

  

7.5.3 Express one quantity as a percentage of another.   

7.5.4 Find the whole, given a percentage part.   

7.5.6 Use mental methods to work out calculations of 
percentages in simple cases. 

  

2 hours 

Equivalent fractions 
and decimals  

 
4 hours 

Fractions 

 
3 hours 

Percentages 

 

7.5.5 Calculate the outcome of a percentage increase or 
decrease, and find a percentage profit or loss, given 
the cost price and selling price. 

 9.2.8 Calculate simple interest. 

 7.4.8 Solve problems involving the use of fractions in a 
range of contexts. 

8.3.4 Solve routine and non-routine problems involving 
fractions or percentages. 

9.2.7 Solve problems involving fractions, 
percentages, ratios and proportions. 

 7.5.7 Solve routine and non-routine problems involving 
percentages, including with a calculator. 

8.1.7 Find and explain alternative solutions to problems. 9.1.8 Seek alternative solutions to problems. 

 
  8.1.3 Use diagrams and explanatory text to explain the 

solution to a problem and support it with evidence. 
 

 

Unit 8.7 
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Activities 

Objectives Possible teaching activities Notes School resources 

2 hours 

Equivalent fractions 
and decimals 
Find fraction and decimal 
equivalents. 

Revision: equivalent fractions and mixed numbers 

Remind the class of the method used to convert improper fractions to mixed numbers, e.g. 
24 3
7 7

3= . Repeat with 14
4

and 33
9

,  reminding students about cancelling so that the resulting mixed 

number is in its simplest form. Discuss whether it is better to cancel before or after converting. 

Now remind students about how to convert mixed numbers to improper fractions, e.g. 3 27
8 8

3 .=  

Repeat with 2
5

4  and 7
9

2 .  

Show students what fraction of a metre is 345 cm. A metre is 100 cm, so the fraction is 345
100

,  

which converts to 45
100

3 and cancels to 9
20

3 .  Repeat by showing what fraction of a kilogram is 

5400 g.  

Discuss converting improper fractions to decimals, e.g. 13 1
4 4

3 3.25= =  and 19 3
8 8

2 2.375.= =  

Give students a short exercise to practise these skills. 

 

 
This column is for 
schools to note their 
own resources, e.g. 
textbooks, 
worksheets. 

 Expressing fractions as equivalent fractions with a common denominator 
Use a target board such as the one shown on the right. Ask students to give the first five multiples 
of various numbers on the board. Next, point to two numbers and ask for the lowest common 
multiple. Repeat several times. 

Remind students how to express a fraction as an equivalent fraction by multiplying both numerator 
and denominator by the same number. Get them to solve some problems of the form: 

3    5    2 10
14 28 3 12 7    

,   ,   .= = =  

Now take some pairs of fractions and remind the class how to change them to an equivalent pair 
of fractions with a common denominator. Remind students that the common denominator should 
be the lowest common denominator (the lowest common multiple of the two denominators). 

Give a short exercise to practise these skills. 

Target board 

2 5 7 8 

24 15 18 3 

6 9 27 14 

12 20 10 25 

 
 

 

 Terminating and recurring decimals 

Using a target board as on the right, ask students to predict which fractions will terminate and 
which will recur when converted to a decimal. They have met these ideas before but may need to 
be reminded of them. After they have made their predictions, ask them to work out the decimals 
on their calculators. Record the recurring decimals on the board and explain the notation, e.g. 

4 32
15 33

0.26, 0.96.
• • •

= =  

• Is there any relationship between the denominators that give terminating decimals? 

Draw out that they are all multiples of powers of 2 (2, 4, 8, 16, …), powers of 5 (5, 25, 125, …), 
powers of 10 (10, 100, 1000, …), or products of these, such as 40 (4 × 10), 50 (5 × 10), … 
 

Target board 
1
2

 3
7

 7
20

 2
3

 13
18

 

11
30

 7
12

 43
50

 3
8

 7
9

 

3
11

 3
4

 1
28

 12
25

 5
6

 

9
25

 7
60

 31
40

 4
5

 3
13

 
 

 

Unit 8.7 
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Objectives Possible teaching activities Notes School resources 

 Writing recurring decimals as fractions 

• How would you write a recurring decimal such as 0.454 545 … = 0.45
• •

 as a fraction? 

Give students the chance to use their calculators to try to find the answer of 5⁄11 by trial and 
improvement, then outline the following method. 
  Let F  = 0.454 545 45       (1) 
  Then 100F  = 45.454 545          (2) 
  Subtract equation (1) from (2): 99F = 45 

 Divide through by 99: F = 45 5
99 11

=  

• Why do we multiply by 100? 

Establish that we have to multiply by the power of 10 equivalent to the number of recurring digits. 

Repeat with 0.7, 0.234
• • •

 (7⁄9 and 234⁄999 = 26⁄111). 

• Can anyone see a connection or a shortcut? 

Establish that when the recurring digits are the only digits after the decimal point and there is just 
one recurring digit, the denominator will be 9; when there are two recurring digits, the denominator 
will be 99; and when there are three recurring digits, the denominator will be 999.  

Give some examples: 

 6 2 39 13 675 25
9 3 99 33 999 37

0.6       0.39       0.675
• • • • •

= = = = = =  

Write this recurring decimal on the board: 0.277 77 77 … = 0.27.
•

 Give students a few moments to 
try to find the equivalent fraction by trial and improvement, then work through the procedure. 
  Let F  = 0.277 77 77       (1) 
  Then 10F  = 2.777 777 7       (2) 
  Subtract equation (1) from (2): 9F = 2.5 

 Divide through by 9: F = 2.5 5
9 18

=  

Repeat with 0.166 66 … (1⁄6) and 0.416 666 … ( 5⁄12), then give the class a practice exercise. 

 

 

4 hours 

Calculations with 
fractions 
In appropriate cases, use 
mental methods to 
compare, add, subtract, 
multiply and divide 
proper fractions. 

[continued] 
 

Short activities for lesson starters 

Using equivalent fractions and decimals to calculate mentally 

Write in the middle of the board: 0.7 × 6 = 4.2. 

Invite students to give connected calculations, e.g. 0.07 × 6 = 0.42, 0.7 × 3 = 2.1, 42 ÷ 0.6 = 70. 

Now write on the board: 1 1
2 2

1 2 .×  Ask students to work out the answer mentally by using the 

distributive law, 1 1 1 3
2 2 2 4

(1 2 ) ( 2 ) 3 .× + × =  

Ask the class to use this result to find the answers to the connected calculations on the OHT on 
the right, again by working mentally. 
 

OHT 
1.5 × 2.5 3.75 ÷ 0.25 

15 × 250 37.5 ÷ 0.15 

1.5 × 0.25 37.5 ÷ 25 

0.15 × 25 375 ÷ 15 

150 × 0.25 0.375 ÷ 0.25 

0.15 × 2500 0.375 ÷ 1.5 
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Objectives Possible teaching activities Notes School resources 

Calculating proportions mentally 

Show the OHT on the right. Write ‘240 kg’ in the centre. Ask students to calculate mentally the 
fractions, decimals or percentages of 240 kg.  
• How did you work out …? 
• Did anyone do it a different way? 
• Do you find it easier to use fractions, decimals or percentages when calculating in your head? 

Change the starting amount (e.g. 40 litres) and repeat the process. 
• Which calculations can still be done mentally? 

OHT 

 
 

 

 

[continued] 
Use written methods for 
combined operations 
with mixed numbers, 
including brackets. 

Use a scientific calculator 
to calculate with 
fractions. 

Solve routine and non-
routine problems 
involving fractions. 

Find and explain 
alternative solutions to 
problems. 

Adding and subtracting fractions 

Remind students of the basic rules for adding and subtracting fractions. Ask them to work out: 
5 7
9 15

2 3 .+  

Outline the two methods for solving this addition. First, change the mixed numbers to improper 
fractions and proceed as on the right. 

Second, separate the whole numbers from the fractions 

Discuss the advantages and disadvantages of each method. For example, the first method 
involves larger numbers. 

Addition: first method 
5 7
9 15
23 52
9 15

115 156
45 45
271 1
45 45

2 3

6

+

= +

= +

= =

 

 

Addition: second method 
5 7
9 15

5 7
9 15

25 21
45 45
46
45

1 1
45 45

2 3

2 3

5

5

5 1 6

+

= + + +

= + +

= +

= + =

 

 Now ask students how to work out: 5 2
6 5

2 1 .−  

Show them both methods. 

Ensure that the students understand the fact that the whole numbers are subtracted and the result 
of which is added to the difference of the proper fractions. 

Again, discuss the advantages and disadvantages of each method. 

Subtraction: first method 
5 2
6 5
17 7
6 5
85 42
30 30
43 13
30 30

2 1

1

−

= −

= −

= =

 

Subtraction: second method 
5 2
6 5

5 2
6 5

25 12
30 30
13 13
30 30

2 1

2 1

1

1 1

−

= − + −

= + −

= + =

 

 Investigating unit fractions 
Remind students that a unit fraction has a numerator of 1. Give students some pairs of unit 
fractions such as those on the right. Ask them to investigate the number patterns formed by 
adding other pairs of unit fractions. Encourage them to check their results. 
• Can you find a rule for your results? 

The generalisation here is: 1 1 .m n
m n mn

++ =  

 

1 1 7
5 2 10

+ =  1 1 9
7 2 14

+ =  

1 1 8
5 3 15

+ =  1 1    
7 3   

+ =  

1 1    
5 4   

+ =  1 1    
7 4   

+ =  

… + … = … … + … = … 
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Objectives Possible teaching activities Notes School resources 

 Now get students to extend their investigation to non-unit fractions. 
• Does your rule still work? 
• Can you find a rule for adding any pair of fractions? 

Students will now need to refine their generalisation so that it works for all fractions. The rule 

becomes: .a b an bm
m n mn

++ =  

 

2 1 11
7 2 14

+ =  1 1 11
7 4 28

+ =  2 2 16
5 3 15

+ =  

2 1 13
7 3 21

+ =  1 2 18
7 4 28

+ =  2 3    
5 4   

+ =  

2 1 15
7 4 28

+ =  1 3    
7 4   

+ =  2 4    
5 5   

+ =  

… + … = … … + … = … … + … = … 
   

 

 Multiplication and division of fractions 
Demonstrate multiplication with some simple examples using Fractions – rectangle multiplication. 

Explain that it is better to cancel the initial fractions, as this makes the calculations easier and 
means that the answer does not need to be cancelled down. Demonstrate with: 

 4
1

9 3
25×

5

28
7

3×
1

10
2

5
42

=  

Now ask for the answer to 1 7
5 8

2 1 ,×  and explain how this is done. 

 1 7 11
5 8 5

2 1× = 1
15×

3
33 1

8 8 8
4= =  

Make sure that students know that with multiplication the mixed numbers cannot be partitioned as 
in addition or subtraction. They must be converted to improper fractions. 

Give some examples for students to practise. 

Fractions – rectangle multiplication 
(nlvm.usu.edu/en/nav/vlibrary.html) 

 

 

 

 Demonstrate division with some simple examples using Number line bars – fractions.  

Remind students that if the dividend and the divisor are each multiplied by the same number the 
value of the quotient is unchanged. Show them that: 

 1a c a d c d a d a d
b d b c d c b c b c

⎛ ⎞ ⎛ ⎞ ⎛ ⎞÷ = × ÷ × = × ÷ = ×⎜ ⎟ ⎜ ⎟ ⎜ ⎟
⎝ ⎠ ⎝ ⎠ ⎝ ⎠

 

Now work through: 

 82 5 8 14
3 9 3 9

2 1÷ = ÷ =
4

3 1
9×

3

14 7
12 5
7 7

1= =  

Demonstrate one or two more examples then give some examples for students to practise. 

Number line bars – fractions (division of fractions) 
(nlvm.usu.edu/en/nav/vlibrary.html) 

 

 

 Mixed operations with fractions 

Remind students of the order of operations. Ask them how they think they would work out a 

calculation such as ( )5 3 1
8 4 6

.× −  

Show the class how to work out the brackets first before doing the multiplication. 

Repeat, by demonstrating one or two more simple examples, including some with mixed numbers, 
then provide some practice. 
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Objectives Possible teaching activities Notes School resources 

 Using a calculator for calculations with fractions 
Tell students that they should be able to do simple fraction calculations without a calculator but 
that harder problems can be done on a calculator. Remind them how to use the fraction key, using 
an applet such as Scientific calculator (www.netl.doe.gov/cctc/resources/tools/calculator.html) or 
with an OHP calculator. The key often looks like .b

ca  

Ask students to enter  5   1     1   5 .b
ca  When =  is pressed, the display will show: 

 
which represents the fraction 3 2⁄5. 

Next, show students that the mixed number 4 3⁄8 is entered as 4     3     8 .b b
c ca a   

Show them that pressing =  will usually change a fraction into a decimal. Pressing the fraction 
key yet again will usually change the decimal back into a fraction. 

Now ask students to key in ( )5 3 1
8 4 6

.+ ×  Make sure that they can use the bracket keys or memory 

in conjunction with the fraction key. 

Practice 

Give some examples of fraction calculations without and with brackets for students to work out 
using their calculators. 

  

 Word problems with fractions 
Give students a few word problems involving fractions. For example: 
• A hotel’s oil tank is two thirds full. The hotel uses four fifths of the remaining oil. How full is the 

oil tank now? 
• In a bag of cubes, 1⁄6 are green, 1⁄12 are yellow, 1⁄2 are white and 1⁄5 are blue. What fraction of the 

cubes are other colours? 
• Two fifths of the students in a class go home by car, and two thirds of those who are left go 

home by bus. The remaining 6 students walk home. How many students are in the class? 
• A jar of sugar has 3 3⁄5 cupfuls of sugar in it. A recipe for a cake uses 3⁄10 of a cupful of sugar. 

How many cakes be made from the sugar in the jar? 

Few real situations genuinely require calculations 
with fractions. However, students need to be able to 
calculate with arithmetic fractions so that they can 
apply the same principles to algebraic fractions. 

 

3 hours 

Percentages 
Represent and interpret 
problems and solutions 
in numeric form, using 
correct terms and 
notation. 

[continued] 
 

Short activities to use as lesson starters 
Use a target board such as the one shown on the right. 

Ask students for the equivalent multiplier when there is a percentage increase or decrease. For 
example, 1.05 is the multiplier for a 5% increase and 0.95 for a 5% decrease. 

Go round the class picking students at random and asking for the appropriate multipliers for an 
increase and/or a decrease for percentages on the board. 

 

5% 10% 22% 13% 

16% 25% 14% 35% 

20% 3% 6% 15% 

8% 12.5% 7.5% 2% 
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Objectives Possible teaching activities Notes School resources 

Use a target board such as the one shown on the right. Ask students for the equivalent 
percentage increase or decrease for each multiplier. For example, 1.05 represents a 5% increase. 

Go round the class picking students at random and asking for the appropriate percentage 
increase and/or decrease for the multipliers on the board. 

 

1.05 0.9 1.22 0.87 0.6 

1.16 0.75 1.14 1.35 1.3 

0.8 0.81 1.06 0.65 0.02 

1.02 0.92 1.125 0.98 0.05 
    

 

Ask students to use their graphics calculators and to discuss this problem in pairs. 
 Multiplying by 1.08 increases an amount by 8%, and multiplying by 0.92 decreases an amount 

by 8%. 
 Why do two increases of 8% followed by two decreases of 8% not give the original amount? 

Take feedback, asking students to explain their reasoning. 

 

100 
 100 
Ans * 1.08 
 108 
 116.64 
Ans * 0.92 
 107.31 
 98.72 

    

 

[continued] 
In appropriate cases, use 
mental methods to 
calculate using 
percentages. 

Use a scientific calculator 
to calculate with 
percentages. 

Solve routine and non-
routine problems 
involving percentages. 

Find and explain 
alternative solutions to 
problems. 

Use diagrams and 
explanatory text to 
explain the solution to a 
problem and support it 
with evidence. 

Cost price and selling price 
Write on the board: 
 The cost of a pair of shoes after a 30% increase is QR 195. What was the original cost? 

Some students may suggest that it is the same as a 30% decrease of QR 195, which is 
QR 136.50. Show them that, when QR 136.50 is increased by 30%, the answer is QR 177.45, not 
QR 195. 

Explain that QR 195 represents 130%. Solve the problem, first using the unitary method, and then 
using a multiplier, to show that the original cost of the shoes was QR 150. 

Method 1: Unitary method 
This involves finding a single unit value, which in this case is the value of 1%. 
 QR 195 represents 130%. 
 QR 1.50 represents 1% (dividing both amounts by 130). 
 QR 150 represents 100% (multiplying both amounts by 100). 

Method 2: Using a multiplier 
 A 30% increase is represented by the multiplier 1.30. 
 So divide QR 195 by 1.3 to find the original amount. This gives 195 ÷ 1.3 = QR 150. 

Discuss the disadvantages and advantages of each method. Repeat with a few more examples, 
then write on the board: 
 The cost of a garment rose from QR 550 to QR 704. What was the percentage increase? 

Do the calculation on the board: 
 Actual increase = QR 704 – QR 550 = QR 154 

 Percentage increase = 154
550

 × 100 = 28% 

Practice 
Give some practice in finding: 
• the original cost, or cost price, given the selling price and percentage increase; 
• the percentage increase or decrease, given the cost price and selling price. 
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Objectives Possible teaching activities Notes School resources 

 ‘Real-world’ problems 
Show the OHT on the right, which includes some applications of percentages, and ask students to 
solve the first four problems. 

Pick two of the questions on the OHT and ask pupils to explain their methods and solutions. 
• How did you find 3.5%?  

Show the key sequence on the OHP calculator. 
• What is the equivalent decimal? 

Ask students what they know about buying goods on credit. Establish that usually a deposit is 
required, followed by so many monthly payments. For example: 

Work through example 5 on the OHT with the class. 
 deposit = 20% of QR 2990 = QR 598 
 monthly payments = QR 240 × 12 = QR 2880 
 total = QR 598 + QR 2880 = QR 3478 
 extra cost = QR 3478 – QR 2990 = QR 488 
 QR 488 as a percentage of QR 2990 is 488 ÷ 2990 × 100 = 16.3% 

Now discuss income tax. Explain that in some countries people have a tax allowance (the amount 
that they can earn before they start to pay tax). After the allowance is deducted, the rest is the 
taxable income. Work through example 6 on the OHT with the class. 
 taxable income = $250 000 – $50 000 = $200 000 
 tax paid = 22% of $200 000 = $(200 000 ÷ 100 × 22) = $44 000 

Provide some more examples of credit and tax problems for students to work on. 

OHT 
1 An alloy is made from 95% copper,  

3.5% tin and 1.5% zinc. 
How much tin is there in 1 kg of the alloy? 

2 The population of Greece is 10 million. 
37% of the population is aged 15 to 39. 
How many people is this? 

3 An ice-cream label lists the contents as 17.5% fat. 
How much fat is there in 750 g of ice-cream? 

4 A fabric is made from 83% viscose,  
10% cotton and 7% nylon. 
How much viscose is needed to make  
1.5 tonnes of the fabric? 

5 A TV that normally sells for QR 2990 can be 
bought for a 20% deposit followed by 12 monthly 
payments of QR 240. How much more will it cost 
buying by credit? What percentage of the original 
cost is the extra cost? 

6 Bader earns $250 000 a year. His tax allowance is 
$50 000 and he pays tax on the rest of his income 
at 22%. How much tax does he pay in a year? 

 

 Cake problems 
Explain to the class that they are going to use their mental calculation strategies to solve some 
problems. Ask students to work in groups of four. Ask each group to nominate a recorder and a 
chairperson. 

Give each group a set of cards as on the right. Ask each group to work together, using the 
information on the cards to work how much of each ingredient is used for a batch of 10 cakes.  

Bring the whole class together to discuss results and strategies, for example by asking: 
• Which ingredients did you work out first? 
• Did it matter in which order you worked out the different ingredients? 
• Were any calculations difficult to do mentally? 
• What information did you use to check that your results were right? 

Cards 
In total the  

cakes weigh  
7200 grams. 

An egg  
weighs about  

50 grams. 

Butter weighs 1.7 
times as much as 

the eggs. 

The chocolate  
weighs 1/9 of  

the cake. 

Raisins weigh  
60% of the  
chocolate. 

The flour weighs  
175% of the 
chocolate. 

Sugar weighs  
225% of  
the nuts. 

Flour weighs  
7/36 of the  

total. 

The nuts weigh  
0.7 of the  
chocolate. 

Eggs weigh  
125% of the 
chocolate. 

The recipe  
contains  
20 eggs. 

The raisins  
weigh 6/7 of  

the nuts. 
     

 

 Now give each group a copy of the resource sheet on the right. Ask the groups to find the cost of 
each of the ingredients and the total cost of the 10 cakes. 

Take feedback and discuss students’ approaches. 
• Which calculations were easy to work out? 
• How have you checked whether your calculations are correct? 

Resource sheet 
Chocolate costs 

QR 9.50 per  
100 grams. 

Eggs cost  
QR 7.50 per  

dozen. 

Butter costs  
QR 3 for  

0.1 kilograms. 

Flour costs  
QR 3.50 per  
200 grams. 

Sugar costs  
QR 4 for  

200 grams. 

Raisins cost  
QR 2 per  

100 grams. 

Nuts cost  
QR 12.50 for  

70 grams. 
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Assessment 

 Examples of assessment tasks and questions  Notes School resources 

Mental questions to be read to students 

• What is one third of three quarters of one hundred? 

• What is three eighths of ninety-six riyals? 

• What is three eighths as a decimal? 

 

• Increase one riyal fifty by fifty per cent. 

• What percentage of fifty riyals is thirty-five riyals? 

• Write 45% as a fraction in its lowest terms. 

 

Other tasks and questions (no calculator) 

Write a proper fraction that is larger than 23⁄24. 

  

Calculate: 

1 3 32
4 3 82 1+ −  

2 ( )3 2 1
4 3 4+ ×  

TIMSS Grade 8 

The price of a sack of rice is raised from QR 60 to QR 75.
What is the percentage increase in the price? 

A.  15%          B.  20%          C.  25%          D.  30% 

Adapted from TIMSS Grade 8 

 

Assessment 
Set up activities that allow 
students to demonstrate 
what they have learned in 
this unit. The activities can 
be provided informally or 
formally during and at the 
end of the unit, or for 
homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. Two groups of tourists each have 60 people. 

 3⁄4 of the first group and 2⁄3 of the second group travel by 
air. How many more people in the first group than the 
second group travel by air? 

TIMSS Grade 8 

Inas had a bag of cubes. She gave half of them to Lama 
and then a third of the cubes still in the bag to Rabab. 
She then had 6 cubes left. How many cubes were in the 
bag to start with? 
TIMSS Grade 8 

 

 Other tasks and questions (calculator allowed) 

Last year there were 1175 students at a school. 
This year there are 16% more students than last year. 
Approximately how many students are at the school this year? 

A.  1700        B.  1600        C.  1500        D.  1400        E.  1200 

TIMSS Grade 8 

  

 Which is more, 42% of QR 47.50 or 3⁄7 of QR 47.50?   

 A shop had a sale. All prices were reduced by 15%. A T-shirt cost QR 38.25 in 
the sale. What price was the T-shirt  before the sale? 

  

 The table on the right is taken from a report on the 
number of police officers in the UK.  
Calculate the percentage increase in the number of 
women police officers from 1998 to 2005. 

 

Number of female police officers in the UK 

1998 12 540 

2005 17 468 
   

 

 

Unit 8.7 
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GRADE 8: Algebra 2 

Expressions, equations and formulae 

About this unit 
This is the second of four units for Grade 8 on 
algebra. It builds on the work on algebra in 
Grade 7. 

The unit is designed to guide your planning and 
teaching of mathematics lessons. It provides a 
link between the standards for mathematics and 
your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
Supplement the activities where necessary with 
appropriate tasks and exercises from textbooks 
and other resources, including ICT. 

For extension or consolidation activities, look at 
the units for Grade 9 or Grade 7. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and 
‘real-life’ applications. 
 

Previous learning 
To meet the expectations of this unit, students should already be able to 
simplify algebraic expressions with one or two variables by collecting like 
terms and multiplying a single term over a bracket. They should be able to 
evaluate simple expressions by substituting integers and using the correct 
order of operations.  
 

Expectations 
By the end of the unit, students will represent and interpret problems and 
solutions in algebraic form, presenting their work concisely using symbols. 
They will add, subtract, multiply and divide simple expressions, add and 
subtract simple algebraic fractions with integer denominators, and simplify 
and compare expressions to determine their equivalence. They will evaluate 
linear expressions or formulae by substituting integer values of the variables. 
They will factorise simple expressions by removing common factors.  

Students who progress further will analyse and interpret information in 
algebraic form and develop simple proofs to solve algebraic problems. They 
will add, subtract, multiply and divide algebraic fractions, multiply out two 
linear expressions, factorise simple quadratic expressions, and evaluate 
expressions and formulae by substituting integers. They will rearrange 
simple formulae. 
 

Resources 
The main resources needed for this unit are: 
• overhead projector (OHP) 
• Internet access, computer and data projector 
• computers with Internet access for students 
• individual mini-whiteboards 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• algebra, simplify, substitute, evaluate, formulate, factorise, expression, 

equation, linear equation or expression, formula/formulae, variable, like 
terms, coefficient, equivalent 

• calculate, calculation, operation, add, subtract, multiply, divide, sum, total, 
difference, product, quotient, greater than, less than, inverse, power, root, 
factor, factor pair, common factor, fraction, numerator, denominator, 
lowest common denominator 

• problem, classify, pattern, predict, represent, solve, explain, justify, 
method, systematic, generalise 
 

UNIT 8.8 
6 hours 
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Standards for the unit 

6 hours SUPPORTING STANDARDS 
Grade 7 standards 

CORE STANDARDS 
Grade 8 standards 

EXTENSION STANDARDS 
Grade 9 standards 

 8.1.1 Represent and interpret problems and solutions in 
numeric, algebraic, geometric or graphical form, using 
correct terms and notation. 

9.1.1 Represent, interpret, analyse and synthesise information 
presented in numeric, algebraic, geometric or graphical 
form. 

8.4.1 Add, subtract, multiply and divide simple expressions 
containing variables; add and subtract simple 
algebraic fractions with integer denominators. 

9.3.1 Expand expressions of the form a(x ± b), (x + a)2,  
(x − a)2, (x + a)(x − a), (x ± a)(x ± b), where a and b are 
positive or negative integers. 

7.7.2 Simplify algebraic expressions with one or 
two variables by collecting like terms and 
multiplying a single term over a bracket. 

8.4.2 Simplify and compare algebraic expressions to 
determine their equivalence. 

9.3.4 Add, subtract, multiply and divide algebraic fractions. 

7.7.3 Evaluate formulae and linear expressions 
by substituting integers for letters and using 
the correct order of operations. 

8.4.3 Evaluate linear expressions or formulae by 
substituting given integer values of the variables. 

9.3.2 Evaluate algebraic expressions and formulae for given 
integer values of the variables. 

 8.4.5 Factorise simple algebraic expressions by removing 
common factors. 

9.3.3 Factorise algebraic expressions: 
• by removing common factors from expressions such 

as: ax ± ay, ax + bx + ay + by 
• by recognising the factors of expressions such as: 

a2x2 − b2y2, x2 ± 2ax + a2  
where a and b are positive or negative integers. 

  9.3.5 Change the subject of a simple formula. 

6 hours 

Evaluation and 
simplification of 
linear 
expressions 

 

8.1.4 Present a concise, reasoned argument orally, in 
writing and by using symbols. 
 

9.1.6 Develop a simple proof. 

Unit 8.8 
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Activities 

Objectives Possible teaching activities Notes School resources 

Simplifying algebraic expressions involving powers 
Ask the class: 
• How can we write a × a × a concisely? (a3) 

Stress the different meanings of the two expressions 3a and a3. 

Write some examples, such as those on the right, on the board for students to simplify by 
writing the answers on their whiteboards. 

Examples 
Simplify: 
• m × m × m × m × m 
• 2a × a 
• 4y × 3y × 2y 
• s + s + s + s + s × s × s × s 
• b(4b – 2) 
• 3 × 4 × a × a × a × a × b × b × b 

 

This column is for 
schools to note their 
own resources, e.g. 
textbooks, worksheets. 

Evaluating algebraic expressions involving powers 
Remind the class that 7a3cd2 has the same meaning as 7 × a × a × a × c × d × d. 

Demonstrate how to find the value of: 
• 4x2y3, when x = 5 and y = –3: 
 4x2y3 = 4 × 52 × (–3)3 = 4 × 25 × –27 = –2700 

• 
2

3
8 ,
27

bx
a

 when a = 4, b = 9 and x = 6: 

 
2

3
88

27
bx

a
=

1
9×

1 36

27

×
3 64× 8

36  =
12

3 1
3 1
2 28

1
×

= =  

Practice 
Give students a short exercise of expressions involving powers to evaluate by substitution of 
positive and negative integers. 

Using ICT 
Use the exercises Topic A: Symbols – Powers and  
Topic B: Indices – Substituting values on MathsNet 
(www.mathsnet.net/algebra/index.html). 

 
 

 

6 hours 

Evaluation and 
simplification of 
linear expressions 
Represent and 
interpret problems and 
solutions in numeric, 
algebraic, geometric or 
graphical form, using 
correct terms and 
notation. 

Add, subtract, multiply 
and divide simple 
expressions containing 
variables; add and 
subtract simple 
algebraic fractions with 
integer denominators. 

Simplify and compare 
algebraic expressions 
to determine their 
equivalence. 

Evaluate linear 
expressions or 
formulae by 
substituting given 
integer values of the 
variables. 

Factorise simple 
algebraic expressions 
by removing common 
factors. 

Present a concise, 
reasoned argument 
orally, in writing and by 
using symbols. 

Evaluating expressions involving roots 
Remind the class that: 
• 3√27 = 3, because 33 = 27; 
• 5√32 = 2, because 25 = 32. 

Demonstrate how to find the value of: 
• 5√(6a3b4c), when a = 3, b = 1, c = 8: 
 5√(6a3b4c) = 5 × √(6 × 27 × 8) = 5√1296 = 5 × 36 = 180 

• 3
3 ,

8
ab
x

 when a = 9, b = 3 and x = 1: 

 3 3 3
3

3 19 3 27
2 28 8

1
8
ab
x

×= = = =  

Practice 

Give students a short exercise of expressions involving roots to evaluate by substitution of 
positive integers. 
 

  

Unit 8.8 
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Objectives Possible teaching activities Notes School resources 

 Revision: multiplying a single term over a bracket 
Remind students how to multiply out an expression by expanding some brackets on the board:  
• 4(p – 2q) = 4p – 8q 
• m(2n + c) = 2mn + mc 

Now show that –(m + 2) = –m – 2. Recall that –(m + 2) = –1(m + 2), and that multiplying a 
bracket by a negative number changes the sign of each term in the bracket. Repeat with: 
• –3(m – n) = –3m + 3n. 

The next stage is to simplify by combining like terms. Show some examples: 
• 2(z + 3) – 3(2z + 7) = 2z + 6 – 6z – 21 = –4z – 15 
• 6a – 4(2b – 3a) = 6a – 8b + 12a = 18a – 8b 

Practice 
Give some short exercises in multiplying a single positive or negative integer over a bracket, 
with further simplification. 

Using ICT 
Use Topic A: Symbols – Simplifying brackets on 
MathsNet (www.mathsnet.net/algebra/index.html). 

 

 

 Relating multiplying a single term over a bracket to the area of a rectangle 
Draw a rectangle on the board, showing the dimensions 4 cm and 5 cm.  
• What is the area of the rectangle? How did you work it out? 

Draw a second rectangle on the board, this time showing the dimensions 4x and 3. (From here 
on, the dimensions are assumed to be unit lengths and are not specified.) 
• What is the area of the rectangle? (12x) How did you work it out? 

Now draw on the board a rectangle with the dimensions 3x + 2 and 5. Show how this rectangle 
can be split up, using the 3x and the 2 to give two rectangles, one with the dimensions 3x and 
5, and the other with the dimensions 2 and 5. This should help students to see that to find the 
whole area they can find the area of each smaller rectangle and add them together to give the 
total area (15x + 10). 

Show also that the same answer is obtained by expanding 5(3x + 2) = 15x + 10. 

Now draw on the board a rectangle with the dimensions 4x + 3 and 2x. Again, ask the class for 
the area of the rectangle. Lead students through splitting the rectangle to give two rectangles, 
one with the dimensions 4x and 2x and the other with the dimensions 3 and 2x. Multiply these 
to find the area of each rectangle and add them together to give the total area 8x2 + 6x.  

Again, show the link to the expansion of the bracket 2x(4x + 3). 

Now write on the board the expression 3(4x + 2) and ask the class what this might represent. 
You want the response ‘the area of a rectangle with dimensions 3 and 4x + 2’. Refer also to the 
expansion of the bracket to give 12x + 6. 

Repeat for x(3x + 2) to give 3x2 + 2x. 

Write on the board 3(4x – 1) and ask the class what this might represent. One answer is a 
rectangle with sides 4x – 1 and 3. Show how, if this is split into two rectangles, the larger one 
has the dimensions 4x by 3, with the smaller one, with dimensions 1 and 3, taken from it. 

Show that 3(4x – 1) can be multiplied out to give the same answer of 12x – 3. 
 

Using ICT 
Get students to listen to the sequence in Algebra – 
Brackets (lgfl.skoool.co.uk/keystage3.aspx?id=65). 
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Objectives Possible teaching activities Notes School resources 

 Multiplying out a pair of brackets 
Remind students of the method that they have used in earlier grades to multiply two numbers 
such as 36 and 42. 
 

× 30 6  

40 1200 240 1440 

2 60 12 72 

   1512 
 

Show how the same method can be used to multiply expressions such as (b + 2) and (b + 3). 
 

× b +2  

b b2 +2b b2 + 2b 

+3 3b +6         3b + 6 

   b2 + 5b + 6 

Repeat with expressions involving minus signs, such as (a – 5) and (a + 3). 
 

× a –5  

a a2 –5a a2 – 5a 

+3 3a –15         3a – 15 

   a2 – 2a – 15 
 

Now draw on the board a rectangle with sides labelled as (x + 2) and (x + 4).  
• What is the area of the rectangle? 

This should lead to a discussion on splitting the rectangle into four parts, with areas of x2, 4x, 2x 
and 8. Add these together to get x2 + 6x + 8, which is the area of the original rectangle. 

Discuss how finding the area of a rectangle is equivalent to multiplying out the brackets term by 
term. 

Next, write on the board a pair of brackets such as (x + 6)(x + 2). Show students how to multiply 
these out term by term to get x2 + 2x + 6x + 12, which simplifies to x2 + 8x + 12. 

Repeat with brackets involving a negative sign: for example, (x + 6)(x – 2). Show how to 
multiply these out term by term to get x2 – 2x + 6x – 12, which simplifies to x2 + 4x – 12. 

Finally, put on the board (x – 4)2. Ask if anyone can square this bracket. Look out for the 
response of x2 + 16, a common incorrect answer. 

Demonstrate this expansion, which is (x – 4)(x – 4), giving x2 – 8x + 16. 

Practice 
Give students some short exercises to practise multiplying simple linear expressions. 
  

Using ICT 
Use Geometric algebra 2D problems 1 
(www.fi.uu.nl/wisweb/welcome_en.html). 
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Objectives Possible teaching activities Notes School resources 

 Problem solving 
Ask students to use their calculators to investigate these patterns: 
 11², 111², 11112, … 

Get students to put away their calculators and to find the square roots of these numbers. 
a.  121      b.  10 201      c.  12 321      d.  1 234 321      e.  12 343 210 246 864 201 234 321 

Solutions 
It will help some students to express, for example, 112 as (1 + 10)2 and then look at how many 
‘units, tens and hundreds’ the answer will contain. 
a.  11       b.  101       c.  111       d.  1111       e.  111100001111 

 

 
 

 

 Factorising by removing common factors 
Remind the class that the factors of a number are all the numbers that divide into it exactly. 
• What are the factors of 36? 

Write on the board 6p + 12.  
• What will divide exactly into both 6p and 12? (1, 2, 3 and 6) 

Say that you will choose the largest factor, 6. This gives 6p + 12 = 6(p + 2). Explain that p + 2 is 
also a factor of 6p + 12, and that 6 and p + 2 form a factor pair of 6p + 12. 

Show how 6(p + 2) multiplies back to 6p + 12. Emphasise that multiplying back is a useful 
check on factorisation. 

Go through factorising another expression, such as ab – 8b. This time the common factor is b, 
which gives ab – 8b = b(a – 8). 

Explain that this process is called factorising because of the search for common factors. 

  

 Draw on the board a rectangle with 7 cm2 written inside it to indicate its area.  
• What could the length and width of this rectangle be? 

The simplest answer is 1 cm by 7 cm. Explain that finding these numbers involves finding a pair 
of factors of the area. 

Now draw on the board a rectangle with the area 12 cm2 written inside. Again, ask the class for 
the dimensions of the rectangle. Consider all the possibilities. Explain that any factor pair will do 
(for example, 2 cm by 6 cm, 3 cm by 4 cm). 

Now draw on the board a rectangle with the expression 3x + 3 written inside. Tell the class that 
this is the area of the rectangle and ask what dimensions the rectangle could have. Lead the 
discussion so that students reach the answer of 3 and x + 1. Say that to obtain the answer a 
pair of factors has to be found which, when multiplied together, give 3x + 3. 

Repeat with a rectangle of area 6x + 9, which factorises to 3(2x + 3). Check that this is correct 
by expanding back to give 6x + 9. 

Repeat again with x2 + 5x. Show by expanding that x(x + 5) is a correct factorisation. 

Practice 
Write on the board some expressions for students to factorise, e.g. 4a2 – 6at, 5am – 10pm2. 
 

Using ICT 
Use Topic A: Symbols – Factorising on MathsNet 
(www.mathsnet.net/algebra/index.html). 
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Objectives Possible teaching activities Notes School resources 

 Extension 
Show able students how to factorise expressions with four terms by grouping them in two pairs 
and removing the common factors from each pair. 

Use the first two sections of the lesson Factors 1 (lgfl.skoool.co.uk/keystage4.aspx?id=317). 
This includes the factorisation of four terms by grouping and removing common factors. 

 

Factors 1 

 
 

 

 Simplifying algebraic fractions 
Explain that an algebraic fraction is the same as an ordinary fraction but with expressions 
involving letters for the numerator or the denominator or both. We simplify algebraic fractions by 
cancelling as many letters and numbers from the top and the bottom as possible. 

Demonstrate some examples by reducing to their lowest terms some fractions such as: 

 
2 2

2
3 4 2 15, ,  , 
6 16 5 25

a a xy pq
ab ab x y qr

 

Now show students how to find the sum or difference of two simple algebraic fractions. Explain 
that, as with arithmetic fractions, to add or subtract algebraic fractions we: 
• express both fractions with the same lowest common denominator; 
• add or subtract the terms; 
• simplify the fraction that results. 

Remind students of this procedure for arithmetic fractions by showing them how to add 2 1.
3 4

+  

Now demonstrate how to simplify 3
5 4
x x+  and 5 4 ,

7 21
x x−  then 7 3 .

2 5
x x+ −+  

Practice 

Give students some examples to practise. Include: 
• reducing a fraction to its lowest terms; 
• expressing a pair of simple fractions as a pair of equivalent fractions with a common 

denominator; 
• adding or subtracting a pair of simple fractions with different denominators, with no further 

simplification needed; 
• adding or subtracting a pair of simple fractions with different denominators, and simplifying 

the answer to a fraction in its lowest terms. 
 

Using ICT 
Get students to listen to the sequence in Algebra – 
Algebraic fractions 
(lgfl.skoool.co.uk/keystage3.aspx?id=65). 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Two of the expressions below are equivalent. Circle them. 

5(2y  + 4)           5(2y + 20)          7(y + 9)          10(y + 9)          2(5y + 10) 

 

  

Simplify: 

1 3a × 5ab 

2 3m3n ÷ 9m 

3 4
3 2
x x −+  

4 2 3( 5)
3 2
x x −−  

   

Subtract: 2
9 9
x x− =  

A.  1
9

          B.  2          C.  x          D.  
9
x          E.  

81
x  

TIMSS Grade 8 

   

What is the value of √(6a3b4c), when a = 3, b = 1, c = 8?    

If x = 2, what is the value of 7 4
5 4

x
x

+
−

? 

TIMSS Grade 8 

   

Factorise these expressions: 

1 7y + 14 

2 ax + ay 

3 2m2 + 6mn 

   

One of the expressions below is not a correct factorisation of 12y + 24. 
Which one is it? Put a cross ( ) through it. 

12(y + 2)           3(4y  + 8)          2(6y  + 12)          12(y + 24)          6(2y  + 4) 

   

y is an integer. 
Explain why the expression 16y2 must represent a square number. 

   

Assessment 
Set up activities that allow 
students to demonstrate 
what they have learned in 
this unit. The activities can 
be provided informally or 
formally during and at the 
end of the unit, or for 
homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

Multiply out and simplify these expressions: 

1 (y + 2)(y + 5) 

2 (y – 6)(y – 6) 
 

   

 

Unit 8.8 
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GRADE 8: Geometry and measures 3 

Constructions and mensuration 

About this unit 
This is the third of four units on geometry and 
measures for Grade 8. It focuses on 
constructions and perimeter, area and volume, 
building on work in Grade 7 and on Units 8.2 and 
8.6, Geometry and measures 1 and 2. 

The unit is designed to guide your planning and 
teaching of mathematics lessons. It provides a 
link between the standards for mathematics and 
your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
Supplement the activities where necessary with 
appropriate tasks and exercises from textbooks 
and other resources, including ICT. 

For extension or consolidation activities, look at 
the units for Grade 9 or Grade 7. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and 
‘real-life’ applications. 

Previous learning 
To meet the expectations of this unit, students should already be able to 
measure and draw line segments and angles, and construct parallel and 
perpendicular lines, angle bisectors and perpendicular bisectors, on paper 
and using ICT. They should know the parts of a circle, common estimates 
for π, and formulae for the circumference and area of a circle. They should 
be able to solve problems by calculating the area of circles, triangles, 
rectangles, parallelograms, trapeziums and related shapes, reasoning 
logically and explaining their solutions orally and in writing. 
 

Expectations 
By the end of the unit, students will use drawing instruments and ICT to 
construct geometric figures from given information, including scale drawings. 
They will visualise, describe and draw 3-D shapes in different orientations. 
They will use and evaluate formulae for areas and volumes, and will find the 
volumes and surface areas of cubes, cuboids and related solids. They will 
know that 1 ml is equivalent to 1 cm3. They will use concise, step-by-step 
reasoning to solve geometric or numeric problems, supporting their 
arguments with diagrams and explanatory text. 

Students who progress further will recognise 3-D objects from 2-D 
representations. They will draw plans and elevations, and will sketch or build 
a 3-D object given its plan and elevation. They will find the volume and 
surface area of right prisms and cylinders and related solids, and the area of 
plane shapes related to circles. They will analyse and solve geometric or 
numeric problems by developing simple proofs, explaining and justifying the 
steps that they have taken. 
 

Resources 
The main resources needed for this unit are: 
• overhead projector (OHP) and OHP calculator 
• Internet access and computer linked to data projector 
• dynamic geometry system (DGS) such as: 

Geometer’s Sketchpad  
(see www.keypress.com/sketchpad/) 
Cabri Geometrie  
(see www.chartwellyorke.com/cabri.html) 

• transparent ruler, protractor and set square for OHP 
• computers with Internet access and a dynamic geometry system for 

students 
• scientific calculators 
• sharp pencil, straight edge (ruler), set square, compasses and protractor 

for each student  
• centimetre isometric dotty paper 
• maps with different scales 
• interlocking cubes 
• individual mini-whiteboards 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• area, perimeter, circumference, length, distance 
• unit of measurement, measure, estimate 
• kilometres (km), metres (m), centimetres (cm), square centimetres (cm2), 

square metres (m2), square millimetres (mm2) 
• rectangle, triangle, parallelogram, trapezium 
• surface, face, edge, side, vertex/vertices 
• circle, semicircle, centre, radius, diameter, circumference, arc, sector, 

chord, segment, tangent 
• problem, solution, method, classify, solve, reason, explain, justify 

 

UNIT 8.9 
9 hours 
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Standards for the unit 

9 hours SUPPORTING STANDARDS 
Grade 7 standards 

CORE STANDARDS 
Grade 8 standards 

EXTENSION STANDARDS 
Grade 9 standards 

 8.1.1 Represent and interpret problems and solutions 
in numeric or geometric form, using correct 
terms and notation. 

9.1.1 Represent, interpret, analyse and synthesise 
information presented in numeric or geometric 
form. 

8.6.8 Use ruler, set square, protractor and compasses 
to construct geometrical figures, on paper and 
using ICT. 

7.9.4 Use a ruler, set square, protractor and 
compasses to: 
• measure and draw line segments and angles; 
• draw parallel and perpendicular lines; 
• draw circles and arcs; 
• construct angle bisectors and perpendicular 

bisectors; 
• construct simple geometric figures from 

given data. 

8.6.9 Construct and interpret scale drawings. 

 

7.9.5 Use ICT to generate and explore constructions.   

 8.6.10 Visualise, describe and draw 3-D shapes in 
different orientations. 

9.5.9 Recognise 3-D objects from 2-D representations; 
draw the plan and elevation of a 3-D object from 
sketches and models; sketch or build a 3-D object 
given its plan and elevation. 

7.10.1 Calculate the area of triangles, rectangles, 
parallelograms, trapeziums and related shapes. 

8.7.5 Find the volumes and surface areas of cubes 
and cuboids and related solids. 

9.6.2 Find the volume and surface area of right prisms 
and cylinders and related solids. 

8.4.3 Evaluate formulae by substituting given integer 
values of the variables. 

7.10.2 Name the parts of a circle; know common 
estimates for π, and formulae for the 
circumference and area of a circle, and use 
these to estimate the circumference and area of 
circles; use a calculator and the π key to work 
out decimal equivalents to appropriate degrees 
of accuracy. 

8.7.6 Recall the equivalence of 1 litre and 1000 cm3 (a 
cubic decimetre). 

9.6.1 Find the area of plane shapes related to circles. 

7.1.4 Use logical reasoning to establish the truth of a 
statement. 

8.1.4 Present a concise, reasoned argument orally, in 
writing and by using symbols. 

9.1.6 Develop a simple proof. 

3 hours 

Constructions 
and scale 
drawings 

 
2 hours 

Perimeter and 
area of 2-D 
shapes 

 
4 hours 

Surface area and 
volume of 3-D 
shapes 

7.1.3 Present and explain solutions and conclusions in 
the context of the original problem, orally and in 
writing. 
 

8.1.3 Use diagrams and explanatory text to explain the 
solution to a problem and support it with 
evidence. 

9.1.4 Explain and justify the steps taken to solve a 
problem or arrive at a conclusion, orally and in 
writing. 

Unit 8.9 



249  |  Qatar mathematics scheme of work  |  Grade 8  |  Unit 8.9  |  Geometry and measures 3 © Education Institute 2005 

Activities 

Objectives Possible teaching activities Notes School resources 

Revision: constructing circles 
Ask students to use compasses to draw a circle and then to draw and label the centre, a radius, a 
diameter and a chord. 
• What is the longest chord you can draw? 
• What is the name of the shape bounded by an arc and a diameter? 
• What is the relationship between the radius and the diameter? Can you write the relationship in 

another way? 
• Do you know any other relationships? 

Demonstrate by measuring C and d that C/d ≈ 3. 

Ask students to work in pairs. Get them to use either paper circles or accurately drawn circles and to 
find: 
• the diameter of the circle; 
• the radius of the circle; 
• the circumference of the circle; 
• the area of the circle. 

Discuss students’ methods. Compare those involving measurement with any using calculations. 

  
This column is for 
schools to note their 
own resources, e.g. 
textbooks, worksheets. 

3 hours 

Constructions and 
scale drawings 
Represent and interpret 
problems and solutions 
in numeric or geometric 
form, using correct 
terms and notation. 

Use ruler, set square, 
protractor and 
compasses to construct 
geometrical figures, on 
paper and using ICT. 

Construct and interpret 
scale drawings. 

Present a concise, 
reasoned argument 
orally, in writing and by 
using symbols. 

Use diagrams and 
explanatory text to 
explain the solution to a 
problem and support it 
with evidence. 

Constructing triangles 
Ask students to work in pairs. Give out the resource sheet on the right, one for each student. 

Tell the class that in this activity they are given a number of descriptions of triangles. Their task is to 
sketch triangles with these descriptions if it is possible to do so. They should label the triangles with the 
given lengths of sides and angles. Stress these points about the descriptions. 
• Some describe just one possible triangle. 
• Some descriptions are impossible. 
• Some describe more than one possible triangle. In this case, they should sketch the variations. 

Tell the pairs that they should discuss each case before they sketch it. 

Allow good time for students to talk about and sketch the triangles. Circulate as they do so, making 
sure that they consider alternative possibilities in relevant cases. Then ask: 
• Which triangles are impossible? (4 and 8) 
• Why? (in 4, the sum of the lengths of the two shortest sides is less than the length of the longer side; 

in 8, the sum of the three angles is greater than 180°) 
• Which descriptions fit more than one possible triangle? (2 and 5) 

Discuss each description and sketch it on the board. 

Stress that in the cases where only one triangle is possible, all the people who drew a triangle with this 
description would draw identical or congruent triangles. 
 

Resource sheet 
Where possible, sketch one or more triangles to 
fit each description. Mark the given angles and 
sides on each triangle. 
1 A triangle with sides of 4 cm, 5 cm and 6 cm 
2 A triangle with two sides of 5 cm and an angle 

of 50°  
3 A triangle with sides of 6 cm and 7 cm and an 

angle of 70° between them 
4 A triangle with sides of 3 cm, 5 cm and 9 cm 
5 A triangle with angles of 40°, 60° and 80° 
6 A triangle with two sides of 5 cm and two 

angles of 50° 
7 A triangle with sides of 6 cm and 8 cm and an 

angle of 40° next to the 8 cm side but not next 
to the 6 cm side 

8 A triangle with angles of 50°, 70° and 90° 

 

 

Unit 8.9 
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Objectives Possible teaching activities Notes School resources 
 Constructing a right-angled triangle 

Remind students how to construct the perpendicular from a point Q on a line segment XY. 
• Set compasses to a radius that is less than half the length of XY. With the centre at Q, draw two 

arcs on either side of Q to intersect XY at A and B (the line XY may sometimes need to be 
extended). 

• Set compasses to a radius that is greater than half the length of XY. With centres at A and B, draw 
arcs above and below XY to intersect at C and D. Join CD. 

• CD is the perpendicular from the point Q. 

Now demonstrate the construction of a right-angled triangle ABC. 
• Draw a line BC 4 cm long. 
• Use the method above to construct the perpendicular from B (you will first need to extend the line 

BC). Set compasses to a radius of 5 cm. With centre at C, draw an arc to intersect the perpendicular 
from B. The intersection of the arc and the perpendicular is A. 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 

 
 

 

 Using ICT 
Get students to work in pairs at computers using a dynamic geometry system (DGS) to construct the 
triangles on the resource sheet in ‘Constructing triangles’ above. 

The example on the right shows Geometer’s sketchpad being used to construct KLQ. KL is drawn 
first to measure 5 cm. Circles (or arcs) are then drawn with centres L and K, and radius 6 cm and 4 cm 
respectively. Q is their point of intersection. 

Extension 
Use Angle trisector to discover through exploration how to trisect an angle, then consider why it works 
(www.ies.co.jp/math/java/geo/angle.html). 

Geometer’s sketchpad 

 
Angle trisector 

 
 

 

 Scale drawings 
Draw on the board or OHT a scale drawing to show the plan dimensions of a room in school, for 
example a classroom, the school hall or the library. 

Explain to the class the importance of choosing a sensible scale. 

Point out that if you double the scale, the scale drawing is halved in size. In the example, doubling the 
scale gives 1 cm to 4 m. Show the class how to find the actual length and width of the room by using 
the scale. 

Provide some practice in making scale drawings given the actual dimensions, or calculating the actual 
dimensions from scale drawings. 

If time is available, the class can work in groups to complete extra practical work for a display in the 
classroom, such as drawing up plans for the school playground, the sports field or the staff car park. 
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Objectives Possible teaching activities Notes School resources 

 

Maps 
Explain to the class that maps are scale drawings used to represent areas of land in subjects such as 
surveying and geography. Show the class various maps and the different map scales that are used, 
e.g. a map with a scale of 1 cm to 10 km. 

Show how to work out the actual direct distance between two places on the map. For example, if the 
direct distance between A and B on a map is 4 cm, and the scale is 1 cm to 10 km, then the actual 
direct distance between A and B is 4 ×10 km = 40 km. 

Explain that an alternative to a map scale is a map ratio. A map ratio is the ratio of a distance on the 
map to the actual distance it represents on the ground. Map ratios are given in the form 1 : x and have 
no units. A map ratio is also known as a scale factor. 

For example, the map scale might be 1 cm to 5 km. Now 1 km is 1000 × 100 cm, so the scale is 1 cm to 
500 000 cm. Then the map ratio can be given as 1 : 500 000. 

Explain that we may require a more accurate distance than the direct distance, e.g. when planning a 
walk. If so, string can be used to measure distance on the map. 

Ask individual students to change various map scales to map ratios, e.g. 1 cm to 100 m, 1 cm to 2 km, 
1 cm to 50 km (respectively 1 : 10 000, 1 : 200 000 and 1 : 5 000 000). 

Give students copies of maps with a scale on them and ask them to use the scale and a ruler to find 
the actual direct distance between various places. 

Maps of the Middle East and Doha  

 
Doha with zoom (encarta.msn.com/ 
map_701512116/Doha.html). 

 
 

from www.infoplease.com/atlas. 

 
Street map for Doha with zoom 
(uk.multimap.com/wi/337664.htm). 

 

2 hours 

Perimeter and area of 
2-D shapes 
Represent and interpret 
problems and solutions 
in numeric or geometric 
form, using correct 
terms and notation. 

Calculate the area of 
triangles, rectangles, 
parallelograms, 
trapeziums and related 
shapes. 

Estimate the 
circumference and area 
of circles. 

Use diagrams and 
explanatory text to 
explain the solution to a 
problem and support it 
with evidence. 

Revision: finding perimeters and areas of rectilinear shapes 1 
Ask students, working in pairs, to match the areas and perimeters to the shapes on the resource sheet 
on the right.  

Take feedback, asking students to explain their answers.  

Check that students know: 
• the difference between area and perimeter; 
• how to calculate area and perimeter; 
• formulae for the area of a triangle, rectangle, parallelogram and trapezium and how to substitute 

values in them. 
 
 

Resource sheet 
Area Perimeter  

6 cm2 12 cm 

12 cm2 12 cm 

24 cm2 15 cm 

12 cm2 14 cm 

30 cm2 20 cm 

3 cm2 13 cm 

5 cm2 30 cm 
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Objectives Possible teaching activities Notes School resources 

 Finding perimeters and areas of rectilinear shapes 2 

Demonstrate how to solve a problem such as the one on the right. 

Ask the students to analyse the problem. They will need to sketch the logo. 
• What information do you have? Label the sketch. 
• What information do you need to find out? 
• How will you calculate the area of the logo?  

(students will need to calculate the height of the triangle: 12 cm) 
• How do you work out the length of the braid that goes around the outside? 
• Do your calculations make sense? Check your solutions. 

Practice 

Ask students to solve a selection of word problems using area and perimeter formulae for a triangle, 
rectangle, parallelogram, trapezium and quadrilateral. 

Problem 
A company has a pentagonal logo that is made 
from a rectangle and an isosceles triangle. The 
dimensions are as follows:  
 Length of rectangle 10 cm 

Width of rectangle 3 cm 
Height of logo 15 cm 
Side of isosceles triangle 13 cm 

What is the area of the logo?  
What is its perimeter? 

 

 Revision: circumference and area of a circle 
Remind students that the circumference of a circle is given by the formula C = πd. Ask for the 
equivalent formula using the radius.  

Stress that π is a number that cannot be written down exactly. It is called an irrational number and 
has an approximate value of 3.142. 

Show the OHT on the right. Ask pairs of students to calculate the answer to the first problem. Invite 
one pair to explain their method. Demonstrate the calculator key sequence using an OHP 
calculator. 

Remind students that the area of a circle is given by the formula A = πr2. 

Demonstrate how to solve the second problem on the OHT. Ask students to suggest methods. Set 
the solution out clearly, showing the working. Again, demonstrate the calculator key sequence. 

OHT 
1 A roundabout has a diameter of 135 m. How 

far does a car travel in one complete circuit? 

 
2 A book claims that 50 people sat around a 

table of diameter 5.5 metres. 
Assume that each person needs 45 cm 
around the circumference of the table. Is it 
possible for 50 people to sit around the table? 

 Assume that people sitting around the table 
could reach only 1.5 metres. Calculate the 
area of the table that could be reached. 

 

 Practice 

Give students a selection of problems to solve involving the circumference and area of a circle. 

Take feedback and go through some of the examples on the board. Ask questions such as: 
• What are you trying to find out? What information about circles do you need? 
• What calculation do you need to do? How will you do the calculation? 
• What degree of accuracy is reasonable? 

Establish what working should be shown and how to set it out. Use an OHP calculator to 
demonstrate the calculations. 
 

Example 
A circle is drawn inside a 12 cm square so that it 
touches the sides. Calculate the shaded area. 
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Objectives Possible teaching activities Notes School resources 

Revision: volume and surface area of cuboid 
On the board, draw a cuboid as on the right. Ask the class to write down the formula for its volume. 
Check answers. Make sure that they use the correct notation for the formula: V = lwh. 

Now ask the class to write down the formula for the total surface area of the cuboid. Check their 
answers. Make sure they use the correct notation: A = 2lw + 2lh + 2hw. 

 

 

 4 hours 

Surface area and 
volume of 3-D shapes 
Represent and interpret 
problems and solutions 
in numeric or geometric 
form, using correct 
terms and notation. 

Visualise, describe and 
draw 3-D shapes in 
different orientations. 

Find the volumes and 
surface areas of cubes 
and cuboids and related 
solids. 

Evaluate formulae by 
substituting given 
integer values of the 
variables. 

Recall the equivalence 
of 1 litre and 1000 cm3 
(a cubic decimetre). 

Use diagrams and 
explanatory text to 
explain the solution to a 
problem and support it 
with evidence. 

Shapes made from cubes 
This investigation focuses on students’ ability to represent 3-D shapes on isometric paper and to 
explain their methods when solving a problem.  

Students can work in pairs or in groups. Each pair or group will require centimetre isometric dotty 
paper and a collection of cubes (interlocking cubes are ideal). 

Tell students that two cubes can be arranged in only one way to make a solid shape. Ask students to 
copy the diagram on centimetre isometric dotty paper. The surface area of the solid is 10 cm2. 

Three cubes can be arranged in two different ways. Ask students to copy the diagrams on centimetre 
isometric dotty paper. The surface area of each solid is 14 cm2. 

One arrangement of four cubes is shown. The surface area of the solid is 18 cm2. Now ask: 
• How many different arrangements can be made using four cubes? (7) 

The class should draw all the different arrangements on centimetre isometric dotty paper.  

 

They should make a table to show the surface areas of the different solids. 
 

Solid A B C D E F G 

Surface area (cm2) 18 18 18 18 18 18 16 
 

• What are the least and greatest surface areas for the solids?  
(solid G has the least surface area and the rest have the same surface area) 

Students should write down anything else they notice, e.g. about the touching faces of the cubes. The 
solid with the least surface area has four pairs of faces touching, whereas the other six have three 
pairs of faces touching. 
• What do you think are the least and greatest surface areas of a solid made from five cubes? 

For all the solids in this investigation, the surface area is an even number of square centimetres. Two 
cubes have 12 faces in total, so if one pair of faces is touching, then 10 faces are exposed. 

Three cubes have 18 faces in total, so if two pairs of faces are touching, then 14 faces are exposed. 

A solid made from four cubes must have three or four pairs of faces touching, so either 16 or 18 faces 
are exposed. 

A solid made from five cubes must have four or five pairs of faces touching, so either 20 or 22 faces 
are exposed. The surface areas are 20 cm2 and 22 cm2. 
 

 
 

 
 

 
 
An alternative to isometric paper is to use either 
Geoboard – isometric 
(nlvm.usu.edu/en/nav/vlibrary.html) 

 
or Isometric drawing tool 
(illuminations.nctm.org/tools/index.aspx). 
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Objectives Possible teaching activities Notes School resources 

 Problem solving 
Ask students to work in pairs to solve these two problems. Solutions are given on the website. 
• Nine colours 

(www.nrich.maths.org/public/viewer.php?obj_id=768&part=index&refpage=leg.php) 
 You have 27 small cubes, 3 each of nine colours. Use the small cubes to make a 3 by 3 by 3 cube 

so that each face of the bigger cube contains one of every colour. 
• Painted cube 

(www.nrich.maths.org/public/viewer.php?obj_id=2322&part=index&refpage=leg.php) 
 Imagine a large cube made up from 27 smaller red cubes. Dip the large cube into a tin of yellow 

paint. How many of the small cubes have 0, 1, 2, 3 yellow faces? Investigate for larger cubes. 

Nine colours 

 
Painted cube 

 
 

 

 Extension: volume of a prism 
Tell students that a prism is a 3-D solid that has exactly the same 2-D shape all the way through it. 
Explain that if you cut a prism across anywhere at right angles to its length, you will see this 2-D 
shape. It is known as the cross-section of the prism. 

Remind the class that a cuboid is an example of a prism. 

Ask the class to give some examples of prisms: for example, packets, tins, door wedge. If possible, 
show some models of different prisms. 

Explain that the volume of a prism is found by multiplying the area A of its cross-section by its length l. 
Explain how to calculate the total surface area and the volume of a triangular prism such as the one 
drawn on the right. 

Ask students to calculate the volume of the second triangular prism on the right. 

Practice 
Give students some problems to work on independently. Include examples of: 
• calculating the surface area or volume, given the dimensions; 
• calculating a dimension, given the volume or surface area and the remaining dimensions. 
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Objectives Possible teaching activities Notes School resources 

 Problem solving 
Bring together work on area and volume by discussing some problems. 

Problem 1 
 A box for instant coffee powder is in the shape of a hexagonal prism. 
 One end of the box is shown on the right. 

Each of the six triangles in the hexagon has the same dimensions. 
 Calculate the total area of the hexagon.  
 The mass of 10 ml coffee is 5 g. The box is 10 cm long. After packing, the coffee fills 80% of the box. 

How many grams of coffee are in the box? 
 A 227 g packet of the same coffee costs QR 11.25. How much per 100 g of coffee is this? 

Ask: 
• What method can you use to solve the first part of this problem?  
• Can you do it in another way?  
• Which method is most efficient? 

Discuss the different methods for finding the area of the hexagon, for example: 

One triangle has area 1⁄2 (5 × 4); the hexagon has an area of 6 triangles. 

The trapezium has area 1⁄2 (5 + 10) × 4; the hexagon has an area of two trapeziums. 

The small triangle has area 1⁄2 (2.5 × 4); the hexagon has an area of 80 minus four small triangles. 

Continue with the second and third parts of the problem, reminding students that 1 ml is equivalent to 
1 cm3. Encourage them to use their calculators. 

 

 

 

 

 

 Problem 2 
 A rectangular tank is 1.22 m wide by 1.85 m long. 

Find the increase in the depth of oil when 1750 litres of oil are added. 

Begin by working with the class to convert 1750 litres to the equivalent volume in cubic metres. Remind 
them that 1 litre is equivalent to 1000 cm3, which is 0.001 m3. So 1750 l is equivalent to 1.75 m3. 

Show students how to use their calculators to divide the volume by the area of the base of the tank. 
The display for a graphics calculator is shown on the right. 

Extension 
Now ask students to solve these two problems. 
• A child’s toy brick has a cross-section of area 750 mm2 and is 8 mm high. Calculate the volume of 

the brick, giving your answer in cubic millimetres. Now write the volume of the brick in cubic 
centimetres. 

• The diagram shows the measurements of the cross-section of a water trough. The length of the 
trough is 3 m. Calculate the volume of the trough. How many litres of water can the trough hold 
when it is full? 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

This is a centimetre grid. On the grid draw a triangle that has an 
obtuse angle and an area of 7.5 cm2.  
Use a ruler. 

 

 
 

 

In the figure, an arc of a circle centre P has been drawn to cut the line 
at Q. Then an arc with the same radius and centre Q has been drawn 
to cut the first arc at R. 

What would be the size of the angle PRQ? 

TIMSS Grade 8 

 

  
 

 

1 centimetre on the map represents 8 kilometres on the land. 

About how far apart are Dukhan and Al Jumailiyah on the land? 

A.  4 km          B.  16 km           C.  35 km          D.  50 km 

Adapted from TIMSS Grade 8 

 

 

 
 

 

Here is a drawing of a model car. 2 cm on the model represents 1 m 
on the real car. What is the length of the model? 
Give your answer in centimetres, correct to one decimal place. 

The height of the model is 2.8 centimetres. 
What is the height in metres of the real car? 

 

 
 

 

Assessment 
Set up activities that allow 
students to demonstrate 
what they have learned in 
this unit. The activities can 
be provided informally or 
formally during and at the 
end of the unit, or for 
homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

 

This solid will be turned to a different position.    
 

Which of the shapes on the right could be the solid after it is turned? 

TIMSS Grade 8 

 

 

 

 The edge of a small cube is 1.5 cm. 
A larger cube is made out of small cubes. The volume of the larger 
cube is 216 cm3. How many small cubes are used? 

 

 

 The number of 750 ml bottles that can be filled from 600 l of water is: 
A.  8          B.  80          C.  800          D.  8000 

Adapted from TIMSS Grade 8 
 

 

 

 

Unit 8.9 
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GRADE 8: Algebra 3 

Equations, formulae and problem solving 

About this unit 
This is the third of four units for Grade 8 on 
algebra. It builds on the work in Units 8.3 and 
8.7, Algebra 1 and 2 . 

The unit is designed to guide your planning and 
teaching of mathematics lessons. It provides a 
link between the standards for mathematics and 
your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
Supplement the activities where necessary with 
appropriate tasks and exercises from textbooks 
and other resources, including ICT. 

For extension or consolidation activities, look at 
the units for Grade 9 or Grade 7. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and 
‘real-life’ applications. 
 

Previous learning 
To meet the expectations of this unit, students should already be able to 
construct simple linear expressions and formulae to model a situation, and 
evaluate them by substituting integers and using the correct order of 
operations. They should be able to model word problems by writing and 
solving linear equations or inequalities with integer coefficients (unknown on 
one or both sides, including brackets), verifying the solution.  
 

Expectations 
By the end of the unit, students will represent and interpret problems and 
solutions in algebraic form, presenting their reasoning concisely. They will 
evaluate linear expressions or formulae by substituting integer values of the 
variables, and determine whether integer values satisfy a given linear 
equation. They will formulate linear expressions or equations to model a 
situation and will solve problems by writing and solving linear equations or 
inequalities with simple fractional or decimal coefficients. They will be able to 
find a counter-example to show that a conjecture is false. 

Students who progress further will analyse and interpret information in 
algebraic form and develop simple proofs to solve algebraic problems. They 
will evaluate expressions and formulae by substituting integers. They will 
rearrange simple formulae. They will solve simple fractional linear equations, 
a pair of simultaneous linear equations by elimination and substitution, and 
quadratic equations by factorisation. They will find the approximate solutions 
of equations such as x3 + x = 20 using ICT and trial and improvement 
methods. They will solve problems by writing equations and will verify 
solutions. 
 

Resources 
The main resources needed for this unit are: 
• overhead projector (OHP) 
• Internet access, computer and data projector 
• computers with Internet access for students 
• individual mini-whiteboards 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• algebra, simplify, substitute, evaluate, formulate, expression, equation, 

inequation, inequality, linear equation or expression, formula/formulae, 
variable, like terms, coefficient, subject of an equation or formula 

• calculate, calculation, operation, add, subtract, multiply, divide, sum, total, 
difference, product, quotient, greater than, less than, inverse 

• perimeter, area, circumference, mass, volume, density, speed, distance, 
time, temperature, Celsius, Fahrenheit, Centigrade, degrees (°) 

• problem, classify, pattern, predict, represent, solve, explain, justify, 
method, systematic, generalise 
 

UNIT 8.10 
9 hours 
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Standards for the unit 

9 hours SUPPORTING STANDARDS 
Grade 7 standards 

CORE STANDARDS 
Grade 8 standards 

EXTENSION STANDARDS 
Grade 9 standards 

7.1.1 Model or represent mathematical problems 
from a range of contexts. 

8.1.1 Represent and interpret problems and solutions in 
numeric, algebraic, geometric or graphical form, using 
correct terms and notation. 

9.1.1 Represent, interpret, analyse and synthesise information 
presented in numeric, algebraic, geometric or graphical 
form. 

7.7.1 Write simple linear expressions and 
formulae to model a situation. 

8.4.4 Formulate linear expressions or equations to model a 
situation. 

 

8.4.3 Evaluate linear expressions or formulae by 
substituting given integer values of the variables. 

7.7.3 Evaluate formulae and linear expressions 
by substituting integers for letters and using 
the correct order of operations. 8.4.6 Determine whether given integer values satisfy a 

given linear equation. 

9.3.2 Evaluate algebraic expressions and formulae for given 
integer values of the variables. 

  9.3.5 Change the subject of a simple formula. 

9.3.6 Write and solve linear equations, including simple cases 
of fractional linear equations, and apply these skills to 
solving problems; verify the solution. 

7.7.4 Solve linear equations or inequalities with 
integer coefficients (unknown on one or 
both sides, including brackets), and verify 
the solution. 

8.4.7 Solve linear equations or inequalities with fractional 
coefficients (whole-number denominators), and simple 
cases of decimal coefficients; verify the solution. 

7.7.5 Solve problems by writing and solving 
linear equations. 

8.4.8 Solve problems by writing and solving linear equations 
or inequalities. 

9.3.7 Write and solve simultaneous linear equations with two 
unknowns by elimination and by substitution, and apply 
these skills to solving problems; verify the solution. 

  9.3.8 Solve quadratic equations of the form a2x2 – b2y2 = 0 or 
x2 ± 2ax + a2 = 0 by factorisation; verify the solutions by 
substituting in the original equation. 

  9.3.9 Find the approximate solutions of equations such as  
x3 + x = 20 using ICT and trial and improvement methods. 

6 hours 

Equations and  

formulae 

 
3 hours 

Equations and 
problem solving 

 

8.1.4 Present a concise, reasoned argument orally, in 
writing and by using symbols. 
 

9.1.6 Develop a simple proof. 

Unit 8.10 
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Activities 

Objectives Possible teaching activities Notes School resources 

Equations involving brackets, variables on both sides 
Write on the board 5(4x – 3) = 35. Ask students how to solve this equation. If they suggest 
multiplying out the bracket first, then follow their instructions to arrive at the solution x = 2.5.  

Now ask if there is a different way to find the solution. The alternative is to start by dividing both 
sides by 5 to give 4x – 3 = 7. Work through the solution to obtain the same answer. Check the 
answer by substituting in the original equation. 

Now work through the solution to 3(x – 1) = 2x + 8, starting by multiplying out the bracket. 

Practice 
Give students some equations involving brackets to solve independently. 

  

This column is for 
schools to note their 
own resources, e.g. 
textbooks, worksheets. 

Equations involving negative numbers, variables on both sides 
Write the equation 0.25x + 1 = 0.25 on the board and go through its solution. 
 Subtract 1 from both sides: 0.25x + 1 – 1 = 0.25 – 1 

  0.25x  = –0.75 
Divide both sides by 0.25:  x  = –3 

Check by substituting in the original equation. 

Now show how to solve 15 – 3x = 6 + 3x by subtracting 15 from both sides and dividing both 
sides of –6x = –9 by –6. Again, check the answer of x = 11⁄2 by substituting. 

Practice 
Give students some equations involving negative numbers to solve independently. 

Using ICT 
For practice, use Topic C: Simple equations – Solving 
(www.mathsnet.net/algebra/index.html). 

 

 

6 hours 

Equations and 
formulae 
Solve linear equations 
or inequalities with 
fractional coefficients 
(whole-number 
denominators), and 
simple cases of 
decimal coefficients; 
verify the solution. 

Determine whether 
given integer values 
satisfy a given linear 
equation. 

Evaluate linear 
expressions or 
formulae by 
substituting given 
integer values of the 
variables. 

Equations involving fractions 

Discuss with the class how they would solve the equation 3,
5
x =  using the principle of keeping 

both sides of the equation balanced. Draw out that multiplying both sides by 5 will isolate x, and 
give an answer of 15. 

Now ask about the equation 3 12.
4
m =  Multiplying both sides by 4 gives 3m = 48. Dividing both 

sides by 3 gives m = 16. 

Repeat with the equation 6 3 .
7 5
p =  Multiplying both sides by 7 gives 3 76 ,

5
p ×=  then dividing 

both sides by 6 gives 3p =
1

7
5 6

×

×
2

7 .
10

=  

Each time check the answer by substituting in the original equation. 

Practice 

Give students some practice in solving simple equations involving fractions. 
 

  

Unit 8.10 
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Objectives Possible teaching activities Notes School resources 

 Write on the board the equation 4 5 7.
3

x + =  

• How do we solve this equation? 

Again it is a matter of simplifying the side that has the variable, x. Multiply both sides by 3 to get 
4x + 5 = 21. Subtract 5 from both sides to get 4x = 16. Finally, divide both sides by 4 to get x = 4. 

Now write this example on the board: 

 1 2 8
2 6

x x− +=  

Explain that when there is a fraction on both sides, the first step is to turn both sides into 
equivalent fractions with the same denominator. To do this, we find the lowest common 
denominator and multiply both sides by it. Here, the lowest common denominator is 6, so: 

 6( 1) 6(2 8)
2 6

x x− +=  

Remind the students about cancelling fractions. Eliminate the denominator on each side to give: 

 3(x – 1) =  2x + 8 

Point out that they have solved equations like this before. Multiply out the bracket to get: 

 3x – 3 = 2x + 8 

Add 3 to each side, then subtract 2x from each side, to give x = 11. 

Practice 
Demonstrate several more examples and follow up with a practice exercise. 

  

 Simple inequalities 
Write on the board the inequality: 

 3x – 100 < 2000 

Explain that this is not an equation but an inequality. Go through the solution, showing that the 
procedure is the same as for equations. This will lead to 3x < 2100, so x < 700.  

Show how the solution can be illustrated on a number line (top right). Explain the use of an 
empty circle to show a strict inequality involving less than (<) or greater than (>), and a solid 
circle to show less than or equal to (≤) or greater than or equal to (≥). 

Now write on the board the inequation: 

 4x + 5 ≥ 19. 

Show how this simplifies to x ≥ 3.5 and represent the solution on a number line (second right). 

Practice 
Provide an exercise in solving simple inequalities and representing them on a number line. 
Include: 
• some simple examples with fraction or decimal coefficients; 
• some simple word problems leading to the formulation of inequalities. 
 

 

 
 

 

Using ICT 
For practice, use Topic C: Simple equations – 
Inequalities (www.mathsnet.net/algebra/index.html). 
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Objectives Possible teaching activities Notes School resources 

 Substituting into formulae 
Remind the class that a formula is a general rule or result in the form of an algebraic equation 
which can be used to work out a value from some known facts. 
• Can you give me some examples of formulae? 

Students will probably suggest P = 2(l + w) and A = lw for the perimeter and area of a rectangle 
with length l and width w, and 2πr and πr2 for the circumference and area of a circle radius r.  

Explain that Celsius (also called Centigrade) and Fahrenheit are two different scales for 
measuring temperature. The former has largely replaced the latter in most parts of the world. 
Introduce the notation °C and °F and how these are pronounced. 

Show the formula for converting a temperature C in degrees Celsius into a temperature F in 
degrees Fahrenheit: 

 9 32
5

F C= +  

Use the formula to convert 35°C into degrees Fahrenheit: 

 C = 35, so F = 9 35 32 63 32 95
5

× + = + =  

• What formulae do you know that use two variables to work out a third? 

Students may suggest the formula for the area of a triangle. You could add distancespeed = .
time

 

Students may also remember from science lessons that massdensity = .
volume

 

Use the triangle formula if no one suggests another. Illustrate how to substitute into the formula 
to calculate one value from two others:  
 The area of a triangle is given by A = 1⁄2 bh, where b is the base length and h is the vertical 

height of the triangle. 
 The area of a triangle with a base length of 5 cm and a vertical height of 8 cm, is given by: 

 A = 1⁄2 × 5 × 8 = 20 cm2 

Work through another example with this formula, where the area and base length are known 
and the height must be calculated. For example, A = 36 cm2 and b = 8 cm gives h = 9 cm. 
Substitute in the known values before solving the equation to find the height. 

Practice 
Give students some examples of formulae and some given values. Ask them to calculate an 
unknown value. 
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 Rearranging formulae 
Remind students that an equation such as x + 3 = y can be written as y = x + 3. 

Write on the board the equation 3x – y = 10. 

Let x = 4 and y = 2. Write the resulting expression on the board (3 × 4 – 2 = 10), explaining the 
substitution you have made.  
• Can we arrange this equation to write 2 = …? 

Go through the following procedure: 

 3 × 4 – 2  =  10 

 Add 2 to both sides:  3 × 4  =  10 + 2 (check: 12 = 12) 

 Subtract 10 from both sides:  3 × 4 – 10  =  2 (check: 2 = 2) 

 Turn it around:  2  =  3 × 4 – 10 

Now show how exactly the same routine will transform 3x – y = 10 into y = 3x – 10: 

 3x – y  =  10 

 Add y to both sides:  3x =  10 + y 

 Subtract 10 from both sides:  3x – 10  =  y 

 Turn it around:  y  =  3x – 10 

Explain that when an equation or formula begins y = …, we say that y is the subject of the 
equation or formula. Explain to students that changing the subject of an equation is a useful skill 
that they will use on many occasions in mathematics, science and other subjects. 

Write on the board the formula P = 3m – T. Ask students to suggest how to change the formula 
so that T is the subject of the formula.  

To make T the subject, start by adding T to both sides to give P + T = 3m. Then subtract P from 
both sides to give T = 3m – P. 

Repeat, this time making m the subject. Start by adding T to both sides to give P + T = 3m. 

Then divide both sides by 3 to give .
3

P T m+ =  Turn this around to get .
3

P Tm +=  

Go through one more example, making I the subject of the formula V = IR. 

Practice 

Give students some practice in rearranging simple formulae. 
 

Using ICT 
For practice, use Topic C: Simple equations – Changing 
the subject (www.mathsnet.net/algebra/index.html). 
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3 hours 

Problem solving 
Represent and 
interpret problems and 
solutions in numeric, 
algebraic, geometric or 
graphical form, using 
correct terms and 
notation. 

Formulate linear 
expressions or 
equations to model a 
situation. 

Solve problems by 
writing and solving 
linear equations or 
inequalities. 

Present a concise, 
reasoned argument 
orally, in writing and by 
using symbols. 

Using algebra to solve word problems 
Draw on the board Jamal and his grandfather. Write on the board: 
 Jamal’s grandfather is four times older than Jamal.  

Their ages add up to 105. How old are they? 

After students have made a few guesses, explain that this kind of problem can be solved 
systematically by writing an equation. Say that we start by letting Jamal’s age be something, 
say m. We then work out his grandfather’s age in terms of m, to arrive at 4m. 
• What equation would describe that their ages add up to 105? 

Help the class to see that m + 4m = 105, and hence 5m = 105. This can now be solved by 
dividing both sides of the equation by 5 to give m = 21.  
• So what are their ages? (21 years and 4 × 21 = 84 years) 

Give another problem.  
 Four consecutive numbers add up to 102. What could the numbers be? 

Explain that you will start with the first number, and call it n. 
• What number is one more than n? (n + 1) 
• What is the number one more than that? (n + 1 + 1 = n + 2) 
• What is the fourth number? (n + 3) 

So the sum of the four numbers is: n + n + 1 + n + 2 + n + 3 = 4n + 6. 

To find which four consecutive numbers sum to 102, we write the equation 4n + 6 = 102, which 
leads to 4n = 96. This has the solution n = 24, so the numbers are 24, 25, 26 and 27. Check this 
solution by substituting in the original problem. 

Demonstrate two more examples of solving problems using algebra. 

Practice 
Give students practice in solving a range of problems based on different situations. 

 
 
Examples 
• Find two numbers with a difference of 4 and  

a sum of 28. 
• A mother is 25 years older than her daughter. The 

sum of their ages is 38. How old is the daughter? 
• QR 380 is divided between Ali, Bader and Fadel. 

Bader has QR 30 more than Ali, and Fadel has QR 20 
more than Bader. How much does each boy get? 

• The length of a rectangular swimming pool is  
10 metres more than its width. Its perimeter is 100 
metres. How long is the swimming pool? 

• A rectangular lawn has a length four times its width. 
The area of the lawn is 64 m2. How long is the lawn? 

 
For extra support, use Topic C: Simple equations – 
Word problems (www.mathsnet.net/algebra/index.html). 

 

 

 Using algebra for proof 
Remind students that integers are either odd or even. Show them the combinations for addition 
and multiplication. Show the algebraic proof of one of these relationships: odd + odd = even. 

Say that you will use the letter m to stand for an unknown integer. Write m on the board. Then 
write 2m on the board. Establish that this is a multiple of 2 and therefore must be even. 

Ask about 2m + 1. Establish that it must be odd, because it is one more than the even number 2m. 

Now write down 2n + 1. Confirm with the class that this is a different unknown odd number. 

Now say that you will complete the proof that odd + odd = even. So: 
 (2m + 1) + (2n + 1)  = 2m + 2n + 2 
  = 2(m + n + 1) 
  = 2 × integer, which must be an even integer 

Ask students to prove that the sum of two even numbers is even. 
 

 
even + even = even 
even + odd = odd 
odd + even = odd 
odd + odd = even 

even × even = even 
even × odd = even 
odd × even = even 
odd × odd = odd 
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 Non-routine problems 

Problem 1 
Write this problem on the board. 
 A farmer keeps goats and chickens.  

Altogether, he has 72 goats and chickens, which have a total of 200 legs between them.  
How many goats and how many chickens does the farmer have? 

Encourage the class to write down some equations. Let the number of goats be g, and the 
number of chickens be c. Then for the animals, g + c = 72. 

For the legs, 4g + 2c = 200, or 2g + c = 100. 

Get students to start this problem on their own. After a short while let them work together in 
pairs to discuss what they have done.  

Logical trial and improvement or solving equations will both lead to the solution of 28 goats and 
44 chickens. 

Discuss the methods they have used. For example:  
 2g + c = 100 can be rewritten as g + (g + c) =100. But g + c = 72, so g + 72 = 100, or g = 28. 

 
 

 

 Problem 2 
Write this problem on the board.  
 A woman was buying melons. She said: ‘Some 20 riyal melons, six times as many 10 riyal 

melons and make up the rest in 25 riyal melons.’  
She gave the shopkeeper QR 600 and said: ‘No change please.’ 

 How many melons of each type did the woman buy? 

Ask students to work in pairs to find the solution, reminding them that there must be no change 
and no overcharging. 

One strategy to help find the solution using algebra is to let the number of 20 riyal melons be x. 
Then we have 6x melons at 10 riyals and the rest at 25 riyals. 

The cost of the 20 riyal melons is 20x, and the cost of the 10 riyal melons is 60x. So the cost of 
both together is 80x.  

The remainder of the QR 600 must go on 25 riyal melons, so to generate no change 600 – 80x 
must be a multiple of 25 riyals. Since 600 is a multiple of 25, 80x must also be a multiple of 25 
riyals.  

Working systematically through the possibilities of x = 1, x = 2, x = 3, … we find that if x = 5 then 
80x = 400, which is a multiple of 25. 

So the solution is five 20 riyal melons, thirty 10 riyal melons and eight 25 riyal melons. 
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 Using formulae to solve problems 
Write on the board the formula C = 250 + 5W. Explain that this formula is used to calculate the 
cost of advertisements in a newspaper, where C is the cost in riyals of the advertisement and W 
is the number of words in the advertisement. Remind students that C is the subject of the 
formula because it is the variable that stands on its own on the left-hand side of the equals sign. 
• How much it would cost to place an advertisement with 20 words in the newspaper? 

Use this example to check that students can substitute W = 20 into the formula to get  
C = 250 + 5 × 20 = 250 + 100 = 350, giving the cost as QR 350. 

Now tell the class that you want to place an advertisement in the newspaper, and that you have 
a budget of QR 1000. 
• How many words could I use in the advertisement? 

In order to work this out, students need to rearrange the formula so that W is the subject. 
Remind the class that the same operations can be applied to both sides of the formula. 

Work through the example.  

 C = 250 + 5W 

 Subtracting 250 from both sides gives:  C – 250 = 5W 

 Dividing both sides by 5 gives:  250
5

C −  = W 

 Turning the expression round gives:  W = 250
5

C −  

 So, if C = 1000, then  W = 1000 250 150
5
− =  

Give students one or two similar problems to solve. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

P = LW. If P = 12 and L = 3, then W is equal to 

A. 3⁄4          B. 3         C. 4          D. 12          E. 36 

TIMSS Grade 8 

 

  

Ibrahim wanted to find three consecutive whole numbers that add up to 81. 
He wrote the equation (n – 1) + n + (n + 1) = 81. What does the n stand for? 

A. The least of the three whole numbers 
B. The middle whole number 
C. The greatest of the three whole numbers 
D. The difference between the least and the greatest of the three whole 

numbers 

TIMSS Grade 8 

 

  

Juan has 5 fewer hats than Maria, and Clarissa has 3 times as many hats 
as Juan. If Maria has n hats, which of these represents the number of hats 
that Clarissa has? 

A. 5 – 3n      B. 3n      C. n – 5      D. 3n – 5      E. 3(n – 5) 

TIMSS Grade 8 

 

  

If 12 36 ,
21n

=  then n = 

A.  3          B.  7          C.  36          D.  63 

TIMSS Grade 8 

 

  

7
2
x <  is equivalent to: 

A.  x < 7
2         B.  x < 5        C.  x < 14        D.  x > 5        E.  x > 14 

TIMSS Grade 8 

 

  

Solve: 

1 1 1
2 35x x+ = −  

2 2 + 0.6x = 2x 

3 2 3
3 4
x x −+ =  

 

  

Assessment 
Set up activities that allow 
students to demonstrate 
what they have learned in 
this unit. The activities can 
be provided informally or 
formally during and at the 
end of the unit, or for 
homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

Explain why the sum of two consecutive odd numbers is even. 
 

   
 

Unit 8.10 
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GRADE 8: Probability 

Probability 

About this unit 
This is the second unit on data handling for 
Grade 8. It focuses on probability. 

The unit is designed to guide your planning and 
teaching of mathematics lessons. It provides a 
link between the standards for mathematics and 
your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
Supplement the activities where necessary with 
appropriate tasks and exercises from textbooks 
and other resources, including ICT. 

For extension or consolidation activities, look at 
the units for Grade 9 or Grade 7. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and 
‘real-life’ applications. 
 

Previous learning 
To meet the expectations of this unit, students should already be able to use 
informal vocabulary to discuss the likelihood of an event. They should be 
able to use the probability scale, and represent probability as a fraction, 
proportion, decimal or percentage. They should know that the total 
probability of all mutually exclusive outcomes is 1, and should be able to use 
this to solve problems involving equally likely outcomes for a single event.  
 

Expectations 
By the end of the unit, students will estimate probability based on data 
from experiments, and will understand that different outcomes may result 
from repeating an experiment. They will list systematically all the possible 
outcomes of an experiment and calculate theoretical probabilities for 
particular outcomes. They will compare experimental and theoretical 
probability in simple cases. They will use diagrams and explanatory text to 
explain the solution to a problem and support it with evidence. 

Students who progress further will compare outcomes of experiments 
using relative frequency as an estimate of probability. They will know that if 
A and B are mutually exclusive, the probability of A or B is the sum of the 
probabilities of A and of B. They will compare experimental and theoretical 
probability in different contexts. They will explain and justify the steps that 
they have taken to solve a probability problem, orally and in writing. 
 

Resources 
The main resources needed for this unit are: 
• Internet access and computer linked to data projector (optional) 
• overhead projector (OHP) 
• computers with Internet access for students 
• dice 
• coins 
• one black and three white pieces of card (or counters or cubes) 
• an open box to hold the counters with tall enough sides to keep the 

counters hidden from students 
• individual mini-whiteboards 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• probability, likelihood, likely, unlikely, equally likely, possible, impossible, 

probable, improbable, certain, uncertain, chance, even chance, probability 
scale, theoretical probability, experimental probability, tally, frequency, 
fair, unfair, biased, event, outcome, trial, mutually exclusive, exhaustive, 
sample space 

• tally chart, frequency table 
• fraction, percentage, proportion 
• problem, solution, solve, explain, justify, method, conclusion, results 

 

UNIT 8.11 
8 hours 
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Standards for the unit 

8 hours SUPPORTING STANDARDS 
Grade 7 standards 

CORE STANDARDS 
Grade 8 standards 

EXTENSION STANDARDS 
Grade 9 standards 

7.11.4 Judge the likelihood of an event as certain, 
more likely, equally likely, less likely, or 
impossible. 

  

7.11.5 Use the probability scale, and represent 
probability as a fraction, proportion, decimal 
or percentage. 

  

7.11.6 Know that the total probability of all 
mutually exclusive outcomes is 1, and use 
this to solve problems. 

 9.8.6 Know that if A and B are mutually exclusive, the 
probability of A or B is the sum of the probabilities 
of A and of B. 

7.11.7 Solve simple problems based on equally 
likely outcomes for a single event. 

8.8.9 Use problem conditions to calculate theoretical 
probabilities for possible outcomes. 

 

 8.8.10 List systematically all the possible outcomes of an 
experiment. 

 

 8.8.7 Use data from experiments to estimate probability for 
favourable outcomes. 

9.8.5 Use relative frequency as an estimate of probability 
and use this to compare outcomes of experiments. 

 8.8.8 Understand that different outcomes may result from 
repeating an experiment. 

 

 8.8.11 Compare experimental and theoretical probability in 
simple cases. 

9.8.7 Compare experimental and theoretical probability 
in different contexts. 

 8.1.2 Choose and use appropriate mathematical techniques 
and tools to solve a problem, including ICT. 

9.1.3 Choose and use appropriate mathematical 
techniques and tools to solve each part of a 
problem, including ICT. 

2 hours 

Simple 
probability 

 
2 hours 

Experimental and 
theoretical 
probability 

 
3 hours 

Combined events 

 
1 hour 

Project work 

 

 8.1.3 Use diagrams and explanatory text to explain the 
solution to a problem and support it with evidence. 
 

9.1.4 Explain and justify the steps taken to solve a 
problem or arrive at a conclusion, orally and in 
writing. 
 

Unit 8.11 
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Activities 

Objectives Possible teaching activities Notes School resources 

2 hours 

Simple probability 
Use the probability scale, 
and represent probability 
as a fraction, proportion, 
decimal or percentage. 

Use problem conditions 
to calculate theoretical 
probabilities for possible 
outcomes. 

Choose and use 
appropriate mathematical 
techniques and tools to 
solve a problem, 
including ICT. 

Revision: elementary ideas of probability 
Draw on the board a probability scale with seven dividing marks, but not labelled. Write one word on 
the scale (e.g. ‘impossible’). Ask the class to label the other marks on the scale. They could produce 
a scale like the one below, but other words are possible.  
 

 
 

Now ask the class to give examples of events that could be described any of the above terms. 

Remind students that probability is the mathematical way of describing the chance that an event will 
happen. To describe it more accurately, we use a probability scale from 0 to 1. 
 

 
 

• If I roll a six-sided dice, how many outcomes are possible? 

Establish that each of the six possible outcomes is equally likely to happen if the dice is fair. 
• If I toss a fair coin, how many equally likely outcomes are there? (two: a head or a tail) 

Define the probability of an event: P(event) = number of outcomes in the event
total number of all possible outcomes

 

So, for example, P(head) = 1⁄2 and P(tail) = 1⁄2. 

Stress that probability is usually written as a fraction in its simplest form, or a decimal. Percentages 
are sometimes used, as in weather forecasts. 
• If I draw one card from a pack of 52 playing cards, what is the probability of it being a seven? 
Establish that the probability of 4⁄52 will be expressed as 1⁄13. 
• I play a game using a fair five-sided spinner labelled with the numbers 1, 3, 5, 7, 9.  

What is the probability that I score: 
 a. 7      b. an odd number      c. an even number      d. not a multiple of 3      e. 1 or 9? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
This column is for 
schools to note their  
own resources, e.g. 
textbooks, worksheets. 

 Discuss events where the outcomes are not equally likely: for example, where the sections of a 
spinner are unequal. Demonstrate and carry out some of the activities in Spinners 
(nlvm.usu.edu/en/nav/vlibrary.html). 

Spinners 

 
 

 

Unit 8.11 



270  |  Qatar mathematics scheme of work  |  Grade 8  |  Unit 8.11  |  Probability © Education Institute 2005 

Objectives Possible teaching activities Notes School resources 

 Give the class the example of a bag that contains three blue, two yellow and five green balls, from 
which one ball is picked at random. The probabilities for picking each colour are: 
 P(blue) = 3⁄10 
 P(yellow) = 2⁄10 = 1⁄5 
 P(green) = 5⁄10 = 1⁄2 

The events ‘picking a blue ball’, ‘picking a yellow ball’ and ‘picking a green ball’ can never happen at 
the same time, given that only one ball is taken out. Such events are called mutually exclusive, 
because they do not overlap. 

Using the same example, discuss the probability of an event not happening. The probability of not 
picking out a blue ball is given by: 
 P(not blue) =  7⁄10 

because there are seven outcomes which are not blue balls.  

Point out that: 
 P(blue) + P(not blue) = 3⁄10 + 7⁄10 = 1 

or P(event not happening) = 1 – P(event happening) 

Now ask the class to sum the probabilities of picking the three coloured balls. Say that because 
there are no other possibilities, these are called exhaustive events. When events are both 
exhaustive and mutually exclusive, their probabilities always add up to 1. 

Practice 
Give students some practice in calculating probabilities using examples like the one on the right. 

Example 
A bag contains a large number of discs, each 
labelled A or B or C or D. The probabilities that 
a disc picked at random will have a given letter 
are:  

P(A) = 0.2      P(B) = 0.4      P(C) = 0.15  

What is the probability of choosing a disc with a 
letter D on it? 

What is the probability of choosing a disc with a 
letter A or B on it? 

What is the probability of choosing a disc that 
does not have the letter C on it? 

 

 

 Problem solving 
Explain that for a whole pack of playing cards, the probability of getting a five is 4⁄52 = 1⁄13 but, for the 
pack without the picture cards (king, queen, jack), the probability of getting a five is 4⁄40 = 1⁄10. 
• What cards could be used to make a probability of getting a five a 1⁄2? 

(Since there are four fives, the equivalent fraction 4⁄8 must be used instead of 1⁄2. Four more cards, 
which are not fives, can be placed with the four fives to give the required probability.) 

• A set of cubes in a bag consists of 3 blues and 4 non-blues. How many cubes must be added to 
this selection to make the probability of drawing a blue cube 1⁄3? 
(There are 3 blue cubes, and 7 cubes altogether. An equivalent fraction must be used with at 
least 3 blue cubes. The equivalent fractions are 1⁄3 = 2⁄6 = 3⁄9. To make the probability of drawing a 
blue cube 1⁄3, two cubes that are not blue must be added.) 

Ask students to work in pairs at computers on the problems at levels 2 and 3 in Fish tank. 
 

Fish tank (www.bbc.co.uk/education/mathsfile/ 
gameswheel.html) 
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Experimental and theoretical probability 

Coin tossing 
Throw a coin and ask the class to write down the probability that it lands head up. There are two 
equally likely outcomes: heads or tails, P(head) = 1⁄2 or 0.5. Explain that this is an example of 
theoretical probability. 

Say that you will now look at an example of experimental probability. Ask pairs of students to toss a 
coin 10 times and to record their results in a frequency table.  
• Using the data in your frequency table, what is the probability of getting a head?  

Take feedback from different pairs. Ask them to explain why the groups get different answers.  

Write on the board: 

for experimental probability, P(event) = number of events in trials
total number of trials

 

Now ask the pairs to repeat the experiment 50 times, to work out the experimental probability of 
getting a head, and to write down anything that they notice.  

Discuss the different answers that the pairs obtain. 

Explain that, as more trials are carried out, the experimental probability gets closer to the theoretical 
probability. 

 

 

 

 

Coin Tally Total 

head   

tail   

 

 

 2 hours 

Experimental and 
theoretical probability 
Use data from 
experiments to estimate 
probability for favourable 
outcomes. 

Understand that different 
outcomes may result 
from repeating an 
experiment. 

Compare experimental 
and theoretical 
probability in simple 
cases. 

Choose and use 
appropriate mathematical 
techniques and tools to 
solve a problem, 
including ICT. 

Use diagrams and 
explanatory text to 
explain the solution to a 
problem and support it 
with evidence. 

Using ICT 
Say that it would take too long to toss a coin thousands of times, and so a simulation can be used to 
see what results would be obtained. 

Use Coin tossing (nlvm.usu.edu/en/nav/vlibrary.html). Start with 50 tosses of the coin to see what 
results the computer gets, then 100, then multiples of 250 to 1000 (the maximum). Point out that the 
greater the number of trials, the closer the experimental probability gets to 1⁄2. 

Tell the class that they can create their own simulations using ICT. Show students the random-
number function on a scientific calculator. Tell them that if, for example, the random numbers are 
three decimal place values, from 0 to 0.999, they could simulate a coin in several ways. They could 
use the last digit, odd to represent heads and even to represent tails. They could use numbers less 
than 0.500 for heads, and greater than or equal to 0.500 for tails.  For a dice, they could use the digit 
in the first decimal place and ignore any values that are not 1, 2, 3, 4, 5 or 6. 

Coin tossing 

 
 

 

 Counters in a box 
Secretly place one black and three white pieces of card or counters in a box. Ask a student to pick 
out a piece without looking and show it to the class. Ask the class what this tells them about the 
pieces of card in the box. Replace the piece of card and shuffle the pieces.  

Repeat 20 times, recording the results on the board. 

Tell the class that there are four pieces of card in the box. Ask students to predict how many black 
and how many white ones there are and to write their prediction on their whiteboards. Get them to 
explain their reasoning. 

[continued] 
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Objectives Possible teaching activities Notes School resources 

 Ask a student to divide the number of times a black card was picked out of the bag by the total 
number of cards picked out. Tell the class that they have calculated the experimental probability of 
picking a black card from the box. 

Now tell the class that there is just one black card. 
• What is the theoretical probability of picking out a black card? 
• Can you explain why the theoretical probability differs from the experimental one? 

Stress that if you had carried out the test more times, you would expect the results of the 
experimental and theoretical probabilities to be closer. 

Say that sometimes it may be very difficult or impossible to calculate a theoretical probability, e.g. of 
a student being late for school. So gathering data in an experiment is the only way to estimate the 
probability of such an event occurring. 

  

 Problem solving 
Tell the class that a spinner has different coloured sectors. It is spun 100 times and the number of 
times it lands on blue is recorded at regular intervals. Draw the table on the right on the board and 
get students to complete the bottom row. 
• What is the best estimate of the probability of landing on blue? (0.26) 
• How many times would you expect the spinner to land on blue in 2000 spins? (0.26 × 2000 = 520) 
Ask students to discuss the next question in pairs before answering. 
• If there are two sectors of the spinner coloured blue, how many sectors do you think there are 

altogether? Explain your answer. 
(spinner is fair, 0.26 ≈ 1⁄4, so one quarter of sectors are blue, and there are eight sectors in total) 

 

Number of spins 20 40 60 80 100 

Number of times lands on blue 6 10 15 20 26 

Experimental probability of blue       

3 hours 

Combined events 
Use problem conditions 
to calculate theoretical 
probabilities for possible 
outcomes. 

List systematically all the 
possible outcomes of an 
experiment. 

Use diagrams and 
explanatory text to 
explain the solution to a 
problem and support it 
with evidence. 
 

Listing outcomes systematically 
Present three different problems for the class to work on in pairs. For each problem, prompt 
students to think of different ways of recording the information for the answer, and the advantages or 
disadvantages of each method. 

Problems 
• Noor puts three scoops of ice cream in a tall glass: vanilla, strawberry and chocolate. The scoops 

are placed one on top of the other. How many different possible outcomes are there? 
• A boy and a girl each choose an apple or an orange. How many different possible outcomes are 

there? 
• A room is painted using two different colours. The colours can be chosen from red, green, blue 

and yellow. There are six possible combinations. What are they? 

Focus on the third problem. Ask students to write on their whiteboards the probability of choosing 
red and green, green with any other colour, and no red. 
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Objectives Possible teaching activities Notes School resources 

 

Sample spaces 
Show students a dice. Write on the board all the equally likely outcomes for one event:  
(1, 2, 3, 4, 5, 6). Hence P(6) = 1⁄6 and P(1 or 2) = 1⁄3. Point out that P(not 6) = 5⁄6 since there are five 
outcomes that are not a 6. Remind students that this is the same as 1 – P(6). 

Explain that a sample space diagram is often used to show the equally likely outcomes for two 
combined events. With the class, develop the diagram on the right, which shows all the possible 
outcomes for the total score when two fair dice are thrown. 

The sample space diagram shows that there are 36 equally likely outcomes. So, for example: 
 P(score of 12) = 1⁄36 
 P(score of 8) = 5⁄6 
 P(score greater than 10) = P(score of 11 or 12) = 3⁄36 = 1⁄12 

Write an empty sample space on the board, e.g. for two spinners with different numbers of sectors, 
and ask students to tell you how to fill it in. 

Then ask them to give a few probabilities from the sample space. 

Change the example to give a different sample space and different probabilities. 

 

 

 

 

 Introduce a game. Give each pair of students three cards with different shapes on, such as a 
triangle, a circle and a rectangle (or give them some blank cards and ask them to draw the shapes).  

Describe the game. The first player shuffles the cards face down. The second player chooses a 
card, makes a note of it, and replaces it. The second player then shuffles the cards and the first 
player chooses one. If the two cards are the same, it is called a ‘snap’. 
• What is the probability of a ‘snap’ in this game? 

Ask students to work in pairs and carry out an experiment to estimate the probability of a snap. 
• How are you going to record your results? 
• How many times are you going to repeat the experiment in order to get a meaningful result? 

Allow time for students to complete their experiment and to calculate an estimate of the probability. 
Compare their estimates. Discuss any issues that arise. 

Next, introduce a theoretical approach to the problem. 
• What are the possible outcomes in the snap game? 
• How can you be sure that you have found them all? 
• How can you list them systematically? 

Encourage students to use a systematic method of recording the outcomes, either in a list 
 TT  TC  TR CT  CC  CR RT    RC   RR 
or as in the sample space diagram on the right. 
• Using the list of outcomes, what is the theoretical probability of winning? 
• How does your experimental probability compare with the theoretical one? Are they the same?  

If not, why are they different? 
• How could you improve your estimate? 
• What is the probability of getting two different shapes? Of getting a circle and a triangle? 
 

 

 

 

 

 

 T C R 

T TT TC TR 

C CT CC CR 

R RT RC RR 
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 Systematic recording 

Start by explaining that two events are independent if the outcome of one is not affected by the 
outcome of the other.  

Draw a blank sample space diagram on the board for two independent events, such as rolling a fair 
dice and throwing a fair coin. 

Point out that there are twelve different outcomes so that the probability of, for example, a head and 
a 6 is 1⁄12. 

 
 

  Dice 

  1 2 3 4 5 6 

head       
Coin 

tail       
  

 

 Now draw a tree diagram on the board, as shown on the right. Explain that it is important for the 
diagram to have all the labels ‘Coin’, ‘Dice’, ‘Head’, ‘Tail’, and so on. All the probabilities should be 
completed. Get students to help to complete the diagram. 

Explain that when working across the branches the probability of getting a head and a 6 is  
1⁄2 × 1⁄6 = 1⁄12, just as before. 

Ask the class to tell you the probabilities of other combinations. 

Explain to the class that using lists, tables, sample spaces or tree diagrams are all valid methods of 
recording systematically. Tell them that, unless they are told what to do, they may use whichever 
method they prefer. 

Practice 
Get students to work on finding probabilities for two independent events, where each event has 
equally likely outcomes. For example: 
• The ace to 10 of diamonds from a pack of playing cards are put in one pile, and the jack, queen 

and king of diamonds are put in another pile. Each pile is shuffled and placed face down. The top 
card is drawn from each pile. 

 What is the probability that one of the cards is the jack of diamonds? 
 What is the probability that one of the cards is the seven of diamonds? 
 What is the probability that the two cards are the jack and seven of diamonds? 

 

 

 

 Extension problems 
Get students to work on problems similar to the ones below. 
• A builder is working on a patio. The probability that the weather is fine is 0.6, and the probability 

that he has all the materials is 0.9. To complete the job in a day, he needs the weather to be fine 
and to have all the materials. 

 Draw a tree diagram to show all the possibilities. 
 Calculate the probability that the builder completes the job in a day. 
 Calculate the probability that the weather is not fine and the builder does not have all the 

materials. 
• A game is played three times. The probability of winning each time is 1⁄2. 
 Show that the probability of winning all three games is 1⁄8. 
 What is the probability of winning exactly one game out of three? 
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1 hour 

Project work 
Use problem conditions 
to calculate theoretical 
probabilities for possible 
outcomes. 

List systematically all the 
possible outcomes of an 
experiment. 

Use data from 
experiments to estimate 
probability for favourable 
outcomes. 

Understand that different 
outcomes may result 
from repeating an 
experiment. 

Compare experimental 
and theoretical 
probability in simple 
cases. 

Use diagrams and 
explanatory text to 
explain the solution to a 
problem and support it 
with evidence. 

Probability investigation 
Ask students to work in groups to carry out the investigation on the resource sheet on the right. 

Give one or more groups of students the opportunity to present their findings so far to the rest of 
the class. Encourage students to be critical of their own work and to recognise the limitations of 
what they have done. 

Discuss the effect of a small number of trials on the reliability of any relative frequencies as 
estimates of theoretical probability. Discuss how reliability might be improved, perhaps by 
increasing the size of the sample or by choosing the sample in a different way. 

Discuss how the investigation could be extended. 
 
Two further possible investigations to give to groups who finish quickly are described below. 
• Throw two dice. Add the two scores. How many different possible outcomes are there? Compare 

the experimental and theoretical probability of getting a total score that is: 
 – even; 
 – a multiple of 3; 
 – a multiple of 4; 
 – a multiple of 5; 
 – a multiple of 6; 
 – a multiple of 7. 
• Throw a red dice and a blue dice. How many different possible outcomes are there? Compare the 

experimental and theoretical probability of these outcomes: 
 – getting a 3 with the red dice and a 4 with the blue dice; 
 – getting 5 on one of the dice and 6 on the other; 
 – getting the same number on both dice; 
 – getting a total score of 10 from the two dice. 

Resource sheet 
You need an open box and some coloured cubes. 
You may need a calculator. 

One person should secretly choose 10 cubes and 
put them in the box. Put the box so that the rest of 
the group can reach it but cannot see inside. 

Do this 10 times, taking turns. Take a cube from the 
box without looking. Note the colour of the cube on 
the tally chart below. Replace the cube. 

Colour Tally Total

 
Use the data you have collected to guess the 
contents of the box. The person who chose the 
cubes says whether the group is right or wrong. 

Repeat the sampling another 10 times. Use both 
sets of data to improve your guess. 

Carry on repeating the experiment until you think 
that you have worked out correctly the contents of 
the box. 

Is your final answer more accurate than your first 
answer? Give a reason why. 
 

 

 Conclude this unit by stressing how important probability is in real life.  

For example, weather forecasters try to warn people living in tropical regions of the approach of a 
hurricane, which tend to occur between July and October. The forecasters use probabilities to 
give an idea of the likelihood of a hurricane striking a particular area. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

In a bag of cards, 1⁄6 are green, 1⁄12 are yellow, 1⁄2 are white and 1⁄4 are blue. Someone 
takes a card from the bag without looking. Which colour is it most likely to be? 
A. White          B. Blue          C. Green          D. Yellow 

A drawer contains 28 pens, some white, some blue, some red and some yellow. 
The probability of selecting a blue pen is 2⁄7. How many blue pens are in the drawer? 
A. 4         B. 6         C. 8        D. 10         E. 20 
Each of the six faces of a cube is painted either red or blue. When the cube is tossed, 
the probability of the cube landing with a red face up is 2⁄3. How many faces are red? 

A. One          B. Two          C. Three          D. Four          E. Five 
TIMSS Grade 8 

  

The nine counters shown are placed in a jar and mixed. Majda draws one counter from 
the jar. What is the probability that Majda draws a counter with an even number? 

A. 1⁄9          B. 2⁄9          C. 4⁄9          D. 1⁄2 
TIMSS Grade 8 

 

 

 

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be provided 
informally or formally during 
and at the end of the unit, or 
for homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in the 
activities. 

All the sections on this rectangular spinner have equal areas. 
Maryam says: ‘All the numbers on the spinner have the same probability of coming up.’ 
Explain why Maryam is not correct. 

 

  
 

 

 There is only one red cube in each of these bags. Without looking, you pick a cube out 
of one of the bags. Which bag gives you the greatest chance of picking the red cube? 

A. The bag with 10 cubes 
B. The bag with 100 cubes 
C. The bag with 1000 cubes 
D. All bags would give the same chance. 
TIMSS Grade 8 

 

 

 Nabil and Soud each have three cards, numbered 2, 3 and 4. 
They each choose one of their own cards. 
They then add together the numbers on the two chosen cards. 
The table shows all the possible answers. 

What is the probability that their answer is an even number? 
What is the probability that their answer is a number greater than 6? 

Another time Nabil and Soud multiply together the numbers on the two chosen cards. 
Draw a table to show all possible answers. 
 

 

 

 
 

Unit 8.11 
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GRADE 8: Number 4 

Ratio and proportion 

About this unit 
This is the last of four units on number for Grade 
8. It builds on the work on proportional reasoning 
in Grade 7 and links closely to Units 8.5 and 8.8 
on decimals, fractions and percentages. 

The unit is designed to guide your planning and 
teaching of mathematics lessons. It provides a 
link between the standards for mathematics and 
your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
Supplement the activities where necessary with 
appropriate tasks and exercises from textbooks 
and other resources, including ICT. 

For extension or consolidation activities, look at 
the units for Grade 9 or Grade 7. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and 
‘real-life’ applications. 

Previous learning 
To meet the expectations of this unit, students should already be able to 
identify equivalent ratios, reduce a ratio to its lowest terms, compare two 
ratios, divide a quantity in a given ratio, and find the ratio of two or more 
quantities. Given a ratio, they should be able express one value as a fraction 
of another and state how many times larger one value is than another. They 
should be able to solve problems involving ratios and direct proportion. 
 

Expectations 
By the end of the unit, students will, when appropriate, use mental 
methods to divide a quantity in a given ratio, or to find the ratio of two or 
more quantities. They will solve routine and non-routine problems involving 
fractions, percentages, ratios or proportions, using a calculator when 
appropriate. They will interpret and sketch graphs of proportional and linear 
functions using data from practical situations, including distance–time and 
conversion graphs. They will explain solutions using diagrams and text. 

Students who progress further will solve harder problems involving 
fractions, percentages, ratios and proportions, and sketch and interpret 
graphs of functions based on practical situations. 

Resources 
The main resources needed for this unit are: 
• Internet access, computer and data projector 
• overhead projector (OHP) and OHP calculator 
 As an alternative to an OHP calculator, try the applet Scientific calculator 

(www.netl.doe.gov/cctc/resources/tools/calculator.html) 

 
 Other alternatives are: 

Scientific calculator (www.ktf-split.hr/periodni/en/calc4chem.html) 
Scientific and statistical calculator (www.7stones.com/Homepage/ 
Publisher/Calc.html) 

• graph plotting software such as: 
Autograph (see www.autograph-math.com) 
Graphmatica (free from www8.pair.com/ksoft) 

• counting stick 
• calculators for students 
• individual mini-whiteboards 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• calculate, calculation, calculator, multiply, divide, product 
• ratio, proportion, direct proportion, inverse proportion, scale factor, 

constant multiplier 
• equal, equivalent, simplify, convert 
• problem, compare, order, represent, solve, explain, justify, method  

 

UNIT 8.12 
9 hours 
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Standards for the unit 

9 hours SUPPORTING STANDARDS 
Grade 7 standards 

CORE STANDARDS 
Grade 8 standards 

EXTENSION STANDARDS 
Grade 9 standards 

 8.1.1 Represent and interpret problems and solutions in 
numeric form, using correct terms and notation. 

 

7.6.1 Relate ratios to fractions; given a ratio: 
• express one value as a fraction of another; 
• state how many times larger one value is 

than another. 

  

7.6.2 Identify and find equivalent ratios and reduce a 
ratio to its lowest terms. 

  

7.6.3 Divide a quantity in a given ratio to show the 
relative sizes of two or more quantities. 

 

7.6.4 Find the ratio of two or more quantities. 

8.3.1 In appropriate cases, use mental methods to: divide a 
quantity in a given ratio, or find the ratio of two or more 
quantities.  

7.6.5 Compare two ratios.   

 8.3.3 Use a scientific calculator to calculate with fractions, 
percentages, ratios or proportions. 

 

7.6.6 Solve problems involving ratios. 8.3.4 Solve routine and non-routine problems involving 
fractions, percentages, ratios or proportions. 

9.2.7 Solve problems involving fractions, percentages, 
ratios and proportions. 

4 hours 

Ratio 

 
5 hours 

Proportion 

7.6.7 Use the unitary method to solve problems 
involving direct proportion. 

8.5.6 Interpret and sketch graphs of proportional and linear 
functions using data from practical situations, 
including distance–time and conversion graphs. 

9.4.5 Sketch and interpret graphs of functions based on 
practical situations. 

 
 8.1.3 Use diagrams and explanatory text to explain the 

solution to a problem and support it with evidence. 
 

 

Unit 8.12 
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Activities 

Objectives Possible teaching activities Notes School resources 

Short activities for lesson starters 
Remind students that a ratio does not have units, and is always given in its simplest form. Ask them 
to simplify some ratios, either by giving oral answers or by writing answers on their whiteboards, e.g. 

 3 : 6;   5 : 20;   8 : 12;   15 : 25;   24 : 36;   18 : 24;   14 : 35;   30 : 50;   40 : 100;   45 : 60 

Extend to simplifying some ratios when the units are mixed, e.g.  

 25 dirhams to QR 2, 400 g to 2 kg, 50 cm to 1.5 m, 3.2 cm to 24 mm, 5.7 kg to 1400 g. 

 

 
This column is for 
schools to note their own 
resources, e.g. 
textbooks, worksheets. 

Give the class a ratio, such as 2 : 5. Ask them to find the missing value in the equivalent ratio  : 15 
and to answer on their whiteboards. Get students to explain how they worked out the answer. 

Repeat with, for example, 10 :  and  : 35, and then with other ratios. 

 

 

Use a counting stick. 

 

Point to markers on the top and bottom of the stick, saying that the top markers refer to multiples of 2 
and the bottom markers to multiples of 5. Chant the corresponding pairs of numbers aloud as a class: 

 Two, five; four, ten; six, fifteen; eight, twenty; … 

Extend beyond the limit of the counting stick. 
• If I point to 85 on the bottom, what number will be on top? 
• If the top number at this end of the counting stick is 18, what is the bottom number? What numbers 

will be at the other end of the counting stick? 

 

 

 

 

Introduce the ratio of three numbers or quantities. Ask students to give ratios equivalent to the one in 
the centre of the diagram. Then ask: 
• Which is the simplest form of the ratio? How do you know? 

Now ask students to divide 24 metres in the ratio 2 : 5 : 1, then in the ratio 1 : 2 : 3, then in the ratio 
3 : 2 : 7. 

 

 
 

 

4 hours 

Ratio 
In appropriate cases, 
use mental methods 
to: divide a quantity in 
a given ratio, or find 
the ratio of two or 
more quantities. 

Use a scientific 
calculator to calculate 
with ratios 

Solve routine and non-
routine problems 
involving ratios. 

Represent and 
interpret problems and 
solutions in numeric 
form, using correct 
terms and notation. 

 

Show the diagram on the right. Write a quantity in the centre box, such as 60 metres. Discuss the 
unitary method for dividing 60 metres in one of the given ratios. 

Ask students to complete the other questions mentally. Discuss their solutions. 

On different occasions you can vary the amount in the centre to produce questions that require 
mental, written or calculator methods for solution. 

 

 
 

 

Unit 8.12 
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Objectives Possible teaching activities Notes School resources 

 Ratio problems 
Introduce the first problem on the resource sheet on the right. 

Give students time to discuss this in pairs and attempt a solution. Then lead them to the solution 
through questions such as: 
• What fact do you need to know about triangles? 
• What does 9 : 5 : 4 mean? 
• How would you set out your working so that someone else can understand it? 

Practice 

Ask students in pairs to discuss solutions to the remaining questions, then invite individuals to 
explain and demonstrate how they arrived at their answers. 

 

Resource sheet 
• The angles in a triangle are in the ratio 9 : 5 : 4. 

Find the size of each angle. 
• Green paint is made by mixing 2 parts  

of blue paint with 5 parts of yellow. 
A girl has 5 litres of blue paint and  
10 litres of yellow paint. What is the  
maximum amount of green paint she  
can make? 

• In a game of netball Rosa’s ratio of successful 
to unsuccessful shots at goal was 5 : 3.  
Lara’s ratio was 3 : 2.  
Who was the more successful? 

• The answers to a survey are shown in a pie 
chart. The angle representing ‘Yes’ is 120°, 
the angle for ‘No’ is 150°, and the angle for 
‘Don’t know’ is 90°. 
If 300 people took part in the survey, how 
many replied ‘No’? 

   

 Shape and ratio 
The purpose of this activity is to help students to appreciate that the ratios of lengths, areas and 
volumes of 2-D and 3-D shapes are not the same. 

Explain the following examples to the class. 
• Find the ratio of the length of line segment AB to the length of line segment XY. 
 Since the lengths are in mixed units, change them to the smaller unit before simplifying the ratio.  

The ratio of the lengths is 80 cm : 1.2 m = 80 cm : 120 cm = 2 : 3. 

 

 

 

 

 
 

 

  
• Find the ratio of the area of rectangle P to the area of rectangle Q. 
 The ratio of the areas is 10 cm2 : 40 cm2 = 1 : 4. 

 

 

 

 • Find the ratio of the volume of cube R to the volume of cube S. 
 The ratio of the volumes is 8 cm3 : 27cm3 = 8 : 27. 
• Find the ratio of the surface area of cube R to the surface area of cube S. 
 The ratio of the surface areas is 6 × 4 cm2 : 6 × 9 cm2 = 4 : 9. 
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Objectives Possible teaching activities Notes School resources 

 Using ICT 
Use the applet Enlargement to determine how changing the size of the picture affects its area. 
Follow up by getting students to solve some problems, such as: 
• Rectangle A is 6 cm by 2 cm and rectangle B is 6 cm by 8 cm. Find each of the ratios given below 

for the two rectangles, giving your answers in their simplest form: 
 – the perimeter of rectangle A to the perimeter of rectangle B; 
 – the area of rectangle A to the area of rectangle B. 
• A rectangle of length 12 cm and width 10 cm has a black square of edge length 2 cm in each corner 

(four black squares in total). If the four black squares are cut off the rectangle, find the ratio of the 
area of the black squares to the area of the remaining shape. 

Enlargement 
(www.fi.uu.nl/wisweb/welcome_en.html) 

 
 

 

 Extension: investigation 
Explain to the class that the three blocks on the right are similar. This means that the ratio 
height : length : width is the same for all three blocks. Ask students to complete the following tasks. 
• Work out: 
 – the area of the front face of each block; 
 – the volume of each block. 
• Work out each of the following ratios for blocks A and B and write it in the form 1 : n: 
 – length of block A to length of block B; 
 – area of the front face of block A to area of the front face of block B; 
 – volume of block A to volume of block B. 
• Find the corresponding ratios for blocks A and C, and for blocks B and C. 
• Look at your answers. What do you notice? 

Get students to discuss in pairs the connection between the ratio of the lengths, areas and volumes 
of similar shapes. Take feedback and discuss the results of the investigation. 

Make sure that students appreciate that a linear increase by a factor of 2, say, means an area 
increase by a factor of 4 and a volume increase by a factor of 8. Students need to understand that it 
is the original length, area or volume that is multiplied by the scale factor to get the new length, area 
or volume. Generalise this as linear 1 : a, area 1 : a2, volume 1 : a3. 

 
 

 
 

 

5 hours 

Proportion 
Interpret and sketch 
graphs of proportional 
and linear functions 
using data from 
practical situations, 
including distance–
time and conversion 
graphs. 

[continued] 
 

Short activities for lesson starters 
Draw the diagram on the right on the board and write 6 : 12 in the centre. Ask students to give ratios 
equivalent to the central ratio. Through questioning, lead them to the idea of a multiplier. 
• How do you get from 6 to 12 using multiplication? Is it the same for all of the pairs of numbers in 

the diagram?  

Repeat with the ratio 10 : 15 in the centre. 
• How do you get from 10 to 15 using only multiplication and division? 
• How do you get from 10 to 15 using multiplication?  
• Is it the same for all of the ratios in the diagram?   
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Objectives Possible teaching activities Notes School resources 

• What is meant by sets of numbers being in proportion? Give me some examples.  

Write on the board the sets of numbers on the right.  
• Which of these sets of numbers are in proportion? Explain why. 

Establish students’ understanding of a set of numbers being in proportion when the ratio of 
corresponding pairs of numbers is the same. 

Students also need to grasp the idea of a constant multiplier from one part of the ratio to the other. In 
set A the constant multiplier is 2, for set C it is 1⁄2, and for set D 3⁄2 or 1.5. 

 

Set A   3   6 
    4   8 
  12 24 
Set B   3   9 
    4 10 
  12 18 
Set C 10   5 
  12   6 
Set D 12 18 
    4   6 

 [continued] 
Use a scientific 
calculator to calculate 
with ratios or 
proportions. 

Solve routine and non-
routine problems 
involving ratios or 
proportions. 

Use diagrams and 
explanatory text to 
explain the solution to 
a problem and support 
it with evidence. 

Direct proportion problems 
Introduce the first problem on the resource sheet on the right and ask students to solve it. Take 
feedback and ask them to explain their methods. Some may have used the unitary method: 

 Five books have 175 pages so, one book has 35 pages, so four books have 4 × 35 = 140 pages. 

Others may have used ratios:  

 5 : 175 = 1 : 35 = 4 : 140 

Repeat with the second example. 
 If nine tables seat 72 people, one table would seat 8 people, and eight tables will seat  

8 × 8 = 64 people. Alternatively, 9 : 72 = 1 : 8 = 8 : 64. 

Read out this problem: 
• A bus with 20 passengers on board takes 10 minutes to travel from one town to another. How long 

will the same bus with 10 people on board take to do the same journey? 

Stress to the class that they need to think carefully about the context of each problem and to decide 
whether the answer would be more, the same or less. In this case, the number of passengers does 
not affect the time that the bus takes, so the time taken will be exactly the same, 10 minutes. 

Practice 

Ask students in pairs to discuss solutions to the remaining two questions on the resource sheet, 
then invite individuals to explain and demonstrate how they arrived at their answers. 

Resource sheet 
• Five exercise books have a total of 175 pages. 

How many pages will four exercise books 
have? 

• Nine long tables can seat 72 people. How 
many people can sit at eight long tables? 

• This recipe for fruit squash is for 6 people. 
300 g chopped oranges 
1500 ml lemonade 
750 ml orange juice 
How much lemonade do you need to make 
fruit squash for: 
a.  9 people? b.  10 people? 

• The gears of a bicycle travelling along a flat 
road are such that for every 2 turns of the 
pedals the rear wheel makes 5 turns. 
If the pedals make 150 turns, how many turns 
will the rear wheel make? 
When travelling up a steep hill in a different 
gear, would you expect the rear wheel to 
make more or less than 5 turns for each 2 
turns of the pedals?  
Explain your answer. 

 

 

 Extension: indirect proportion 
As an extension, give some examples of inverse proportion. For example: 
• Five men build a wall in 9 days. How long would it take six men? 

The wall would take one man 5 × 9 = 45 days. Therefore six men take 45 ÷ 6 = 7.5 days. 

Repeat with the following examples. 
• Three taps can fill a sink in 15 minutes. How long would five taps take to fill the sink? 

One tap would fill the sink in 3 × 15 = 45 minutes. Now, 5 × 9 = 45, so it would take five taps 9 minutes. 
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 Graphs of proportional relationships 

Tell students that 50 miles is equivalent to 80 kilometres. Ask them for the equivalents of 100 
miles, 20 miles, 100 kilometres, etc.  

Show the table of values for British pounds (£) and US dollars ($) on the right. Ask students to look at 
the values.  
• Are the pairs of numbers in proportion? 
• What is the constant multiplier? (5⁄3) 

Ask students to plot the values on a graph, join up the points and to describe the graph. 

Draw out that the graph is a straight line through the origin with gradient 5⁄3, the same as the 
constant multiplier. 

 

Is this set in proportion? 

£ $ 

60 100 

3 5 

21 35 
 

 

 

 Show the OHT on the right. Explain that in an experiment different weights are attached to the end of 
a spring and the total length of the spring is measured. 

When a 1 kg weight is attached, the spring is 30 cm long. For each additional 1 kg weight, the spring 
extends a further 5 cm. 
• How long is the spring when 2 kg is attached? 
• How long is the spring when 3 kg is attached? 

With the class, complete this table showing the length of the spring for the mass of different weights. 
 

Mass (kg) 

Total length (cm) 
 

Ask students to look at the values in their table and decide whether the pairs of numbers are in 
proportion. Ask them to plot these values on a graph, join up the points and describe the graph. 

Ask students to compare the graph that they have drawn in the previous activity with this one: both 
are straight lines; the first graph passes through (0, 0) and so is proportional but the second does 
not pass through (0, 0).  
• What is the original length of the spring? (we assume 25 cm) 
• If you plot a graph of the extension of the spring against mass, what do you notice? 
 

OHT 
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 Distance–time graphs 

Remind the class of the relationships connecting average speed, distance and time. Write on the 

board: distancespeed = ,
time

 distance = speed × time, distancetime = .
speed

 

Give some examples, using a range of units, such as: 
• An aeroplane travels 4500 km in 9 hours. What is its average speed? 
• A beetle walks 30 cm in 15 seconds. What is its average speed? 

 

 

 Explain that, if the speed is constant, the distance travelled is directly proportional to the time taken, 
and a graph plotting distance against time will be a straight line. 

Give an example of a journey that can be represented in a distance–time graph. For example: 
• Nayef went to his friend’s house. He walked for 15 minutes to the bus stop at a constant speed of 

4 km/h. He waited for a bus for 10 minutes. He caught a bus, which travelled at a constant speed of 
20 km/h, and got off after 12 minutes outside his friend’s house. 

Write the key information on the board: 
 walk for 15 minutes at 4 km/h (distance = speed × time = 4 × 1⁄4 = 1 km) 
 10 minutes waiting at the bus stop (no travel) 
 bus for 12 minutes at 20 km/h (distance = speed × time = 20 × 1⁄5 = 4 km) 

Discuss the axes needed and the scales to be used. Draw the axes and label them, with the vertical 
axis from 0 to 5 and the horizontal one from 0 to 40. 

Explain the key coordinates needed to draw a graph: 
 starting off (0, 0) 
 arrive at the bus stop (15, 1) 
 get on bus (25, 1) 
 get off bus (37, 5) 

Draw the graph of the journey, joining points with straight lines. Explain that the sloping lines are to 
illustrate the average speed travelled, not the actual walking speed or the bus speed. Point out that 
the slope represents the average speed and that because the bus travels faster than Nayef walks, 
the slope is greater for the bus journey. 

Establish through similar examples that the steeper the slope of the graph, the faster you travel and 
the greater the average speed. 

Practice 
Give students some data so that they can practise sketching, interpreting and drawing distance–time 
graphs. 
 

Distance–time graph 
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 Using graphs to solve problems 
• A window cleaner has a fixed charge of QR 7, and he charges QR 5 per window. The total cost of 

cleaning the windows of a house is QR 52. How many windows does he clean? 

Use graph plotting software such as Autograph to show the class how the window cleaning charges 
could be represented on a graph of the equation y = 5x + 7, where x is the number of windows and y 
is the total charge (the middle line in the first graph on the right). Discuss the solution when y = 52, 
reading an estimated solution to 5x + 7 = 52 from the graph (x = 9). Check by substituting back in the 
equation. 
• How does the equation change as the fixed charge is changed or as the rate per window is 

changed? 

Discuss how the graph changes as the fixed cost changes. The upper line represents an increased 
fixed charge of QR 20 per house, and the lower line represents a decreased fixed charge of QR 4 per 
house. The intercept on the y-axis increases as the fixed charge increases. 

Discuss how the graph would change as the cost per window changes (see the second graph on the 
right). The upper line shows what happens when the rate changes to QR 6 per window, and the lower 
line represents a rate of QR 3 per window. The slope of the graph increases as the rate increases. 
 
Practice 

Give students some similar problems to explore, such as: 

 

 • A tool hire company has a fixed charge of 
QR 12 plus QR 5 per day to hire a tool. Write 
the total hire charge QR C as a formula in 
terms of the number of days n, and work out 
the cost for 10 days. 

 A different company represents its charges on 
the graph shown below. Use the graph to work 
out the fixed charge and the daily rate. 

 

• This graph shows the cost of overseas phone 
calls in the daytime and in the evening. The 
upper line represents the cost of daytime calls 
and the lower line represents the cost of 
evening calls. 

 
 Estimate how much it costs to make a 9-

minute call in the evening.  
 How much more does it cost to make a 6-

minute call in the daytime than in the evening? 
 

Charges for window cleaning 
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Assessment 

 Examples of assessment tasks and questions  Notes School resources 

Mental questions to be read to students 

• A class has 28 students. The ratio of 13-year-olds to 14-year-olds is 4 : 3. 
How many 14-year-olds are in the class? 

• Muna and Omar share some money in the ratio two to three. Muna’s 
share is one hundred and ten riyals. How much is Omar’s share? 

• The instructions for a fruit drink say to mix one part orange juice with four 
parts water. I want to make one litre of this fruit drink. 
How much orange juice should I use? Give your answer in millilitres. 

   

Other tasks and questions (no calculator) 

Majed combines 5 litres of red paint, 2 litres of blue paint and 2 litres of 
yellow paint. What is the ratio of red paint to the total amount of paint? 

A.  5
2

         B.  9
4

        C.  5
4

        D.  5
9

 

TIMSS Grade 8 

  

The table shows the values of x and y, where x is proportional to y. 
What are the values of P and Q? Choose A, B, C, D or E. 

A. P = 14 and Q = 31 B. P = 10 and Q = 14 C. P = 10 and Q = 3 

D. P = 14 and Q = 15 E. P = 15 and Q = 14 
TIMSS Grade 8 

 

x 3 6 P 
y 7 Q 35 

   

 

 

Two parts of this square design are white. 
Two parts are shaded grey. 

Show that the ratio of white to grey is 5 : 3. 

 

 
 

 

Assessment 
Set up activities that allow 
students to demonstrate 
what they have learned in 
this unit. The activities can 
be provided informally or 
formally during and at the 
end of the unit, or for 
homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

Other tasks and questions (calculator allowed) 

The heights of a set of three Russian dolls are in the ratio 4 : 6 : 7. 
In one set of dolls, the height of the middle doll is 9 cm. What are the heights 
of the other dolls? 
In another set of dolls, the height of the tallest doll is 9 cm. What are the 
heights of the other dolls? Give your answer to one decimal place. 
 

 

 

 

 

Unit 8.12 
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GRADE 8: Algebra 4 

Sequences, functions and graphs 

About this unit 
This is the last of four units on algebra for Grade 
8. This unit builds on the work in Units 8.3, 8.7 
and 8.10, Algebra 1, 2 and 3. 

The unit is designed to guide your planning and 
teaching of mathematics lessons. It provides a 
link between the standards for mathematics and 
your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
Supplement the activities where necessary with 
appropriate tasks and exercises from textbooks 
and other resources, including ICT. 

For extension or consolidation activities, look at 
the units for Grade 9 or Grade 7. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and 
‘real-life’ applications. 
 

Previous learning 
To meet the expectations of this unit, students should already be able to 
model and solve algebraic problems in a range of contexts. They should be 
able to find missing terms in and extend patterns or sequences, using a 
graphics calculator as appropriate, and generalising term-to-term and 
position-to-term relationships using words or symbols. They should be able 
to plot straight line graphs, on paper and using ICT, and read off estimated 
values for x and y. 
 

Expectations 
By the end of the unit, students will represent and interpret algebraic 
problems, finding and explaining alternative solutions, and using ICT where 
appropriate. They will extend and find missing terms in numeric, algebraic or 
geometric patterns or sequences, generalising relationships using symbols. 
They will use a graphics calculator to generate sequences and plot graphs. 
Given the graph of a function, they will identify points that lie on the graph, 
intercepts on axes and intervals where the function increases, decreases or 
is constant. They will interpret and sketch graphs of proportional and linear 
functions using data from practical situations, including distance–time and 
conversion graphs. 

Students who progress further will analyse, interpret and solve algebraic 
problems, seeking alternative solutions. They will generalise where possible 
and identify exceptional cases. They will use a graphics calculator and a 
function graph plotter to plot graphs of linear functions, and simple quadratic 
and cubic functions. They will find the gradients of parallel and perpendicular 
lines. They will use graphical methods to find the approximate solution of a 
pair of simultaneous linear equations, or quadratic equations, on paper or 
using ICT. They will sketch and interpret graphs of functions based on 
practical situations.  

Resources 
The main resources needed for this unit are: 
• overhead projector (OHP) 
• Internet access, computer and data projector 
• graph plotting software such as: 

Autograph 
(see www.autograph-math.com) 
Graphmatica 
(free from www8.pair.com/ksoft) 

• computers with Internet access and graph plotting software for students  
• a simulation of a graphics calculator for teaching purposes, e.g. the 

program GraphApplet (www.lundin.info/graphapplet.asp) 

 
• graphics calculators for students 
• individual mini-whiteboards 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• sequence, rule, term, general term, consecutive, ascending, descending, 

arithmetic sequence, constant difference, flow chart 
• linear function, map, input, output, inverse function, quadratic function 
• x-coordinate, y-coordinate, axes, graph, positive, negative, origin, 

intercept, gradient 
• algebra, substitute, evaluate, formulate, expression, formula, variable 
• problem, classify, pattern, relationship, generalise, predict, represent, 

solve, explain, justify 
 

UNIT 8.13 
6 hours 
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Standards for the unit 

6 hours SUPPORTING STANDARDS 
Grade 7 standards 

CORE STANDARDS 
Grade 8 standards 

EXTENSION STANDARDS 
Grade 9 standards 

7.1.1 Model or represent mathematical problems 
from a range of contexts. 

8.1.1 Represent and interpret problems and solutions in 
numeric, algebraic, geometric or graphical form, using 
correct terms and notation. 

9.1.1 Represent, interpret, analyse and synthesise information 
presented in numeric, algebraic, geometric or graphical 
form. 

7.1.2 Choose and use appropriate mathematical 
techniques and tools to solve a problem, 
including ICT. 

8.1.2 Choose and use appropriate mathematical techniques 
and tools to solve a problem, including ICT. 

9.1.3 Choose and use appropriate mathematical techniques 
and tools to solve each part of a problem, including ICT. 

7.8.1 Extend and find missing terms in numeric 
or geometric patterns or sequences using 
words, diagrams or symbols (term-to-term 
or position-to-term rules). 

8.5.2 Extend and find missing terms in numeric, algebraic or 
geometric patterns or sequences (term-to-term or 
position-to-term rules). 

 

7.8.2 Use the [ANS] and [ENTER] keys on a 
graphics calculator to generate term-to-
term and position-to-term sequences. 

8.5.1 Use a graphics calculator to generate sequences and 
plot graphs. 

9.4.1 Use a graphics calculator and a function graph plotter to 
plot graphs. 

7.8.3 Generalise the relationship between one 
term of a sequence and the next, or 
between the number of the term and the 
term, using words or symbols. 

8.5.3 Generalise the relationship between one term of a 
sequence and the next, or describe the nth term, 
using symbols. 

9.1.7 Generalise where possible and identify exceptional 
cases. 

7.1.5 Make general statements using words and 
symbols. 

  

9.4.2 Find the gradients of lines given by y = mx + c; 
understand the idea of slope; find the gradients of lines 
parallel and perpendicular to y = mx + c. 

7.8.5 Use a straight line graph to estimate the 
value of y given the value of x, and vice 
versa; identify intercepts on axes. 

8.5.7 Given the graph of a function, identify attributes such 
as points that lie on the graph, intercepts on axes and 
intervals where the function increases, decreases or is 
constant. 9.4.3 Use graphical methods to find the approximate solution 

of a pair of simultaneous linear equations with two 
unknowns, on paper and using ICT. 

9.4.5 Sketch and interpret graphs of functions based on 
practical situations. 

7.8.4 Use coordinates in all four quadrants to plot 
graphs of y = mx + c, on paper and using 
ICT. 

8.5.6 Interpret and sketch graphs of proportional and linear 
functions using data from practical situations, 
including distance–time and conversion graphs. 9.4.4 Generate points and plot graphs of simple quadratic and 

cubic functions, e.g. y = 3x2 + 4, y = x2 – 2x + 1; use 
graphical methods to find approximate solutions of 
quadratic equations, on paper and using ICT. 

3 hours 

Sequences 

 
3 hours 

Functions and 
graphs 

 8.1.7 Find and explain alternative solutions to problems. 9.1.8 Seek alternative solutions to problems. 
 

Unit 8.13 
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Activities 

Objectives Possible teaching activities Notes School resources 

Some sequences with more complex rules 
Write on the board, leaving plenty of space between each term: 
 5,      11,      17,      23,      … 
• What are the next three terms of this sequence? (29, 35, 41) 

Ask students to work in pairs and to discuss their answers with a partner before giving them.  
• Is it possible to insert a number between each pair of numbers of this sequence so that there 

is still a simple rule?  
(5, 8, 11, 14, 17, 20, 23, … making the rule change from ‘add 6’ to ‘add 3’) 

  

This column is for 
schools to note their 
own resources, e.g. 
textbooks, worksheets. 

Repeat the last question for each of these sequences, writing each of them on the board. 
a. 5,      20,      80,      320,      … 
b. 9,      81,      729,      6561,      … 
c. 3,      6,      12,      24,      48,      … 

Answers: 
a. Change the rule from ‘multiply by 4’ to ‘multiply by 2’. 
b. Change the rule from ‘multiply by 9’ to ‘multiply by 3’. 
c. Change the rule from ‘multiply by 2’ to ‘multiply by √2’. 

 

Write on the board the sequence 1, 4, 9, 16, 25, 36, … Ask: 
• What do you notice about the differences between consecutive terms? 

After some discussion, add to the board the first and second differences: 
 

 1  4  9  16  25  36 

First difference  3  5  7  9  11  

Second difference   2  2  2  2   
 

Explain that when a sequence has the same second differences, it is a quadratic sequence – 
that is, a sequence whose nth term contains n2. In the example above, T(n) = n2. 

Discuss the sequence T(n) = n(n + 2). Show again that the second differences are constant. 

  

3 hours 

Sequences 
Represent and 
interpret problems and 
solutions in numeric, 
algebraic, geometric or 
graphical form, using 
correct terms and 
notation. 

Choose and use 
appropriate 
mathematical 
techniques and tools 
to solve a problem, 
including ICT. 

Extend and find 
missing terms in 
numeric, algebraic or 
geometric patterns or 
sequences (term-to-
term or position-to-
term rules). 

Use a graphics 
calculator to generate 
sequences and plot 
graphs. 

Generalise the 
relationship between 
one term of a 
sequence and the 
next, or describe the 
nth term, using 
symbols. 

Write the first four terms of a number sequence on the board. 
 10, 13, 16, 8, … 

Explain that to get the next number in the sequence the rule is: 
 Look at the last number. If it is a multiple of 4, divide by 2. If it is not a multiple of 4, add 3. 
Ask students to work in pairs. 
• What are the next five numbers in the sequence? (2, 5, 8, 2, 5) 
• What is the 500th number in the sequence? How did you work it out? 

Establish that after the first three terms (10, 23, 16), the terms 8, 2, 5 repeat over and over 
again. If the term number is a multiple of 3 (i.e. of the form 3n), then the term is 5; if the term 
number is of the form 3n + 1, then the term is 8; and if the term number is of the form 3n + 2, 
then the term is 2. Since 500 = 166 × 3 + 2, the 500th term is 2. 
 

  

Unit 8.13 
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Objectives Possible teaching activities Notes School resources 

 Write another sequence on the board. Explain that the first three terms are missing but the 
sequence follows the same rule. 
 , , , 14, 17, 20, 10, 13, … 
• What could the first three terms be?  

Allow plenty of time for the pairs to discuss this problem and to consider all the possibilities, of 
which there are three: 53, 56, 28, or 112, 56, 28, or 22, 25, 28. 

A possible argument is on the right. 

 

The inverse rule for this sequence would be: 
 subtract 3 (provided that it does not result in a multiple 

of 4), or double (provided that it results in a multiple of 
4). 

Working backwards: 
• from the fourth term of 14, the third term could be 11 

or 28, but from 11, there is no possible second term, 
so the third term is 28; 

• from 28, the second term could be 25 or 56; 
• from 25, the first term could be only 22; 
• from 56, the first term could be 53 or 112. 

 

 Extension 
Give students three rules for different sequences. 
 Sequence A 

Look at the last number. If it is a multiple of 3, add 5. If it is not a multiple of 3, subtract 2. 
 Sequence B 

Look at the last number. If it is a multiple of 3, add 5. If it is not a multiple of 3, subtract 1. 
 Sequence C 

Look at the last number. If it is a multiple of 3, add 5. If it is not a multiple of 3, subtract 4. 

Ask students to investigate these sequences with different starting numbers. 
• What patterns can you find? 
• Can you explain how these sequences work? 

Possible explanation 
Each sequence either begins with a multiple of 3, or the 
second or the third term is a multiple of 3. 

A term that is a multiple of 3 is of the form 3n. The next 
term is 3n + 5 (which is not a multiple of n), and the next 
term is 3n + 3 = 3(n + 1), which is the next multiple of 3. 

From any multiple of 3, every other term will increase by 
3. The intermediate terms will begin with the multiple of 3 
plus 5, and will then increase in steps of 3. 

 

 Using a graphics calculator to generate and investigate sequences 
Generate a sequence by repeating the same set of operations repeatedly, for example: 

Choose a starting number. 
Divide the number by 5. 
Add 1 to the answer. 
This is now your new starting number. 
Keep repeating the process. 

Get students to set this out as a flow chart, then generate the sequence on the calculator.  
16  [EXE] 
[ANS] ÷ 5 + 1  [EXE] 
[EXE]  [EXE]  [EXE]  … 

• What happens when you repeat the process again and again?  
(the sequence apparently ‘homes in’ on the number 1.25) 

Ask students to explore the effect of changing the numbers 16, 5 and 1. 
• What happens when you start the whole process with 6 or 300 or 3275? 
• What happens if you change the ÷ 5 to ÷ 4? If you change the + 1 to + 2? 
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Objectives Possible teaching activities Notes School resources 

Inverse functions 
Write on the board x → 4x. Remind the class that this is a function in which x maps to 4x, so: 
 1 → 4, 2 → 8, 3 → 12, 4 → 16 
• What function will map each value back to where it started? (x → x/4) 

Remind students that this is the inverse function of x → 4x.  
• What is the inverse function of x → 5x? (x → x/5) 

Write on the board x → x + 3. 
• What is the inverse? (x → x – 3) Explain why. 
• And the inverse of x → x + 7? (x → x – 7) 

Now write on the board the function x → 4x + 3. 
• What is the inverse? 

This is not easy to see. Break down the function into its two steps of ×4 and +3. Show this as: 

  4  3 4 3→ × → + → +x x  

Reverse the arrows and start with x at the right-hand side, to give: 

 3  4  3 
4
− ← ÷ ← − ←x x  

Show that ( 3)
4
−→ xx is the inverse function of x → 4x + 3 by checking the inputs and outputs 

for a starting set of numbers, say, 1, 2, 3 and 4. 

 

 3 hours 

Functions and 
graphs 
Given the graph of a 
function, identify 
attributes such as 
points that lie on the 
graph, intercepts on 
axes and intervals 
where the function 
increases, decreases 
or is constant. 

Interpret and sketch 
graphs of proportional 
and linear functions 
using data from 
practical situations. 

Find and explain 
alternative solutions to 
problems. 

 

Graphs of functions and their inverses 
On a pair of axes, draw the graph of the function x → 4x + 3. 

On the same axes, draw the graph of the inverse of the function x → 4x + 3. 

Discuss the symmetries of the graphs. 

Repeat with one or two more examples. 

 

 

 

 Practice 
Give students a range of functions and ask them to find the inverse. 

Get students to use their graphics calculators or to work at computers with a graph plotter to plot 
the graphs of some of the functions and their inverses. 
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 Sketching and interpreting graphs of ‘real-life’ situations 
Draw a sketch graph with axes on the board. Say that the horizontal axis is the cost of tomatoes 
in the market from QR 0 to QR 20 per kilogram, and the vertical axis is the number of kilograms 
of tomatoes that a stall-holder sells from 0 to 100 kg. 
• Will the stall-holder sell more tomatoes when they are cheap or expensive? 

Agree that the stall-holder will probably sell more when they are cheap.  

Mark the point (3, 100) and ask if this is about right. Be prepared to alter it slightly if the 
suggestion is sensible. Now mark another point at (30, 40), and again ask if this is about right. 
Draw in a straight line between the two. 
• Does this show the likely relationship between the cost of the tomatoes and the kilograms of 

tomatoes that are sold? 

Stress that the gradient is negative: the sales get less as the cost increases. Say that it may not 
be exactly like that but the sketch graph probably shows the correct trend. 

Explain that we can use sketch graphs like this to illustrate trends. They are not necessarily 
exactly correct, but they give an idea of what is happening. 

Ask if anyone could draw a sketch to illustrate how a hot cup of coffee might cool down over half 
an hour. A volunteer should be able to illustrate this with axes showing time and temperature, 
and a graph showing coffee starting with a high temperature, which decreases over time.  

A straight line is fine as an estimate. More accurately, the line would be a curve, as the rate of 
cooling slows down over time. Discuss this with students, who may be able to draw on 
examples of cooling from science lessons. Again, stress that the gradient is negative: the coffee 
gets colder as time goes on. 

Discuss one more example, such as the length of an aeroplane flight against the cost of the 
ticket. In this case, the gradient is positive: the longer the flight, the greater the cost of the ticket. 

Discuss how to decide which variable to put on which axis. Establish that this is to do with which 
variable is ‘in control’.  

Illustrate by referring back to the examples already discussed. 
• In the market, it is the price of the tomatoes that controls the sales, so in this case the cost 

goes on the horizontal axis. 
• The coffee’s temperature depends upon how much time has passed, so the horizontal axis 

represents time.  
• Similarly, the length of the flight governs the cost of the ticket, so the length of the flight goes 

on the horizontal axis. 
 

 

 

A market in Qatar 
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Objectives Possible teaching activities Notes School resources 

 Practice 

Ask students to use their whiteboards and to sketch a graph to illustrate these scenarios. 
• The more sunshine we have, the hotter it becomes. 
• The further that I jog each morning, the longer it takes me. 
• In 2 hours, all the water left in a saucer evaporated. 
• I started a journey with 40 litres of petrol (gasoline) in the tank. After 300 km, there were just 5 

litres of petrol left. 
• The more petrol that I buy, the more I have to pay. 
• On a hot sunny day the air temperature rises steadily from sunrise until midday and then falls 

during the afternoon until sunset. 
Follow up by giving students some distance–time graphs to interpret. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

(3, 6)      (6, 15)      (8, 21) 

Which of these describes how to get the second number from the first number in 
every ordered pair above? 

A.  add 3 
B.  subtract 3 
C.  multiply by 2 
D.  multiply by 2 and then add 3 
E.  multiply by 3 and then subtract 3 

TIMSS Grade 8 

  

A straight line graph passes through the points (3, 2) and (4, 4). 
Use graph paper to draw the graph. 
What is the equation of the line? 

TIMSS Grade 8 

  

Use a graphics calculator. 
Draw some straight line graphs passing through (4, –6).  

 

  

I went for a walk. The distance–time graph shows information about my walk. 
Which of these statements describes my walk? 
A.  I was walking faster and faster. 
B.  I was walking slower and slower. 
C.  I was walking north-east. 
D.  I was walking at a steady speed. 
E.  I was walking uphill. 

 

 
 

  

Assessment 
Set up activities that allow 
students to demonstrate 
what they have learned in 
this unit. The activities can 
be provided informally or 
formally during and at the 
end of the unit, or for 
homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

A child is having a bath. 
The simplified graph shows the depth of the water in the bath. 

From A to B both taps are turned full on. 
What might be happening at point B? 
Which part of the graph shows the child getting into the bath? 

 

 

 
 

  

 

Unit 8.13 
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GRADE 8: Geometry and measures 4 

Measurement, including speed and density 

About this unit 
This is the last of four units on geometry and 
measures for Grade 8. It builds on work on 
measurement, rate and speed in Grade 7. 

The unit is designed to guide your planning and 
teaching of mathematics lessons. It provides a 
link between the standards for mathematics and 
your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
Supplement the activities where necessary with 
appropriate tasks and exercises from textbooks 
and other resources, including ICT. 

For extension or consolidation activities, look at 
the units for Grade 9 or Grade 7. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and 
‘real-life’ applications. 
 

Previous learning 
To meet the expectations of this unit, students should already be able to 
estimate length, circumference, perimeter, area, volume, capacity, mass, 
time and angle, choosing suitable units. They should be able to solve 
problems involving calculating an average rate, or an average speed, 
distance or time, explaining their solutions orally and in writing. 
 

Expectations 
By the end of the unit, students will give the upper and lower bounds of a 
measurement. They will convert units (within a system of units) and will 
recall the equivalence of 1 litre and 1000 cm3. They will know that  
density = mass/volume and will solve problems involving calculating density, 
average speed, distance or time, using a calculator as appropriate. They will 
present reasoned arguments concisely, orally and in writing. 

Students who progress further will solve harder problems on the same 
content. 

Resources 
The main resources needed for this unit are: 
• overhead projector (OHP) and OHP calculator 
 As an alternative to an OHP calculator, try the applet Scientific calculator 

(www.netl.doe.gov/cctc/resources/tools/calculator.html) 

 
 or Scientific calculator  

(www.ktf-split.hr/periodni/en/calc4chem.html) 
or Scientific and statistical calculator 
(www.7stones.com/Homepage/Publisher/Calc.html) 

• Internet access and computer linked to data projector 
• computers with Internet access for students 
• scientific calculators for students 
• individual mini-whiteboards 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• length, width, height, depth, distance, perimeter, circumference, area, 

volume, capacity, mass, angle, time, speed, density 
• unit of measurement, compound measure, rate of change, measure, 

estimate, equivalent, convert 
• litre (l), millilitre (ml); gram (g), kilogram (kg); millimetre (mm), centimetre 

(cm), metre (m), kilometre (km); square millimetre (mm2), square 
centimetre (cm2), square metre (m2), are, hectare (ha), square kilometre 
(km2); cubic millimetre (mm3), cubic centimetre (cm3), cubic metre (m3) 

• degrees (°), second (s), minute (min), hour (h), day, week, month, year 
• problem, solution, question, method, conclusion, results, relationship, 

compare, order, predict, model, solve, reason, explain, justify  
 

UNIT 8.14 
6 hours 



296  |  Qatar mathematics scheme of work  |  Grade 8  |  Unit 8.14  |  Geometry and measures 4 © Education Institute 2005 

Standards for the unit 

6 hours SUPPORTING STANDARDS 
Grade 7 standards 

CORE STANDARDS 
Grade 8 standards 

EXTENSION STANDARDS 
Grade 9 standards 

7.10.3 Estimate length, circumference/perimeter, 
area, volume, capacity, mass, time and angle 
in problem situations, choosing suitable units. 

8.7.7 Recognise that measurements are not precise (e.g. 
give the upper and lower bounds of a measurement 
recorded as 15 cm to the nearest centimetre). 

 

 8.7.1 Use relationships among units for conversions within 
systems of units. 

 

 8.7.6 Recall the equivalence of 1 litre and 1000 cm3 (a cubic 
decimetre). 

 

8.7.2 Solve problems involving average speed, distance or 
time, using a calculator as appropriate. 

 7.10.5 Know that average speed = distance/time; 
solve problems involving calculating average 
speed, distance or time. 8.7.3 Use a calculator to: 

• enter and interpret numbers in time calculations in 
which parts of an hour need to be entered as 
decimals or fractions; 

• convert one unit of speed to another (e.g. convert 
km/h to m/s). 

 

1 hour 

Precision of 
measurement 

 
1 hour 

Converting 
measurements 

 
4 hours 

Speed, density 
and rates of 
change 
 

7.10.4 Understand and use measures of rate; solve 
problems involving calculating an average 
rate. 

8.7.4 Know that density = mass/volume; solve problems 
involving calculating density. 

 

 
7.1.3 Present and explain solutions and conclusions 

in the context of the original problem, orally 
and in writing. 
 

8.1.4 Present a concise, reasoned argument orally, in 
writing and by using symbols. 

 

Unit 8.14 
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Activities 

Objectives Possible teaching activities Notes School resources 

1 hour 

Precision of 
measurement 
Recognise that 
measurements are not 
precise (e.g. give the 
upper and lower bounds 
of a measurement 
recorded as 15 cm to 
the nearest centimetre). 

Identifying upper and lower bounds of numbers or measurements 
Show the class how to work out the limits, or upper and lower bounds, of numbers or measurements 
given to particular degrees of accuracy. 

Distinguish between discrete quantities, such as a number of people, and continuous quantities, such 
as the length of an object. 

For example, 500 given to the nearest 10 has a lower bound of 495 and the greatest whole number 
less than 505. We can describe it as 495 ≤ 500 ≤ 504, or 495 ≤ 500 < 505. 

23 cm to the nearest centimetre has a lower bound of 22.5 cm and an upper bound of anything up to 
but not equal to 23.5 cm. We can describe it as 22.5 cm ≤ 23 cm < 23.5 cm. 

Emphasise that in the case of a measurement the value can equal the lower bound but cannot equal 
the upper bound. 

Practice 
Use a target board such as the one shown on the right. Ask individual students to give the limits of 
each number chosen by you to a given accuracy. For example:  
• 100 cubes (to nearest 10) could be anything from 95 to 104; 
• 80 cm (to nearest cm) could be anything from 79.5 cm up to but not including 80.5 cm. 

 

 

 

 

 

 

 

Target board 

100 cubes 25 cm 500 eggs 300 g 

5 kg 25 m 400 people 200 ml 

5litres 60 cm QR 2000 400 sweets 

50 g 100 cars 250 mm 220 birds 

600 km/h 600 pegs 40 km 120 ants 
    

 
This column is for 
schools to note their 
own resources, e.g. 
textbooks, worksheets. 

 

 

Discuss some examples of combining numbers or measurements, stressing the need to combine 
upper and lower bounds in a way to maximise and minimise the value of the combined expression. 
• One bag of cubes contains 200 cubes, to the nearest 10.  

Another bag of cubes contains 120 cubes, to the nearest 10.  
Both bags are combined. 
What are the greatest and least possible numbers of cubes in the combined bag? 

 Upper and lower bounds for first bag: 195 ≤ cubes ≤ 204 
Upper and lower bounds for second bag: 115 ≤ cubes ≤ 124 
Upper and lower bounds for combined bags: 310 ≤ cubes ≤ 328 

• One length of wood is 25 cm and another is 30 cm.  
Both measurements are to the nearest centimetre.  
The lengths are joined end to end.  
What are the upper and lower bounds of the combined length of wood? 

 Upper and lower bounds of first piece: 24.5 ≤ first length < 25.5 
Upper and lower bounds of second piece: 29.5 ≤ second length < 30.5 
Lowest possible combined length: 24.5 + 29.5 = 54 cm 
Largest possible combined length: 25.5 + 30.5 = 56 cm 
Upper and lower bounds of combined length: 54 cm ≤ combined length < 56 cm 

Practice 
Give students some examples of finding the upper and lower bounds of combined measurements. 
 

Examples 
• A poster is 2.5 metres by 1.5 metres. Each 

measurement is accurate to the nearest 
10 cm. 

 What are the upper and lower bounds for the 
perimeter of the poster? 

• A bottle holds 1 litre to the nearest 100 ml. 
 What is the smallest possible capacity of the 

bottle? 
 What is the greatest possible capacity of 10 

bottles? 
• A jar contains 850 ml of oil, to the nearest 

10 ml. A cup of oil is poured out containing 
250 ml, to the nearest 10 ml.  

 What are the upper and lower bounds of the 
amount of oil remaining in the jar?  
(590 ml ≤ amount left < 610 ml) 

 

Unit 8.14 
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Objectives Possible teaching activities Notes School resources 

1 hour 

Converting 
measurements 
Use relationships 
among units for 
conversions within 
systems of units. 

Recall the equivalence 
of 1 litre and 1000 cm3 
(a cubic decimetre). 

Converting units of area and volume to larger or smaller units 
Remind the class that the metric units for area are: the square millimetre (mm2), the square centimetre 
(cm2) and the square metre (m2). 

Draw two squares on the board and explain why 1 cm2 = 100 mm2. 

Draw another two squares on the board and explain why 1 m2 = 10 000 cm2. 

Explain that, for measuring an area of land, the m2 is too small, while the km2 is too large. A more 
convenient unit is used: the are, which is 100 m2. Land area is usually given in units of 100 ares, where 
100 ares = 1 hectare. 

Ask students to copy this table into their books: 
 Metric units of area 
 100 mm2 = 1 cm2 
 10 000 cm2 = 1 m2 
 10 000 m2 = 1 hectare (ha) 
 1 hectare = 100 ares 
 
Remind the class that the metric units for volume are: the cubic millimetre (mm3), the cubic centimetre 
(cm3) and the cubic metre (m3). 

Draw two cubes on the board and explain why 1 cm3 = 1000 mm3. 

Draw another two cubes on the board and explain why 1 m3 = 1 000 000 cm3. 

Students can now copy into their books: 
 Metric units of volume 
 1000 mm3 = 1 cm3  
 1 000 000 cm3 = 1  m3 
 
Remind the class that the metric units for capacity are: the litre (l), the centilitre (cl) and the millilitre 
(ml). Ask them to copy into their books: 
 Metric units of capacity 
 1 m3 = 1000 litres 
 1000 cm3 = 1 litre 
 1 cm3 = 1 millilitre 

Stress the following: 
• To convert from a large unit to a smaller unit, always multiply by the conversion factor. 
• To convert from a small unit to a larger unit, always divide by the conversion factor. 

 

 

 

 

 
 
 
 
 
 
 

 

 

 

 

 

Practice 
Write the following on the board and ask students to fill in the blanks. 
 

........ mm2 = 1 cm2 ........ mm3 = 1 cm3 ........ cm3 = 1 m3 ........ cm3 = 1 litre 

........ cm2 = 1 m2 ........ m2 = 1  ha ........ litres = 1 m3  
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Objectives Possible teaching activities Notes School resources 

 

Further practice 
Show the class some examples of conversion, for example: 
• Change 35 000 cm2 to m2  
 35 000 cm2 = 35 000 ÷ 10 000 = 3.5 m2 
• Change 0.35 cm3 to mm3 
 0.35 cm3 = 0.35 × 1000 = 350 mm3 
• Change 3500 cm3 to litres  
 3500  cm3 = 3500 ÷ 1000 = 3.5 litres 

Ask students to solve a few word problems involving conversions of area and volume measurements. 

Examples 
• A rectangular park is 620 m long and 340 m 

wide. Find the area of the park in hectares. 
• Calculate the volume of a cuboid box with 

dimensions 25 cm, 30 cm and 40 cm. Give 
your answer in litres. 

 

Speed 
Explain that speed is the distance travelled per unit of time and that the relationship between speed, 
distance and time can be expressed by the following three formulae: 

distancespeed = ,
time

 distance = speed × time, distancetime = 
speed

 

Explain that when we refer to speed we usually mean average speed, as it is unusual to maintain the 
same speed in one journey. 

Remind students about the notation km/h and cm/s. Give some examples, using a range of units. 
• A man drives a car for 98 kilometres. The journey took 2 hours. What was his average speed? 
• An aeroplane travels at 2400 km at an average speed of 400 km/h. How long was the flight? 
• A girl walks along the Corniche for 15 minutes at an average speed of 5 km/h.  

How far does she walk? 

Practice 

Give students an exercise to practise working out an average speed, distance travelled or time taken. 

 

 

 

 

 
The Corniche, Doha 

 4 hours 

Speed, density and 
rates of change 
Solve problems 
involving average 
speed, distance or time, 
using a calculator as 
appropriate. 

Use a calculator to: 
• enter and interpret 

numbers in time 
calculations in which 
parts of an hour need 
to be entered as 
decimals or fractions; 

• convert one unit of 
speed to another 
(e.g. convert km/h to 
m/s). 

Know that density = 
mass/volume; solve 
problems involving 
calculating density. 

Present a concise, 
reasoned argument 
orally, in writing and by 
using symbols. 

 

Distance–time graphs 
Ask if any of the students would like to illustrate their journey to school by drawing a graph on the 
board. Give them the scales for the axes of time and distance from school. 

Discuss the following: where to put starting and ending points; how to show time spent waiting; how to 
show different speeds. 

Give students some distance–time graphs without titles and ask them to discuss in pairs a story to go 
with each graph. Take feedback and compare the stories from different pairs. 
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Objectives Possible teaching activities Notes School resources 

 Using a scientific calculator to enter measurements of time 
Explain that a time given in hours and minutes can be entered into a calculator as a fraction. For 
example, 3 hours and 25 minutes is 3 25⁄60 hours, which is entered as: 

3     2   5     6   0 b b
c ca a  

Remind students that 20 minutes is one third of an hour, and that 12 minutes is one fifth of an hour, 
and so on. Then ask them to do the following time problems on their calculators, giving their answers 
in hours and minutes. 
• Add 2 hours and 25 minutes to 3 hours and 55 minutes. 
• Subtract 1 hour 48 minutes from 3 hours 24 minutes. 
• Multiply 1 hour 32 minutes by 5. 

Practice 
Show the OHT on the right and ask students to use their calculators to work out the answers. Provide 
more examples if necessary. 

OHT 
Calculate the average speed for: 
• a train that travels 300 kilometres in 3 hours 

27 minutes; 
• a caterpillar that crawls 33 cm in 1 minute 50 

seconds; 
• a cyclist who rides 497 metres in 1 minute 11 

seconds; 
• an aeroplane that travels 5642 km in 9 hours 

46 minutes. 

 

 Converting speeds to different units 
Tell the class that on average a large car travels 9 kilometres on a litre of petrol (gas); a small car can 
travel 14 kilometres on one litre. 
• On a journey of 200 kilometres, how many litres of petrol would each car use?  

Discuss answers, then say that the large car travels at 50 km/h, and the small car travels at 40 km/h. 
Remind the class that speeds can be expressed in different units, such as m/s. 

Discuss conversions using 1 km = 1000 m and 1 hour = 3600 seconds. Write on the board: 
 Large car: 50 km per hour = 50 000 metres per hour 

Small car: 40 km per hour = 40 000 metres per hour 

Establish that to find out how many metres per second that the cars travel we divide by 3600. Using 
calculators, convert to m/s, rounding answers to the nearest m. 
 Large car: 14 m/s 

Small car: 11 m/s 

Discuss these speeds in terms of safe driving speeds, likely reaction times and stopping distances in 
an emergency. 
• How would we convert a speed of 10 m/s to km/h? 

Establish first that to change metres to kilometres we divide by 1000. Write on the board: 
 10 m/s = 0.01 km/s 

Establish next that to change km/s to km/h we multiply by 3600, giving a speed of 36 km/h. 

Practice 
Give students a little practice in converting speeds. Include examples such as changing a speed of 
95 cm per minute to metres per hour, and 72 m per minute to millimetres per second. 
 

Example 
• A bat flies at an average speed of thirty 

kilometres per hour. At this speed, how far 
would it fly in one minute? 

• A snail crawls at an average speed of 95 cm 
per minute. What is this speed in metres per 
hour? 

• A woman walks a distance of 72 m in one 
minute. What is her average speed: 

 – in kilometres per hour; 
 – in millimetres per second? 
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Objectives Possible teaching activities Notes School resources 

 Extension: finding the upper and lower bounds of a speed 
Discuss some examples with the class. Emphasise the need to combine upper and lower bounds in a 
way to maximise and minimise the value of the speed. 

Example 1 
 Lowest speed: 399.5 ÷ 55.5 = 7.20 m/s 
 Greatest speed: 400.5 ÷ 54.5 = 7.35 m/s (to 2 d.p.) 

Example 2 
 Least distance: 7.5 × 39.5 ÷ 60  = 4.94 km (to 2 d.p.) 
 Greatest distance: 8.5 × 40.5 ÷ 60 = 5.74 miles (to 2 d.p.) 

Examples 
• An athlete sprints 400 metres in 55 seconds, 

each measurement to the nearest unit. What 
are the upper and lower bounds of the 
athlete’s speed? 

• The same athlete runs for 40 minutes at a 
speed of 8 km/h, both values to the nearest 
unit. What are the upper and lower bounds of 
the distance run? 

 

 Compound measures, including density 
Explain that a rate of change is the way of comparing how one quantity changes with another. Rates of 
change are expressed in units that contain ‘per’ or ‘/’, which means ‘for every’. They are sometimes 
called compound measures because more than one basic unit is involved. 

Write on the board and discuss examples of compound measures and the units used for them (see the 
examples on the right). Ask students to suggest others. 

Explain that density is another compound measure that they will know from science lessons.  

Density is the mass of a substance per unit of volume. The formula for density is massdensity = ,
volume

 

which can be rearranged as mass = density × volume or massvolume = .
density

 

Say that density is normally expressed in grams per cubic centimetre (g/cm3). 

Show students how to solve some simple problems involving density. For example: 

Example 1 
The volume of a wooden block is 20 cm3 and its mass is 18 g. Find the density of the wood. 

Using the formula massdensity = ,
volume

 the density of the wood is 18
20

= 0.9 g/cm3. 

Example 2 
Find the mass of a plastic model which has a volume of 30 cm3 and a density of 1.6 g/cm3. 

Using the formula mass = density × volume, the mass of the model = 1.6 × 30 = 48 g. 

Examples of compound measures 
Speed  
kilometres per hour (km/h) 
metres per second (m/s). 

Fuel consumption 
kilometres per litre (km/l) 

Unit cost 
QR per gram (or kilogram) 
QR per litre 

Currency conversion rates 
QR per US dollar ($) 
euros per British pound (£) 

 

 Practice 
Give students more problems to solve involving density using their calculators. 

The website www.citypopulation.de/Qatar.html has some manageable data on the size of populations 
of the main places in Qatar. The area of the locality is also given in square kilometres. Students could 
use this real data to compare and contrast the population density (number of people per square 
kilometre) for various places in their country. 

 

Examples 
• Find the density of a gold ingot that has a 

mass of 4825 g and a volume of 250 cm3. 
• The density of seawater is 1.05 g/cm3. A 5 litre 

bucket is filled with seawater. What is the 
mass in kilograms of the water in the bucket? 

• The density of cork is 0.25 g/cm3. Find the 
volume of a block of cork with a mass of 120 g. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

The mass of a dolphin was reported as 170 kg, to the nearest 10 kg. 
Write down a mass that might have been the actual mass of the dolphin. 

TIMSS Grade 8 

 

 

The Al Ansari family uses about 6000 litres of water per week. Approximately how many 
litres of water do they use per year? 
A.  30 000         B.  240 000         C.  300 000         D.  2 400 000         E.  3 000 000 

The number of 750 cm3 boxes that can be filled from 600 litres of rice is: 
A.  8          B.  80          C.  800          D.  8000 

Which of these is the longest time? 
A.  15 000 seconds          B.  1500 minutes          C.  10 hours          D.  1 day 

A person’s heart is beating 72 times a minute. At this rate, about how many times does it 
beat in one hour? 
A.  420 000          B.  42 000         C.  4 200          D.  420 

TIMSS Grade 8 

w 

 

A paper clip is made from 9.2 centimetres of wire. 
What is the greatest number of paper clips that can be made from 10 metres of wire? 

 

 

A bag of rice contains 1.5 kilograms. Sara uses 60 grams of rice each day. 
How many days does the bag of rice last? 

 

 

Assessment 
Set up activities that allow 
students to demonstrate 
what they have learned in 
this unit. The activities can 
be provided informally or 
formally during and at the 
end of the unit, or for 
homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

Noura went on a 40 kilometre cycle ride.  
This is a graph of how far she had travelled at different times. 

How many minutes did Noura take to travel the last 10 km of the ride? 
What was her average speed in km per hour for the last 10 km of the ride? 

Use the graph to estimate the distance travelled in the first 20 minutes of the ride. 
What was her average speed in km per hour for the first 20 minutes of the ride? 

 

 
 

 

 The table shows some data (July 2003) about five countries. 

Which country has the most people for each km2? 
Which country has the fewest people for each km2? 

Look at the information for Qatar. Imagine that the area of land was 
shared out equally among all the people. Calculate how much land, in 
m2, each person would get. 
 

 

Country Land area in km2 Estimated population 
Bahrain  620 645 000 
Iraq  437 072 23 331 000 
Qatar  11 437 817 000 
Saudi Arabia  1 960 582 22 757 000 
Jordan  92 300 5 154 000 

   

 

 

Unit 8.14 
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GRADE 8: Data handling 2 

Minimising errors and project work 

About this unit 
This is the last of three units on data handling for 
Grade 8. It extends the work in Unit 8.4, Data 
handling 1, and offers students an opportunity to 
undertake a project. 

The unit is designed to guide your planning and 
teaching of mathematics lessons. It provides a 
link between the standards for mathematics and 
your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
Supplement the activities where necessary with 
appropriate tasks and exercises from textbooks 
and other resources, including ICT. 

For extension or consolidation activities, look at 
the units for Grade 9 or Grade 7. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and 
‘real-life’ applications. 
 

Previous learning 
To meet the expectations of this unit, students should already be able to 
answer questions by collecting and classifying data, and constructing and 
interpreting bar charts, pie charts and tables, on paper and using ICT. They 
should be able to compare different representations of the same set of data 
to determine which are the most useful for their purpose, and to find the 
mean, mode, median and range of a set of data.  
 

Expectations 
By the end of the unit, students will use appropriate methods of data 
collection to answer a given question and will design a suitable 
questionnaire or data collection sheet to collect data from primary and 
secondary sources, including the Internet. They will recognise possible 
sources of error in collecting and organising data and will plan how to 
minimise the effect. They will represent and interpret discrete and 
continuous data in a range of charts and graphs, on paper and using ICT, 
including pie charts, bar charts and frequency diagrams. They will compare 
two data sets using, for example, the mean, median or range, or the shape 
of the distribution. They will use diagrams and explanatory text to explain the 
solution to a problem and will support it with evidence. 

Students who progress further will identify questions or problems that can 
be answered or solved by a statistical investigation. They will construct and 
interpret frequency diagrams, choosing appropriate equal class intervals, 
and scatter diagrams and lines of best fit by eye, on paper and using ICT. 
They will calculate the mean, range and median of small sets of discrete or 
continuous data, identify the modal class and estimate the mean, median 
and range for sets of grouped data. They will explain and justify the steps 
that they have taken to solve a problem or arrive at a conclusion. 
 

Resources 
The main resources needed for this unit are: 
• Internet access and computer linked to data projector 
• overhead projector (OHP) 
• spreadsheet software such as Microsoft Excel 
• computers with Internet access and spreadsheet software for students 
• individual mini-whiteboards 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• frequency diagram, frequency table, pie chart, tally, tally chart, pictogram, 

bar chart, bar line graph, line graph, axis/axes, vertical axis, horizontal 
axis, scale, interval, label, title, table, row, column, heading, spreadsheet 

• data, secondary data, primary data, information, collect, count, frequency, 
discrete, continuous, group, class interval 

• questionnaire, survey, sample, bias 
• sort, criterion/criteria, category, set, subset 
• statistics, average, mean, assumed mean, median, mode, range 
• problem, hypothesis, sort, classify, represent, interpret, solve, explain, 

justify, method, conclusion, results 
 

UNIT 8.15 
7 hours 
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Standards for the unit 

7 hours SUPPORTING STANDARDS 
Grade 7 standards 

CORE STANDARDS 
Grade 8 standards 

EXTENSION STANDARDS 
Grade 9 standards 

 8.1.1 Represent and interpret problems and solutions in 
graphical form, using correct terms and notation. 

9.1.1 Represent, interpret, analyse and synthesise 
information presented in graphical form. 

 8.8.2 Choose and use an appropriate method of data 
collection to answer a given question (e.g. survey, 
experiment, data logging); design a suitable 
questionnaire or data collection sheet. 

9.8.1 Identify questions or problems that can be 
answered or solved by collecting, organising, 
representing, analysing and interpreting data. 

 8.8.3 Collect data from secondary sources, including tables 
and lists from ICT-based sources such as CD-ROMs 
and the Internet. 

 

 8.8.1 Recognise possible sources of error in collecting and 
organising data and plan how to minimise the effect 
(e.g. bias, inappropriate grouping). 

 

9.8.2 Construct and interpret scatter diagrams, and lines 
of best fit by eye, understanding what these 
represent. 

7.11.1 Answer questions by collecting and 
classifying data, and constructing and 
interpreting: 
• tables, 
• bar charts, 
• pie charts, 
on paper and using ICT. 

8.8.4 Represent data in charts and graphs, on paper and 
using ICT, including: 
• frequency tables; 
• bar charts and frequency diagrams for discrete 

and continuous data; 
• pie charts. 

9.8.4 Construct and interpret frequency diagrams, 
choosing appropriate equal class intervals. 

7.11.2 Compare different representations of the 
same set of data and determine which are 
the most useful for a given purpose. 

8.8.5 Compare in general terms two data sets using, for 
example, the mean, median or range, or the shape of 
distribution. 

9.8.3

7.11.3 8.8.6 Answer questions by interpreting data sets (e.g. draw 
conclusions, make predictions, and estimate values 
between and beyond given points). 

Calculate the mean, range and median of small 
sets of discrete or continuous data; identify the 
modal class and estimate the mean, median and 
range for sets of grouped data. Calculate the mean of a small set of data; 

find the mode, median and range; 
distinguish between the purposes for which 
these are used. 8.1.2 Choose and use appropriate mathematical techniques 

and tools to solve a problem, including ICT. 
9.1.3 Choose and use appropriate mathematical 

techniques and tools to solve each part of a 
problem, including ICT. 

2 hours 

Ensuring 
reliability and 
minimising 
errors 

 
5 hours 

Project work 

 

 

8.1.3 Use diagrams and explanatory text to explain the 
solution to a problem and support it with evidence. 
 

9.1.4 Explain and justify the steps taken to solve a 
problem or arrive at a conclusion, orally and in 
writing. 
 

Unit 8.15 
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Activities 

Objectives Possible teaching activities Notes School resources 

Establishing a hypothesis to investigate 
Write on the board: ‘Does a student’s age affect their method of travel to school?’  

Invite the class to suggest a hypothesis that they could test by collecting data, for example: 
• Primary students are more likely to come to school by car than students in our class.  
• Primary students and secondary students are equally likely to travel to school by bus.  
• Grade 8 students are more likely to travel in different ways on different days than Grade 6 students. 

Ask students to consider in small groups information they would need to collect to test their hypothesis.  

Take feedback. For each suggestion, ask students why they would need those data and what they 
would do with them. If any suggestions are irrelevant, remind students of the question they are trying to 
answer. Write a list of useful data on the board, e.g. age of student, method of travel, length of journey. 

Stress that identifying a clear hypothesis, and thinking carefully about what data to collect, are the first 
steps in ensuring a reliable statistical investigation.  

  
This column is for 
schools to note their 
own resources, e.g. 
textbooks, worksheets. 

2 hours 

Ensuring reliability 
and minimising errors 
Choose and use an 
appropriate method of 
data collection to answer 
a given question (e.g. 
survey, experiment, data 
logging); design a 
suitable questionnaire or 
data collection sheet. 

Recognise possible 
sources of error in 
collecting and organising 
data and plan how to 
minimise the effect (e.g. 
bias, inappropriate 
grouping). 

Framing questions for a questionnaire 
Explain that the next stage in answering the question ‘Does a student’s age make a difference to their 
method of travel to school?’ is to find a way of collecting the data.  
• What questions would you need to ask people in order to collect the information needed? 

Allow a few minutes for discussion in small groups. To encourage all students to participate, invite less 
confident students to make the first contributions. This will allow them to offer the most obvious 
suggestions first (for example, ‘How old are you?’, ‘How do you travel to school?’), leaving more 
confident students to suggest less obvious questions (for example, ‘Do you always travel to school in 
the same way?’, ‘Did you travel to your primary school in a different way?’). 

Quickly list their suggestions on the board. 

Start with the question: ‘How do you travel to school?’. Explain that respondents might answer using 
a different word to describe similar methods of travel, such as ‘coach’ or ‘bus’.  
• How could you deal with this? Will you record ‘coach’ and ‘bus’ as the same or different methods of 

travel? What about ‘van’ and ‘car’? 
• How will respondents answer the question about how they travel to school? Will they write a word, 

choose from a numbered list, or tick a box? 
• What will you do if a student uses two or more methods of travel to school? A student may walk then 

take the bus, or get a lift in the family car to the bus stop. 
• What if a student travels in different ways on different days? 

Explain that they could allow respondents to choose two forms of transport and tick two boxes but the 
data will be more manageable if respondents choose only the main form of transport for the journey. 
Explain that the design of the questionnaire will need to take all this into account. 

Give students 5 minutes to discuss in pairs the range of answers they might receive for each of the 
other questions in the list on the board. Circulate and help pairs to resolve any issues. 
 

  

 

 

 

Unit 8.15 
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Objectives Possible teaching activities Notes School resources 

 

Choosing a sample 
Remind students that it is important to plan a survey so that it yields information that is reliable and 
relevant. Say that choosing the sample of people who take part is an important factor to consider. 

Ask one student to tell you their favourite colour, e.g. blue. Write ‘blue’ on the board. Tell students that 
you have just conducted a survey of the views of this class and the most popular colour is blue.  
• Is my conclusion a reasonable one? If not, why not? 

(no – it is possible that no other student would choose blue) 

Ask three different students for their favourite colour and add these to the board. Draw a conclusion 
from the four results (for example, ‘50% of the class prefer red and 25% green’). Say: 
• I have now carried out a larger survey. Is this conclusion a reasonable one? If not, why not? 

(no – the sample is unlikely to represent accurately the opinions of the whole class) 

Ask five students wearing glasses for their favourite colour. Once again, note these and draw a 
conclusion about the whole class.  
• Is this conclusion a reasonable one? 

It represents the views of students wearing glasses, not of the whole class. Students wearing glasses 
may prefer different colours from other students. 

Ask students to imagine that you have asked every student in the class to tell you their favourite colour 
and you have made a note of their responses. 
• Could I draw valid conclusions about the favourite colour of the whole class from this survey? (yes) 
• Would it be reasonable to extend my conclusions to the whole school from the information about this 

class? (possibly not, if choice of colour is influenced by someone’s age) 
• Would it be reasonable to extend my conclusions to all the schools in Qatar if I surveyed the whole 

school? (it would depend on how representative the students in the school are of students in all 
schools taken as a whole) 

Tell students that the set of people who are asked to complete a questionnaire is called a sample. 
Explain that there are several points to consider to get a sample that will represent the viewpoints of the 
whole group reliably. Make these points. 
• The best way would be to include in the survey sample everyone in the whole group but it is often 

impractical for a researcher to do this. The survey may cost too much, or take too long. The sample 
for a survey should be as large as is practical. 

• The larger the sample, the more reliable it will be in representing the views of the whole group. There 
is more likely to be a mismatch between the views of one student and the views of the whole class, 
than between the views of 15 students and the views of the whole class. 

• Any sample will give some information about the whole group. For example, a survey of just one 
student’s choice of a favourite colour tells you that this colour is one of the favourite colours of the 
whole group. 

• A sample needs to be big enough to represent the characteristics of the whole group if it is to be 
regarded as reliable. Survey samples are often called small if their size is under 30. 

• The composition or make-up of the sample should reflect the composition of the whole group, bearing 
in mind the characteristics that might influence people’s opinions: for example, their gender, age, 
family size, where they live, their family income. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Note for teachers 
Even if a sample is chosen correctly, it will not 
necessarily be exactly representative of the 
whole group, since all samples are not alike. 
There is always a sampling error, but the size 
of the error decreases as the size of the 
sample increases. 
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Objectives Possible teaching activities Notes School resources 

 

Give out the resource sheet on the right. Ask students to work in pairs and to consider the statements. 
They should decide how they would choose a sample to find out if the statements in the left-hand 
column are true. 

After 7 or 8 minutes, bring the class back together and discuss their responses. The nature of the 
discussion about the sample type and the points made about sample size are more important than 
‘correct’ responses in each cell.  

 

Resource sheet 
A research team wants to find out if these statements are true. 
 

Statements Who should 
the team ask? 

How many people 
should they ask? 

Where would they 
find suitable people? 

14-year-olds spend 
35% of their pocket 
money on music. 

   

Teenagers listen to 
music more than 
any other groups. 

   

     

 

Styles of questions 
Ask students to consider the different ways in which questions can be phrased and answers collected 
on a questionnaire. 

Consider some questions that are designed to find out whether people prefer still or fizzy bottled water. 
Write the questions on the board or show them on an OHT as on the right and discuss the good and 
poor features of each question. Ask students to consider what changes could be made to improve the 
questions. 

In the discussion, draw out that the first issue to resolve is: ‘What did the questioner really want to find 
out?’ The second is: ‘What is the best way to find it out?’ 

Questions can sometimes be improved by breaking them into sections, with each question targeted at 
finding out just one piece of information. Listing possible answers may also help. 
 

OHT 
• Do you think that fizzy water tastes better than 

still water? 

• Fizzy water has a better taste than still water: 
  agree        disagree 

• Do you agree that fizzy water tastes better than 
still water? 

• Which tastes better? 
  fizzy water        still water        

 no difference         don’t know 

• Tick the statement that you agree with. 
  fizzy water tastes better than still water 
  still water tastes better than fizzy water 
  there is not much difference between them 

 

 

Missing or incomplete data 
Hand out a copy of the table on the right, or show it on an OHT. Say that these are the results of an 
actual survey of a sample of Grade 8 students. 
• What are the weaknesses in the data set? 

Allow a couple of minutes for students to study the data in pairs. Bring the class together and ask 
students to describe the weaknesses. Draw out and discuss these points. 
• The information is incomplete. Some questions were not answered. This may affect the conclusions 

drawn (e.g. only two thirds of the students answered the question about owning a computer). 
• There is a gender imbalance in the sample that may not reflect the balance in the whole student 

population. If a balance cannot be achieved it would be better to focus on just boys or just girls. 
• This is a very small sample of 12 students. One student owning a bicycle is presented as 8% of the 

population. There are likely to be differences between the results for the sample and the results for 
the whole population of Grade 8 students. 

• If respondents do not understand a question, or find it ambiguous, or do not know how to answer it, 
they will not answer the question and the data will be incomplete. 

 

OHT 
 

Number Male or 
female 

Own 
computer 

Own  
mobile 

Own  
bicycle 

1 M Y Y N 
2 M Y N N 
3 F N Y N 
4 F Y Y N 
5 M  Y N 
6  Y  N 
7 M   N 
8 F  Y N 
9 F Y Y N 
10 F Y Y N 
11 F  Y Y 
12 F N  N 
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Objectives Possible teaching activities Notes School resources 

Planning a survey 
Write on the board or OHP: ‘Teenagers watch more TV than adults.’ 

Ask the class how they would investigate this statement to try to establish whether there is any truth in it. 
Encourage them to consider conducting surveys by using questionnaires or gathering first-hand data in 
an experiment in which they ask people to record what TV they watch over, say, one week. 

Discuss how, as a class, they could use different approaches to the investigation. 

  5 hours 

Project work 
Represent and interpret 
problems and solutions 
in graphical form, using 
correct terms and 
notation. 

Choose and use an 
appropriate method of 
data collection to answer 
a given question (e.g. 
survey, experiment, data 
logging); design a 
suitable questionnaire or 
data collection sheet. 

Collect data from 
secondary sources, 
including tables and lists 
from ICT-based sources 
such as CD-ROMs and 
the Internet. 

Recognise possible 
sources of error in 
collecting and organising 
data and plan how to 
minimise the effect (e.g. 
bias, inappropriate 
grouping). 

Represent data in charts 
and graphs, on paper 
and using ICT, including: 
• frequency tables; 
• bar charts and 

frequency diagrams 
for discrete and 
continuous data; 

• pie charts. 

 

[continued] 

Explain to the class that they are to work in small groups to investigate a problem and present a solution 
to it in a report. Remind them of the data handling cycle. 
 

 
 

Say that the first half of the cycle involves identifying the question to be answered and collecting data 
that will help to answer the question. Tell the class that they will have about 2.5 hours (plus homework 
time) to plan their work and collect the data, and a further 2.5 hours to process and interpret the data 
and present their conclusions in a report. 

Show the statements on the OHT on the right and help students to formulate testable hypotheses from 
them. Remind students that a hypothesis is a specific statement that may or may not be true. The 
purpose of a survey or experiment is to provide evidence that may support or contradict the hypothesis. 

Give the groups up to 15 minutes to choose which statement they will investigate. 

The groups will then have to decide what questions they could use in a questionnaire, or what 
observations they could make. Before they begin, discuss issues such as: 
• choosing the sample 

(discuss who and how many people they would ask – a sample size of at least 30 will be needed); 
• how they would collect the data 

(discuss advantages and disadvantages of: giving people a questionnaire; interviewing them and 
writing down answers; making observations; conducting an experiment; Internet research. Consider 
the time involved, e.g. whether there will be enough time to make the observations required); 

• designing a questionnaire 
(discuss the style of questions to be used, such as: no personal questions; short simple questions; 
questions with response boxes. If they are asking about ages, what age groups should be chosen?). 

Set the groups to work, first to plan and then to collect their data. 
 

OHT 

Possible statements to investigate 
• ‘Students who enjoy playing sports eat healthier 

foods.’ 
• ‘More men wear glasses than women.’ 
• ‘Families eat out more than they used to.’ 
• ‘People who holiday abroad one year tend to 

stay in Qatar the next year.’ 
• ‘A solo popular singer is more likely to be female 

than male but a singer in band is more likely to 
be male than female.’ 

• ‘Qatar is one of the driest countries in the world.’ 
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Objectives Possible teaching activities Notes School resources 

[continued] 
Compare in general 
terms two data sets 
using, for example, the 
mean, median or range, 
or the shape of 
distribution. 

Answer questions by 
interpreting data sets 
(e.g. draw conclusions, 
make predictions, and 
estimate values between 
and beyond given 
points). 

Choose and use 
appropriate mathematical 
techniques and tools to 
solve a problem, 
including ICT. 

Use diagrams and 
explanatory text to 
explain the solution to a 
problem and support it 
with evidence. 
 

Once the groups have collected their data, bring the whole class together and discuss the next stage of 
the work. Explain that the data now need to be analysed and conclusions drawn and that they have up 
to 2.5 hours to do this, plus homework time. Discuss : 
 how to organise the data 

(discuss how to classify the data, whether or not the data will be grouped, and how they will count 
and collate the data, e.g. using a tally chart or two-way table); 

• what, if any, statistics to calculate 
(discuss whether it would be useful to calculate averages or the range); 

• what kinds of graphs and charts to use to help interpret the data 
(discuss the different types of graphs and charts they could use, such as pictograms, bar charts, pie 
charts, line graphs); 

• what kind of report to write. 

Say that their conclusion, based on all the evidence, should include a reference to the original 
hypothesis. Stress that it does not matter whether the hypothesis turns out to be correct or not, as long 
as they can justify their conclusion. 

Say that the evidence that they provide to back up their conclusion should include any relevant statistics 
and graphs, charts or tables. Tell them not to do many of the same diagrams when they present their 
work, but to use a variety. Graphs may be generated using ICT if they wish. Remind the groups that 
they should give reasons why they have chosen to use particular diagrams. 
The results can be displayed or, if time allows, presented to the class by the groups. 
Round off by discussing any further questions arising from the work of the groups that would lend 
themselves to future investigation. 
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Assessment 

 Examples of assessment tasks and questions Notes School resources 

Some students wanted to find out if people liked a new biscuit.  
They decided to do a survey and wrote a questionnaire. 
One question was: 
How old are you (in years)? 

  19 or younger          20 to 30           30 to 40          40 to 50          50 or older 

Amna said: ‘The labels for the middle three boxes need changing.’ 
Explain why Amna was right. 

   

Assessment 
Set up activities that allow 
students to demonstrate what 
they have learned in this unit. 
The activities can be provided 
informally or formally during 
and at the end of the unit, or 
for homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in the 
activities. 

These pie charts show some information about the ages of people in Greece 
and in Ireland. There are about 10 million people in Greece, and there are about 
3.5 million people in Ireland. 

a. Roughly what percentage of people in Greece are aged 40–59? 

b. There are about 10 million people in Greece. Use your percentage from part 
(a) to work out roughly how many people in Greece are aged 40–59. 

c. Darwish says: ‘The charts show that there are more people under 15 in 
Ireland than in Greece.’ 
Darwish is wrong. Explain why the charts do not show this.  

 

 
 

 

 The two diagrams show the heights of some girls and boys. The height of the 
shortest girl is the same as the height of the shortest boy. 

Use the diagrams to decide whether these statements are true or false. 

• There are more girls than boys. 

• The modal class for girls is the same as the modal class for boys. 

• The range of girls’ heights is greater than the range of boys’ heights. 

Give reasons for your answers. 

 

 
 

 Taleb collects information about how long overseas phone calls take in his 
house. He makes a frequency table using class intervals of 30 seconds. 

The longest call was 175 seconds. Which class interval does this fit into? 

Altogether he recorded 91 calls. Taleb makes a rough estimate that half the calls 
lasted less than 75 seconds. 

Explain how he could make this estimate. 
 

 

Length of call  
in seconds 

0–29 30–59 60–89 90–119 … 

Number of calls 3 25 35 19 … 
   
   

 

Unit 8.15 
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GRADE 8: Problem solving 

Investigating problems using numbers and algebra 

About this unit 
This is the final unit for Grade 8. It gives students 
opportunities to apply their knowledge and skills 
in number and algebra to investigate and solve 
problems. 

The unit is designed to guide your planning and 
teaching of mathematics lessons. It provides a 
link between the standards for mathematics and 
your lesson plans. 

The teaching and learning activities should help 
you to plan the content and pace of lessons. 
Adapt the ideas to meet your students’ needs. 
Supplement the activities where necessary with 
appropriate tasks and exercises from textbooks 
and other resources, including ICT. 

For extension or consolidation activities, look at 
the units for Grade 9 or Grade 7. 

Introduce the unit to students by summarising 
what they will learn and how this builds on earlier 
work. Review the unit at the end, drawing out the 
main learning points, links to other work and 
‘real-life’ applications. 
 

Previous learning 
To meet the expectations of this unit, students should already be able to 
model problems from a range of contexts and to reason logically to establish 
the truth of a statement. They should be able to construct and evaluate 
simple expressions and formulae, and find and use term-to-term or position-
to-term rules to generate sequences. 
 

Expectations 
By the end of the unit, students will present concise, reasoned arguments 
to solve numeric or algebraic problems, using text, diagrams, symbols and 
correct terms and notation. They will be able to identify a counter-example to 
disprove a conjecture. They will formulate and evaluate linear expressions or 
equations, and extend and find missing terms in patterns or sequences, 
generalising the term-to-term rule and the nth term. They will choose and 
use appropriate techniques and tools to solve problems, including using a 
graphics calculator to generate sequences. 

Students who progress further will represent and analyse information in 
numeric or algebraic form and will develop simple proofs. They will explain 
and justify the steps taken to solve a problem or arrive at a conclusion, orally 
and in writing. They will generalise where possible and identify exceptional 
cases.  

Resources 
The main resources needed for this unit are: 
• overhead projector (OHP) 
• Internet access, computer and data projector 
• spreadsheet software such as Microsoft Excel 
• a simulation of a graphics calculator for teaching purposes, e.g. the 

program GraphApplet (www.lundin.info/graphapplet.asp) 

 
• computers with Internet access and spreadsheet software for students  
• graphics calculators for students 
• individual mini-whiteboards 
 

Key vocabulary and technical terms 
Students should understand, use and spell correctly: 
• algebra, simplify, substitute, evaluate, formulate, expression, equation, 

formula/formulae, variable, like terms, coefficient 
• sequence, rule, term, general term, consecutive, ascending, descending, 

constant difference 
• polygon, vertex/vertices, diagonal, circle, chord, region 
• problem, investigation, pattern, relationship, predict, represent, solve, 

explain, justify, generalise, prove, method, solution 
 

UNIT 8.16 
6 hours 
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Standards for the unit 

6 hours SUPPORTING STANDARDS 
Grade 7 standards 

CORE STANDARDS 
Grade 8 standards 

EXTENSION STANDARDS 
Grade 9 standards 

7.1.1 Model or represent mathematical problems 
from a range of contexts. 

8.1.1 Represent and interpret problems and solutions in 
numeric, algebraic or geometric form, using correct 
terms and notation. 

9.1.1 Represent, interpret, analyse and synthesise information 
presented in numeric, algebraic, geometric or graphical 
form. 

 8.1.2 Choose and use appropriate mathematical techniques 
and tools to solve a problem, including ICT. 

 

 8.1.3 Use diagrams and explanatory text to explain the 
solution to a problem and support it with evidence. 

9.1.4 Explain and justify the steps taken to solve a problem or 
arrive at a conclusion, orally and in writing. 

 8.1.4 Present a concise, reasoned argument orally, in 
writing and by using symbols. 

9.1.6 Develop a simple proof. 

7.1.4 Use logical reasoning to establish the truth 
of a statement. 

8.1.6 Find a counter-example to show that a conjecture is 
false and begin to consider special cases. 

 

7.7.1 Write simple linear expressions and 
formulae to model a situation. 

8.4.4 Formulate linear expressions or equations to model a 
situation. 

 

7.7.3 Evaluate formulae and linear expressions 
by substituting integers for letters and using 
the correct order of operations. 

8.4.3 Evaluate linear expressions or formulae by 
substituting given integer values of the variables. 

 

7.8.1 Extend and find missing terms in numeric 
or geometric patterns or sequences using 
words, diagrams or symbols (term-to-term 
or position-to-term rules). 

8.5.2 Extend and find missing terms in numeric, algebraic or 
geometric patterns or sequences (term-to-term or 
position-to-term rules). 

 

7.8.3 Generalise the relationship between one 
term of a sequence and the next, or 
between the number of the term and the 
term, using words or symbols. 

8.5.3 Generalise the relationship between one term of a 
sequence and the next, or describe the nth term, 
using symbols. 

9.1.7 Generalise where possible and identify exceptional 
cases. 

1 hour 

Number 
problems 

 
1 hour 

Proof 

 
4 hours 

Investigating 
sequences and 
patterns 

 

 8.5.1 Use a graphics calculator to generate sequences and 
plot graphs. 
 

 

Unit 8.16 
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Activities 

Objectives Possible teaching activities Notes School resources 

Short activities for lesson starters 
Write on the board the single digits 6, 5 and 2. Ask these questions one at a time, telling students 
that they must give reasons for their answers.  
• How many different three-digit numbers can you make using each of the digits once only? 
• How do you know you have all of the numbers?  
• Can any of them be square numbers? 
• Can any of them be prime numbers?  
• Can any of them be a multiple of 3?  

Take responses. Make sure that reasons are full and clearly explained. Point out that for some 
answers particular values or special cases are sufficient but for others a full explanation is needed. 

Now ask students if they can find three different odd digits so that it is not possible to make a 
three-digit prime number by using each digit once. Ask them to explain their answer. 

  

This column is for 
schools to note their 
own resources, e.g. 
textbooks, 
worksheets. 

1 hour 

Number problems 
Represent and interpret 
problems and solutions in 
numeric form, using 
correct terms and 
notation. 

Present a concise, 
reasoned argument orally 
and in writing. 

Use diagrams and 
explanatory text to 
explain the solution to a 
problem and support it 
with evidence. 

Show the OHT on the right. Invite students’ responses. You may need to use questioning to help 
students to develop their explanations. 
• What is the last digit of a number whose square ends in a 6? 
• Could a number that ends in a 6 or a 4 be a prime number? 
• Could the square root of this number be prime? 

Explain that because the given number is even, its square root must also be even. The only even 
prime number is 2. However, because the given number is six digits long and greater than 
100 000, its square root cannot be 2. Ask students to write an explanation as to why the answer 
must be ‘No’ using this information. 

OHT 
I am thinking of a six-digit square number  
with a units digit of 6. 

 __   __   __   __   __   6 

Could its square root be a prime number? 

Explain your answer. 

 

 

 Explaining solutions to problems 
Tell students that you are going to give them a set of problems to solve. Use individual questions 
or a selection of problems from the examples on the right. Ask students to work individually on a 
problem (or problems). 

Emphasise that all answers need to be supported by clear, written explanations. Point out that 
explanations should be easily understood and that diagrams and/or examples may be used to 
help.  

After an appropriate time, ask students to move into groups and to discuss their explanations with 
each other. Ask if the written answers are as clear and full as the oral explanations. Encourage the 
groups to decide on the best answer for each question.  

Take feedback from groups to ensure they have given a complete explanation.  

Repeat with other problems. 

Examples 
• Explain why only square numbers have an odd 

number of factors. 
• The number 715 is the product of three whole 

numbers, all greater than 1. Find the three 
numbers and say if this is the only possible 
answer. Explain your answer. 

• Find the missing digits in this calculation. 
 83  × 9 = 41 013 
 Explain how you worked out the answer. 
• Ali has a 5-litre jug and a 3-litre jug. There is a 

large container of water. Explain how he can end 
up with 4 litres of water in the 5-litre jug. 

 

 

Unit 8.16 
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Using algebra for proof 
Ask students to think of an odd number and an even number, and then add them together.  
• Is the result odd or even? Is this always true, sometimes true or never true? 

Draw out the conjecture that it is always true.  

Now ask students to use algebra to prove why the conjecture is always true. For example, let 2n 
represent the even number and 2m + 1 the odd number, where n and m are integers. The sum of 
the two numbers is 2n + 2m + 1 = 2(n + m) + 1, which is another odd number. 

Repeat with: 
• the sum of two odd numbers; 
• the difference between two odd numbers; 
• the product of two odd numbers; 
• the square of an odd number; 
• the difference between two consecutive square numbers. 

  1 hour 

Proof 
Represent and interpret 
problems and solutions in 
numeric or algebraic 
form, using correct terms 
and notation. 

Formulate linear 
expressions or equations 
to model a situation. 

Present a concise, 
reasoned argument 
orally, in writing and by 
using symbols. 

Find a counter-example 
to show that a conjecture 
is false and begin to 
consider special cases. 

Discuss the idea of a counter-example.  

Draw on the board the diagram on the right. Explain that a represents a number in the first box 
and b represents a number in the second box. Write on the board: 

 Lara says: ‘a – b < 15, for all a and b’. 
 Is this statement true? 

Allow time for students to establish that 21 – 5 = 16 so that Lara’s statement is false. 

Explain that testing several cases and showing that these cases work does not prove a general 
statement; this approach shows only the truth of the statement for the special cases tested. But 
finding just one case where it does not work is enough to disprove it. This is called finding a 
counter-example. For example, if someone says ‘All square numbers are even’, a counter-
example is 32 = 9, so the statement is not true. 

Ask for counter-examples to the following statements: 
• all multiples of 3 are odd; 
• multiples of 7 do not have a units digit of 5; 
• all prime numbers are odd; 
• all multiples of 9 less than 100 have digits that add up to 9; 
• all whole numbers have an even number of factors. 
Show also by finding a counter-example that the following statement cannot generally be true: 

 a2 = 2a 

Discuss the special cases, namely that the statement is true when a = 0 or a = 2. 
 

 

a b 
  16 

          15    

     19 

            21 

  18 

          17 

   8 

           5 

   6 

             10 

         7 

      9 
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 Write on the board the formula n2 – n + 13. Tell students that you heard someone say that this 
formula generates prime numbers for all positive integer values of n.  
• Is the statement true?  

Show the class that the statement is true for n = 0, 1, 2 and 3, and make a conjecture that it works 
for other values of n. 

Ask students to work in pairs on the problem for a few minutes.  

Take feedback. Invite one or two pairs to convince everyone about their conclusion. Discuss their 
arguments. 

The conjecture that the expression n2 – n + 13 
generates prime numbers for all values of n is false. 
When n = 13, the value of the expression is 132, so 
it cannot be prime. 

 

 

4 hours 

Investigating 
sequences and 
patterns 
Represent and interpret 
problems and solutions in 
numeric, algebraic or 
geometric form, using 
correct terms and 
notation. 

Formulate linear 
expressions or equations 
to model a situation. 

Evaluate linear 
expressions or formulae 
by substituting given 
integer values of the 
variables. 

Extend and find missing 
terms in numeric, 
algebraic or geometric 
patterns or sequences 
(term-to-term or position-
to-term rules). 

Generalise the 
relationship between one 
term of a sequence and 
the next, or describe the 
nth term, using symbols. 

[continued] 

Triangular numbers 
Show the class the first number pattern on the right. 
• Can you describe this pattern? 

Establish how the process starts with one dot, to which is added a row of two dots, then a row of 
three dots, and so on. 

Ask students to draw the next three triangle shapes and write down their numbers. 

Now ask them to write down the 7th to 12th triangular numbers without drawing the shapes, by 
recognising and using the pattern of the term-to-term rule. 

Show the class the second number pattern on the right. 
• Can you describe this pattern? 

Draw out that each shape in the pattern is a rectangle formed by doubling the corresponding 
triangular number. The size of each rectangle is given by: 
 dots in a row × number of rows 

Ask students to draw the next three shapes in the sequence and to write the size of the shapes 
that they have drawn. 
• What would be the size of the 50th shape? 
• What is the size of the nth shape? 

Get students to use the answer to the last question, n(n + 1), to show that the formula for nth 
triangle number is 1⁄2 n(n + 1). 

Refer back to the first number pattern on the right. Ask students to conjecture what the sum of two 
consecutive triangular numbers must be. 

Now invite them to use algebra to prove that the sum of two consecutive triangular numbers is 
always a square number. 

Proof 
The nth triangular number is 1⁄2 n(n + 1). The (n + 1)th triangular number is 1⁄2 (n + 1)(n + 2).  
The sum of these two triangular numbers is: 

 1⁄2 n(n + 1) + 1⁄2 (n + 1)(n + 2) = 1⁄2 (n + 1)(n + n + 2) = 2 × 1⁄2 (n + 1)(n + 1) = (n + 1)2 

So the sum of two consecutive triangular numbers is always a square number. 
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[continued] 

Choose and use 
appropriate mathematical 
techniques and tools to 
solve a problem, including 
ICT. 

Use a graphics calculator 
to generate sequences 
and plot graphs. 

Regions of a circle 
Draw on the board a circle with a chord (any straight line from one part of the circumference to 
another). 
• How many regions are there in the circle? (two) 

Draw another chord in the circle, intersecting the first one. Ask: 
• How many regions are here in the circle now? (four) 

Build up a table of results while doing this, showing the number of chords and the number of 
regions. 
• What is the maximum possible number of regions when another chord is drawn? 

Put students’ suggestions on the board. Now draw in the third chord to intersect the first two 
chords already in the circle. With the class, count the number of regions. There are seven regions. 
Put this in the table. 
• What is the maximum possible number of regions when another chord is drawn? 

Some may spot the pattern, which gives 11. If so, then get them to explain the pattern to the rest 
of the class. Show that this is true. The explanation is that 2 is added, then 3, then 4, and so on. 
• What is the term-to-term rule for this pattern? 

Encourage class discussion, and clarity of explanation. There may be suggestions which are 
different from each other but which are still correct. 

The rule is T(n) = T(n – 1) + n, where T(n) is the nth term and T(n – 1) is the term immediately 
before it. 

Now get the class to compare the sequence for regions of a circle with the sequence of triangular 
numbers. 
• Can you use the sequence of triangular numbers to find the formula for the nth term for the 

maximum regions of a circle? 
 

Term number 1 2 3 4 … n … 
Triangular  
numbers 

1 3 6 10 … 1⁄2 n(n + 1) … 

Regions of  
a circle 

2 4 7 11 … ? … 
 

Establish that each term of the second sequence is one more than the corresponding term of the 
sequence of triangular numbers. So the nth term for the sequence of regions of a circle is: 

 1⁄2 n(n + 1) + 1 = 1⁄2 (n2 + n + 2) 
• What is the 10th term for the sequence of regions of a circle? (56) The 20th term? (211) 
 

 

Term number 
(number of 

chords) 
 

Term 
(number of 

regions) 

1 

 

2 

2 

 

4 

3 

 

7 

4 

 

11 
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 Practice 
Ask students to consider the diagrams on the right. Each dot is joined to as many other dots as 
possible without any of the lines crossing. 

Ask students to extend the sequence and to set up a table of results. They should use the table to 
predict how the sequence will grow and to determine the term-to-term rule: 

 T(n) = T(n – 1) + (n – 1) 

They should compare the sequence of triangular numbers to help them to determine a formula for 
the general term of the sequence (1⁄2 n(n – 1)). 

Alternatively, students could investigate the maximum number of intersections from a given set of 
straight lines. 

 

  
 

 
1 dot 

0 lines 
2 dots 
1 line 

3 dots 
3 lines 

4 dots 
6 lines 

   

  
  

1 line 
0 intersections 

2 lines 
1 intersection 

3 lines 
3 intersections 

4 lines 
6 intersections 

     

 Diagonals of a polygon 
Draw a triangle, quadrilateral and pentagon on the board. Explain that a diagonal of a polygon is a 
straight line joining two non-adjacent vertices. 
• How many diagonals are there in the triangle? (none) 
• How many diagonals are there in the quadrilateral? (two) And the pentagon? (five) 

Build up a table of results while doing this, showing the number of sides and the number of 
diagonals. 

Now get the class to compare the sequence for the diagonals of a polygon with the sequence of 
triangular numbers. 
• Can you use the sequence of triangular numbers to find the formula for the number of diagonals 

of a polygon in terms of the number of sides? 
 

Term number 3 4 5 6 … n … 
Triangular 
numbers 6 10 15 21 … 1⁄2 n(n + 1) … 

Sides of 
polygon 3 4 5 6  n  

Diagonals of  
polygon 0 2 5 9 … ? … 

 

Establish that each term of the sequence of diagonals is always 2n less than the corresponding 
term of the sequence of triangular numbers. So the number of diagonals of a polygon is: 

 1⁄2 n(n + 1) – 2n = 1⁄2 (n2 + n – 4n) = 1⁄2 n(n – 3), where n = the number of sides 

Show the class an alternative way of arriving at the general term. Each of the n vertices has been 
joined to (n – 3) other vertices, giving a possible n(n – 3) diagonals. However, each diagonal has 
been counted twice (e.g. from A to C, then from C to A, where A and C are two of the vertices).  

So the number of diagonals is 1⁄2 n(n – 3), where n = the number of sides. 
 

 

Number of 
sides  

Number of 
diagonals 

3 

 

0 

4 

 

2 

5 

 

5 

6 

 

9 

7 

 

14 
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 Using ICT 
Ask students to work in pairs at computers.  
Get them to use Regular m/n-polygon (www.ies.co.jp/math/java/geo/angle.html) to explore the 
relationship between the number of numbered points on a circle, the step size and the number 
of points on the star formed when the figure is closed. 

Also ask them to consider the relationship between the variables in Number patterns 
(www.hbschool.com/elab/act_8_10.html). An accompanying worksheet can be downloaded for the 
activity. 

Regular m/n-polygon 

 

Number patterns 

 
 

 Extension: sequences with limiting values 
Write on the board: ‘divide by 5 and add 4’. 

Tell the class that this is the term-to-term rule for creating a sequence. 

Ask someone to give you a number between 0 and 10. Use this to start the sequence. Starting 
with the number 1, for example, will generate: 

 1, 4.2, 4.84, 4.968, 4.9936, 4.998 72, 4.999 744, 4.999 948 8 

Ask the class: 
• Do you notice anything about the numbers? 

They should spot that the terms are getting closer and closer to 5. 

  

 Now get students to produce the sequence ‘divide by 2, add 3’ starting with 1 on their graphics 

calculators. This can be represented as 3
2
xx → +  and the link between the apparent limiting 

value of 6 seen as the solution of the equation 3.
2
xx = +  

Ask students to find out what happens when they use different starting numbers. 

Now get students to explore the effect of varying the number 3 on the limiting value. For example, 
change ‘add 3’ to ‘add 4’, then ‘add 5’. 
• Can you predict what will happen when you use ‘add 6’? 

Similarly, ask students to change ‘divide by 2’ to ‘divide by 3’ and then ‘divide by 4’. Get them to 
predict what will happen when they use ‘divide by 5’. 

Write on the board the term-to-term rule ‘divide by 2 and add 10’, starting with 1. 
• Can anyone suggest what value this sequence will get closer and closer to? (20) 
• Why do you think that? 

Change the term-to-term rule to ‘divide by 3 and add 10’, and ask the same questions. 
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 Using a spreadsheet to generate and investigate sequences 
To use a spreadsheet, students will need to know how to set up a formula and how to copy it from 
one cell to another. 

Show students how to enter the sequence ‘divide by 5, add 1, starting with 16’ into a spreadsheet. 
Set the spreadsheet to a font size suitable for a demonstration, such as 24 point. 

Create a column for the term number. Enter 1 in cell A2, and the formula =A2+1 (no spaces 
between signs, letters and numbers) in cell A3. Replicate this down column A. 

Create a column for the terms of the sequence. Enter the first term of an arithmetic sequence in 
cell B2 (e.g. 16). Enter the formula =B2/5+1 in cell B3. Replicate this down column B. 
Discuss what happens. 

Practice 
Ask students to use a spreadsheet to investigate the effect of changing the numbers 16, 5 and 1. 
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The numbers in the sequence 2, 7, 12, 17, 22, … increase by fives. 
The numbers in the sequence 3, 10, 17, 24, 31, … increase by sevens. 
The number 17 occurs in both sequences. 
If the two sequences are continued, what is the next number that will be 
seen in both sequences? 

TIMSS Grade 8 

   

Fill in the two missing numbers in the sequence. 

…     7     11     19     35     … 

   

Assessment 
Set up activities that allow 
students to demonstrate 
what they have learned in 
this unit. The activities can 
be provided informally or 
formally during and at the 
end of the unit, or for 
homework. They can be 
selected from the teaching 
activities or can be new 
experiences. Choose tasks 
and questions from the 
examples to incorporate in 
the activities. 

Look at the patterns on the right. 

For this series of patterns, write an expression to show the total number of 
tiles in pattern number n. Simplify your expression. 

 
 The figures show patterns made from circles. 

The sequence of figures is extended to the 7th figure. How many circles 
would be needed for the 7th figure? 

The 50th figure in the sequence contains 1275 circles. Determine the 
number of circles in the 51st figure. Without drawing the 51st figure, explain 
or show how you arrived at your answer. 

TIMSS Grade 8 

 

 

 

 y is an integer. 

a. Explain why the expression 16y2 must represent a square number. 

b. Mohamed says he thinks that the expression 9 + y2 represents a square 
number. Is he correct? Explain how you know. 

   

 m is an odd number. Which of the numbers below must be even, and which 
must be odd? Write ‘odd’ or ‘even’ next to each one. 

 2m 

 m2 

 3m – 1 

 (m – 1)(m + 1) 
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