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MYP Mathematics 1: a new type of math textbook…

This is not your average math textbook. Whereas most textbooks present 

information (kind of  like a lecture on paper), which you then practice and 

apply, this text will help you develop into a mathematician. Following the 

MYP philosophy, you will perform investigations where you will discover 

and formulate mathematical rules, algorithms and procedures. In fact, you 

will generate the mathematical concepts yourself, before practicing and 

applying them. Much like an MYP classroom, this text is supposed to be an 

active resource, where you learn mathematics by doing mathematics. You 

will then reect on your learning and discuss your thoughts with your peers, 

thereby allowing you to deepen your understanding. You are part of  a new 

generation of  math student, who not only understands how to do math, but 

what it means to be a mathematician.

How to use this book

MYP Mathematics 1 is designed around six global contexts. They are: 

• identities and relationships

• orientation in space and time

• personal and cultural expression

• scientic and technical innovation

• globalization and sustainability

• fairness and development

In this unit, you will see that being able to dene and calculate 
the amount of space taken up by an object is an important step 
in guring out how to minimize its impact on the environment.  
However, shapes and space also play an important role in 
understanding a wide range of other global contexts.

Perimeter, area  
and volume  7

Fairness and development

Questions of power and privilege

How much space does a human being need in order to live?  Why do some people have 
so much space while others have so much less?  Perimeter, area and volume can be 
used to analyze housing settlements around the world, and to illustrate the stark 
dierences between those who have power and privilege and those who do not.

At the same time, it has been said that less than 5% of the world’s population uses at 
least 25% of its natural resources.  What problems might this pose?  

Calculating the volume of resources that are available and the extent of the damage 

caused to the planet in obtaining them can help to further demonstrate the inequality.  

Orientation in space and time

Urban planning in ancient civilizations  

We can study the great ancient civilizations through what 
remains of their architecture and the products that they 
created.  The Ancient Egyptians and Chinese produced 
impressive structures that can be analyzed by looking at 
the space they occupy and shapes chosen.  Whether it’s an 
obelisk covered in ancient writing or the Great Wall of China, 
looking at perimeter, area and volume can help us understand 
the magnitude of a project and give important insight into the 
civilization that created it. 

249248

The Rama empire existed in what is now Pakistan and India. The empire was 
so advanced that its cities, including Mohenjo-daro, were carefully planned 
before their construction. The use of rectangular structures for the city grid 
and the housing predates evidence of the basic principles of geometry. More 
impressive still is the fact that the sewage system they developed was more 
sophisticated than those found in many cities today!

Each unit in this book 

explores a single global 

context. However, a 

dierent global context 

could have been selected 

as a focus of study.  What 

would the study of this 

content look like in a 

dierent context?  The 

chapter opener gives you 

just a small taste of the 

endless possibilities that 

exist, encouraging you to 

explore and discover these 

options on your own.



In question 3, 

be sure to justify 

your answers.

v

Topic opening page

Key concept for 

the unit.

Objectives – the 

mathematics 

covered in the unit.

Statement of 

Inquiry for the 

unit.  You may wish 

to write your own.

You should 

already know 

how to: – these 

are skills that 

will be applied 

in the unit which 

you should 

already have an 

understanding 

of.  You may want 

to practice these 

skills before you 

begin the unit.  

The identied

Global context

is explored 

throughout the 

unit through the 

presentation of 

material, examples 

and practice 

problems.  
The related 

concepts explored 

in the unit.  You 

may want to see 

if other related 

concepts could be 

added to this list.  

The Approaches to Learning 

(ATL) skills developed 

throughout the unit.

Inquiry questions – the 

factual, conceptual and 

debateable questions 

explored in the unit.

Learning features

Hints are given to clarify instructions and 

ideas or to identify helpful information.

Activities allow you to engage with mathematical 

content and ideas without necessarily discovering 

concepts.  They allow you to practice or extend 

what you have learned, often in a very active way.

Investigations are inquiry-based activities for you to work 

on individually, in pairs or in small groups.  It is here that 

you will discover the mathematical skills, procedures and 

concepts that are the focus of the unit of study.

Activity 3 – Euclid’s method

Find the GCF of each pair of numbers using both the ladder method 

and Euclid’s method.

a 72 and 180 b 24 and 132 c 104 and 1200

d 360 and 1024 e 256 and 1600 f 480 and 2040
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Reect and discuss boxes contain opportunities 

for small group or whole class reection on the 

content being learned.

Weblinks present opportunities to 

practice or consolidate what you are 

learning online or to learn more about a 

concept. While these are not mandatory 

activities, they are often a fun way to 

master skills and concepts.

The eastbound bus leaves the depot once every 18 minutes. 

Thewestbound bus leaves once every 30 minutes. If the rst bus 

oneach line leaves at 3 pm, what time will it be when they again 

leave at the same time?

What are you being asked to nd?

18 : 18, 36, 54, 72, 90, 108

30: 30, 60, 90, 120

The LCM is 90.

Since the buses will leave the depot at the same 

time every 90 minutes, the next time they do so 

will be at 4:30 pm.

Example 12

Q

A You are trying to determine when they will next 

leave at the same time – so you are nding a 

larger number than both – so nd the LCM.

Find the LCM using your preferred method.

Look at what the question is asking to 

make sure you fully answer the question.

Use the 3P strategy as you answer the following questions in pairs or 

small groups.

● Which comes rst, multiplication or division? Explain.

● Try to create an acronym or a simple way to remember the order of 

operations. 

Reect and discuss 13Reect and discuss 13

Examples show a clear solution 

and explain the method.

For practice with estimating fractions and decimals graphically, 

go to brainpop.com and search for ‘Battleship Numberline’.

e
b

li
n

Practice questions are written using IB command terms.  

You can practice the skills learned and apply them to 

unfamiliar problems. Answers for these questions are 

included at the back of the book

Formative assessments  help you to gure out how well 

you are learning content.  These assessments explore 

the global context and are a great way to prepare for the 

summative assessment.



Technology icon  indicates where 

you can discover new ideas through 

examining a wider range of examples, 

or access complex ideas without having 

to do lots of painstaking work by hand. 

This icon shows where you could use 

Graphical Display Calculators (GDC), 

Dynamic Geometry Software (DGS) or 

Computer Algebra Systems (CAS). 

ATL  icons highlight opportunities to 

develop the ATL skills identied on the 

topic opening page.

Indicates a challenging question that will push 

you to extend and apply what you have learned.

v i i

Each unit ends with

4 0 1  Numbers and number systems

Unit summary

The number system that we currently use is the decimal number 

system. We use a place value system based on the number10. The 

units place and the decimal point form the center of the place value 

system. The decimal system is made up of families (thousands, 

thousandths, millions, millionths, etc.) Each place value family 

has three members: units (or ones), tens, and hundreds.

d
e
ci
m

a
l 
p
o
in

t

To write whole numbers from words:

1 Determine the place value name with the greatest value given 

in the number. This tells you how many places you need.

2 Draw a blank (a dash) for every place you will need, one 

perdigit.

3 Fill in the blanks with the digits needed. Use zeros as 

placeholders.

To read decimal numbers:

Ignoring the decimal point, read the decimal number part 

like a whole number.

2 At the end of the number, say the place name of the last digit.

To write decimal numbers:

Determine the place name of the last digit of the number. 

Thistells you how many places there should be in the number.

2 Fill in the spaces so that the number reads correctly. 

If necessary, put zeros in as place holders.

Expanded notation

Examples:

352.87  300 + [50 + 2 + 0.8 + 0.07

or

352.87  (3 × 100) + (5 × 10) + (2 × 1) + (8 × 0.1) + (7 × 0.01)

1  Numbers and number systems42 

Unit review

Key to Unit review question levels:

Level 1–2 Level 3–4 Level 5–6 Level 7–8

Write down these numbers in words.

32 560 042 b 17.08 1743.14 d 2.718

2 Represent these written descriptions as numbers using digits.

ten thousand four hundred fty-ve 

b twenty nine and thirty-two thousandths

one hundred ninety-thousand six hundred forty-ve millionths

d eighteen thousandths

3 Represent these numbers in words and in both expanded forms.

A blockbuster lm made €15 342 807 over a single weekend.

b At its furthest, the moon is 405 696.7 km from the Earth.

The length of an eyelash mite is 0.1375 mm.

d In 2013, the population of India was 1 252 706 114 people.

The width of a Siberian Husky’s hair is 0.000025 m.

4 Represent these numbers in both expanded forms.

12.75  b 203.6 c 12 004.205 d 3.0019

5 Write down the given number from its expanded form.

a 500 + 10 + 8 + 0.02 + 0.001

b (3 × 10 000) + (6 × 100) + (2 × 10) + (7 × 0.01) 

c 9000 + 10 + 0.01 + 0.008

d (4 × 100 000) + (6 × 1000) + (2 × 10) + (3 × 0.01)

6 Represent each given number in two other forms.

8231.04 b (4 × 1000) + (3 × 10) + (5 × 0.1) + (4 × 0.001)

c 8000 + 800 + 0.7 + 0.008 + 0.00002 d 1400.12

7 Evaluate each number. 

8 b 12 c 6 d 13

e 2 f 3 g 2 h 5

For a number 

such as 1047, 

some people say 

‘one thousand 

and forty seven’ 

while others say 

‘one thousand 

forty-seven’. 

Can you think 

of a reason why 

the second 

way might be 

preferable?

c

i
eri

A

1  Numbers and number systems4 6 

Summative assessment 

How much are we inuenced by the past?

You will be exploring number systems of different ancient 

civilizations. In groups specied by your teacher, you will choose 

one of the following civilizations and complete some research 

on their number system. You will then explain the basics of that 

number system to theclass. 

Mayan

Egyptian

GreekRoman

Chinese Sumerian

Babylonian

1 Before beginning this task, as a class you will prepare a timeline 

of the history of world math systems. Each group will share 

with the class when their civilization’s number system was 

created. As a class, you will determine the intervals of your 

timeline until the present day, and label your civilization on the 

timeline. This will help give you an overview of mathematics 

throughout time as you complete your Summative task.

2 As a group, you will prepare a short instructional video 

between two and ve minutes in length, using an app like 

Explain Everything or Show Me, or a method suggested 

by your teacher. Your video will include all of the relevant 

information about your number system.

a What is the history of your number system?

When was it created? 

Where was it created? (Include geographic reference.)

What was it used for?

If not used today, when did it stop being used?

b What are the basics of your number system?

How does it work?

What was it used for?

What types of symbols are used and do they have specic 

meaning/values?

Are there any patterns evident in your number system?

What kind of mathematical operations were used?

Does your number system use place value?

ATL2

c

i
eri

C

The summative assessment  task applies 

the mathematics learned in the unit to 

further explore the global context.  This task 

is often assessed with criteria C and D.

Unit summary  recaps the 

key points, ideas and rules/

formulas from the unit.

ATL1

Unit review allows you to practice the skills and concepts in the unit, 

organized by level (criterion A) as you might nd on a test or exam.  

You can get an idea of what achievement level you are working at 

based on how well you are able to answer the questions at each level. 

Answers for these questions are included at the back of the book



Numbers are an important part of everyday life. As you will 
discover in this unit, the systems that we use to represent 
numbers have developed over time as a response to human 
interactions. However, exploring numbers and number systems 
through a dierent context could open up worlds that are 
more personal or which push the boundaries of science and 
technology.

At the same time, the anatomy and 
chemistry of the adolescent brain is a 
study in small and large amounts.  There 
are approximately 100 billion neurons in 
the brain, varying in size from 0.004 mm 
to 0.1 mm. The teenage brain undergoes 
both “pruning” and growth, where links 
between neurons are “pruned” depending 
on how often they are used, or where 
more neural pathways are formed. 

Numbers & number  
systems1

Identities & relationships

What it means to be a teenager

To understand what it means to be a 
teenager requires the ability to use 
numbers and number systems. From the 
number of 'posts' to 'likes' to 'followers', 
today's teenagers are used to seeing and 
understanding a much wider range of 
numbers than ever before.

2



The Large Hadron Collider is the single largest machine in the world, housed in the 
CERN research headquarters in Geneva, Switzerland.

It is used to force particles to collide with one another as they travel at close to the 
speed of light (299 792 458 m/s). 

The mass of each particle is so small that, to write it in grams would require 23 zeros 
after the decimal point, before writing the rst non-zero number!

Scientic & technical innovation

Ingenuity and progress

Throughout the centuries, humans have 
continuously innovated to produce more 
precise and more powerful tools. Amazingly, 
this ingenuity involves both very large and very 
small quantities and measures.  

Very small...

Scientists have developed atomic clocks so 
precise that, after 15 billion years, they will not 
have lost or gained a single second. Before that, 
the most precise clocks lost up to 0.0000000033 
seconds per year.

Very large...

3



Numbers and number systems
Civilizations and human interactions

1
KEY CONCEPT: FORM

Related concepts: Representation and Systems

Global context
In this unit you will discover a range of number systems that have arisen 

as civilizations evolve and humans interact, which will help you explore 

the global context of orientation in space and time. By learning about 

numbers, their properties, and how to perform operations with them, 

youwill realize how important numbers have been throughout history.

Statement of Inquiry
Dierent systems and forms of representation  
develop as civilizations evolve and humans interact.

Inquiry questions
What is a number?

What is a number system?

How are the ways we represent 

quantities related?

How does the way we represent 

something affect its usefulness?

How much are we influenced by the 

events of the past?

F

C

D

Objectives
● Researching, representing and comparing 

number systems 

● Reading, writing,simplifying and converting 

betweendierent forms of numbers

● Simplifying numerical expressions using the 

order of operations

● Using appropriate forms of rounding to 

estimate results

● Dening and using the divisibility rules

● Representing a number as an exponent, 

asquare root, and as a product of its prime 

factors, in order to solve problems



Present information in a variety of 
formats and platforms

ATL2 Information literacy skills

Listen actively to other perspectives 
and ideas

ATL1 Collaboration skills

You should already know how to:

● identify the place value of specic digits 
in numbers

● write numbers in numeric forms and also 
in words

● write numbers in expanded form

● multiply and divide

5
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1  Numbers and number systems6 

When did humans rst use numers? What did they use them for?

Do animals use numers? These are all questions that may never 

e answered denitively, ut the disovery of the Ishango one 

in 1960 in what is now the Demorati Repuli of Congo is 

evidene that humans rst developed a mathematial system 

more than 20000 years ago. The one is the ula of a aoon 

with groupings of nothes ut into it that ould represent ounting 

or perhaps even something more advaned. Some sientists 

elieve it shows mathematial suession and an e thought of 

as a prehistori alulator of sorts.

Cave paintings found in Lasaux, Frane, seem to demonstrate 

early humans’ aility to distinguish etween one animal and 

many animals. Although they did not have a system of numers, 

they were ale to ommuniate the idea of ‘how many’.

There is evidene that, in approximately 4000 bc, the Sumerians 

used numers and ounting. As one of the earliest ivilizations, 

the Sumerians grew rops, raised livestok and even traded 

and aquired goods. As ivilizations grew and eame more 

omplex, the need also grew for a numer system that ould 

handle tasks that required ounting and performing operations 

with numers.

Introducing numbers and number systems
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In this unit, you will use the ‘Pay attention, pause and paraphrase’ (3P) 

strategy to build active listening skills. In this exercise, the emphasis is 

on paying attention. For each question below, have one person answer 

while everyone else simply listens. When others have their turn, they 

must add something new to the discussion rather than repeating what 

has already been said (‘additive, not repetitive’).

● Why do you think the Sumerians needed numbers? Explain.

● What evidence might have been found to support the idea that the 

Sumerians counted or used numbers?

● What evidence could there be to support the idea that some 

animals seem to have the ability to count?

Reect and discuss Reect and discuss 1ATL1 Reect and discuss 1

Representing quantities

Activity 1 – The importance of a number system

Today you will go back in history, to a time when people did 

not speak English or any other modern language, and our 

current number system did not exist. You can do this activity 

in or outside of class. You will be in a group of four, and each 

group will be a family. One at a time, you will leave a message 

to the rest of your family telling them about the number of wild 

animals that you saw one day. (In North America, for example, 

that could include bualo. In South America, it might be alpaca.) 

One by one, with the rest of your family looking away, you will create a message for your family 

based on one of the scenarios below. You cannot use letters or words, nor can you use any 

of our current numbers. However, you can use any object(s) you see to help you. Once your 

message is ready, let your family look at it and try to guess what it represents. Once they have 

guessed correctly, the next person will leave their message.

Person 1

Pick a number between 1 and 5 and 

represent that as the number of 

people in your hunting party.

Person 3

Pick a number between 200 and 

500 and represent that as the 

number of animals you saw.

Person 2

Pick a number between 50 and 70 

and represent that as the number of 

animals that were captured.

Person 4

Pick a number between 1500 and 

2000 and represent that as the 

number of animals you saw.

NUMBER



1  Numbers and number systems8 

You will again use the ‘Pay attention, pause and paraphrase’ (3P) strategy 

to build active listening skills. In this exercise, the emphasis is on pausing. 

For each question, have one person answer while everyone else simply 

listens. There must be a three-second pause before the next person 

speaks. Again, subsequent speakers’ contributions must be additive, not 

repetitive.

● How did you gure 

out what was being 

communicated?

● Which person used a 

system that was the most 

eective? Explain.

● How did the system 

change so that large 

numbers could be 

represented?

● What is our number 

system based on? In 

other words, how do we 

group things? Why do 

you think we do this?

Reect and discuss 2Reect and discuss 2ATL1

In many parts of the ancient world, clay tokens were 

used to keep track of items (jars of oil, amounts 

of grain, etc.) since there was no written number 

system. Some tokens represented groups of items 

while others represented single items. Because of 

this, humans now had a basic way of accounting 

and recording transactions. Of course, they would 

eventually require a more sophisticated way to store 

information.

Did you know...?
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The numer system that we urrently use in mathematis is the 

decimal number system. Our numer system is ased on the numer 

10. In Greek, dec means 10, hene the word decimal. Weuse a 

plae value system ased on the numer 10. Numers are a way 

of representing an amount of something – a quantity – so it is 

important to e ale to use our numer system orretly and 

aurately.

The units plae and the deimal point form the enter of the 

plae value system. The deimal system is made up of families 

(thousands, thousandths, millions, millionths, and so on), shown 

in old in the following diagram.

Eah plae value family has three memers:

● the units (or ones)

● the tens

● the hundreds.

Eah family is separated y a spae.
s

s

d
e
ci
m

a
l 
p
o
in

t

When reading a numer you say the family name at the end of 

eahfamily.

To read deimal numers:

● Ignoring the deimal point, read the deimal numer part 

like a whole numer.

● At the end of the numer, say the plae value family name of 

the last digit.

Read out the number 2 374 158 in words.

Two million, three hundred seventy-four thousand, 

onehundred fty-eight

Example 1

Q

A The family names are shown in bold.

NUMBER



1  Numbers and number systems10 

Represent twenty-ve thousandths using digits.

0. _ _ _

0. 0 2 5

Example 4

Q

A The place value name family is thousandths so there are three places after the decimal.

The rst digit in the number is 0 as a place holder.

To write whole numers from words:

● Determine the plae value name with the greatest value given 

in the numer. This tells you how many plaes you need.

● Put as many lanks as there are plaes in the numer.

● Fill in the lanks with the digits needed; use zeros as 

plaeholders.

10 

Represent the number four hundred seventy-two million  

thirty thousand and sixteen using digits.

_ _ _ _ _ _ _ _ _

4 7 2 _ 3 0 _ 1 6

The number is 472 030 016

Example 3

Q

A
The greatest place value family is the millions, so you will need at most 9 digits.

Grouping digits by place value family name can 

help with large numbers. Fill blanks with zeros.

Read out the number 0.325 in words.

Three hundred and twenty-ve thousandths

Example 2

Q

A

Three decimal places puts this number 

into the thousandths place value family.

To write deimal numers from words:

● Determine the plae name of the last digit of the numer. 

This tells you how many plaes there should e in the numer.

● Fill in the spaes so that the numer reads orretly. 

Ifneessary, put zeros in as plae holders.



In the 6th and 7th centuries bc, Indian 

cosmologists needed to be able to 

represent large numbers, such as the 

age of the universe, so they used a 

set of ten symbols. This system was 

introduced to Arab mathematicians 

who would later introduce the system 

to Europe. This is the origin of the 

Hindu-Arabic number system and the 

decimal system we use today.

Hindu

Arabic

Medieval

Modern

The deimal system makes it easy to represent numers in dierent 

forms. Beause eah numeral has a spei value ased on its plae 

in the numer, you an expand a numer in several ways:

164.34 = 100 + 60 + 4 + 0.3 + 0.04

or

164.34 = (1 × 100) + (6 × 10) + (4 × 1) + (3 × 0.1) + (4 × 0.01)

Practice 1

1 Read out these numers in words.

a 401302059677 b 496812.03 c 0.0243

d 0.08570062 e 302.005 f 1.023

g 23407.6 h 2 001.295 i 900090090

2 Represent the following numers using digits. 

Eight hundred twenty-seven thousand ninety-six

Two hundred seventy-ve thousand sixty-nine and ten millionths

Sixteen million eight hundred thousand six and seven ten thousandths

Fourteen and six hundredths

Five thousand and four tenths Two and seven hundredths Twelve thousandths

Fifty thousand eight

11

Continued on next page

Did you know...?
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1  Numbers and number systems12 

Many deimal numers end (or terminate), like the ones you 

have seen so far. There are others that never terminate and repeat 

themselves indenitely. There are also deimal numers that 

never terminate and never repeat themselves. In the next ativity, 

you will researh one of the more famous of these numers: pi.

3 Represent these amounts in words and in oth expanded forms.

a A house osts $640700.

b At its losest, the distane from the Earth to the moon is 

363105.021 km.

c The diameter of a grain of sand is 0.0625 mm.

d At some time in 2017, the estimated gloal population was 

7492115325 people.

e The width of a human hair is aout 0.0018 m.

4 Represent these numers in oth expanded forms. 

a 385.901 b 6407.83 c 367981.02 d 1467390.932

e 1003.2 f 12.5007 g 4.009 h 0.0104

5 Write eah numer from its expanded form.

a 200 + 50 + 2 + 0.4 + 0.07 b (4 × 1000) + (3 × 100) + (8 × 10) + (1 × 0.1) 

c 3000 + 70 + 3 + 0.005 d (2 × 10000) + (5 × 100) + (7 × 1) + (9 × 0.0001)

e 40 + 0.8 + 100 + 30000 f (6 × 1000000) + (6 × 1000) + (6 × 1)

6 Represent eah numer in two other forms.

a 17234.01

b (3 × 100) + (4 × 1) + (7 × 0.1) + (5 × 0.01)

c 2000 + 10 + 0.02 + 0.004 + 0.00005

d 600.08

e (2 × 1000) + (5 × 10) + (3 × 0.01)

f (6 × 10000) + (8 × 100) + 8 + (7 × 0.1) + (5 × 0.001)

In part 3d, you 

don’t need to 

represent the 

year 2017. Also, 

putting it in 

expanded form 

would not serve 

much purpose. 

Orwould it?
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Other forms used to represent quantities

Base-10 and base-60 

Our system is ase-10. There an e any one of 9 digits in any 

plae value olumn. One you go over 9, you need to start a new 

olumn. So our plae value olumns are 1, 10, 100, et.

Anient Baylonians used a ase-60 system. The rst digit is the 

‘ones’ digit, as in our system, and it an e any numer from 

0 to59. One you go over 59, you need to start a new olumn. 

This means that the next olumn is the ‘60’ digit and indiates 

how many 60s are required to write the numer. Beause ase-

60 numers an e diult to read, the digits are often separated 

from one another, for example: 2 15.

Activity 2 – Pi quest 

In this activity, you will research the number pi and create a 

presentation (using software such as Prezi, Powerpoint, etc.) that 

includes the following information. 

1 Pi is what kind of number? Write a brief denition for this kind of 

number.

2 What is the symbol that we use for pi? In which year was pi assigned 

this symbol, and who rst used it?

3 What fraction is often used to approximate the value of pi? To how 

many decimal places is it a good approximation?

4 How many digits of pi have been discovered? Go to mypiday.com 

and enter your birthdate to nd where your birthday occurs in the 

decimal representation of pi.

5 What day of the year is Pi Day? Why has this date been chosen?

6 Write one interesting fact that you have discovered about pi in your 

research, and discuss why you think it is interesting. 

7 The Greek mathematician Archimedes (c 287 – c 212 bc) constructed 

a method for approximating the value of pi. Complete the 

‘Computing Pi’ exploration on the NCTM Illuminations website to 

see how he did this. What fraction is known as the Archimedean 

value? Why? How did Archimedes use it?

8 Archimedes was not the rst person to recognize pi. Research three 

ancient civilizations that used working approximations of pi and 

explain how they used it.

ATL2

Could it really be 

possible that 

somewhere within 

the digits of pi 

every possible 

birthdate can be 

found? What do 

you think?

When the letter 

c is given before 

a date, it means 

the exact date is 

unknown. The c 

stands for circa, 

which is Latin for 

around or about.

e
b

ink

e
b

li
nk
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1  Numbers and number systems14 

In this exercise, the emphasis is on paraphrasing. For each question, 

have one person answer while everyone else simply listens. When 

others have their turn, they must paraphrase what the previous 

speaker said before adding something new to the conversation.

 There must be a three-second pause between speakers.

● Why do you think the base-60 number system was appealing  

to ancient Babylonians? 

● How is their system similar to ours?

● Can you think of where you use a system based on the 

number60? 

● Why should you have an understanding of how the base-60 

number system works?

Reect and discuss 3Reect and discuss 3ATL1

a Represent the base-10 number 68 in base-60.

b Represent the base-60 number 2 14 in base-10.

a 68 ÷ 60 = 1, remainder 8

68 = 1 8

b 2 14

2 × 60 = 120

14 × 1 = 14

2 14 = 134

Example 5

Q

A Divide the number by 60. As long as the quotient 

is less than 60, place it in the second column and 

place the remainder in the ones or units column. 

The number in the second column is the number of 60s. 

The number in the rst column is the number of 1s.

The total of this is the value of the number in base-10.

The Babylonian civilization replaced the 

Sumerian civilization in Mesopotamia. While 

their base-60 system would seem to be more 

complicated than our base-10 system, they 

wrote their numbers in cuneiform, which only 

had two symbols!

Did you know...?
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Numers in Braille eah have their own representation, whih 

happen to math the rst ten letters of the English alphaet. 

Thenumber symol plaed in front of other symols lets the reader 

know to interpret what follows as numers instead of letters.

Here are the Braille symols for the letters a to j:

a b c d e f g h i j

When preeded y the number symol, these same ten symols 
represent the ten digits:

1 2 3 4 5 6 7 8 9 0

Therefore: 

Writing numers in Braille requires putting the symols for the 

digits in order. 

= 37 = 248 = 510.3

This is the Braille symol 

for the deimal point. 

= hide

= 8945

Note that the 

borders drawn 

around the 

symbols shown 

here do not 

actually feature in 

Braille. They are 

shown here only 

to separate the 

symbols from one 

another.

15

This is the symol for the word 

number. It appears efore every 

numer that is written so that 

when people read Braille they 

know that a numer omes next.

Braille

The symols in this setion are numers in Braille, whih 

is a system of raised dots that an e ‘read’ with ngers y 

people who are lind or have redued vision. Eah symol 

an e reognized y its position and the numer of dots 

within a raille ell, whih is two parallel vertial olumns 

eah having 0, 1, 2 or 3 dots in it. Braille is not a language in 

its own right, ut rather a ode whih an e written or read 

in many languages around the world. 

NUMBER



● How dicult do you think it would be to learn Braille? 

● How long do you think it would take you to read and write Braille 

without eyesight?

● Do you think it is important that you have a basic understanding  

of how Braille works?

Reect and discuss 4Reect and discuss 4

Pairs

Louis Braille lived in the 1800s in France. 

When he was young, he had an eye injury 

that got infected and left him blind in both 

eyes. Unable to read conventional books, 

he invented a system of raised letters and 

numbers that have allowed blind people all 

over the world to read. Braille symbols have 

been created for every known language.

Practice 2

1 Represent these ase-10 numers in ase-60. 

a 63 b 182 c 147 d 79

e 100 f 85 g 120 h 219
Continued on next page
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Did you know...?

Writing expressions with numers requires plaing the following 

symols etween the values:

For example, 2 + 3 = 5 is written as:

Note that the Braille symol for ‘numer’ preedes eah of the 
three numers in the statement.



2 Represent these ase-60 numers in ase-10.

a 3 2 b 4 17 c 5 23 d 1 14

e 2 10 f 3 00 g 10 10 h 12 03

3 Write down ve ase-10 numers and ve ase-60 numers. Then hallenge a partner 

to onvert them.

4 Represent these numers in Braille.

a 17 b 302 c 422 d 1705

e 981 f 2006 g 31.45 h 0.17

5 Convert these Braille numers to deimal form.

a b c

d e

6 Represent these Braille numers in ase-60.

a b c d

7 The following two Braille lines are equations. Write them in deimal form.

a

b

8 Find the value of the following expressions. Write your answer in Braille.

a

b

c

d

e

f

Pairs

17
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Powers / indices 

Powers or indices are a onvenient form to use when writing a 

spei kind of quantity. Indies tell you how many times to 

multiply a numer y itself. For example:

62
= 6 × 6 = 36

The numer 6 is alled the base while the numer 2 is alled the 

index (or the power). The numer 62 an e read as ‘6 raised to the 

power 2’. This numer is also referred to as ‘a power of 6’. 

When the power is 2, the ase is often referred to as eing squared, 

so 62 is often read as ‘six squared’. Likewise, when the power is 3, 

the term is cubed. Below is a representation of ‘two ued’.

23
= 2 × 2 × 2 = 8

Roots

The opposite of powers are roots. If 62
= 36, then the square root of 

36 is 6. The square root symol is , so we write it as 36 6=

Numers whose square roots are whole numers are alled 

perfectsquares

Although square roots are the most ommon type of root, we an 

also work with cube roots, fourth roots, fth roots, et. When you 

have a square root, you ask yourself, ‘What numer multiplied y 

itself will equal the numer under the root sign?’ When you have 

a higher root, you are looking for the numer that is multiplied y 

164 ) involves nding 

the numer that is multiplied y itself four times to give the numer 

under the root.

To denote a root that is not a square root we make a small 

modiation to the symol, for example: and3 4

8 8 2 2 23
→ = × ×

Therefore 8 23
=

1  Numbers and number systems18 

Another word 

that is used to 

describe the 

index or power 

is exponent. You 

will often hear 

these terms used 

interchangeably.

18 



‘The sieve of Eratosthenes’ is a simple, 

ancient algorithm (mathematical procedure). 

Eratosthenes was a Greek scientist who devised 

an algorithm to lter out all of the prime 

numbers up to any given number. A sieve is 

a tool used to strain unwanted material from 

desired material, such as straining solids from 

liquids. In Eratosthenes’ sieve, prime numbers 

are the desired material.

Practice 3

1 List the perfet squares up to 225. (They are good to rememer so that you an 

alulate square roots quikly.)

2 Express eah numer without indies.

a 42 b 112 c 43 d 72

e 103 f 53 g 25 h 34

3 Evaluate these square roots. 

a b c d

e f g h

4 Evaluate the following roots. 

a b c d

5 Find the square roots of these Braille numers. 

a b c d e

Classifying numbers 

Factors, multiples and prime numbers 

A multiple is a numer that an e divided by another numer  

exatly (no remainder). A factor is a numer that divides exatly 

into another numer. For example, 4 is a fator of 12 and likewise 

12 is a multiple of 4.

A prime numer has only two fators: 1 and itself. Hene, 5 is a 

prime numer sine its only fators are 1 and 5. The numer 6 is 

not prime sine it has more than two fators: 1, 2, 3 and 6.

Did you know...?

19
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1  Numbers and number systems20 

Use the 3P strategy as you answer the following questions in pairs or 

small groups.

● Why is 1 not on the grid?

● Why is 1 not a prime number?

● Do you think the sieve of Eratosthenes is an ecient way to nd 

allthe prime numbers? Explain.

Reect and discuss 5Reect and discuss 5ATL1

Pairs

Investigation 1 – The sieve of Eratosthenes

In this investigation you will determine what Eratosthenes’ algorithm does.

2 3 4 5 6 7 8 9 10

11 12 13 14 15 16 17 18 19 20

21 22 23 24 25 26 27 28 29 30

31 32 33 34 35 36 37 38 39 40

41 42 43 44 45 46 47 48 49 50

51 52 53 54 55 56 57 58 59 60

61 62 63 64 65 66 67 68 69 70

71 72 73 74 75 76 77 78 79 80

81 82 83 84 85 86 87 88 89 90

91 92 93 94 95 96 97 98 99 100

You will need 4 colors (preferably highlighters) to do this investigation. 

Startwith a grid of numbers from 2 to 100, like the one shown here. 

1 The rst number in the list is 2, but do not highlight the 2. Highlight every 

2nd number in the grid after 2 (all the multiples of 2).

2 At this point, the lowest number not yet highlighted is 3. Do not highlight the 

3, but highlight every 3rd number in the grid after 3 (all the multiples of 3).

3 The next lowest number not yet highlighted is 5, so highlight all the multiples 

of 5.

4 Now the next lowest number not yet highlighted is 7, so highlight all the 

multiples of 7.

5 Take a look at all of the numbers that are not highlighted. Describe the 

pattern of these numbers. What kind of numbers are they?
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Factors and divisibility

A factor is a numer that divides exatly into another numer. 

Forexample, 3 is a fator of 6 sine it divides exatly into 6, and 

so we say 6 is divisible y 3. Determining whether or not a numer 

is divisile y another numer an e time onsuming when you 

have a large numer to hek. However, there are some rules that 

an help you determine this quikly. Adivisibility ruleis a faster 

way of determining if a given numer is divisile y another 

numer,using little or no division.

Investigation 2 – Divisibility rules
You will be developing these rules for multiples of 2 to 10 (except 7).

1 Determine the divisibility rule for multiples of 2.

a Write down some small numbers (up to three digits) that are multiples of 2 

andstudy the numbers to nd a pattern. 

b Describe these patterns and generalize the divisibility rule for 2.

c Test your rule with larger numbers (four digits and ve digits) to see if it holds.

2 Determine the divisibility rules for multiples of 5 and 10.

a Write down some small numbers that are multiples of 5. Study the numbers, nd 

a pattern and generalize your rule. Be sure to test it for larger numbers.

b Repeat for multiples of 10.

3 Determine the divisibility rules for multiples of 4 and 8.

a Write down all of the two-digit numbers that are divisible by 4. Now select some 

larger numbers that are divisible by 4. What do you notice about your lists of two-

digit and larger numbers?

b Repeat these steps for multiples of 8.

4 Determine the divisibility rules for multiples of 3 and 9.

a

of 3. Study the numbers, nd a pattern and generalize your rule.  

Be sure to test it for larger numbers.

b Repeat this procedure for multiples of 9.

5 Determine the divisibility rules for multiples of 6.

Write down some small numbers (up to three digits) that are multiples  

of 6. Study the numbers, nd a pattern and generalize your rule. Be sure 

to test it for larger numbers. 

6 Once you have determined all of the divisibility rules, make a reference 

chart with them all on one page so you can readily access them during 

this unit.

With 4b, you may 

have to look for 

other patterns, 

such as adding 

digits together.

ATL2
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For question 

5, you may 

want to look at 

combinations of 

other rules.
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Use the 3P strategy as you answer these questions in pairs or small groups.

● Which divisibility rules are the easiest to remember?

● Did any divisibility rule surprise you in any way? Which rules are the most useful?

Reect and discuss 6Reect and discuss 6ATL1

Pairs

Practice 4

1 Determine whether or not eah numer is divisile y 9 and explain your reasoning.

a 135 b 1207 c 792 d 12403 e 21347 f 78831

2 Determine whether or not eah numer is divisile y 4 and explain your reasoning.

a 788 b 2140 c 3106 d 35422 e 107988 f 2301412

3 List all of the single-digit fators (1 to 9) of eah of the following numers.

a 72 b 124 c 2505 d 1468 e 4096 f 12240

4 Create two dierent four-digit numers that are divisile y:

a 2, 3 and 8 b 4, 6 and 9 c 2, 3, 5 and 9 d 4, 5, 6 and 9

5 Rugy is a game that is played internationally y oth men and women. Points an e 

sored in a variety of ways. A ‘kik’ through a set of uprights is worth 3 points. A ‘try’ 

is sored when the all is touhed down inside the opposing team’s End Zone and is 

worth 5points. After soring a try, a team an attempt a ‘onversion’, whih is worth 

2more points.

a Suppose the nal sore in a rugy math was 39–13. 

Could either team have sored on kiks alone? Explain.

b Suppose the nal sore in a rugy math was 45–15. 

Could either team have sored on tries alone? 

Explain.

c Determine one possiility for how the two teams 

sored their points if the nal sore was 41–22.

d Determine two possiilities for how the two teams 

sored their points if the nal sore was 57–25.

1  Numbers and number systems2 2 

Go to aaamath.com. In the left-hand navigation bar, choose Division. Scroll down and 

click on Divisibility by 7.
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Greatest common factor (GCF) 

Fators that are ommon to more than one numer are alled 

common factors. For example, 12 and 18 have 1, 2, 3 and 6 as 

ommon fators. Often we are interested in the greatest common 

factor (GCF ), whih is the largest fator that two or more numers 

have in ommon. In the ase of 12 and 18, the GCF is 6.

There are many ways to nd the GCF of a group of numers. 

Two suh ways are desried here.

Find the GCF of the numbers 12, 18 and 36.

12: 1, 2, 3, 4, 6, 12
18: 1, 2, 3, 6, 9, 18
36: 1, 2, 3, 4, 6, 9, 12, 18, 36

The GCF is 6

Example 6

Q

A

Using the ladder method, nd the GCF of the numbers 12, 18 and36.

3 | 12 18 36

3 | 12 18 36
4 6 12

3 | 12 18 36
2 | 4 6 12

3 | 12 18 36
2 | 4 6 12

2 3 6

3 × 2 = 6

The GCF is 6.

Example 7

Q

A

List all of the factors of each number 
and nd the greatest one that 
occurs in all the lists.

Find a factor of all the numbers. Write this factor in front of the three 
numbers, separated by a vertical line. Here, the factor identied is 3

Divide each of the original numbers by this factor and 
write the quotients below the original numbers.

Now nd a factor of this new set of numbers 
and write this in front (2). Divide.

Continue until no more factors of all the numbers can be found.

Multiply all of the factors together (the numbers 
to the left of the vertical lines) to nd the greatest 
common factor.

Listing all of the fators an e time onsuming and more diult 

as the numers get larger. In these ases, you an use the ladder 

method, demonstrated in Example 7.

NUMBER
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The Greek mathematiian Eulid ( 300 bc) disovered 

a method for nding the GCF of two numers, and rst 

desried this method in his famous mathematis ook 

alled Euclid’s Elements

In Eulid’s method, you repeatedly sutrat multiples of the 

smaller numer from the larger numer until you have a zero 

remainder. The last non-zero remainder is the GCF. The 

method is est understood y looking at a worked example.

Find the GCF of 490 and 1274.

1274 − (2 × 490) = 294

490 − (1 × 294) = 196

294 − (1 × 196) = 98

196 − (2 × 98) = 0

The GCF of 490 and 1274 is 98.

Example 8

Q

A How many multiples of 490 will t into 1274? Well, 3 × 490 would 

be greater than 1274. But 2 × 490 is less than 1274 by 294.

How many multiples of 294 will t into 490? Only 1, with 196 left over.

196 is less than 294 by 98.

98 is the last non-zero remainder.

Activity 3 – Euclid’s method

Find the GCF of each pair of numbers using both the ladder method 

and Euclid’s method.

a 72 and 180 b 24 and 132 c 104 and 1200

d 360 and 1024 e 256 and 1600 f 480 and 2040

Use the 3P strategy as you answer the following questions in pairs or 

small groups.

● Which method do you prefer, the ladder method or Euclid’s 

method? Explain.

● Describe the similarities and dierences between the two methods.

● How does Euclid’s method work? 

Reect and discuss 7Reect and discuss 7ATL1

Pairs
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Use the ladder method to nd the LCM of the numbers 4, 8 and 10.

2 | 4 8 10

2 | 4 8 10
2 4 5

2 | 4 8 10
2 | 2 4 5

1 2 5

2 | 4 8 10
2 | 2 4 5

1 2 5

2 × 2 × 1 × 2 × 5 = 40

The LCM of 4, 8 and 10 is 40.

Example 9

Q

A Find a factor of at least two of the numbers. The more of the numbers 
your factor divides into, the more ecient the process. Write this 
factor in front of the three numbers, separated by a vertical line.

Divide each number by the factor (2, in this example) 
and write the quotients below the original numbers.

Practice 5

1 Find the GCF of eah set of numers. Make sure your hosen method is lear.

a 24, 36 b 48, 64 c 54, 81 d 15, 28

e 21, 35, 56 f 120, 56, 96 g 168, 252, 240 h 180, 300, 720

i 75, 200, 350 j 16, 48, 144 k 7, 14, 30 l 18, 28, 38

2 Another popular method for nding the GCF is the ‘fator tree method’, whih you 

may have already seen. If not, researh this method and try a few examples with 

it. Of the three methods (the ladder method, Eulid’s method and the fator tree 

method), whih do you prefer, and why?

Lowest common multiple (LCM) 

As with fators, dierent numers will have ommon multiples. 

We are often interested in the lowest common multiple (LCM ), 

whih is the smallest multiple that the numers have in ommon.

The next two examples show two methods for nding the LCM 

of a group of numers. 

Now nd a factor (2 again, here) of at least two of the new numbers and write 
it in front. If a number does not have that factor simply carry it down to the 
next row. (Here, 5 does not have 2 as a factor.)

Continue until no more factors can be found. Multiply all the factors and 
remainders together to nd the lowest common multiple.

NUMBER
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Activity 4 – Mystery numbers

1 Read through the set of clues to determine the mystery number 

ineach case.

a What number am I?

● I am a number between 40 and 70.

● I am a prime number.

● My digits add up to 8.

b What number am I? 

● I am a four-digit number.

● My hundreds digit is 8.

● The dierence between my hundreds digit and my ones 

digitis 1.

● My thousands digit is one quarter of my hundreds digit.

● My tens digit is triple that of my thousands digit.

● All my digits add up to 23.

c What number am I? 

● I am a three-digit number.

● I am a multiple of 6.

● My tens digit is eight times my hundreds digit.

Continued on next page

Find the LCM of the numbers 4, 8 and 10.

4: 4, 8, 12, 16, 20, 24, 28, 32, 36, 40, 44, 48, …

8: 8, 16, 24, 32, 40, 48, 56, 64, …

10: 10, 20, 30, 40, 50 , 60, …

The LCM of the numbers 4, 8 and 10 is 40.

Example 10

Q

A List multiples of each number 

(starting from the lowest multiple) 

until you nd a common one.



d What number am I? 

● I am a ve-digit odd number.

● The sum of my digits is 23.

● My ten thousands digit is twice my ones digit.

● My thousands digit is one third of my ten thousands digit.

● My tens digit is 4.

● If you multiply my hundreds digit by my ones digit, 

theproduct is 24.

● There is no 1 or 9 in my number.

2 Now your teacher will put you in groups of two or three, and each 

group will be given a whiteboard or paper. You will be given clues 

similar to the ones above and you will be asked to write down the 

number you think it is. You will hold up your answer when asked, 

and the groups with the correct number will proceed to the next 

round untilthere is one winning group.

Pairs

Practice 6

1 Find the LCM of eah set of numers. 

a 4, 6 b 8, 12 c 12, 64

d 24, 32 e 35, 85 f 18, 54, 66

g 16, 20, 80 h 48, 68, 94 i 108, 180, 396

2 Another popular method for nding the LCM is the ‘fator tree method’, whih you 

may have already seen.If not, researh this method and try a few examples with 

it. Of the three methods (the ladder method, Eulid’s method and the fator tree 

method), whih do you prefer,and why?

27

● Finding the lowest common factor is not of interest to 

mathematicians. Explain why.

● Finding the greatest common multiple is not of interest to 

mathematicians either. Explain why.

● When using the ladder method, what are the dierences between 

nding the GCF and LCM? Why can you not use the same method 

for both?

Reect and discuss 8Reect and discuss 8

Pairs

NUMBER
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GCF/LCM application

When faed with a word prolem you need to determine what 

it is you have to nd, the GCF or the LCM. Whih strategy will 

you use to solve the prolem? The next ativity will help you 

form strategies for doing this. 

Activity 5 – GCF and LCM strategies

In groups of four, come up with specic strategies to follow when 

determining what you are nding, the GCF or the LCM. What will GCF 

word problems be asking you to do? What will LCM word problems be 

asking you to do? 

Use the following questions to help you come up with your strategies, 

and then solve the problems.

1 Sliced ham comes in packages of 10. Cheese slices come in 

packages of 8. Bread rolls come in packages of 12. What is the least 

number of all three items you must buy in order to make the same 

number of ham and cheese sandwiches with nothing left over?

2 You have a piece of construction paper that measures 32 cm by 

48cm. You want to cut it into squares of equal size. What will be 

thedimensions of the largest possible square? How many squares 

will you have?

3 At a train station, the blue line has a train leaving every 15 minutes, 

the green line has a train leaving every 24 minutes, and the red line 

every 10 minutes. If the rst train on each line leaves at the same 

time, how often will there be trains on all three lines departing the 

train station at the same time?

4 You have 54 hockey cards, 72 baseball cards, and 63 basketball 

cards and you want to put them in a binder. Each page of the 

binder should have cards from a single sport, and there should 

be the same number of cards on each page. What is the greatest 

number of cards you can put on a page? How many pages will you 

need for each sport?

As a class, come up with a list of key words/phrases to look for when 

solving these types of problems.



Your class is made up of 12 girls and 8 boys. Your teacher wants to 

split the class into groups, with each group containing the same 

combination of girls and boys, making sure that no one is left out. 

What is the greatest number of groups your teacher can make?

What are you being asked to nd?

8: 1, 2, 4, 8

12: 1, 2, 3, 4, 6, 12

The GCF is 4 . 

There are 4 groups, with 3 girls  

and 2 boys in each.

Example 11

Q

A

The eastbound bus leaves the depot once every 18 minutes. 

Thewestbound bus leaves once every 30 minutes. If the rst bus 

oneach line leaves at 3 pm, what time will it be when they again 

leave at the same time?

What are you being asked to nd?

18 : 18, 36, 54, 72, 90, 108

30: 30, 60, 90, 120

The LCM is 90.

Since the buses will leave the depot at the same  

time every 90 minutes, the next time they do so  

will be at 4:30 pm.

Example 12

Q

A

You are breaking the class into specic groups – so you 

are nding a smaller number – so nd the GCF.

You are trying to determine when they will next 

leave at the same time – so you are nding a 

larger number than both – so nd the LCM.

Find the GCF using your preferred method. Since 

the numbers here are small, simply list the factors 

of each and identify the largest one in common.

Find the LCM using your preferred method.

Look at what the question is asking to 

make sure you fully answer the question.

Look at what the question is asking to 

make sure you fully answer the question.

29
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Calculating with numbers

Many math prolems an e solved in your head using ‘mental 

math’ strategies. Some of these strategies take advantage of the 

plae values in the deimal system. 

Addition

For addition, it is often easier to start y grouping numers that 

sum to 10, or y nding multiples of 10. 

Practice 7

1 At the 2018 World Cup in Russia, one group of tikets ost 

975 while another group of tikets in the same ategory  

ost 1170. What is the most a tiket ould ost? 

2 Saturn orits the sun every 12 years, Jupiter every 30 years, and Uranus every 

84years. In how many years from now will all three planets have the same 

positions in the sky as they do today?

3 You are making emergeny relief kits to give to ushre vitims. Bottles of water 

ome in rates of 30; there are 24 ans of food in eah arton; and eef jerky 

protein paks are in oxes of 80. You would like to reate kits with one in eah, 

with nothing left over. What is the smallest numer of kits you an make?

4 Quilting (stithing together of layers of fari) dates 

ak to anient Egypt, and the oldest quilt disovered 

is from aout 5500 years ago. Today, many edspread 

quilts onsist of small squares sewn together. If you 

wanted to reate a quilt for your ed measuring 

42inhes y 78 inhes, with squares of quilted fari, 

what are the dimensions of the largest squares you 

ould use? How many squares would there e?

5 The Mayans of south-eastern Mexio and northern Central Ameria had two 

alendars of dierent lengths. The Haa’ is 365 days and follows the solar year. 

There is also a sared alendar alled the Tzolk’in, whih has a 260-day yle. 

The Calendar Round is made from the onnetion etween the two alendars. The 

duration of the Calendar Round is when oth alendars start again on the sameday. 

a Calulate the duration of the Calendar Round.

b The Mayans elieved that when a person lives for the duration of the Calendar 

Round, they will attain the speial wisdom of an elder. At what age (in years) is 

this using the Haa’ alendar?

is the symbol used 

for Russian rubles.



Find the value of each summation.

a 6 + 2 + 4 + 7 + 8

b 32 + 51

a (6 + 4) + (8 + 2) + 7

= 10 + 10 + 7 = 27

b 30 + 2 + 50 + 1

= (30 + 50) + (2 + 1)

= 80 + 3 = 83

Example 13

Q

A
Rearrange to pair numbers that add to 10.

Separate the numbers into tens and units.

Rearrange.

Multiplication

Multiplying numers in your head may seem diult, ut there are 

a few instanes where it an atually e very easy, and even fun. 

You will disover two of these in the investigation elow.

Investigation 3 – Multiplying by 10 and 11
1 Multiply the following without using a calculator.

a 10 × 24 b 123 × 10 c 574 × 10 d 10 × 8105 e 10 × 54203

f 10 × 2.4 g 3.19 × 10 h 12.042 × 10 i 100.5 × 10 j 10 × 19.27

2 Generalize a rule for multiplying any number by 10. Be sure your rule 

includes whole numbers as well as decimal numbers.

3 Multiply the following without using a calculator.

a 11 × 23 b 11 × 35 c 62 × 11 d 81 × 11 e 11 × 54

4 Do you notice any patterns in your answers to question 3? How do your 

answers relate to the original numbers?

5 Generalize a rule for multiplying a two-digit number by 11.

6 Use your rule with each of these multiplications and then verify your 

answers without using a calculator.

a 11 × 16 b 25 × 11 c 11 × 44 d 76 × 11 e 11 × 49

7 Modify your rule based on your results in question 6. What is a shortcut for 

multiplying by 11?
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● How does the multiplication rule for 10 work? Explain using the 

expanded form of a number.

● How does the multiplication rule for 11 work? Explain.

● Do you think your rule for 11 will work with three-digit numbers?  

Try an example to nd out.

Reect and discuss 9Reect and discuss 9

Pairs

Practice 8

1 Find the value of eah alulation.

a 24 + 62 b 1 + 8 + 9 + 4 + 2 c 5 + 3 + 7 + 6 + 5 d 76 + 83

e 340 + 220 f 6 + 8 + 12 + 14 + 20 g 400 + 1600 h 98 + 45

i 10 × 34.2 j 11 × 61 k 89 × 11 l 1230 × 10

m 8 × 15 n 10 × 3.14159 o 15 × 16 p 4001 × 10

2 Find the sum of all the whole numers from 1 to 20 inlusive. Explain your method. 

Do not add every single numer! Think of a strategy to make it easier.

3 Find the sum of all the whole numers from 1 to 100 inlusive. Explain your method. 

Do not add every single numer! Think of a strategy to make it easier.

Activity 6 – Matho!

This game is like Bingo!, except that there are multiplications involved.

Your teacher will hold up a card with a multiplication on it, from 0× 1  

up to 9 × 9. You will do the multiplication in your head and, if you 

have that number on your grid, you cross it o. If you manage to cross 

o four numbers in one of the congurations listed below, shout out 

Matho! to win the game.

The teacher’s set of cards contains no repeats.  

Hence, there will be one card for say 4 × 5 or 

5 × 4, but not both.

Your grid will be four squares by four squares, 

like the example shown here.

You can choose any one- or two-digit 

numbers you want, but you may use each 

number only once.

18

12

65

81

32

72

16

42

25

14

8

54

44

9

64

19

Continued on next page
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The abacus is an instrument rst used by the Chinese in 

approximately 500 bc. It was used to do calculations with 

numbers involving addition, subtraction, multiplication, 

division and even square roots. The art of using an 

abacus is still taught in schools in some countries, and 

there are competitions for speed and accuracy. But that’s 

not all. There are even competitions for students who can 

perform huge calculations at lightning speed, using only 

an imaginary abacus – one that they picture in 

their minds! 

● What strategies helped create the optimal Matho! grid? 

● How predictable were the numbers that were called? 

● How eective was the strategy that you used to create your grid?

● What numbers in the example Matho! grid shown on page 30  

were poor choices?

Reect and discuss 10Reect and discuss 10

Pairs

Winning congurations are made by crossing o four numbers 

vertically, horizontally, on the main diagonals, or in the four corners.

You will play this game for six rounds:

Round 1 On your own – choose any numbers you wish.

Round 2 On your own – do want to change any numbers?

Round 3 Now working with a partner – come up with a strategy to 

design the optimal Matho! grid.

Round4 Still with your partner – do either of you or both of you 

want to change any numbers?

Round 5 Still with a partner (or perhaps for homework), – 

double-check that you have the optimal Matho! grid. Write 

down your strategy for choosing the numbers.

Round 6 Final game – start with the winning group leading a 

discussion on what strategies they used to create the  

best grid.

Pairs

Did you know...?

NUMBER
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Activity 7 – Multiplying visually

We can try to visually represent numbers in other ways in order to make them easier to 

work with. Take a look at this visual method for multiplying two numbers together which 

originated in Japan.

Example: Multiply 14 by 32. 

Step 1: Represent the number 14 using 1 line and 4 lines:

Step 2: Represent the number 32 using 3 lines and 2 lines,  

drawn perpendicular to the lines for 14 :

Step 3: Count the number of times the lines intersect at the three 

dierent vertical zones (in this case hundreds, tens and units). 

Note that there are two intersections in the top part of the 

vertical zone for tens, and twelve intersections in the bottom 

part.

Step 4: If the number of intersection points in any zone is greater  

than 10, carry the number in the tens column into the next 

higher place value zone:

Step 5: Put the numbers together to read your answer!

Therefore, 14 × 32 = 448.

You can watch an example on YouTube: search ‘Japanese 

multiplication – how to multiply’.

Try using this method for the following calculations:

32 × 21 11 × 18 46 × 31 71 × 25

8143

8

8

143

3 + 1

4 4
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● Which step in this visual method is the most dicult?

● How would you represent a zero using this method? Explain your 

idea using an example.

● Will this method work for numbers greater than two digits? Try using 

this method to multiply a three-digit and a two-digit number together, 

and then two three-digit numbers. How many digits long would a 

number have to be before this method would not be ecient?

● Compare this method with traditional vertical multiplication. Which 

method is easier? 

● Explain why this method works.

Reect and discuss 11Reect and discuss 11

Pairs

Civilization has come a long way since the abacus. Computers, laptops and 

tablets are now an important part of our lives. Instead of using the base-10 

system, these devices use the binary or base-2 system. The simplest parts of 

most devices, including calculators, work like switches with just two positions 

or states: ‘on’ and ‘o’. Because the binary system has only two numbers in it– 

zero and one – it was a perfect t for an operating system for these devices.

One means ‘on’ and zero means ‘o’. Each small switch represents one bit of 

information, which is like a digit in base-10. To store larger numbers, a series 

of binary bits is grouped together, just like how we use many decimal digits 

to make large numbers like nine billion. 

Your assignment: 

1 Research the binary system. 

● When was it created? 

● Where was it created? (Include a geographic reference)

● What was it used for?

2 Find out about the basics of the binary system.

● How does it work?

● Does it use place value?

● How are numbers represented?

● How are 38, 95, 162 and 512 represented in binary?

3 Find out about operations in binary.

● First, show an example of each mathematical operation (addition, 

subtraction, multiplication and division) using the decimal system.

ATL2
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Performing many calculations 

Mathematis is a language and, like any language, it follows 

ertain rules. Mathematiians around the world follow an agreed 

order of operations so that when a alulation involves more than 

one operation, everyone gets the same answer. 

Suppose you had to alulate 3 + 4 × 5. 

If you add rst, then multiply, the answer is 35. If you multiply 

rst, then add, the answer is 23. Whih is orret?

In order to avoid onfusion, mathematiians have ome up with 

rules aout whih operations ome rst. You will investigate this 

order of operations next.

● Repeat the same calculations in binary.

● Generalize any rules for addition, subtraction, multiplication and 

division in binary. 

You will create a short report (using word processing software) outlining 

these basic elements of the binary system. Be sure to use correct 

mathematical symbols, notation and vocabulary. 

Investigation 4 – Order of operations

All the calculations below have been performed correctly. Look at the answers 

and determine the order in which the following operations should be done: 

addition, division, powers (indices), multiplication, parentheses (also called 

brackets), subtraction.

7 + 2 × 4 = 15

12 × 2 ÷ 3 = 8

2 + 32
= 11

(5 – 4) × 9 = 9

20 ÷ 10 × 3 = 6

8 – 6 × 0 = 8

3 × (8 + 2) = 30

(9 – 23) + 15 = 16

12 – 4 × 2= 4

15 – 4 + 7 = 18

2 + 24 ÷ (2 × 3) × 3 = 14

32 ÷ 22
+ 3 = 11

1  Numbers and number systems3 6 

Why do you think computer and device storage capacities are given in 

sizes such as 32 Gb, 64 Gb, 512 Mb, and so on? What do you notice about 

these numbers?

Reect and discuss 12Reect and discuss 12



Use the 3P strategy as you answer the following questions in pairs or 

small groups.

● Which comes rst, multiplication or division? Explain.

● Try to create an acronym or a simple way to remember the order of 

operations. 

Reect and discuss 13Reect and discuss 13ATL1

Pairs

Your teacher 

can share with 

you how he/she 

first learned how 

to remember 

the ordering of 

operations.

Practice 9

1 Evaluate eah of these alulations using the orret order of operations.

a 8 + 6 × 2 b c (72 − 4)(52 − 2)

d 3(24 − 11) + 3 × 22 − 4 e 51 ÷ (52 − 4 × 2) × 7 – 

f g 48 ÷ (42 − 4 × 2) × 6 – 6

h i j

2 Replae eah □ with an operation to make the statement true.

a 1 + 15 □ 3 = 6 b (18 □ 2) ÷ 10 = 2 c 15 □ 3 + 2 □ 5 = 15

3 Insert rakets where appropriate to make eah statement true.

a 18 − 6 × 3 + 2 = 38 b 8 + 4 ÷ 2 + 2 = 3 c 5 + 3 × 6 − 10 = 38

d 16 □ 8 + 4 □ 4 = 3 e 12 □ 8 – 5 □ 4 = 1 f 5 × (3 + □) □ 6 = 9

4 Change just one operation in eah statement to make it true.

a 7 × 3 + 4 × 5 = 1 b (12 − 6) × 3 + 10 ÷ 5 = 4 c 24 – (10 – 6) + 2 × 5 = 16

d 12 + 36 + 9 ÷ 4 = 13 e 6 × 8 – 12 × 2 + 7 = 15 f 14 + 10 – 5 – 12 – 3 = 15

5 The game ‘24’ is a numer game where players are given four numers and must use 

them to reate an expression that equals 24. Players an use any of the operations 

(+, –, ×, ÷) as well as exponents and parentheses. For eah group of four numers 

listed elow, write down an expression that equals 24 using each number one.

a 1, 5, 7, 8 b 3, 7, 8, 8 c 2, 3, 6, 10 d 7, 6, 10, 12 e 2, 6, 6, 9
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Historically, as calculations became more dicult, 

tools were invented to do the computations more 

quickly than they could be done by hand. Until 

calculators became aordable and common items, 

the slide rule performed a wide range of calculations, 

but the user had to keep the order of operations in 

mind at all times. Today’s scientic calculators follow 

the order of operations automatically. 

6 In Canada it is illegal to e awarded a prize for a ‘game of hane’. So, when 

ompanies have ontests, winners rst have to answer a skill-testing question 

in order to laim their prize. One ompany’s skill-testing question was to nd 

the answer to this alulation:

100 + 3 ÷ 2 × 5 + 6 × 10 ÷ 2

a Find the orret answer.

b Find four other answers to this question that respondents are likely to give. 

Explain the errors that might e made.

Activity 8 – flanking fty!

For this activity, you will use part of one standard deck of playing cards. You 

will use nine cards, from 1 (Ace) to 9, from each of the four suits, making a 

total of 36 cards. Each team will be two or three students.

Teams are dealt their own set of ve cards. 

Players use each card as a single digit to create 

any calculation they want, using any operations. 

The goal is for the answer to the calculation to be 

as close to 50 as possible. All ve cards must be 

used and the correct order of operations must be 

followed. Your teacher will decide the length of 

time for each round. 

Points are scored by how many points you go over or under 50.

For each round, the deck is shued and ve new cards are dealt to each 

team. The winners are the team with the least number of points at the end  

of ve rounds.

Did you know...?



39

Activity 9 – Bringing it all together 

A mind map is a diagram used to visually organize information. 

Itconnects information around a central subject, which in this case 

is number sense.Create a mind map using all of the following words, 

showing all connections between concepts.

prime number natural number

GCF LCM base-2

composite number order of operations

one place value zero

whole number base-10

divisors multiples

factors base-60

square root exponent decimal point

ATL2
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4 0 1  Numbers and number systems

Unit summary

The numer system that we urrently use is the deimal numer 

system. We use a plae value system ased on the numer10. The 

units plae and the deimal point form the enter of the plae value 

system. The deimal system is made up of families (thousands, 

thousandths, millions, millionths, et.) Eah plae value family 

has three memers: units (or ones), tens, and hundreds.

s

s

d
e
ci
m

a
l 
p
o
in

t

To write whole numers from words:

1 Determine the plae value name with the greatest value given 

in the numer. This tells you how many plaes you need.

2 Draw a lank (a dash) for every plae you will need, one 

perdigit.

3 Fill in the lanks with the digits needed. Use zeros as 

plaeholders.

To read deimal numers:

1 Ignoring the deimal point, read the deimal numer part 

like a whole numer.

2 At the end of the numer, say the plae name of the last digit.

To write deimal numers:

1 Determine the plae name of the last digit of the numer. 

Thistells you how many plaes there should e in the numer.

2 Fill in the spaes so that the numer reads orretly.  

If neessary, put zeros in as plae holders.

Expanded notation

Examples:

352.87 = 300 + [50 + 2 + 0.8 + 0.07

or

352.87 = (3 × 100) + (5 × 10) + (2 × 1) + (8 × 0.1) + (7 × 0.01)



Divisibility rules

A numer is divisile y a given numer if the given ondition is met:

2: the last digit is even

3: the sum of the digits is divisile y 3

4: the last two digits form a numer that is divisile y 4

5: the last numer is 5or 0

6: the numer is divisile y oth 2 and 3

8: the last three digits form a numer that is divisile y 8

9: the sum of the digits is divisile y 9

10: the last numer is 0.

Indices/Powers

Powers are a onvenient way to write a numer that is eing multiplied y 

itself. For example: 72
= 7 × 7 = 49.

The opposite of powers are roots. If 72
= 49, then the square root of 49 is 7. 

The square root symol is , so we write it as 49 7=

Numers whose square roots are whole numers are alled perfet squares.

To denote a root that is not a square root we make a small modiation 

to the symol. For example: and3 4 denote ue root and fourth root, 

respetively.

Order of operations

Mathematiians have agreed upon the order of operations. 

The aronym BEDMAS is one of several aronyms that may  

help you rememer the orret order:

1 – Brakets 2 – Exponents 

3 – Division and Multipliation 4 – Addition and Sutration

Factors and multiples

A numer is a factor of another numer if it divides exatly into  

that numer. For example, 5 is a fator of 60 and also a fator of 5, 

ut not a fator of 24.

Fators that are ommon to more than one numer are alled common factors. 

The greatest ommon fator (GCF) is the largest of these fators.

A multiple is the result of multiplying a numer y any other whole numer. 

Common multiples are multiples that are ommon to more than one numer. 

The lowest ommon multiple (LCM) is the smallest multiple that two or 

more numers have in ommon.

A prime numer is a numer whose only fators are 1 and itself. 

Division and 

Multiplication are 

treated equally, 

so do whichever 

comes rst when 

you read left to 

right. Likewise 

for Addition and 

Subtraction.

41
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Unit review

Key to Unit review question levels:

Level 1–2 Level 3–4 Level 5–6 Level 7–8

1 Write down these numers in words.

a 32560042 b 17.08 c 1743.14 d 2.718

2 Represent these written desriptions as numers using digits.

a ten thousand four hundred fty-ve

b twenty nine and thirty-two thousandths

c one hundred ninety-thousand six hundred forty-ve millionths

d eighteen thousandths

3 Represent these numers in words and in oth expanded forms.

a A lokuster lm made €15342807 over a single weekend.

b At its furthest, the moon is 405696.7 km from the Earth.

c The length of an eyelash mite is 0.1375 mm.

d In 2013, the population of India was 1252706114 people.

e The width of a Sierian Husky’s hair is 0.000025 m.

4 Represent these numers in oth expanded forms.

a 12.75 b 203.6 c 12004.205 d 3.0019

5 Write down the given numer from its expanded form.

a 500 + 10 + 8 + 0.02 + 0.001

b (3 × 10 000) + (6 × 100) + (2 × 10) + (7 × 0.01) 

c 9000 + 10 + 0.01 + 0.008

d (4 × 100 000) + (6 × 1000) + (2 × 10) + (3 × 0.01)

6 Represent eah given numer in two other forms.

a 8231.04 b (4 × 1000) + (3 × 10) + (5 × 0.1) + (4 × 0.001)

c 8000 + 800 + 0.7 + 0.008 + 0.00002 d 1400.12

7 Evaluate eah numer. 

a 83 b 122 c 63 d 132

e 24 f 33 g 27 h 54

For a number 

such as 1047, 

some people say 

‘one thousand 

and forty seven’ 

while others say 

‘one thousand 

forty-seven’. 

Can you think 

of a reason why 

the second 

way might be 

preferable?
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8 Use a grouping strategy to nd the value of eah summation.

a 24 + 62 b 1 + 8 + 9 + 4 + 2

c 5 + 3 + 7 + 6 + 5 d 76 + 83

e 340 + 220 f 6 + 8 + 12 + 14 + 20

g 400 + 1600 h 98 + 45

9 Represent these numers in Braille.

a 28 b 362 c 12.3 d 90.12

10 Convert these Braille numers to deimal form.

a b

c d

11 Represent these Braille numers in ase-60.

a b

c d

12 Multiply these numers using the visual multipliation method.

a 83 × 21 b 49 × 16

13 Multiply these numers using the visual multipliation method.

a 342 × 17 b 121 × 213

14 Represent these ase-10 numers in ase-60.

a 81 b 200 c 372 d 1248

15 Represent these ase-60 numers in ase-10.

a 1 14 b 3 05 c 2 43 d 5 00

16 Evaluate these roots.

a b c d 164

e f g 43 h

17 Determine if eah numer is divisile y 3. Explain your reasoning.

a 204 b 1317 c 814 d 32422 e 501315 f 92044
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18 Determine if eah numer is divisile y 8. Explain your reasoning.

a 1324 b 3080 c 71256 d 4512 e 112316 f 5362504

19 List all of the single-digit fators (1 to 9) of eah numer.

a 64 b 256 c 1305 d 92800 e 544 f 8280

20 Find the GCF of eah set of numers. Make sure your hosen 

method is lear.

a 35, 42 b 144, 280 c 96, 240 d 18, 24, 42

e 12, 72, 156 f 126, 162, 180 g 120, 168, 216 h 90, 210, 3000

21 Find the LCM of eah set of numers.

a 36, 54 b 45, 60 c 12, 30 d 9, 15, 30

e 8, 12, 30 f 18, 24, 36 g 11, 15, 21 h 14, 21, 28

22 Celestial ojets (like omets, planets and 

stars) have een oserved y ivilizations 

throughout history. Some people viewed 

these (espeially omets and elipses) 

as omens of future events while others 

interpreted them as signs from their gods. 

Halley’s omet orits the Earth every 

76years while omet Swift-Tuttle has a  

132-year orit. If they were to pass y Earth 

in the same year, aout how many years later  

would they again pass y Earth in the same year?

23 Evaluate these expressions, using the orret order of operations.

a 10 + 12 ÷ 2 b 12 − 3 × 3 + 6 × 2

c (33
− 12) ÷ (42

− 1) d 5(32
+ 1) + 7 × 32

+ 8

e 168 ÷ (24
+ 23) + 11 × 169 f 2(52

+ 2 × 4) – 7 × 8

g h

i j
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24 Write down an expression that equals 24 using the four 

numers in eah set elow. You may use parentheses, addition, 

multipliation, division and/or sutration, ut eah numer 

must e used and only once

a 2, 4, 5, 11 b 2, 3, 10, 12 c 3, 4, 9, 6 d 1, 3, 4, 8

25 Arturo wrote down the equation elow to make 24 using the 

numers 3, 4, 6, 12.

3 + 6 × 4 – 12 = 24

a Is Arturo orret? Explain

b If Arturo is inorret, make one hange to his equation so that 

his answer is orret.

c Use the numers 3, 4, 6 and 12 along with one multipliation and 

two divisions to write down another expression that equals 24.

26 Using any numers of your own hoosing, write down an 

expression that uses four dierent operations (hoosing from 

multipliation, division, sutration, addition, exponent, and 

root) where the answer is 20. Rememer to oey the orret 

order of operations. 

27 Using any numers of your own hoosing, write down an 

expression that inludes at least three exponents, one set of 

parentheses, one multipliation and one addition, where the 

answer is 8.

28 In a traditional Mayan mediine garden, hers were planted 

for their healing powers, suh as Bougainvillea for its antiioti 

properties and Calendula for its anti-viral and anti-inammatory 

properties.

a If a eld was 54 land rods (anient 

unit of measurement) y 30 land 

rods, what are the dimensions of the 

largest square plots of a single her 

that ould e planted?

b How many square plots would you 

have in this eld?

c If the eld was divided equally 

etween oth these types of 

hers, how many square plots of 

Bougainvillea and Calendulas would there e?

In questions 24

and 25, there are 

many possible 

answers.
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Summative assessment 

How much are we inuenced by the past?

You will e exploring numer systems of dierent anient 

ivilizations. In groups speied y your teaher, you will hoose 

one of the following ivilizations and omplete some researh 

on their numer system. You will then explain the asis of that 

numer system to thelass. 

Mayan

Egyptian

GreekRoman

Chinese Sumerian

Baylonian

1 Before eginning this task, as a lass you will prepare a timeline 

of the history of world math systems. Eah group will share 

with the lass when their ivilization’s numer system was 

reated. As a lass, you will determine the intervals of your 

timeline until the present day, and lael your ivilization on the 

timeline. This will help give you an overview of mathematis 

throughout time as you omplete your Summative task.

2 As a group, you will prepare a short instrutional video 

etween two and ve minutes in length, using an app like 

Explain Everything or Show Me, or a method suggested 

y your teaher. Your video will inlude all of the relevant 

information aout your numer system.

a What is the history of your numer system?

● When was it reated? 

● Where was it reated? (Inlude geographi referene.)

● What was it used for?

● If not used today, when did it stop eing used?

b What are the asis of your numer system?

● How does it work?

● What was it used for?

● What types of symols are used and do they have spei 

meaning/values?

● Are there any patterns evident in your numer system?

● What kind of mathematial operations were used?

● Does your numer system use plae value?

ATL2
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c What were the positive aspets and limitations of the numer system? 

d Do we use any of the elements of this numer system today?

e What are some interesting fats aout your numer system and 

the ulture of the ivilization that used it?

To aompany your video, you will reate a one-page information sheet 

outlining the asis of your system and with explanations of the following:

● how to onvert numers from your numer system to the ase-10 numer 

system (Your explanations must e lear enough so that the lass an then 

determine how to write the following ase-10 numers using the symols 

in your numer system: 0, 8, 27, 74, 65, 1390.)

● how to add, sutrat, multiply and divide in your numer system, with 

an example of eah

● how to nd the value of the following: 6 + 8 ÷ 2 + 3 × 5.

Enrichment activity

Computer programming is slowly eoming an important skill for most 

students to aquire. Computer programmers use the hexadecimal system to 

represent loations in memory. Like inary, it has pratial advantages over 

the deimal system.

Create a short report on the hexadeimal system that inludes:

● when and where it was reated

● why it was reated, and what purpose it serves

● how numers are represented in hexadeimal

● two examples of how deimal numers an e onverted to 

hexadeimal

● one example of eah mathematial operation in deimal, and the same 

alulation in hexadeimal.

After all of the presentations, answer the following questions in your group. 

● Compare and contrast the number systems to the Hindu-Arabic number 

system we use today.

● Which were the easiest to learn? Which were the hardest? Why?

● How have the number systems you have studied here inuenced the 

number system we use today?

Reect and discuss 14Reect and discuss 14



In this unit your use and understanding of percentages will give 
you a glimpse into the experience of refugees. However, the 
study of percentages could also be the gateway to discoveries  
in other contexts on a personal and global scale.

Building a successful company also 
means understanding how to run a 
business.  How do you know what 
price to charge for the product?  
How can you increase your prots 
without increasing the price? 
Percentages will help you analyze 
these questions and nd optimal 
solutions.

Percentages2

Personal and cultural expression

Entrepreneurship

Do you have an idea for your own business?  What would it 
take to start your own company? What characteristics make 
for a successful entrepreneur? Answering these questions 
and interpreting the answers requires an understanding of 
percentages.

•  Some research studies have shown that 90% of new companies 
fail within the rst ve years. Why does this happen?

•  A start-up loan from the bank will charge interest, which is 
a percentage of the total amount. Could your new business 
aord to repay the interest?

48



While some of these questions may not 
seem very important, looking at trends 
in the human population can help us to 
understand how the world might look in 
the future and explain dierences between 
humans in dierent regions.  The results of 
these questions may even point out where 
inequities exist.

Globalization and sustainability

Population and demography

Demography is the study of human 
populations. It can show us how the human 
population is broken down into dierent 
segments and how those segments change 
over time.  

What is the current population of the 
planet?  What was it fty years ago? What 
percentage is male? Female? Teenage?  
Employed? Interested in football? Religious?  
Likes pizza? Researchers look into dierent 
questions, for dierent reasons. 
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Related concepts: Equivalence and Quantity

Global context
In this unit you will work with percentages, fractions and decimals to 

explore the global context of fairness and development. You will apply the 

relationships between percentages, fractions and decimals as you explore 

worldwide refugee displacement, working conditions, nutrition, and the 

availability of safe drinking water. You will also have opportunities to reect 

on and discuss what it might be like to be a refugee in a foreign country.

Inquiry questions
What is a percentage?

When are two things equal?

How can different forms be equivalent?

When is it beneficial to use different forms?

Can fairness be calculated?

F

C

D

Objectives
● Representing a number in dierent forms – 

fractions, decimals and percentages

● Converting between equivalent forms 

of numbers – fractions, decimals and 

percentages

● Calculating percentage increase and decrease

● Applying mathematical strategies to solve 

problems involving percentages

KEY CONCEPT: FORM

Statement of Inquiry
Inequality and dierence become clearer through  
the use of equivalent forms of quantities.

Percentages
Inequality and dierence
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Plan short- and long-term  
assignments; meet deadlines

ATL2 Organization skills

Practise empathy 

ATL1 Collaboration skills

You should already know how to:

● say and write decimal numbers

● round numbers correctly

● reduce fractions to their simplest form

● mentally multiply and divide by  
powers of ten

● nd missing values in equivalent fractions

NUMBER
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eating up to 20% of

Answer these questions individually before discussing them as a class.

● What do you think the word percent means?

● What is the denition of the word cent ?

● In the following two examples, what does the word per represent?

o A bike courier works 7.5 hours per day.

o A cruise ship travels at 30 nautical miles per hour.

● Putting these together, what do you think the word percent means?

Reect and discuss 1Reect and discuss 1

Being comfortable with percentages will not only help you in your daily 

life, but may also help you understand someone else’s life a little better.

Introducing percentages

Life seems to be full of percentages. They appear in advertising, 

in the news, even on our devices. But what do they mean? 

Why do we use them? Do they only describe a quantity or amount, 

or can they be used in other ways? Is it possible for percentages to 

help you learn important lessons, such as what it might be like to 

live in someone else’s shoes? 
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Activity 1 – Uses of percentages

Percentages are a very useful way of expressing ratios and fractions. 

Inpairs, nd 10 real-life examples of where percentages are commonly 

used. You will score 1 point if several pairs have the same example, 

3 points if only one other pair has it, and 5 points if yours is the only 

pair that has it.

Pairs

Activity 2 – Visual representation of percentages

1 Write down the percentage represented by the shaded section of 

each grid (e.g. 60%).

a b

dc

e

f

Percentages

A percent, or percentage, is a ratio which can be written as 

a fraction out of one hundred. The symbol used to show a 

percentage is: %. Forexample, 20% is read as ‘twenty percent’, 

meaning twenty out of one hundred.

The most common way to represent a percentage is by using 

notation, e.g. 75% or 13.5%. However, percentages can also be 

represented using models. These models can make percentages 

easier to understand by giving them a visual representation.

Continued on next page

NUMBER



● Can you have a percentage that is larger than 100%?  

If so, how would you represent it visually?

● If you could have a percentage greater than 100%, what would 

itmean? Give an example to explain your reasoning.

Reect and discuss 2Reect and discuss 2

2 Describe how you were able to identify the percentage for the grids 

that do not have 100 squares. 

3 Create two of your own grids to represent 80%.

4 Create two of your own grids to represent 30%.

5 Make a creative and unusual visual representation of 50%.

In Activity 2, you saw that a percentage can be represented 

visually using shaded squares. Although using 100 squares 

makes representing and identifying percentages much simpler, 

percentages can also be shown using a dierent number of squares. 

Even though percentages are quantities or ratios written out of 100, 

you can sometimes simplify these ratios to produce equivalent 

fractions. In fact, percentages and fractions are linked because they 

can be equivalent forms of the same quantity.

Investigation 1 – Key percentages
1 You have seen that a percentage is a ratio out of 100. Some percentages, 

like 50%, are easy to calculate since they are easy to simplify (in this case, 

one-half). Based on this idea, which percentages are easy to simplify? Copy 

the grid below and make a list of them. At the same time, divide the grid 

into the correct proportions, as shown in the rst two examples. 

100%

50% 50%

25% 25% 25% 25%

c
ri

terio

n

B

2  Percentages5 4 

Continued on next page



Practice 1

1 Write down the percentage represented by the shaded section of each grid. 

a b

d

c

2 For each percentage below, draw two grids of dierent sizes and then shade the 

percentage.

a 60% b 20% c 80% d 12% e 4%

3 If 10% of a certain quantity is 12, nd the following percentages of the same quantity. 

a 20% b 30% c 70% d 100% e 5% f 25%

● What makes some percentages easier to calculate than others?

● In some parts of the world, when people eat at restaurants, a common 

practice is to tip the server 10%, 15% or 20% of the cost of the meal. 

Can you think of an easy way to calculate these tip amounts?

● Why do you think servers receive tips? Suppose you ate at a 

restaurant, but you didn’t know about the tipping custom and 

therefore you left no tip. How would it feel to be your server?  

What questions would your server ask himself/herself ?

Reect and discuss 3Reect and discuss 3

ATL1

55

2 If you can calculate the percentages in step 1, 

multiples of these should also be fairly easy to 

calculate. Copy the table on the right and make a 

list of these other percentages. If there is more than 

one way to calculate a percentage, list the easiest 

way. An example has been done for you.

3 Based on the investigation, state a general rule for 

nding any percentage.

4 Verify your rule for other percentages that you have not looked at yet.

Continued on next page

Percentage How you can calculate it 

75% multiply 25% by 3

NUMBER
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Equivalent forms

Percentages andfractions

A percentage is a fraction out of 100, and any fraction can be converted to 

apercentage.

Activity 3 – Percentages and fractions

1 Convert each percentage to a fraction out of 100.

250%

2 Convert each fraction to a percentage.

4 If you knew what 4%, 5% and 6% of a certain quantity was, how could you 

calculate the following percentages of the same quantity?

a 12% b 9% c 10% d 30% e 11% f 14% g 17%

5 In 2015, 6% of the people forced to ee their homes were hosted by  

countries in Europe. This represented approximately 4 million people. 

a Using this data, approximate the number of people represented by 

the following percentages.

i 12% of the people ed to the Americas.

ii 30% ed to an African country (not including North Africa).

iii 15% ed to a country in the Asia-Pacic region.

iv 39% ed to a country in the Middle East or North Africa.

b Imagine you had to leave your country because of a civil war. What would it feel 

like to move to a new place where you don’t know anyone and don’t speak the 

language? How would it feel to know that you may never go back home? 

What other feelings would you have?

6 As of January, 2017, Canada had taken in approximately 40000 Syrian refugees. 

Approximately 15000 of these refugees were sponsored privately by individual 

Canadians who formed small groups of citizens to nance the refugees' rst year in 

Canada. What percentage of the refugees were sponsored by private citizens?

ATL1
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Convert  to a percentage.

Therefore, = 76%.

Example 1

Q

A

Being able to convert between equivalent forms is a very 

important skill in mathematics. When converting fractions to 

percentages, it is easiest to convert the quantity to an equivalent 

fraction out of 100 and then write the number as a percentage. 

Multiply the denominator by 4 to make an equivalent fraction out of 100. 

Multiply the numerator by the same amount in order to maintain equality.

Write the fraction out of 100 as a percentage (since ‘percent’ means ‘out of 100’).

What do you think you would do to convert  to a percentage, since 

its denominator is not a factor of 100?

Reect and discuss 4Reect and discuss 4

Write  as a percentage.

Therefore,  as a percentage is 20%.

Q

A Simplify the fraction.

Rewrite as an equivalent fraction out of 100.

Rewrite the fraction as a percentage.

Example 2

NUMBER
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Sometimes the denominator of a fraction does not divide evenly 
into 100, yet you’d still like to convert it to a percentage.

● How could you use a calculator to help you nd the percentage 

represented by ? 

● Write down the steps you could use with your calculator to convert 
a fraction to a percentage. 

● If a calculator is not available, what other option might you have? 
Use this method and round your answer to the nearest hundredth. 

Reect and discuss 5Reect and discuss 5

Activity 4 – Refugees around the world

Research the statistics needed below and use a calculator to 
help you answer these questions. (Try unhcr.org as a statistical 
reource website.)

1 What is the approximate world population?

2 What is the approximate world refugee population?

3 What percentage of the world population consists of 
refugees? Round your answer to the nearest tenth.

4 Roughly 3.5 billion people have wealth of less than US $10 000. 
What percentage of the global population does this represent? 
Round your answer to the nearest hundredth.

5 Approximately 50% of all refugees are children (under the age 
of18). How many refugees are children? Round your answer to  
the nearest whole number.

● What would it mean to have a total wealth of less than $10 000? 
What would life be like? How might your priorities be dierent than 
they are now?

● In Activity 4, why are some numbers rounded to one decimal place, 
but others to the nearest whole number? 

Reect and discuss 6Reect and discuss 6

ATL1



Practice 2

1 Convert these fractions to percentages.

a b c d e

f g h i j
47

50

2 Convert these fractions to percentages.

a b c d e

f g h i j
9

15

3 Convert these fractions to percentages. Use two 

signicant gures.

a b c d e

f g h i j
1

11

4 At least  of humanity live on $10 per day or less. At least 

what percentage of the population does this represent? 

5 Of the estimated 2 billion children living in the 

developing world, approximately 400million do not 

have access to safe drinking water. 

Approximately what percentage of children in 

developing countries do not have safe water todrink?

59

Activity 5 – The world’s resources

Are the world’s resources divided evenly? By looking at the population 

of each continent/region and its gross domestic product (GDP), you 

can get an idea of the distribution of the world’s resources.

1 Referring to the table on the next page, research the current 

population and GDP of each region and ll in the appropriate 

columns in a copy of the table.

2 Calculate each region’s share of the global GDP as a percentage and 

ll in the second column.

3 Calculate the percentage of the world population that each region’s 

population represents and ll in the fourth column.

Continued on next page

Gross domestic 

product, or GDP, 

is a measure of 

the income of 

individuals and 

companies in a 

region.

NUMBER
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● Are the world’s resources distributed evenly? Justify your answer.

● Do you think they should be distributed more equitably?  

If so, what can be done to make the distribution more equitable?

● As you have discovered, the world’s resources are not distributed 

evenly. How would you feel if you were a citizen of a country that 

received a small percentage of the world’s resources? How would 

you feel if you were a citizen of a country that received a large 

percentage of the world's resources?  

Reect and discuss 7Reect and discuss 7

equitable: fair and 

impartial

ATL1

4 Based on the percentage breakdown of the population, divide 

your class into groups that accurately represent the six regions.  

Fill in the last column with the number of students representing 

each region.

5 The world’s GDP can be represented by 100 counters. Divide up 

the counters between the regions, based on the GDP percentage 

breakdown in the table. Give each group of students the counters 

for their region.

6 Take the counters for your region and divide them evenly among 

the group members. What do you notice? Make a general statement 

about  

the world’s allocation of resources.

7 What if the counters were replaced with chocolate coins and each 

group member was allowed to eat them? Would that be fair? 

Continent 

or region
GDP

Percentage 

of global 

GDP

Population

Percentage 

of global 

population

Class size 

breakdown

Africa

Asia

Europe

North 

America

Oceania

South 

America

Total GDP: Total 

Population:
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Percentages anddecimals

A decimal can be converted to a percentage using a process that you are going to 

determine in the investigation below.

● How does our decimal number system help with the process of 

converting decimals to percentages?

● How can you tell if a percentage and a decimal are equivalent?

Reect and discuss 8Reect and discuss 8

Investigation 2 – Percentages and decimals
Copy the table below and complete it to discover the process of converting a 

decimal to a percentage.

0.45 0.3 0.295

Say the number (out loud) based on 

its place value and write it down.

Write this number as a fraction. 

Convert to an equivalent fraction 

out of 100, if necessary.

Write the fraction as a percentage.

1 How would you explain the process of converting a decimal to a percentage to a 

student who was absent for this lesson? Demonstrate and verify the process with 

two other decimal numbers.

2 How would you convert a percentage to a decimal?

Represent each percentage as a decimal.

a 17% b 62.5%

a

17 ÷ 100 = 0.17

b

62.5 ÷ 100 = 0.625

Q

A

Example 3

Think of the fraction as a division.

Move the digits over two places when dividing by 100.

Move the numbers over two places when dividing by 100.

Think of the line between the numerator and denominator as a division sign.

c
ri

terio

n

B
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Investigation 3 – Repeating decimals
You will look at repeating decimals to ensure you can recognize these 

numbers in both decimal and fractional form.

A repeating decimal is often indicated with a line over the top of the 

digits to be repeated.

For example: 0.62 0.626262626262...= 1.534 1.5343434...= =70.137 70.137137137...

In the table below, the rst column contains terminating decimals  

and their equivalent fractions, and the second column contains  

repeating decimals and their equivalent fractions.

Terminating decimals Repeating decimals

=0.7
7

10
=0.7

7

9

=0.1
1

10
=0.1

1

9

=0.23
23

100
=0.23

23

99

=0.017
17

1000
=0.017

17

999

1 Looking at the denominators, what is the key dierence between  

the fraction equivalents of terminating and repeating decimals? 

2 Focusing on the denominators again, how do you know how many  

digits will be repeating innitely?

3 What are the steps to convert a repeating decimal to a fraction?

4 Take a look at the following:

0.3
1

3
= 0.6

2

3
= 0.72

8

11
=

Can you follow the same steps to convert the repeating decimals in these examples to 

fractions? Explain.

Continued on next page

You know how to convert fractions to terminating decimals 

(decimals that have a nite number of decimal places), but there 

are actually two other kinds of decimals:

● repeating decimals – decimals that have a sequence of digits 

that repeat innitely

● non-terminating, non-repeating decimals – decimals that do 

not terminate and do not repeat. These are also called irrational 

numbers and you typically need a calculator to convert them 

between equivalent forms.

c
ri

terio

n

B
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5 Decide which of the following conversions are correct. For any that are incorrect,  

identify how to x them so that the decimals and fractions are equivalent.

a 0.4
4

9
= b 0.35

35

99
= c 0.011

11

999
=

d 0.2
2

11
= e 0.24

8

33
= f 0.36

4

11
=

g 0.06
3

50
= h 0.375

375

9
=

i 0.17
7

40
=

It is the opposite process to convert a fraction to a repeating decimal.

Convert 
50

99
 to a decimal.

99 – so two digits repeat 

0.50

0.50

=

50

99
0.50

Example 4

Q

A

Determine the number of 9s in the denominator; 

this is the number of repeating digits in the decimal.

NOTE:  if the denominator does not contain only 9s you may 

have to convert the fraction rst. If the denominator cannot be 

converted to contain only 9, then it is not a repeating decimal.

Draw a line over the top of the decimal to rep-

resent the innite repeating of those digits.

The numerator is placed in those decimal places.

To convert repeating decimals to percentages, it is best to simply 

look at the number in decimal form and convert using the process 

you already know (multiply by 100). You will typically round the 

number to the most appropriate number of decimals places, given 

the context of the question.

In Example 4, the repeating decimal was 0.50 so this would be 

50.5050%. This number would round to 51%, accurate to the 

nearest percentage, and 50.5% if you wanted the number accurate 

to the nearest tenth.

NUMBER



Practice 3

1 Convert each decimal to a fraction and then a percentage.

a 0.87 = = % b 0.5 = = % c 0.732 = = %

d 0.09 = = % e 0.006 = = % f 1.2 = = %

2 Convert each percentage to a decimal.

a 12% b 46% c 103% d 38.5% e 8.3% f 12.25%

3 Write these numbers in all three forms: fraction, decimal and percentage. 

Write each fraction in its simplest form.

a b 0.8 c 35% d
4

9

4 Which is the largest number in each of the following groups? 

Justify your answer.

a b c 1.03 or 100% 

d e f

5 Which numbers are equivalent in each of these sets?

a b

6 Order each set of numbers from smallest to largest. 

a

b

64 

Continued on next page

2  Percentages



7 Order each set of numbers from largest to smallest. 

a

b

8 In each of these scenarios, which option oers the greatest amount? 

Justify each answer using mathematics.

a 25% of one bag of popcorn, or 10% of three of the same sized bags of popcorn

b 50% of two mangos, or 40% of three of the same sized mangos

c 30% of one energy bar, or 5% of six of the same sized energy bars.

9 The International Labour Organization (ILO) estimates that 

60% of the 250 million children around the world who work 

in sweatshops live in Asia. Approximately how many Asian 

children work in sweatshops?

10 The average hourly wage of a woman making clothes in 

Bangladesh is the equivalent of US $0.13. The United States 

Federal minimum wage as of January 2017 was US $7.25 per 

hour. Approximately what percentage of the US minimum 

wage is the Bangladeshi clothes worker’s wage?

11 In India, approximately 5% to 30% of the 340 million children 

under 16 are classied as child laborers. About how many 

children does this represent?

12 The charity Oxfam is working to help refugees in Bangladesh. In September 2017, 

there were 470000 Rohingya Muslim people from Myanmar living as refugees in 

Bangladesh. Only 50% of these refugees had access to clean drinking water.

a How many people does this percentage represent? 

So far, Oxfam has been able to provide clean drinking water to 100000 of the refugees 

who did not previously have access to clean drinking water.

b What percentage of the total number of people now have clean water?

For 11, give your 

answer as a range.

65

sweatshop: a 

workshop, often 

in the clothing 

industry, employing 

workers at low 

wages, for long 

hours, and under 

poor and often 

unsafe conditions

NUMBER
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Activity 6 – Conversion bingo

Draw a 4 by 4 grid and ll it in with a combination of fractions, 

decimals and percentages, at least four of each. Here is an example.

Your teacher will give you the specic guidelines for what numbers 

you can put in your grid. (For example, you may be told that you can 

use any percentages that are a multiple of 10. So you must come up 

with decimals, fractions and percentages that as a percentage are 

a multiple of 10.) You cannot include two equivalent numbers in 

dierent forms (e.g. 20% and 0.2). 

Once you have written the numbers in your grid, the game will begin. 

Your teacher will call out a number in one of the three forms and you can 

cross it o your grid if you have that number in any of the three forms. The 

winner is the rst student to get four in a row, column, or major diagonal.

Formative assessment – Food for refugees
The United Nations High Commissioner for Refugees (UNHCR) recommends 

that a refugee should consume at least 2100 calories per day. Yet in many 

refugee camps, refugees get less than this. For example, in one Tanzanian 

refugee camp, refugees were given only about 1400 calories perday.

1

Tanzanian camp given?

2 In many refugee camps, refugees end up trading their 

food for other non-food supplies that they need. If a 

refugee was eating only a third of the minimum daily 

calorie recommendation, how many calories per day 

would that be?

c
riteria

C, D

20% 0.4 30%
17

20

1

4
0.75 0.05 45%

10% 16%
1

15
90%

6

35
70% 0.68

3

5

● Which form – percentage, decimal or fraction – do you prefer  

when ordering numbers?

● What are the advantages and disadvantages of each form?  

Make a list for each one.

● How are fractions, decimals and percentages equivalent forms?

Reect and discuss 9Reect and discuss 9
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The table shows approximately what a Syrian refugee might eat 

per day in a Jordanian refugee camp. Remember that the UNHCR 

recommends that a person should have at least 2100 calories daily. 

Food
Grams 

(approx.)

Calories 

(approx.)

Type of 

nutrient

rice 274 1100 carbohydrate

our 57 230 carbohydrate

lentils 24 97 protein

dried chickpeas 12 49 protein

sardines 18 71 protein

canned kidney beans 57 229 protein

vegetable oil 43 386 fat

3 What is the number of total daily calories in this refugee diet?

4 What percentage of a refugee’s calories come from protein?

5 What percentage of a refugee’s calories come from carbohydrates?

6 What percentage of a refugee’s calories come from fat?

7 Make a similar list of the foods that you eat in a typical day.

8 Using an online source, calculate the approximate number of 

calories for every item on your list and state the type of nutrient.

9 Calculate the total number of calories you consume in one day. 

Calculate how many calories you consume daily of fat, protein,  

and carbohydrates.

10 What percentage of your calories come from each of these  

three nutrient groups?

11 Explain the degree of accuracy of your results in step 10.  

Describe whether or not your results in step 10 make sense.

12 How does your diet dier from the refugee diet? How is it similar? 

(Compare the number of calories, breakdown of food groups, etc.)

13 How do you think refugees feel, having to follow this diet? Explain. 
ATL1

Applications of percentages

There are many practical applications involving percentages which 

you will see on a regular basis, such as nding the discount on an 

item for sale in a store or calculating the tax when purchasing an item. 

Remembering that percentages and fractions are really just equivalent 

forms can help you to solve these types of problems.

NUMBER



Practice 4

1 Find the percentage in each of the following amounts.

a What percentage of 100 is 75? b What percentage of 48 is 36?

c What percentage of 300 is 75? d What percentage of 620 is 124?

e What percentage of 50 is 18? f What percentage of 220 is 132?

g What percentage of 96 is 24? h What percentage of 850 is 340?

2  Percentages68

● How would you write 30% as a decimal?

● What does the word ‘of ’ mean in mathematics?

● What is another way of solving problems like ‘Find 70% of 25’?

Reect and discuss 10Reect and discuss 10

a What percentage of 80 is 8?

b What is 30% of 25?

c 50% of what number is 13?

a 80 is the whole and 8 is the part, so the fraction is .

Therefore, 8 is 10% of 80.

b

Therefore, 30% of 25 is 7.5.

c

Therefore, 50% of 26 is 13.

Q

Example 5

A

Convert the fraction to a percentage.

Since 100 ÷ 4 = 25, we need to divide the numerator by 4 as well.

In this case, 25 is the whole and the part is unknown. 

We need to nd the equivalent to the fraction represented by 30%.

Continued on next page

In this case, 13 is the part but the whole is unknown. 

We need to nd the equivalent to the fraction represented by 50%.

Simplify the rst fraction.



2 Find the number when:

a 50% of the number is 20 b 20% of the number is 8

c 10% of the number is 12 d 25% of the number is 38

e 80% of the number is 208 f 14% of the number is 49

g 62% of the number is 124 h 130% of the number is 78.

3 Find the number when given the percentage.

a 25% of 100 b 40% of 100 c 20% of 50

d 80% of 100 e 10% of 1000 f 70% of 200

g 15% of 200 h 5% of 60 i 100% of 80

j 35% of 200 k 8% of 50 l 12% of 32

m 60% of 55 n 45% of 80 o 90% of 20

4 In a store, an item has a new price of $63 after a reduction of 30%. 

What was the original price?

5 In Spain, the average annual income of a male is 

approximately €26000 and the average annual 

female income is approximately €20000. Approximately 

what percentage of the average male income is the average 

female income?

6 In Canada, the average annual income of a female aged 

25 to 34 is 77% of a male in the same age group. If the 

average annual income of a female is approximately 

$50000, how much, rounded to the nearest thousand 

dollars, does the average male in the group earn? 

7 In Australia, the average full-time weekly salary for a 

woman is approximately 84% of the full-time weekly  

salary for a man. 

If an Australian man earns approximately $1600 per week, 

how much does an Australian woman earn? 

8 What feelings would you experience if you earned less than someone 

else for doing the same work? Explain.

9 During a six-week period in 2012, the organization Doctors Without Borders 

managed to vaccinate approximately 75% of a population at imminent risk of a 

disease called cholera in Guinea and Sierra Leone, averting a potential disaster. 

What was the total population if 170 000 people were vaccinated?

ATL1
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Activity 7 – More than one way

You want to buy an item that costs £60. However, a tax of 15%  

will be added. What is the amount of the tax?

One way to solve this is to divide the problem in two:

15% = 10% + 5%

To nd 10% of 60, you can multiply 0.1 × 60.

0.1 × 60 = 6

Since 5% is half of 10%, nd half of £6 ,which is £3. 

Therefore, the total tax is £6 + £3 = £9.

a Solve the problem by using one calculation involving a decimal.

b Solve the problem by using two equivalent fractions.

c Solve the problem in as many other ways as you can think of.

● Which method did you prefer to use when solving the problem in 

Activity 7?

● Will your choice of method depend on the question, or will you 

always use the same one?

● How can dierent methods produce equivalent results?

Reect and discuss 11Reect and discuss 11

Many countries around the world add a sales tax (sometimes 

called a value added tax) onto most of the goods that are sold. 

In some countries, the tax is included in the listed price, while in 

others the tax is added on to the listed price. To make sure you 

have enough money, you need to be able to quickly determine 

what that nal price will be. You can do this easily in your head 

without a calculator.

$35.00excluding tax $37.10
including tax



Practice 5

1 a Calculate the tax on each item, then calculate the total cost of each item. 

Use the average sales tax worldwide, which is 15%. 

$40

$90 $20
$15

$60
$30

b You have $100 to spend. Can you aord the painting (including sales tax)? Explain.

c List three items you could buy (including sales tax) with your $100. 

Write down their total cost.

d What combination of items can you buy that is the closest to your $100, without 

going over it? Remember to include sales tax on each item.

2 a Find the price of each of the following items after a discount  

is applied (often called the ‘sale price’).

i A shirt that was originally $62 is discounted by 50%.

ii A pair of $120 shoes are now marked 30% o.

iiiA $40 concert ticket now has 40% o.

b What is the total price of each item in part a if the worldwide  

sales tax of 15% is applied after the discount?

3 Carlos buys a backpack for $30. There is a 10% discount followed by  

a 15% tax. How much will the backpack cost in total?

4 The war in Syria, which led to millions of refugees, also increased 

prices of goods dramatically. 

a A shawarma sandwich used to cost 100 Syrian pounds 

(SYP), but has now increased by 100%. What is the new 

price of the sandwich?

b A tax of 10% was then added by the government on the 

shawarma sandwich. What is the new price of the sandwich?

You can solve 

these problems 

in a similar way to 

the tax problems, 

but this time 

subtracting the 

discount from the 

original price.
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c The price of six eggs was 120 SYP and increased by 550%.  

What is the new price of six eggs?

d The price of a kilogram of butter used to be 520 SYP. However, that  

has increased by 250%. What is the new price of a kilogram of butter?

e Butter could be replaced by margarine, the cost of which is only 

350 SYP per kilogram. Using the new price of butter, what percentage 

of the price of a kilogram of butter is this?

f Imagine you are living in Syria and the price of food is increasing as 

you have seen. How would it feel to be the head of a family trying 

to provide for them, despite your salary not increasing? What would 

you consider as your options?

ATL1

Percentage change

Often, we are interested in nding by what percentage a quantity changes, 

which is a comparison of a change in value to the original value. 

The percentage change is found by:

Percentage increase or decrease =

a In 2008, the number of undernourished people was 1billion 

worldwide. In 2010, approximately 900 million people were 

undernourished globally. Find the percentage decrease.

b Despite the scenario highlighted in part a, in 2008, the United 

States wasted 126 billion pounds of food. In 2010, that amount 

climbed to 133 billion pounds. Find the percentage increase, 

rounded to the nearest hundredth.

a To nd the percentage change (decrease): 

It represents a 10% decrease.

b To nd the percentage change (increase):  

It represents a 5.56% increase.

Q

Example 6

A

Give your answer to the degree of 

accuracy stated in the question.

Use the percentage change formula. 

The negative value here indicates a decrease.



Practice 6

1 Calculate the percentage change of the following examples, clearly stating  

if it is an increase or a decrease. Round to 1 decimal place if necessary. 

a The percentage change from 270 to 60

b The percentage change from 34 to 91

c The percentage change from 580 to 2479

d The percentage change from 8452 to 7203

e The percentage change from 54 to 540

f The percentage change from 3160 to 718

2 There are currently approximately 3400000 births per year by girls who are under 17 

years of age in sub-Saharan Africa and south and west Asia. It is predicted that the 

number would drop to approximately 3100000 births if all girls in those areas were 

to receive a primary school education. Calculate the predicted percentage decrease in 

births if all the girls receive a primary school education.

3 It is predicted that the gure given in question 2 would drop even further, to 1400000 

births, if all girls in those areas also had a secondary school education. Calculate the 

predicted percentage decrease in births if all the girls receive a secondary school education.

73

Discuss these issues regarding teenage pregnancies in small groups.

● What would be the implications of such a drop in births?  

(Practice6, question 3)

● Why do you think education would have such an impact on the 

number of births by girls under 17 years of age? How would it feel to 

be an educated female in sub-Saharan Africa or south and west Asia?

● Do you think that in developed countries ‘education for all’ is taken 

for granted?

● If you were to write a headline right now that captured the most 

important aspect of your discussion, what would that headline be?

● Share your headlines with the class.

Reect and discuss 12Reect and discuss 12

ATL1

Go to mathplayground.com. Scroll down and click on 

Fraction Decimal Games. Scroll down and under the Percent 

and Ratio heading, click on Problem Solving – Percent.

e
b

l
nk

NUMBER



2  Percentages74

Activity 8 – What the world eats

The quantity, quality and variety of foods that people eat around the 

world dier signicantly between regions. You are going to look at 

the percentage breakdown of the daily diet of dierent countries and 

compare them to the world average.

Search online for ‘what the world eats’ to answer these questions: 

https://www.nationalgeographic.com/what-the-world-eats/ 

World consumption changes

1 What was the average worldwide daily calorie intake in 1961?

2 What was it in 2011?

3 Calculate the percentage increase. Do you think this is a signicant

increase? Why do you think there has been an increase?

4 What category, as a percentage of the total, has increased the most 

over the years? Why do you think this is?

Your country compared to the world

1 Find the data for your country. If your country is not listed, your 

teacher will tell you a country that has a similar demographic.

2 Is your country’s calorie intake higher or lower than the world 

average? Calculate your country’s daily calorie intake as a 

percentage of the world average.

3 Discuss with a partner why your country’s calorie intake is higher 

or lower than the world average. Summarize three reasons to share 

with the class.

4 Look at the changes of your country’s calorie intake over the last 

50 years. Pick two categories and calculate the percentage increase 

or decrease over the 50 years. What is signicant about your 

calculations?
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Your country compared to other countries

1 Look at the 22 countries listed on the right side of the webpage. 

Which country has the smallest calorie intake per day? Which has 

the highest? Calculate the percentage dierence between the two. 

Give two explanations for why there is such a dierence.

2 Find the country that has the highest percentage of each category 

in their daily diet. Create a table for your results. Did you nd any of 

these surprising? Why?

3 Select two other countries that are dierent to your own country. 

Create a table to compare these countries in the way that you think 

would best allow the data to be compared. Record all necessary 

information in your table.

4 Based on their daily diet, how do you think the daily life of people in 

these countries diers from yours?

What will the future look like?

1 Calculate the average annual percentage change of daily calorie 

intake in a country of your choice.

2 In 20 years, if your country follows the same trend it has followed 

over the past 50 years, what will the daily calorie intake be? 

3 In 20 years, what could be the health implications of this?

NUMBER
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Unit summary

A percent or percentage is a ratio which can be represented as a 

fraction out of 100. 

Fractions, decimals and percentages are all equivalent forms that 

express the same quantity.

Some percentages, like 50% or 25%, are easier to calculate 

because you know the fraction that they represent.

Conversions

A fraction to a percentage

Write an equivalent fraction out  

of 100. Then, write the number  

using the percent (%) symbol.

or

Divide the numerator by the 

denominator and then multiply  

by 100%.

A percentage to a fraction

Write the percentage as 

a fraction out of 100. Be 

sure to simplify the fraction 

whenever possible.

A decimal to a fraction

Say the decimal number using its 

place value (e.g. ‘35 hundredths’) 

and then write the corresponding 

fraction. Be sure to simplify the 

fraction whenever possible.

Calculate percentage increase by dividing the amount of increase 

by the original quantity. This decimal can then be converted to a 

percentage by multiplying by 100%.

Calculate percentage decrease by dividing the amount of decrease 

by the original quantity. This decimal can then be converted to a 

percentage by multiplying by 100%.

A percentage to a decimal

Divide the percentage by 

100 and write without the 

percent symbol.
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Unit review

Key to Unit review question levels:

Level 1–2 Level 3–4 Level 5–6 Level 7–8

1 Write down the percentage represented by the shaded section of each grid.

a b c d e

2 For each percentage below, draw two grids of dierent sizes and then 

shade the given percentage.

a 30% b 50% c 75% d 18% e 12%

3 If you knew what 3%, 8% and 10% of a quantity was, how could you 

calculate the following percentages of the same quantity?

a 9% b 11% c 21% d 18% e 16% f 26% g 77%

4 If 20% of a quantity is 30, nd the following percentages of 

the same quantity. 

a 10% b 40% c 100% d 30% e 4% f 24%

5 Convert these fractions to percentages.

a b c d e

f g h i j

6 Convert these fractions to percentages, and round to the nearest whole 

percentage.

a b c d e

f g h i j
212

100

c
ri

terio

n

A
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7 Write down the following in all three forms: fraction, 

decimal and percentage. Give each fraction in its simplest 

form.

a 28% b 0.8 c d 0.32 e 55%

f g 92% h i 0.60 j 110%

8 Which is the largest number in each of the following lists? 

Justify your answer.

a  or 75% or 0.81 b 0.92 or 90% or 
17

19
c  or 65% or 0.63

d  or 26% or 0.25 e 0.55 or 53% or 

9 Which numbers are equivalent in each of the following sets? 

a , 25%, , 0.24, , 2.4%, 24%

b 5%, , 0.5, , 50%, , 0.05

10 In the 2016 Olympics, the International Olympic Committee 

created a ‘Refugee Olympic Team’ to draw attention to 

the worldwide refugee crisis. Ten athletes were selected 

from four countries to take part in this team. Calculate

the percentage of athletes from the following countries 

of origin.

a 5 athletes were originally from South Sudan.

b 2 athletes were originally from Syria.

c 1 athlete was originally from Ethiopia.

11 There are an estimated 700 million children living  

in the world who are of primary school age.  

Approximately 70 million of them still do not have  

access to education. Approximately what percentage  

of primary-age children do not have access to  

education?

12 In the United States Senate, 20 senators out of 100  

are women. In Canada, 88women have been  

elected to the House of Commons out of 338 

members. Whichcountry has the higher percentage 

of women in its governmenthouse?
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13 a What percentage of 50 is 10?

b What is 30% of 20?

c 15 is 45% of what number?

d What is 60% of 90?

e 40 is 25% of what number?

f What percentage of 80 is 60?

14 Due to the eorts of many charitable organizations, enrollment 

in primary education has reached approximately 90% worldwide. 

If there are approximately 60 million children still not attending 

schools, approximately how many are enrolled in primary schools?

15 Many charitable organizations have worked hard to reduce 

child mortality. Since 1990, the number of deaths worldwide 

in children under ve years old declined from approximately 

13million to approximately 6 million.

a What is the approximate percentage decrease?

b Assuming a constant rate of change, by approximately what 

percentage did the number of deaths drop per year?

c If this trend continues at the same rate, what would you 

predict to be the number of deaths in children under ve years 

old in ten years’ time?

16 Approximately 780 million people in the world are illiterate. What 

percentage is that of the total population? (You found this statistic 

earlier in this unit). Of the 780million, almost 70% are female. 

Approximately how many females are illiterate in the world?

17 a Before 2011, a typical Syrian could expect to live to be about 

80years old.  

In 2014, during a civil war where millions of people died, life 

expectancy in Syria decreased to 56 years old. Calculate the 

percentage decrease in life expectancy.

b Due to the civil war, 4 million refugees ed Syria. Some of 

these refugees ed to neighboring Jordan, where the population 

swelled from approximately 5850000 to approximately 6500000. 

Calculate the percentage increase in the population of Jordan.

c Lebanon, another country that took in many refugees, saw 

its population increase from roughly 3 million to 4million. 

Calculate the percentage increase in the population of Lebanon.
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Summative assessment
‘You are a refugee’ assignment

You and your partner are refugees and have just arrived in your current city. 

You have no money, but the government gives you ‘social assistance’ funding to survive. 

Your teacher will tell you the monthly amount that you will receive. 

This amount needs to cover all living expenses. Your teacher will also tell you how many 

members are in your family and the ages of any children. 

You must nd a place to live and prepare a monthly budget for rent, food, 

transportation, living expenses, clothes and other expenses. As a class, you will create a 

list of all of these expenses and every pair will use this list.

This assignment has many dierent tasks that will require a lot of organization. You 

and your partner will need to collaborate well. It will be very important to set up a good 

organizational framework to ensure that you can both access all your information easily, 

and that it will not get lost. 

Once you have read through the assignment with your partner, your rst task will be 

to create a graphic organizer/diagram or other method to organize all of the dierent 

components in this assignment. The second task will be to create a to-do list along with a 

calendar of when each item will be completed.

Think about the following questions:

● How will you organize your information?

● How will you record and keep track of the websites you have used?

● How will you break up the tasks into manageable sections?

● How will you create a to-do list?

● What headings will your to-do list have?

● How will you communicate with each other?

● How will you manage your time so that you do not leave too much work to the last 

minute? 

Once you have submitted this graphic organizer/diagram and to-do list, your teacher 

will provide you with the appropriate platform on a web-based application (connection 

through link or email) for you both to work on. Then you will set up the organization 

framework that you outlined. If technology cannot be used as the self-management 

tool for this assignment, you must still explain how you will organize and store your 

documents and information, and how you will manage your time.

Part A – Preparation

1 Find a place to live. You will look for an apartment in a local newspaper or online. 

Remember your budget and keep in mind the other expenses that you have! 

Once you have found your accommodation, locate it on a map of your city/town.

Pairs

ATL2

c

riteria

C, D
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MONTHLY BUDGET

CATEGORY: Amount:

Income: (how much you earn)

Expenses: (what you have to pay)

Rent

Groceries (multiply weekly amount by 4)

[Create a row for each expense]

Total expenses: (add up all expenses)

Net Income: (Income less total expenses)

Monday Tuesday Wednesday Thursday Friday Saturday Sunday

Breakfast

Lunch

Dinner

Snack

2 Find food to eat. Write down a nutritious meal plan for breakfast, lunch and dinner 

for seven days. Be specic – don’t just write ‘sandwich’ – consider all the parts of the 

sandwich you will need: bread, mustard, tomato, cheese, etc. Use a chart like the one 

below to record your meal plan. 

a Once you have an idea of what you will eat in a week, 

you will have to calculate the cost of the items. First, create 

a grocery list for the food you will need to make the meals 

listed in your chart for one week. 

Then put the list in a chart with three columns: the food item, 

the estimated cost and the actual cost. You will then estimate 

how much you think each item costs and calculate the total. 

You could create your chart using a spreadsheet so that 

you can do the calculations eciently. To nd the real costs, 

you can either search a grocery store’s prices online, or go to 

the grocery store.

b Calculate the actual total cost of the groceries. 

c Calculate the percentage dierence between what you estimated the total cost of the 

groceries to be and their real cost.

d Explain the degree of accuracy of your results in part c. Describe whether or not 

your results make sense.

3 Money for other expenses: You will 

set up a monthly budget spreadsheet. 

A budget tracks your income and your 

expenses to help you see how much 

money you will have left to save or how 

much you will be in debt. The budget is 

best created using a spreadsheet, so you 

can set up a formula for ‘Income less 

total expenses’. This number should be 

positive so that you do not go into debt. 

Here is an example budget spreadsheet.

Consider a eld  

trip to a 

supermarket 

as a class, or 

individually with 

your parents. 

Alternatively, use 

an online shop to 

nd the costs of 

grocery items.
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4 As you complete this assignment, you will be recording your thoughts and reactions. 

Discuss what struggles you are facing, and your thoughts about how refugees might 

survive on this money. You will submit this reection with your assignment.

Part B – Analysis

1 Using the grocery list based on your meal plan for the week, approximate what 

percentage of the grocery list is:

a carbohydrates b protein c fat

2 Compare your grocery list with your country’s nutrition guidelines. How close does 

your grocery list match the recommended daily allowances of your country’s nutrition 

guidelines?

3 Select one of the days of the week from Part A question 2 and calculate the number of 

calories one person will eat in a day as a refugee moving to a new country. To do this, 

divide the total by the number of people in your family. Compare this amount to what 

a person in a refugee camp eats in a day and what you actually eat in a day. (You 

calculated these in the formative assessment task earlier in the unit.)

a Who consumes the greatest number of calories in a day?

b Who consumes the greatest percentage of carbohydrates, protein and fat in a day: 

you, someone in a refugee camp, or the refugee moving to a new country?

c Did any data in the comparison surprise you? Why or why not?

4 Looking at your monthly budget, calculate each expense as a percentage of the total. 

Did any of the expenses surprise you? Why or why not?

● Were you able to stay on budget? Describe any sacrices you had to make.

● Were you able to eat nutritiously on the budget? Explain.

● How did the life you created as a refugee dier from the life you live now? 

What would it feel like to be a refugee? Explain your answers.

● What recommendations would you make to your city/country to make 

life better for refugees who move to your country?

ATL1

Reect and discuss 13 – Empathy for a refugeeReect and discuss 13 – Empathy for a refugee
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Skill

Emergent (1) 

Capable (2) 

Exemplary (3)

What would you do next time 

to improve this skill? If you think 

you developed this skill well, list 

the things you did that helped 

your development and would do 

again next time.

Managing time and tasks eectively

Meet deadlines of the assignment
● Used a calendar eectively
● Tasks were well spaced out – no cramming/rushing 

to complete tasks on time

Create plans to prepare for summative assessments
● Created to-do lists, followed and updated them
● Prioritized tasks on the to-do list
● Broke down the assignment into manageable tasks

Keep an organized and logical system of information 

les/notebooks
● Created a logical system to organize all 

documents/tasks in an eective way (e.g. using 

Google Docs eectively)
● Used this system throughout the assignment so all 

information was easily accessible to both partners

Select and use technology eectively and productively
● For organization and collaboration (Google Docs)
● For researching information

Managing state of mind

Practise strategies to overcome distractions
● Turned o social media and email notications while 

working on computer/tablet
● Kept workspace tidy so resources were readily 

accessible

Demonstrate persistence and perseverance
● Kept trying and revised plans when things did not 

go right
● Learned from making mistakes instead of seeing 

them as setbacks 

Self-assessment

Self-management

Throughout this assignment, you have worked on developing your self-management 

skills to stay on task and meet the deadlines outlined by your teacher. Using a copy of the 

checklist below, reect on how you were able to manage your organizational skills and 

aective skills throughout the assignment. In the rst column, rank yourself as 1 (emergent), 

2 (capable) or 3 (exemplary) to indicate how each skill has developed. In the next column, 

discuss what you did well and what you would do next time to improve each skill.

ATL2



Nature is full of patterns. In this unit, you will begin to understand 
how these patterns can be described using mathematics, 
particularly algebra. From art, to history, to urban planning, 
many other aspects of life also involve patterns. Where might an 
exploration of algebraic patterns in these other areas take you?

Two centuries later came what is known as The Space 
Age. The Space Age began in the 1950s and focused 
on space exploration and space technology. Our ability 
to send a human to the moon relied on understanding 
the relationships between the forces on a rocket and 
it’s size and mass. Patterns can also be observed 
when studying the distances travelled by a rocket 
at dierent speeds. Being able to describe these 
relationships algebraically has helped humans not 
only look at, but also visit and study, objects in the 
night sky.

Algebraic expressions 
and equations3

Orientation in space and time

Eras, epochs and turning points

The history of our planet is sometimes observed as a series 
of turning points that can be described and analyzed with 
patterns.  The Industrial Revolution, for example, brought 
with it the invention and application of the combustion engine 
where pistons follow a pattern of intake, compression, power 
and exhaust.  Each phase within the pattern has its own sub-
pattern, which can be described using algebra.
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Artistic beadwork is found in many dierent cultures around the world. In parts of 
Kenya and Tanzania, the Maasai people use beads to represent aspects of their culture 
and then create ornate pieces of jewelry with them.  These necklaces, headbands and 
bracelets are composed of patterns that can be described algebraically.

Scientic & technical innovation
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Personal and cultural expression

Music is full of patterns. The tempo 
of a song is the number of beats per 
minute, and this usually follows a 
consistent pattern. Drummers and 
other percussionists are experts at 
following complex patterns. Even 
converting music to a digital form 
requires representing the music 
mathematically. Algebra is used to 
capture, analyze and even create 
music.



Related concepts: Generalization, Models and Patterns

Global context
In this unit you will use algebra to explore patterns in the natural world, 

which is one aspect of the global context scientic and technical 

innovation. In order to better understand the patterns around us,  

you will need the tools of algebra, such as writing expressions and solving 

equations. By the end of the unit, you may begin to wonder if the natural 

world is actually more mathematical that it initially appears.

Objectives
● Using correct terminology when analyzing 

algebraic patterns and sequences 

● Representing patterns in dierent forms −

diagrams, sequences, tables, words

● Creating and simplifying basic algebraic 

expressions

● Generalizing a mathematical pattern using 

algebra, and solving applications involving 

algebraic patterns

● Solving single-step and basic two-step 

algebraic equations

Statement of Inquiry
A logical process helps to model and generalize  
patterns in the natural world.

Inquiry questions
What is a pattern?

What are the different types of patterns?

How do we model patterns?

How is it possible to model a pattern 

and make predictions?

Is there a mathematical order to our 

natural world? 

F

C

D

Algebraic expressions and 
equations
Patterns in nature

KEY CONCEPT: LOGIC

3



You should already know how to:

● convert between dierent units

● perform calculations following the order 
or operations

● evaluate basic exponents and perfect 
squares

ATL1

Practise visible thinking strategies 
and techniques 

ATL2 Creative-thinking skillsReection skills

Consider content:

● What did I learn about today?

● What don’t I yet understand?

● What questions do I have now?
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Can you see what the following pictures all have in common?

While they all represent something in nature, they also have a 

pattern that repeats itself. Some patterns are decorative while 

others serve an important purpose, like strength or camouage or 

protection. Patterns that you can identify and describe can then 

be studied and understood better. Much of the mathematics that 

you learn involves establishing patterns and then describing them 

using appropriate mathematical notation and vocabulary.

● When does something become a pattern, as opposed to just a series 

of events?

● What patterns do you notice in your daily life?

● What patterns do you see in nature?

● Give two examples of mathematical patterns in your life.

Reect and discuss 1Reect and discuss 1

Introducing patterns in nature
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Sequences

An ordered list of items (numbers, shapes, etc.) is called a sequence. 

Items in a sequence are called terms

Some of the 

sequences in 

question 1 are 

words you will see 

in everyday life.

Activity 1 – Looking for patterns

Take a minute to look at each part of question 1. Then, in pairs, discuss 

possible answers to each one. Be sure to explain your reasoning.

1 What are the next two terms in each of these sequences?

a 1 3 5 7 ___ ___

b 2 4 8 16 ___ ___

c M T W T F ___ ___

d J F M A M J ___ ___

e 1 4 16 64 ___ ___

f O T T F F S S ___ ___

g M V E M J S ___ ___

h  Α Β Γ Δ Ε Ζ ___ ___

i 100 80 60 40 ___ ___

2 Make up your own sequence and trade with a classmate.  

See if you can correctly identify the next two terms in your 

classmate's sequence and explain your reasoning.

ATL2

Pairs

In question 1 of Activity 1, you may have found that there was 

sometimes more than one answer. Whether an answer is correct 

or not depends on if it follows the pattern of the letters or numbers.

Patterns

A pattern is a set of items or numbers that follow a predictable rule. 

The core of a pattern is the part of the pattern that keeps repeating.

In algebraic patterns, the same mathematical procedure is applied 

each time. For example, you might add or multiply by the same 

number to determine the next term, or even perform a combination 

of dierent operations.

ALGEBRA



Is it possible for one pattern to lead to a dierent pattern? In the 

following investigation, you will analyze a pattern of shapes and 

look for an algebraic pattern within it.

Investigation 1–Sequences
a Draw the next two shapes in the sequence on a copy of the grid below.

b Explain the pattern in words.

c Write this pattern as a list of 5 numbers.

d Describe the number pattern in words.  

How do you nd the next number  

in the sequence?

e Determine what the 10th term in the 

sequence would be, without drawing it.  

How do you know?

f What would the 100th term in the sequence be? How do you know?

g Will the number 20 be in this sequence? Explain why or why not.

h Draw a dierent sequence of three shapes that follow the same pattern as the one above.

c
ri

terio

n

B

Activity 2 – The core of a pattern

1 Which of the sequences in question 1 of Activity 1 follows an 

algebraic pattern? Explain the pattern using words.

2 Identify the core of the following patterns.

…

…

…

3 Birds make sounds to dene territory, call a mate, scold other members 

of the ock, and even beg for food. Their songs and calls follow patterns 

that have allowed people to identify birds without even seeing them. 

Identify the core of the following patterns in bird calls. 

a meeoopeeoomeeoopeeoo… (buzzard)

b jeditjeditjeditjedit… (ruby crowned kinglet)

c zzzzzdzzzzzdzzzzzd… (lazuli bunting)

d pekpekcackcackcackpekpekcack… (Cooper’s hawk)

e tseeewtseeewtseeew… (American robin)

f urrREEErrrurrREEErrrurrREEErrru… (common pauraque)
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Practice 1

1 a Draw the next two shapes in the sequence below.

b Explain the pattern in words.

c Write this pattern as a sequence of ve numbers.  

How do you nd the next number in the sequence? 

d Is this a linear pattern? Explain.

e If one of the shapes has L leaves in it, how many leaves will there be in the next shape?

f Determine what the 10th term in the sequence would be, without drawing it. 

How do you know?

g Will the number 30 be in this sequence? Explain why or why not.

● In Investigation 1, which was easier: nding the pattern in the 

shapes (b) or nding the pattern in the numbers (d)? Explain.

● What is the minimum number of shapes needed to establish a 

denite pattern? Explain.

Reect and discuss 2Reect and discuss 2
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Continued on next page

Recognizing a pattern and being able to describe it are two very 

important skills in mathematics. You can describe a pattern 

using words or even mathematical symbols; mathematicians 

call this ‘generalizing a pattern’. It is better to be specic in your 

description, so instead of saying ‘the numbers get bigger’, try to 

say something like ‘the numbers increase by 2 every time’.

When you generalize a pattern, try to be very precise about 

how the numbers relate to one another. For example, when 

the dierence between terms is always the same, it is called a 

linear pattern

ALGEBRA



2 a Draw the next two shapes in the sequence below.

b Explain the pattern in words. How do you nd the next number in the sequence?

c Is this a linear pattern? Explain.

d Determine what the 30th term in the sequence would be, without drawing it. 

How do you know?

e If one of the shapes has w water droplets in it, how many droplets will there be in 

the next shape?

f Will the number 40 be in this sequence? Explain why or why not.

3 a Draw the next two shapes in the sequence below and explain the pattern in words.

b Determine what the 26th term in the sequence would be, without drawing it. 

How do you know?

c Will the number 409 be in this sequence? Explain why or why not.

d Write a rule to nd the next term of the sequence if you know the one before it.

4 Draw a pattern for the rst three terms in each of the following sequences. 

Then draw the next two shapes in each pattern.

a 3, 7, 11 b 1, 9, 25

5 Maria starts the pattern below. She stays up all night and falls asleep after 

nishing the 914th term. What shape was it?

92 3  Algebraic expressions and equations
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● What did I learn about today?

● What don’t I yet understand?

● What questions do I have now? 

Reect and discuss 3Reect and discuss 3ATL1

Activity 3 – The language of operations

Create a table with ve columns to represent each of the ve mathematical operations  

below (in blue), and then put the words in the correct column. Add one extra word for  

each column if you can.

divided by

and

more than

sum

added to

times

greater than

goes into

plus

less than

minus

the same as

per

of

is

equals

take away

multiplied by

quotient

dierence

decreased by

ATL2

Pairs

Go to learnalberta.ca. Choose English as 

your language. Under the Find Resources 

heading, select Mathematics, Grade 6 and 

enter the keyword ‘Exploring Patterns’. 

Click on the Exploring Patterns link on the 

right of the screen to open the resource  

‘It’s a Bit Nutty!’. Follow the instructions 

and complete the activities.

e
b

li
nk

Representing patterns with expressions

When a pattern is generalized in mathematics, an expression is 

written that uses operations and numbers instead of words. 

This requires being able to use the correct mathematical notation, 

vocabulary and/or symbols. Translating between words and 

mathematical symbols is another important part of algebra. 

ALGEBRA



Practice 2

1 Translate each of the following phrases into a mathematical expression. 

Use whatever letter or symbol you like for the original number.

a 3 times a number

b a number increased by 7

c a number multiplied by 5

d 12 more than a number

e a number reduced by 13

f the sum of a number and 60

g a number divided in half

h a number added to 17

i a number divided by 43

j 8 divided by a number

3  Algebraic expressions and equations94

Continued on next page

An algebraic expression consists of variables (typically letters), 

numbers and operations. Examples of algebraic expressions are:

4y t − 10 n ÷ 2 3w + 5

When using algebraic letters, the multiplication symbol × is not 

generally used, to avoid confusion with the letter x. To describe 

multiplication, you simply write a number and a letter together 

and put the number rst with no operation symbol (e.g. 3w). 

Instead of the division symbol (÷), a fraction bar is used 
m



e.g.

8
. 

Some algebraic expressions and their meanings are:

y + 7 = ‘a number plus seven’

3m = ‘3 times a number’

4a − 8 = ‘8 less than four times a number’

d

5
= ‘a number divided by 5’

k +
6

2 = ‘two more than a number divided by 6’
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k 5 decreased by a number

l the product of 15 and a number

m a number multiplied by 4, then decreased by 26

n 8 times a number, then added to 3

o 7 added to a number, then the total multiplied by 4

p 20 divided by a number, then reduced by 11

2 Translate the following symbols back into words (For example: ‘seven times 

a number’). Try to use dierent mathematical words as much as possible.

a h − 1 b p + 11 c 14y d e q − 12

f 20 − c g h + 7 i 8w − 9 j 2 − 3t

● What did I learn about today?

● What don’t I yet understand?

● What questions do I have now? 

Reect and discuss 4Reect and discuss 4ATL1

Find the next term in the sequence that begins 1, 5, 9, 13,  

and generalize the pattern using a mathematical expression.

1

+ 4 + 4 + 4

5 9 13

1

+ 4 + 4 + 4

5 9 13 17

+ 4

The general pattern is n + 4, where n is the previous term.

Example 1

Q

A
The numbers go up by 4 each time.

Since this linear pattern adds 4 to 

each term, the fth term would be 17.

In order to generalize a pattern, you need to gure out the 

relationship between successive terms. It is sometimes helpful to 

draw circles between the numbers to study the pattern. You can 

then ll in the circles with the pattern that you notice.

ALGEBRA



Practice 3

1 For each of the following sequences, nd the next term and the 

pattern rule based on knowing the term before it. (For example: 

n − 2 or 6n.)

a 32, 38, 44, . . . b 103, 98, 93, . . .

c 3, 9, 27, . . . d 250, 50, 10, . . .

e 2, 8, 32, . . . f 17, 26, 35, 44, . . .

g 200, 100, 50, 25, . . . h 40, 400, 4000, . . .

2 Your body is made up of many cells. As you grow, your body 

makes new cells by the process of cell division. So, you start 

with one cell and it divides to become two. Then each of the 

two cells divide to become four, and then they divide to 

become eight, and so on. 

a After 1, 2, 4, 8, how many cells will there be in the next 

three stages of cell division? 

b If there are 512 cells, how many stages have occurred?

c Is this a linear pattern? Explain.

ATL2

Pairs
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Continued on next page

We can generalize how to nd the next term in a sequence by 

writing an expression called a ‘pattern rule’. One type of pattern 

rule describes how to nd a term based on the term before it. In 

Example 1, the pattern rule  is n + 4, since every term comes from 

adding four to the term before it (n).

You can use any of 

the mathematical 

operations +, −, 

and ×, but make 

sure you represent 

division as a fraction.
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3 There is a common belief that animals get an average of 1billion heartbeats 

in their lifetime. You will use the table below to verify whether or not this 

belief is true.

Animal
Heart rate (beats 

per minute)

Average approx. 

lifespan (years)

Lifetime 

heartbeats

Pig 70 25

Rabbit 205 9

Horse 44 40

Hamster 450 3

Monkey 190 15

Whale 20 80

Elephant 30 70

a Find the lifetime heartbeats for each animal. Is the common belief true, that 

animals get approximately 1 billion heartbeats in a lifetime?

b Find the total of the lifetime heartbeats and divide this by 7, the number of 

animals in the list. This will give you the average lifetime heartbeats for this 

group of animals.

c Based on the number you found in part b, if a cat lives for 

approximately 15 years, what is its approximate heart rate?

d Humans have a heart rate of 60 beats per minute and live for 

approximately 70years. Do they follow a similar pattern in terms of 

lifetime heartbeats?

4 The San Andreas fault is the boundary between 

two tectonic plates that are part of the Earth’s crust. 

When the plates move, it causes earthquakes, such 

as the devastating San Francisco earthquake of 

1906.

a If the fault moves roughly 3.5 cm every year, 

write a sequence that represents the total 

movement of the fault over the rst 5 years.

b Write the pattern rule to represent how to nd a 

term, given that you know the one before it.

c Is this a linear pattern? Justify your answer.

d Scientists believe that the fault was formed 

approximately 28million years ago. How far 

has the fault moved in total since it was formed?

Sacramento

San Francisco

Los Angeles

Las Vegas

San Diego

Reno

ALGEBRA
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Here is the beginning of a sequence.

2, 4, 6, 8, 10, . . .

a Find the pattern rule based on the position of  

the term in the sequence.

b Determine the 12th term of the sequence, without  

writing more terms.

c Determine the 150th term of the sequence.

a
Term position (p) 1 2 3 4 5

Term (t) 2 4 6 8 10

The pattern rule is t = 2p, where t is the term  

and p is its position in the sequence.

b t = 2p

= 2 × 12 

= 24

The 12th term is 24.

c t = 2 × 150 

= 300

The 150th term is 300.

Example 2

Q

A
Draw a table that includes the 

term positions and the terms.

You could use any letters that you like.

To nd the 12th term, substitute 12 into your rule.

To nd the 150th term, substitute 150 into the rule.

There is a type of pattern rule which allows you to nd any term in a 

sequence without knowing the previous term. Instead you substitute the 

term’s position number into the rule. For example, if you want to know 

the 12th term in a sequence, you substitute the number 12 into the rule. 

Substituting a number into an expression is sometimes referred to as 

‘nding the value of an expression’.

● What did I learn about today?

● What don’t I yet understand?

● What questions do I have now? 

Reect and discuss 5Reect and discuss 5
ATL1



Practice 4

1 Substitute the given number into each expression to nd the 

value of the expression.

a x + 7, when x = 3 b 5a, when a = 12

c c − 10, when c = 23 d 9e, when e = 4

e , when y = 42 f + 13, when g = 8

g 6w − 1, when w = 11 h 4x − 2, when x = 15

i 2e + 9, when e = 4 j 15 + , when z = 64

k 12 + 7b, when b = 9 l 4x − 2, when x =

m , when f = 2 n , when m = 19

2

As an orb spider spins its web, the number of 

segments increases. After one complete trip 

around (cycle), there are 13 segments. After 

the second cycle there is a total of 26 segments. 

By the end of the third cycle there are 

39segments in total. 

a How many segments will there be in total by 

the end of the 4th, 5th and 6th cycles?

b Is this a linear pattern? Explain.

c What is an easy way to calculate the total 

number of segments after any cycle?

d If the number of cycles is c and the number  

of segments is s, how can we represent this 

pattern mathematically?

e How many segments will there be after the  

20th cycle?

Orb spiders create webs that are nearly 

circular, with every new row almost exactly 

the same distance away from the previous one. 

No one is sure why they use such precise 

measurements, since they don’t seem to catch 

more prey than spiders that spin webs that  

don’t follow this pattern.

99

1

14

15

16

17

18

19
20

21

22

23

24

25

26

2

3

4

5

67
8

9

10

11

12
13

Continued on next page
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3 As the orb spider adds more segments, the radius of the area 

where prey can be caught increases. The distance between any 

two rows is roughly 2 cm. 

a If the number of rows is n, write a rule to determine the  

radius r of the area where prey can be caught.

b Is this a linear pattern? Explain.

c If there are 11 rows, what is the radius of the web?

d If the radius of the web is 30 cm, how many rows are there?

4 When a thunder and lightning storm approaches, you can 

calculate approximately how far away the storm is (in miles) 

by counting the time (in seconds) between seeing the lightning 

and then hearing the thunder. The table below shows the 

relationship between the seconds counted and how far away 

the storm is.

Seconds counted 5 10 15 25 30

Distance from storm (miles) 1 2 3 5 6

a How can you calculate how far away the storm is after 

counting the seconds between seeing the lightning and 

hearing the thunder?

b If the time (in number of seconds counted) is represented 

by the letter t, write an expression that will calculate the 

distance d of the storm in miles.

c If you are 10 miles away from a storm, how many seconds would you 

expect to count between the seeing the lightning and hearing the thunder?

ATL2

Pairs

● What did I learn about today?

● What don’t I yet understand?

● What questions do I have now? 

Reect and discuss 6Reect and discuss 6ATL1
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Activity 4 – Function machines

Search online for ‘Math Playground Function Machine’ and select the 

game. Choose the Beginner level then click on Computer Decides 

Input and use the function 

machine to generate input 

and output numbers. 

When you think you have 

determined the rule for  

the function, type it into  

the calculator to see if you 

are correct.

e
b

li
nk

Patterns as functions

Here is the Magic Math Machine.  

A number (input) goes in one end, the machine applies 

a math rule to it, and a number comes out of the other 

end transformed (output). The machine will always 

apply the same rule to any number you putin.

Say you input 1 into the machine, and 5 comes out. 

What could the rule be? There are two possibilities that involve 

only one operation:

● add 4 to the input

● multiply the input by 5.

Which rule is correct? Check by inputting another number . If 

you input 2, the number 10 comes out. Which rule works for both 

input numbers?

You can find the output by multiplying the input by 5. 

This can be written as 5i, where i stands for input. 

You can also write this as o = 5i since the value of the 

output o is equal to 5 times the value of the input i

IN OUT
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Practice 5

1 Some of the input and output values for a number of  

function machines are shown in the tables below.  

For each machine, nd the rule. Explain whether or 

not the pattern is linear and nd any missing values. 

a Input Output 

1 4

2 8

3 12

4 16

100 400

b Input Output 

1 2

2 4

3 6

4

100

c Input Output 

1 6

2 7

3 8

4

100

d Input Output 

1 11

2 12

3 13

4

100

e Input Output 

1000 500

800 400

600 300

400

50

f Input Output 

40 37

39 36

38 35

37

11

g Input Output 

1 6

2

3 18

4

50 300

h Input Output 

4 12

6

10 18

15

30 38

i Input Output 

1 3

2 5

3 7

4

100

j Input Output 

1 7

2 12

3 17

4

50

k Input Output 

1 2

2 5

3 8

4

100

2 According to various sources and studies, you can estimate the outside 

temperature by counting the chirps of a certain cricket! 

One study found that when the temperature is 70° F, the cricket chirps 

30 times in each time period of 14 seconds. When the temperature is 

80° F, the cricket chirps 40 times in the same period. And when the 

temperature is 85° F, the cricket chirps 45 times in the same period.

a Set up a table with two columns; one for the temperature in 

Fahrenheit and other for the number of chirps per 14 seconds.

b What is the relationship between the temperature and the number 

of chirps the cricket makes in the given time period? Write it as a 

mathematical rule.

c Is this a linear pattern? Justify your answer.

ATL2

Pairs

Continued on next page

In parts i, j, andk, 

there are two 

operations 

involved. 
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3 The relationship between temperature and cricket chirps can also be  

studied using degrees Celsius, but it is more dicult to determine 

because it is a two-step process that involves division and addition. 

When the temperature is 19° C, the cricket chirps 45 times in a 

25-second period. When the temperature is 21° C, the cricket 

chirps 51 times in the same period. And when the temperature 

is 24° C, the cricket chirps 60 times in the same period. 

a Set up a table like you did in question 2. 

b What is the relationship between the temperature in degrees 

Celsius and the number of chirps the cricket makes in the 

givenperiod? Write the relationship as a mathematical rule.

c Is this a linear pattern? Explain.

● What did I learn about today?

● What don’t I yet understand?

● What questions do I have now? 

Reect and discuss 7Reect and discuss 7
ATL1

Equations

In the previous section, you saw that you can write the rule for a function 

machine as, for example, o = 5i. This is referred to as an equation, since it  

relates two things that are equal. You may have already written statements 

like 2 + 3 = 5, which is also an equation. 

What if you were given the function rule 4n as well as the output 12? How  

would you nd the input? This, too, can be represented as an equation:

4n = 12

An equation is a mathematical sentence where both sides are equal. There are 

many dierent kinds of equation, but they all have one thing in common: 

two sides are separated by an equals sign. 

Some equations have a missing value or number that you have to nd. You can 

write the missing number (or variable) as a question mark, box, letter, or any 

symbol at all. When you nd the missing value, we say you have solved the equation.

For example:

3 + ? = 5

The question mark must have a value of 2 to make the equation true. 

ALGEBRA
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Activity 5 – Solving equations

Solve each equation, where each missing value is represented by a starsh image.

If 4 + = 11 then =

If 25 − 4 = then =

If 5 × = 20 then =

If − 4 = 9 then =

If 5 + = 14 − 6 then =

If 6 × 2 = 3 × then =

If 5 + 4 = then 3 × =

If − 6 = 14 then 4 × =

ATL2

Pairs

● What process did you use to solve the equations in Activity 5? 

● How can you check to see if your answers are correct?

Reect and discuss 8Reect and discuss 8



Formative assessment centipedes vs millipedes
Centipedes and millipedes are often mistaken for one another.  

Both have segmented bodies and share a similar classication in  

biology (kingdom: animalia, phylum: arthropoda, subphylum: myriapoda). 

One of the dierences that you will explore is the relationship between their 

body segments and the number of legs they have. Centipedes have one pair 

of legs per body segment, while millipedes have two pairs.

1 Centipedes

Typically, a centipede has one pair of legs per body segment,  

not including the head. Here is a basic diagram of a centipede.

a Draw a diagram of a centipede with 6 body segments.

Draw another centipede with 7 body segments.

b Create and complete a table similar to this one.

Number of body segments Number of legs

3

4

5

6

7

c Explain the pattern in words. (Look at how many legs are added  

each time you add a body segment.) Is this a linear pattern? Explain.

d How can you calculate the number of legs if you know how many body 

segments there are? Write your rule as an algebraic equation.

e Using your rule, determine how many legs a centipede with 11 body  

segments would have.

f Using your rule, determine how many body segments there would be if  

the centipede had 58 legs.

g Explain the degree of accuracy of your answers in parts e and f.  

Describe whether or not your results in e and f make sense.

h What does the word centipede mean? How many body parts would a centipede  

have to have to be a 'true' centipede? Are there any centipedes with  

this many legs?

criteria

B, C, D
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Continued on next page

The number of legs that 

centipedes have varies  

from 30 to over 300.  

As they always have an  

odd number of pairs of legs,  

there are no centipedes with  

exactly 100 legs!

Did you know...?

ALGEBRA



2 Millipedes

Typically, a millipede has two pairs of legs per body segment,  

not including the head or the last body segment. Here is a basic  

diagram of a millipede.

a Draw a diagram of a millipede with 6 body segments.

Draw another millipede with 7 body segments.

b Create and complete a table similar to this one.

Number of body segments Number of legs

3

4

5

6

7

c Explain the pattern in words. Is this a linear pattern? Explain.

d How can you calculate the number of legs if you know how many body 

segments there are? Write your rule as an algebraic equation.

e Using your rule, determine how many legs a millipede with 10 body  

segments would have.

f Using your rule, determine how many body segments there would be if  

the millipede had 76 legs.

g Explain the degree of accuracy of your answers in parts e and f.  

Describe whether or not your results in e and f make sense.

h What does the word millipede mean? How many body segments would  

a millipede have to have to be a 'true' millipede? Are there any millipedes  

with this many legs?
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Solving equations is one of the most important skills in mathematics. 

Many situations produce equations that will allow you to nd the 

value of an unknown quantity. Equations, in fact, are some of the 

most powerful tools in mathematics for describing patterns and then 

making predictions.
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Solve the following equations.

a m + 7 = 10 b 5k = 20 c
p

10
= 4

a m + 7 = 10 

m = 3

b 5k = 20 

k = 4

c
p

10
= 4 

p = 40

Example 3

Q

A If a number plus 7 equals 10, then that number is3. 

Notice that this is the same thing as 10 − 7.

5 times a number is 20, thus the number is 4.

Since p divided by 10 is 4, then p = 40 (because 40 ÷ 10 = 4).

With basic algebraic equations, you might be able to see at a glance what the 

missing number is, as in Example 3. If you cannot, it is good to have a process 

to follow that will work regardless of how dicult the algebraic equations are. 

To solve an algebraic equation, the end goal is to have the variable all on its 

own on one side of the equation and everything else on the other side.

To maintain balance, whatever operation you perform on one side of an 

equation must be performed on the other side as well. 

For example, 2x + 10 could be explained as ‘I am thinking of a number, 

I double it, then add 10’. So, in order to gure out what the number is, 

you need to do the opposite: subtract 10 then divide by 2.

Solve the following equations.

a 5x + 13 = 28 b
w

3
7 12− =

a

⇒

+ =

+ − = −

=

=

=

x

x

x

x

x

5 13 28

5 13 13 28 13

5 15

5

5

15

5

3

b − =
w

3
7 12

− + = +

=

× = ×

=

w

w

w

w

3
7 7 12 7

3
19

3
3 19 3

57

Example 4

Q

A

Add 7 to both sides.

Multiply both sides by 3.

Subtract 13 from each side. The equation is still balanced.

Divide each side by 5.
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Practice 6

1 For each equation, determine which solution is correct.

a x + 11 = 25 x = 14 or x = 36

b 12y = 48 y = 36 or y = 4

c i + 34 = 52 i = 22 or i = 18

d f − 30 = 4 f = 26 or f = 34

e d = 200 or d = 500 

f m = 30 or m = 65

g k − 17 = 18 k = 1 or k = 35

h 3a = 75 a = 35 or a = 25

2 Solve the following equations. Explain in words how you arrived  

at your answer.

a q + 4 = 19 b 9g = 72 c r − 12 = 20

d
d

2
= 25 e 6c = 48 f y − 9 = 16

g
7

z
= 5 h u + 15 = 21 i 11x = 88

3 Which of these equations have the same solutions? 

a m + 9 = 11 b 8s = 72 c V − 13 = 3

d = 3 e b − 4 = 5 f = 2

g 10c = 20 h L + 18 = 27 i 4r = 8

j U − 18 = 20 k = 2 l Y + 30 = 32

ATL2
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4 Bees make a honeycomb in order to house their queen and 

to store honey. Worker bees can make a comb in as little 

as 7 days, or as long as 2 months, depending on the size. 

Honeycombs are made up of small hexagons (six-sided 

shapes) all packed together so there is no empty space.

A honeycomb is started with 10 hexagons on day 1,  

and a dozen hexagons are added on each subsequent day. 

a Create a table for the number of hexagons in the 

honeycomb for the rst 10 days.

b Write down an equation to determine the number of 

hexagons h in the honeycomb after d days.

c Use your equation to nd how many hexagons will be 

in the honeycomb after 30 days.

d Use your equation to nd how many days it will take 

before there are 240 hexagons.

5

Time (minutes) Number of frost owers

1 250

2 251

3 252

4 253

5 254

6 255

a Write down an equation to determine the number of 

frost owers f after t minutes.

b Use your equation to nd how many frost owers 

there will be after twohours.

c Use your equation to nd how long it will take before 

there are 1000 frost owers.

‘Frost owers’ form in the Arctic 

on very thin sea ice when the ice 

is at least 15° C warmer than the 

surrounding air. The number of frost 

owers in a local area as time passes 

is represented in the table below.

109

Continued on next page
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● What did I learn about today?

● What don’t I yet understand?

● What questions do I have now?

Reect and discuss 9Reect and discuss 9
ATL1



Unit summary 

An ordered list of items (numbers, shapes, letters, etc.) is called a 

sequence. Items in a sequence are called terms

A pattern is a set of items or numbers that follow a predictable rule. 

The core of a pattern is the part of the pattern that keeps repeating 

over and over.

In algebraic patterns you apply the same mathematical procedure  

each time. For example, you might add or multiply by the 

same number to determine the next term, or you might need a 

combination of dierent operations.

You can describe a pattern using words or mathematical 

symbols. Mathematicians call this generalizing a pattern.  

In order to generalize a pattern, you need to gure out the 

relationship between the terms.

When the dierence between terms is always the same, it is called 

a linear pattern

The pattern rule describes how to nd a term. The term can be based on 

the position of a term in the list or on knowing the term before it.

An algebraic expression consists of variables (typically letters), 

numbers and operations. When using algebraic letters, we do not 

use the multiplication symbol ×, to avoid confusion with the letter x. 

When we want to describe multiplication, we write an algebraic letter 

and a number together and put the number rst with no operation 

symbol, for example 7h means ‘7 times h’.

An equation is a math sentence where both sides are equal.  

The two sides are separated by an equals sign.

Solving an equation involves performing the same operations on both 

sides of the equals sign until the variable is isolated. These operations are 

the opposite operations of those in the original equation.

This can often reveal an underlying pattern.

75

– 7 – 7 – 7

68 61 54 47

– 7

111
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Unit review

Key to Unit review question levels:

Level 1–2 Level 3–4 Level 5–6 Level 7–8

1 What are the next two terms in each of the  

following sequences? Explain your reasoning.

a 5 10 20 40 80 ___ ___

b 1 6 11 16 21 ___ ___

c 31 28 31 30 31 ___ ___

d 96 48 24 12 6 ___ ___

e 10 20 30 40 50 ___ ___

2 Identify the core of the each pattern.

a

b

c

3 Translate each of the following phrases into a mathematical expression. 

Use whatever letter or symbol you like for the original number.

a 28 divided by a number b A number decreased by 4

c 4 more than a number d 17 times a number

e A number added to 12 f A number multiplied by 13

g 6 less than a number h 3 more than twice a number

4 Translate these mathematical expressions back into words.

a 4x b
a

63
c y − 15 d 61 + z e 3x + 7

Not all sequences follow 

a mathematical pattern. 

In part c, look carefully 

at the numbers and 

think about what might 

come in groups of 31, 

30, etc. 

c
ri

terio

n

A
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5 Substitute the given number into each expression to nd the value of  

the expression.

a x − 12, when x = 20 b 15 − 3x, when x = 2 c
x 4

6

+
, when x = 20

6 Solve each equation.

a x + 25 = 40 b 7x = 56 c m − 10 = 11 d
p

8
= 3

e 9b = 63 f w − 14 = 6 g h + 52 = 61 h z − 19 = 21

i
d

10
= 15 j 12x = 96 k m + 25 = 44 l

n

7
= 7

m g − 15 = 23 n 5y = 55 o a − 71 = 43 p 36 − x = 12

7 a Draw the next two shapes in the sequence below.  

Explain the pattern in words.

b Determine what the 10th term in the sequence would be,  

without drawing it. How do you know?

c Will the number 78 be in this sequence?  

Explain why or why not.

d Write down a rule to nd the next term of the sequence  

if you know the one before it.

8 a Draw the next two shapes in the pattern and explain the pattern in words.

b Determine what the 20th term in the sequence would be, without drawing it. 

How do you know?

c Will the number 46 be in this sequence? Explain why or why not.

d Write down a rule to nd the next term of the sequence if you know  

the one before it.
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a Draw the next two shapes in the pattern below and 
explain the pattern in words. 

b Will the number 100 be in this sequence? Explain why or why not.

10 On squared paper, draw a pattern for the rst ve terms in the sequence that  

begins 2, 6, 10, ….

11 Solve these equations.

a 2x + 10 = 16 b
a

4
= 7 

c 20 − 2g = 4 d
h4

11
+ 23 = 15

12 Monarch butteries are native to North America. They cannot survive 

the cold winter months of northern US and Canada so they migrate to 

southern California and Mexico. They use the Earth’s magnetic eld 

to help them travel an astonishing 3000miles in some cases. On the 

rst day they travel 75 miles. By the end of the second day they have travelled 150 

miles. After one week, they have covered 525 miles. 

a Write down an equation relating the number of days d and the number  

of miles travelled m. 

b How long does it take a Monarch buttery to travel its entire journey of 

3000 miles? 

c If a Monarch buttery has a lifespan of 6 to 8 months, what fraction of 

its life is spent in migration?

9
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13 Use the three equations below to determine the value of the snail,  

the dragony and the ladybug.

+ + = 60

+ + = 40

− = 5

Then use the equation below to check your answer.

+ + = 35 

14 Hawksbill turtles travel great distances to return to nesting 

sites to lay their eggs. A single female hawksbill can lay up 

to 200 eggs in one nest, called a clutch. In the  

rst 3 seconds, 7 eggs are laid. After that, one 

new egg is laid in the clutch every second.

a Starting at 3 seconds, create a table  

for the number of eggs in the clutch  

during the rst 10 seconds.

b Write down an equation to represent the  

relationship between the number of eggs  

e and time t, when t ≥ 3.

c Use your equation to nd how long it will take for 200 eggs to be laid.

d Use your equation to nd how long it will take for 153 eggs to be laid.

15 Hawksbills, like most turtles, lay their eggs  

in a chamber which they dig out with their 

ippers. Newly hatched hawksbills are not 

strong enough to dig themselves out of the 

chamber so, as eggs hatch, they stimulate  

other eggs to hatch. The group of hatchlings 

can then dig themselves out together. The  

number of hatched eggs as a function of time  

is represented below.

a Write down an equation to represent the relationship between the number 

of hatched eggs e and the elapsed time t

b Use your equation to nd how long it will take for all 200eggs to hatch. 

Write your answer in minutes.

c How long will it take for 80 eggs to hatch?

Time (seconds) Number of hatched eggs

1 2

3 6

10 20

15 30
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Summative assessment

In this task you will discover a famous sequence that occurs all 

around us. You will then research where you nd this sequence and 

other special relationships that are based on the pattern of 

this sequence. On completion of this task, you can then decide if 

there is mathematical order in our natural world.

You will create a report presenting all your answers and submit this 

to your teacher.

Part A – Discovering the pattern

1 Here is the beginning of a sequence. Can you gure out what  

the next four numbers will be?

1, 1, 2, 3, 5, 8, . . . 

2 Explain the pattern in words.

3 Check to see if your pattern is correct. Verify whether or not  

the following statements are true.

a 610 is in the sequence.

b 370 is not in the sequence.

4 There are other interesting patterns within this sequence.

a Write down what you notice about:

i every 3rd number in the sequence 

ii every 4th number in the sequence 

iii every 5th number in the sequence. 

b Find a pattern of your own within the sequence.

c From the sequence, take any three consecutive numbers  

(e.g. 1, 1, 2 or 3, 5, 8). Copy and complete this table to see a pattern.

Pick any 3 consecutive 

numbers in the 

sequence.

Multiply the 1st and 

3rd numbers together.

Multiply the middle 

number by itself.

Calculate the dierence 

between the second 

and third columns.

d Generalize this relationship with words or symbols.  

Verify the relationship with two more examples from the sequence.

Pairs

c

rit
eria

B, C,D
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5 This is a very famous sequence. What is it called?  

Why is it called that? When was it discovered?

Part B – This pattern in nature

1 The sequence in Part A was originally discovered while observing 

how generations of rabbits breed. Look at this scenario to see the 

pattern.

Suppose you start with a newly-born pair of rabbits: one male 

and one female. Rabbits are able to mate at the 

age of just one month, and pregnancy takes just 

one month. Thus, at the end of the second 

month the female can give birth to another 

pair of rabbits.

Suppose that none of your rabbits ever die and 

that each female always gives birth to one 

new male–female pair every month from the 

second month on.

At the end of the rst month, the rabbits mate 

but there is still only one pair. At the end of 

the second month, the female gives birth to 

a new pair, so now there are two pairs of rabbits. At the end 

of the third month, the original female gives birth to a second 

pair, making three pairs in all. At the end of the fourth month, 

the original female has produced another new pair and the 

female born twomonths ago produces her rst pair, making 

ve pairs.

a Draw a diagram of this sequence for  

the rst six months.

b How many rabbit pairs will there  

be after one year? 
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2 This very famous pattern is often found in nature. Below right is 

a diagram of the sneezewort plant shown in the photo on the left.

If we draw in horizontal lines to indicate the growth cycles 

of this plant, we can see how its stems relate to the famous 

sequence. Using the diagram, explain how this sequence can 

be found in the sneezewort plant.

3 Now take a look at this pinecone.

a How many spirals turn left? (The yellow lines  

have been drawn to help you.)

b How many spirals turn right? (Try taking a pencil  

and tracing the spirals to help you count.)

c What do you notice about these spirals if you compare 

them to the famous sequence you discovered?

If available, your teacher might bring in real pinecones for 

you to analyze to see if all pinecone spirals form the same 

patterns. 

4 This interesting behavior is not only found in pinecones. 

Fruit, leaves, branches and petals can grow in spirals that have 

a connection to this famous sequence, too. Research ve other 

examples in nature that have a connection to this famous 

sequence of numbers.

a Copy and paste a picture of each of these into your report 

and explain its connection to the numbers in the famous 

sequence. You may even nd your own examples and  

take a photograph.

b Why do you think so many natural objects contain these 

numbers from the sequence? Research the answer and 

include the explanation in your report.
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Part C–Relationships between this famous 

sequence and a special ratio

1 Create a copy of the table here and add ve more rows to it. 

Take your list of the sequence and complete columns F and S. 

Note that the sequence in column S starts with the second term 

of the original sequence. The last column is for writing down 

the calculation S ÷ F, which gives the ratio of successive terms.

2 What do you notice about the number in the third column 

as you go down the table? This special number has a name. 

Research it and give a brief description of this ratio. 

3 Where is this ratio found in the natural world? 

4 What is the signicance of this ratio?

Is there a mathematical order to our natural world?

Reect and discuss 10Reect and discuss 10

F S S ÷ F

1 1 1

1 2 2

2 3 1.5

3 5

5 8

8



The angle is one of the fundamental elements of geometry,  
and its applications in mathematics are endless.  In this unit,  
you will study angles through the global context of personal  
and cultural expression.  What would a study of angles look  
like in other contexts?

A new health concern, called “text neck”, 
has been identied because of the angle of 
your neck while you use a device such as a 
smartphone. While the exact repercussions 
of this new behaviour have yet to be 
determined, it is assumed that, as they get 
older, some people will develop neck pain 
and other complications.  

Geometric  

constructions 4

Identities and relationships

Health & well-being

When a patient is injected with medicine, the needle is 
inserted at a specic angle in order to reach the right spot. 
Injecting medicine in to the wrong layer may result in the 
vaccine or medicine not working. 

Radiation therapy also relies on angles. Doctors need to 
adjust the angle at which radiation is administered so that the 
patient  does not receive a double dose in some spots. Too 
much radiation can cause problems, rather than solve them.

120



In the past, buildings tended to have a shape that resembled a rectangular prism. 
Advances in engineering have allowed a more creative use of angles to give buildings a 
distinctive style, as well as increase safety.

Scientic & technical innovation

121

Modernization and engineering

Airplane designs dier more than 
you might think. Some planes have a 
more “tail dragger” angle while others 
have a “tricycle undercarriage”.  Pilots 
have to be very aware of the angle at 
which they take o in order to avoid 
“tail strike” - when the tail of the 
plane rubs against the runway upon 
take-o.  



Related concept: Measurement

Global context
In this unit you will learn about dierent angles and explore the 

relationships between them as you express your artistry and creativity 

and explore the global context of personal and cultural expression. 

From art to architecture, you will use mathematics to analyze and create 

artistic forms of expression, leaving you to answer whether art is more 

inspiration or calculation.

Inquiry questions
What is a line?

What can be measured?

How do measurements help define 

different forms?

Is art more inspiration or calculation?

F

C

D

Objectives
● Naming and classifying dierent geometric 

elements (point, ray, line, segment)

● Naming and classifying the dierent types  

of angle

● Constructing and measuring angles

● Solving problems using the various angle 

properties, including the angles in triangles

● Naming and classifying the dierent types  

of triangle

KEY CONCEPT: FORM

4

Statement of Inquiry
Artistry and creativity are enhanced through an 
understanding of how measurement helps to dene forms.

Geometric constructions
Artistry and creativity



ATL1

Make connections between subject 
groups and disciplines

ATL2 Transfer skills

You should already know how to:

● write an equation with one variable

● solve single-step equations 

● use a ratio to nd an unknown quantity

● nd a fraction of a number

● nd a percentage of a number

Information literacy skills

Use memory techniques to develop 
long-term memory

123

GE O M E T R Y  &  T R I G O N O M E T R Y
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Cubism was an art movement that began in the early 1900s. 

Pablo Picasso (1881–1973) was one of the most famous cubists, 

inuencing the work of other artists for decades. Vasily Kandinsky 

(1866–1944) combined cubism with abstract art to create paintings 

like Composition VIII, shown below.

Rays, line segments and lines

In mathematics, a point is a location and it is represented as a dot.

Points are usually indicated with a capital letter, like the points 

P, Q and R here.

Other basic elements of geometry are based on one or more 

points, as you will see in Activity 1.

P
Q

R

Introducing geometric constructions

In a small group, answer the following questions.

● What do you see when you look at Kandinsky’s painting? 

● Why do you think this style of art is called cubism?

● Why do think some people say that mathematics inuenced the 

cubist movement?

Reect and discuss 1Reect and discuss 1
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A line is a set of points that extends forever in two directions. 

Two points dene a specic line, such as line AB  below. 

Using symbols, this is often written as AB

A

B

Activity 1 – Rays, line segments and lines

Here are some examples of rays, line segments and lines.

Rays Line segments Lines

A B

C

D

E

F

G

H

J

I

K L

M

N

O P

q

1 What are the similarities between rays, line segments and lines?

2 What are the dierences between them?

3 Based on your observations, write down a denition of:

a a ray b a line segment c a line.

In pairs, answer the following questions. 

● Where do you see a point, line, line segment and/or ray in 

Kandinsky’s Composition VIII painting, shown on page 116?

● For those elements that you could not nd, how would Kandinsky’s 

work have to be changed in order to see them? How do you think 

that would aect the overall impact of the work?

Reect and discuss 2Reect and discuss 2

Pairs



4  Geometric constructions126

Sometimes, rather than using two points to name a line, lines are 

named using a single letter, such as line m here.

m

A ray

forever in the other direction, such as ray EF here (written as EF ).

F

E

A line segment (or just segment) is a part of a line that has two xed 

endpoints, such as segment CD here (often written as CD).

C

D

Note that when 

writing a ray 

using letters, the 

rst letter is the 

xed starting 

point.

Activity 2 – All around you

Your teacher will put you in a group to do this activity:

1 Work with your group to classify each of the following as an 

example of a point, ray, segment or line. Justify your choice.

● light shining from a ashlight

● the space bar on a computer keyboard

● the letter ‘e’ on a computer keyboard

● the edge of a picture frame

● the horizon

● the equator (or any other line of latitude)

● the tip of a needle

2 On your own, nd two other examples each of points, rays, segments 

and lines that you see around you. Present them one at a time to your 

group. The other group members should try to classify each of your 

examples.

3 Select the best example of each found by your group and present 

them for the rest of the class to try to classify.
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Practice 1

1 Draw and label each of the following.

a XY b KL c PQ d point A e line n f BC || FG 

2 Name each of the following.

A B C

D

E
F

G

H

J

I
L

K

M

N

P

O

Q

R
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Because they extend forever, lines often intersect one another. 

However, parallel lines are lines that never meet. Two lines are 

said to be parallel if they never intersect each other at any point. 

Parallel lines are indicated using the notation .g h

g

h

Activity 3 – Parallel segments

1 In Composition VIII, shown on page 116, there appear to be many 

pairs of parallel segments. Find as many pairs of parallel segments 

as you can.

2 How can you tell if they are indeed parallel?

3 Describe how the distance between two lines can be used to 

determine whether or not they are parallel.

4 Can lines be described as parallel just because they look parallel? 

Explain.

5 Research parallel lines and the symbol mathematicians use to 

indicate lines that they are parallel.

Continued on next page
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Angles

Two rays with a common endpoint form what is called an angle. 

A

C

Ray 2

Ray 1B

The rays are the sides or arms of the angle, while the common 

endpoint (in this case, B ) is called the vertex. An angle is usually 

named using three letters, with the vertex in the middle. 

For example, this angle could be called ∠ABC or ∠CBA.  

Because there can be no confusion with other angles, 

this angle could also be called ∠B

3 In the diagram on the right, nd and name the 

following elements.

a 5 rays

b 6 points

c 4 lines

d 4 segments

e 2 sets of parallel lines

f 2 lines, and name each in two dierent ways

4 Making a two-dimensional  

piece of art look three-

dimensional requires giving 

it some depth. 

a In the painting on the 

right, which lines would 

be parallel in real life? 

How do you know?

b What technique does the 

artist use on the parallel 

lines to give the work 

depth?

B

CGH

A

J

FK

E

D

ATL2
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The size of an angle depends on how far apart the rays are from 

each other. There are several dierent units for measuring the 

space between the arms. One unit of angle measurement is degrees, 

which can be measured with a protractor. A circle is dened as 

having 360 degrees, so one degree is one 360th of the way around 

any circle. 360 degrees can also be written as 360°

This is how to measure the size of an angle using a protractor.

1 Place the middle of the protractor directly on top of the vertex 

of the angle. 

2 Line up one of the sides of the angle with the ‘zero line’ of the 

protractor. 

3 Use the scale that starts at zero. This could be the inside or 

outside scale.

4 Read the degrees at the point where the other side of the angle 

crosses the number scale.

O

B

A

∠AOB = 40°

A circle is dened as having 360degrees. 

One theory suggests that 360 was chosen 

because it is close to the number of days 

in a year. Ancient astronomers saw that 

the sun made its orbit once every year, or 

roughly once every 360 days. They believed 

that the sun moved one degree every day.

Did you know...?
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Activity 4 – Classifying angles

Angles can be classied as acute, obtuse, right or straight. Use a protractor to measure  

each of these angles and then answer the questions that follow.

Acute angles

Obtuse angles

Right angles

Straight angles

1 Based on your measurements, dene these terms.

a acute angle c right angle

b obtuse angle d straight angle

2 Can an angle measure more than 180°? Explain. What are these angles called?

3 Write down the dierent terms used to classify an angle as its measure increases 

from 0 to 180 degrees. Indicate the measurement at which each classication changes.
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Two lines that meet to form a right angle are called perpendicular lines. 

In diagrams, a right angle is indicated using the square symbol:

Perpendicular lines are indicated using the notation AB ⊥ MN 

A

B

NM

In his painting Portrait of Wilhelm Uhde,  

Pablo Picasso painted the author and  

art collector using a cubist style.

● In the painting, identify three  

examples of acute, obtuse, right  

and straight angles.

● How do you think the use of  

angles changed the portrait?  

What do the angles contribute  

to the portrait?

● Do acute angles and obtuse  

angles serve dierent purposes  

in the portrait? Explain.

ATL2

Reect and discuss 3Reect and discuss 3

Activity 5 – Walkabout

1 In pairs, look around your classroom, school or school grounds for 

at least three examples each of acute, obtuse and right angles in 

architecture. Take a photo of each.

2 Share your photos one at a time with another pair of students to see 

if they can name the types of angles in your pictures.

3 What types of angles did you see the most? What types did you  

see the least? 

4 Do dierent types of angles have dierent purposes in architecture? 

Explain.

Pairs
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If you are drawing a sketch of a right angle, be sure to indicate 

it using the appropriate symbol, especially if the angle doesn’t 

quite look like 90°. Drawing more precise angles with a 

specic measure requires the use of special tools. While you 

have already seen how useful they are for measuring angles, 

protractors can also be used to draw angles. 

● State the measure of the other angles in the diagram here.  

Justify your answers.

● What is the sum of all the angles at a point? Justify your answer.

● What is the sum of all the angles on a line? Justify your answer?

A

B

NM

Reect and discuss 4Reect and discuss 4

Draw an angle of 60°. 

60°

60°

Example 1

Q

A

Draw a horizontal line.

Place the middle of the protractor on 

one end of the line. Line up the zero 

line of the protractor with your line.

Measure 60°. Mark the spot.

Connect the end of the horizontal line with the 

mark you just made.
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Practice 2

1 Identify each of these angles as acute, right, obtuse or straight. 

Justify your classication.

a
72°

b

90°

c

120°

d

23°

e f

112°

g

94 °

h

2 State the measure of these angles and classify them.

a b

c d

3 Using a protractor, measure and classify each angle.

a

b

167°

133

Continued on next page



4 Using a protractor, draw angles with these measurements.

a 37° b 118° c 65° d 95°

e 155° f 90° g 130° h 179°

5 Draw two rays that make an angle of 75°

6 Draw CD ⊥ EF. Indicate the right angles in the diagram with the appropriate symbol.

7 The rst smooth-sided pyramid built in Egypt, the Bent Pyramid, has sides that 

make an angle of 54° with the ground. However, some archaeologists believe that 

the structure may have been too steep to be stable, because the angle was changed 

partway through construction. The top section of the pyramid has an angle that is 80% 

of the angle of the lower section (rounded to the nearest degree). Use a protractor to 

draw a sketch of the front face of the Bent Pyramid.

d

e

f

c
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Continued on next page
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8 Emerald Plaza is a group of ve oce towers  

in San Diego, California, that has a geometric 

design. The architect designed the slope of  

the roofs of the buildings so that their angle 

(measured in degrees) is the same as the  

latitude of San Diego (33°). 

A side view of each tower is a trapezoid, like the 

one on the right. A scale diagram of one tower has 

a width of 4cm and a height of 20cm at its lowest 

point. Use a protractor and a ruler to draw a side 

view of the tower. Be sure to mark the 33° angle 

clearly as well as the height of the longer side.

9 a Draw two line segments that intersect and create an angle of 50°

b What are the other angles that are created by these two line segments?

c How does this demonstrate that the sum of the angles at a point is 360°?

d How does this demonstrate that the sum of the angles on a line is 180°?

ATL2

4 cm

20 cm

Activity 6 – Acting out

1 A strategy that can help you remember information is to use 

movement. In pairs, nd a way to use your arms and/or hands  

to act out the following vocabulary from this unit:

Parallel lines
Angle

Right angle

Perpendicular lines

Point Segment Ray

Acute angle
Obtuse angle

Line

2 In small groups, or as a whole class, play a game like ‘Simon Says’ 

using these movements.

Parallel lines

Point Segment Ray

Acute angle Obtuse angle

ATL1

Pairs
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Investigation 1 – Angles formed by lines
1 Draw ve separate pairs of intersecting lines.

2 Starting anywhere and moving clockwise, label the angles in each pair 

a, b, c and d, as in this example.

b

a
c

d

3 Measure the four angles  

in each pair and write  

them down in a table  

like the one here.

4 What do you notice 

about the measures of 

the angles? Look for as 

many patterns as you can 

nd, including angles 

that have the same 

measure and angles that have a particular sum. 

5 Write what you notice as generalized rules.

6 Verify your rules by drawing two more pairs of intersecting lines and 

measuring the angles formed.

7 Research what the angles in each of these cases are called. 

8 Write down the names you found and dene them. Draw diagrams to 

support your denitions.

c
ri

terio

n

B

Measure 

of ∠a

(degrees)

Measure 

of ∠b

(degrees)

Measure 

of ∠c

(degrees)

Measure 

of ∠d

(degrees)
This investigation 

could also be 

done using 

dynamic geometry 

software.

Angle relationships

Intersecting lines

Lines that are parallel never intersect each other. However, 

two lines that do intersect will form angles. Angles, then, can 

be formed by intersecting rays, lines or even line segments. 

The angles at the point of intersection of two lines have 

properties that you will discover in the next investigation.
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Supplementary angles

Two angles that add up to 

180° are called supplementary

angles. One angle is the 

supplement of the other.  

In this diagram, a and b are 

supplementary angles.

a

a + b = 180°

b

Complementary angles

Two angles that add up to 90°

are called complementary angles. 

One angle is the complement 

of the other. In this diagram, 

a is the complement of b, and 

b is the complement of a

a

b

a + b = 90°

● Explain why certain pairs of angles should add up to 180°

● Is it possible for more than two angles to add up to 180°?  

Use a diagram to explain your answer.

● How does this investigation support the property that angles at a 

point sum to 360°?

Reect and discuss 5Reect and discuss 5

Find the complement and supplement of a 48° angle by rst 

writing an equation and then solving it. 

a + 48° = 90°

a + 48° – 48° = 90°– 48°

a = 42°

The complement of 48° is 42°

b + 48° = 180°

b + 48° – 48° = 180°– 48°

b = 132°

The supplement of 48° is 132°

Example 2

Q

A Complementary angles add to 90°. Call the missing angle a

Subtract 48° from each side.

Supplementary angles add to 180°. Call the missing angle b

Subtract 48° from each side.



Practice 3

1 In each diagram, 

a state two pairs of vertically opposite angles

b state two pairs of supplementary angles.

a
b

cd
h

g

f
e

l

kj

m

p

r

q

s

2 In the diagram below, state all of the pairs of vertical angles  

and all of the pairs of supplementary angles.

E

B

H

F

I
D

G

C

A

3 Determine the complement and the supplement of each angle,  

if it exists. In each case, write an equation and solve it. 

a 35° b 11° c 84° d 9° e 52°

4  Geometric constructions138

● Does every angle have a complement? Explain.

● Does every angle have a supplement? Explain.

Reect and discuss 6Reect and discuss 6

Vertically 

opposite angles 

are formed by 

intersecting lines. 

Continued on next page
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4 Name the missing angles and determine their measure. Justify each answer. 

a

A

Y

X
30°

B

Z b

S R

P

T

Q

87°

c

55°

K

P

N

M

Q

L

J

d

129°

51°

I

J

G

F
M

H

K

L

e

130°

V U

T

S

W

R

f

40° 25°

B

R

E

M

C

K

g

80°

60°

40°T W

P

D
F

R

N

XA

h

50°

30°

J

C

F

R Y

W
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5 For each diagram, write down an equation and solve it to determine the value of x. 

a

2x
74°

b

65°
x

c

62°

x

d

3x

9x

e

68°
(x + 5)

6 Origami is the art of paper folding and has been used to make a 

wide range of animals and objects. The art form follows very 

specic rules, one of which is Kawasaki’s theorem which states 

that, in order for an origami gure to be able to be laid at, 

the alternate angles around any vertex must sum to 180 degrees.

In order to make the bird on the right, paper must be folded 

many times. When the paper is unfolded, it produces the crease pattern below. 

a Are there any vertical angles in the crease pattern? Explain.

b Based on the diagram below, explain why the alternate angles around  

a vertex must add to 180 degrees.

c How does Kawasaki’s theorem relate to the property that angles at a point sum to 360°?

d Search online for other at-origami crease patterns and use a protractor to verify 

Kawasaki’s theorem.
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Parallel lines and transversals

Parallel lines never meet, so they don’t form any angles with 

each other. However, if a third line, a transversal, intersects them, 

angles are formed with interesting properties. 

Investigation 2 will help you determine these properties.

Investigation 2 – Parallel lines and transversals

You can perform the following investigation using paper and pencil,  

or with dynamic geometry software.

1 Draw two parallel line segments. You can use both edges of a ruler, 

existing lines on a piece of paper or any other method. Draw a third 

line segment (the transversal) that intersects both the other segments.

2 Using a protractor, measure one of the angles formed by the parallel 

line segments and the transversal. 

3 Calculate the measures of as many remaining angles as you can.  

If you get stuck, measure another angle and then use it to calculate 

the ones you do not yet know.

4 Measure those angles that you calculated to verify your results. 

c
ri

terio

n

B

Continued on next page

Flat origami isn’t just an art form. It has also 

been used to solve problems, like how to 

pack large solar panels for travel on a rocket, 

how to atten an air bag so it can be put 

into a car, or even how to insert a heart 

stent in a patient. All of these require items 

that need to be made smaller until they are 

needed. There is an interesting talk available 

online about how origami has been used 

to solve some of these real-life problems. 

You can nd it here: https://www.ted.com/

talks/robert_lang_folds_way_new_origami/

transcript

Did you know...?
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5 Which pairs of angles have equal measures? Find as many pairs  

as you can. (Hint: There should be three dierent kinds of pairs.)

6 Verify your results by drawing two more pairs of parallel lines  

cut by a transversal and measuring the angles formed.

7 Research the names of the dierent equivalent pairs. 

● The dierent pairs of equivalent angles resemble some letters of the 

alphabet. Classify the angle pairs based on the letter of the alphabet 

that they make. Refer to the three diagrams below.

● How do the angles in this activity validate the claim that angles at a 

point add up to 360°? 

ATL1

Reect and discuss 7Reect and discuss 7

Activity 7 – Angles

What made cubism so dierent from other artistic 

styles at the time was that it no longer conformed 

to the typical rules for art. Cubist artists didn’t 

feel they needed to make their paintings look like 

the ‘real world’; not in shape, color or even space. 

Cubist painters redened reality and suddenly were 

able to present several sides of an object all at once.

Juan Gris’ Portrait of Picasso, shown here,  

uses angles and line segments in the classic  

cubist style. 

1 Find 3 pairs of alternate interior angles.

2 Find 3 pairs of corresponding angles.

3 Find 3 pairs of vertically opposite angles.

4 Give an example of how angles and line  

segments in the painting allow the  

viewer to see dierent sides of the same  

object/person.

ATL2



GE O M E T R Y  &  T R I G O N O M E T R Y

Practice 4

1 Match each term with the appropriate description.

are angles that add up to 180°.

form F-angles.

are angles that add up to 90°.

form Z-angles.

form X-angles.

Alternate interior angles 

Vertically opposite angles

Complementary angles

Supplementary angles

Corresponding angles

2 In this diagram, name three pairs each of vertical angles, alternate interior 

angles and corresponding angles.

15
14

16

13

11
10

12

9

1

4

2
3

5

8

6
7
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3 In this diagram, identify all the angles which are equal in 

measure to:

a ∠ c b ∠ h

a

b

c

d

h

f

g

e

o

m

p

n

l

k

i

j

4 Determine the measure of the indicated angles. 

p

r q

50°

s

t

30°

160°

w
x

y

z

115°

32°

a

b

c74° d

e

f

133°

g

h

j
k

m

45°

135°

5 For each diagram, write down an equation to determine the value  

of x and then solve your equation.

a

120°

2x

b

x

35°

c
115°

(x + 5)

In question 3, 

be sure to justify 

your answers.

144 4  Geometric constructions
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The Lakota are a tribe of indigenous people that live in the northern plains 

of North America. The patterns they use in textiles and beadwork represent 

their tribal identity as well as family values. The Lakota Star, pictured here, 

is an example of such a pattern.

1 Download and print a copy of the Lakota Star  

(not necessarily in colour).

2 On your copy, clearly indicate the geometric elements  

listed below. Be sure to name them appropriately and 

indicate any required points on the diagram. Try to use the 

same points as often as possible so as to limit the  

number of markings on the copy. For the acute and  

obtuse angles, use a protractor to nd their measure. 

2 pairs of parallel lines 4 right angles 4 obtuse angles 

4 rays 2 pairs of complementary angles

4 points 2 pairs of supplementary angles

4 lines 4 pairs of vertically opposite angles

4 line segments 2 pairs of corresponding angles

4 acute angles 2 pairs of alternate interior angles

3 Justify your decisions for each of the pairs of angles. Use a 

diagram to support your explanations.

ATL2

Formative assessment – Lakota beadwork

c
ri

terio

n

C

Triangles

A triangle is a shape with three angles and three sides. Triangles can 

be classied by the lengths of their sides or by the measures of their 

angles. In Activity 8, you will discover and dene these classications.
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Activity 8 – Classifying triangles

A triangle can be classied as an acute triangle, an obtuse triangle or a 

right-angled triangle (also sometimes called a right triangle). Look at 

the triangles below and answer the questions that follow.

Acute Obtuse Right-angled

80°

55°45°

64°

71°45°

25°

35°
120°

25°

110°

45°

B

a

b

c

60°

30°

40°

70° 70°

130°

25°25°

20°

110°

50°

45°

45°

40°

1 How would you dene each of the following?

a an acute triangle b an obtuse triangle c a right-angled

triangle

2 Can a triangle be two of those classications at the same time? Explain.

Mosaics can be created using small tiles or pieces of glass. This same idea can also be used in print 

art, like the ower in the diagram below.

● Where do you see the following elements?

○ acute triangles

○ obtuse triangles

○ right-angled triangles

● What assumptions did you make in nding  

these elements?

● What eect is produced by having these kinds  

of dierent triangles next to each other? Explain.

Reect and discuss 8Reect and discuss 8
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Regardless of how a triangle is classied, it shares certain 

properties with every triangle. You will investigate one of 

these properties in the next investigation.

Investigation 3 – Interior angles of a triangle
You can perform the following investigation using paper and pencil or with 

dynamic geometry software.  

For example, go to mathsisfun.com/geometry/protractor-using.html, and scroll 

down to ‘Have a Go Yourself ’

1 Using a ruler, draw six dierent triangles. Use the angles listed in the table 

below for the rst three triangles. Draw the other three triangles as you wish.

2 Use a protractor to measure the unknown angle(s) in each triangle. Write down 

your measurements in a table like the one below.

Triangle 1st angle 2nd angle 3rd angle

1 40° 80°

2 90° 60°

3 50° 70°

4

5

6

3 What pattern do you see related to the measures of the angles in each triangle?

4 Draw a few other triangles and test your theory for other cases.

5 Write down what you found as a general rule.

6 Cut out one of the triangles and fold the angles inward so that the vertices all 

touch each other but don’t overlap. What does that show?

7 Cut out another triangle and rip o the corners. Explain how you could 

demonstrate your rule with these corners. 

c

riteria

B, C

ATL1

● Can a right-angled triangle also be an obtuse triangle? Explain.

● An exterior angle of a triangle is an 
angle outside of the triangle, as 
shown here. How does the measure 
of this angle relate to the measures of 
the two interior angles (A and B) that 
are not next to it?

● How does the sum of the angles inside a triangle relate to the sum 
of the angles inside a rectangle? Explain.

B C

A

D

Exterior

Angle

Reect and discuss 9Reect and discuss 9

e
b

li
nk



Practice 5

1 Art can be created using geometric designs, such as 

the horse head design here.

a Find examples of acute, obtuse and right triangles 

in the image. 

b What eect do the triangles give to the piece?

c Some of these shapes aren’t really triangles.  

Do these shapes have interior angles that add  

up to 180°? Explain.
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The sum of the angles inside any triangle (often referred to as 

the interior angles) is always 180°. Knowing this allows you to 

calculate the measures of unknown angles.

Determine the measure of the unknown angles. 

A

B C D

138°
80°

∠BCA + ∠DCA = 180°

∠BCA + 138° = 180°

∠BCA + 138° − 138° = 180° − 138°

∠BCA = 42°

∠BAC + ∠ACB + ∠CBA = 180°

∠BAC + 42° + 80°= 180°

∠BAC + 122° = 180°

∠BAC + 122° − 122° = 180° − 122°

∠BAC = 58°

Example 3

Q

A Angles on a line add up to 180°. 

∠DCA = 138°

The sum of the interior angles of a triangle is 180°. 

If you know the measures of two of the angles of a 

triangle, you can calculate the measure of the third.

Continued on next page
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2 Calculate the measure of each missing angle and justify your  

answer with a reason. 

64°

73°
a

75°

b

110°

c

60°

d

50° 70°
e

49°

68°

f

g
137°

41°

h

129°

132°

i

144°

149

Continued on next page



3 Determine the measure of the indicated angles.

a

75° 50°

b

82°

55°

e

d

c

85°

63°

130°

f

30°

42°

g

h i

63°

44°

40°

60°

j

k m
l

80°

65°

q

57° 64°

r

t

u

s

40°

160°
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4 In this diagram, show how you can use the relationship between  

the measure of angles ∠c, ∠d and ∠e to prove that the interior  

angles of a triangle sum to 180°

d

c

e

a b

5 Apart from Mathematics and Art, describe subject areas where you  

have had to work with angles or triangles. How has knowledge in 

one subject or discipline impacted what you have learned or been 

able to do in another subject?

ATL2

Musuem of Modern Art, Bonn, Germany



Unit summary
A point is a location and is represented as a dot.

A line is a set of points that extends forever in two directions. 

Two points dene a specic line, such as line AB (often written as AB ). 

Lines can also be named using a single letter, such as linem

A

B

m

A ray is a part of a line that has a xed starting point and extends 

forever in the other direction, such as ray EF (often written as EF ).

E

F

A line segment (or segment) is a part of a line that has two xed 

endpoints, such as segment CD here (often written as CD).

D

C

A right angle is an angle that measures exactly 90°. 

An acute angle measures less than 90°

An obtuse angle measures more than 90 degrees. 

A straight angle measures 180°
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Supplementary angles

Two angles that add up to 

180° are called supplementary

angles. One angle is the 

supplement of the other.  

In this diagram, a and b are 

supplementary angles.

a

a + b = 180°

b

Complementary angles

Two angles that add up to 90°

are called complementary angles. 

One angle is the complement 

of the other. In this diagram, 

a is the complement of b, and 

b is the complement of a

a

b

a + b = 90°

E

F

F

E

Intersecting lines form two 

pairs of vertically opposite angles. 

These angles (also called 

vertical angles) have equal 

measures and form anX.

Angles at a point add up  

to 360°. In this diagram,  

∠G + ∠H + ∠I = 360°

5

7

6

8

1

3

2

4

Parallel lines cut by a 

transversal create pairs 

of angles that have equal 

measures.

Corresponding angles make an F 

(for example, ∠4 and ∠8).

Alternate interior angles form 

a Z (for example, ∠3 and ∠6).

The sum of the interior angles of a triangle is always 180°

Parallel lines are indicated using the notation .g h

Perpendicular lines are indicated using the notation AB MN
   

⊥

H

G

I

153



154 4  Geometric constructions

Unit review

Key to Unit review question levels:

Level 1–2 Level 3–4 Level 5–6 Level 7–8

1 Draw an example for each of the following.

a EF b XY c RS d point T e AD ⊥ JM f TV ||YZ

2 Write down expressions for each diagram, using mathematical notation.

a

P

Q b

l

m

c

H

G

d

P

Q e HG

I

f M

A N B

3 Using a protractor, measure and classify each angle.

a b

c
ri

terio

n

A
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4 Using a protractor, draw the following angles.

a 152° b 68° c 34° d 119° e 90° f 14°

5 Find the complement and supplement of each angle in 

question 4, if it exists.

6 For each diagram, write down an equation and solve it to 

determine the value of x

a 

(x  32)

126°

b

110°
63°

50° 75°

x

c

2x10x

d

120°

2x

7 Show that the two acute angles in a right-angled triangle 

must be complementary.

8 Find the measures of the indicated angles. Justify your answers.

a

x 32°

b

c

q

r

p

36°

d

x

y

30°

40°

y

75°

25°

52°
58°

14x

e
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9 For each diagram, write down an equation and solve it to determine the value of x

a

2x

3x

46°

44°

b

75°

11x  2

10

k

m

n

j

30°

60°

90°

65°

55°

140°

c

p

q

r
s

t

60°

160°

d

27°
72°

134°

108°

s

t

u

p
q

r

v

w

x y

56°

115°
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e

81°

38°

26°

f

g

h

j

k

m
n

p

q

f

A

F

K

J

G
G

E H

L

C

D
143°

48°

48°

85°

B

11 In Science class, during a study of mirrors, Svetlana noticed 

that the diagrams showing how light reects o of a curved 

mirror used many of the same elements that she found in her 

Mathematics class. 

a Looking at the diagram here, 

identify as many elements from 

this unit as you can. These can 

include basic elements like rays 

and lines as well as all the types of 

angle that you have seen so far.

b How does mathematics help you 

understand what is represented in 

the image?

In part f, notice 

that the two 

angles marked 

G are equal, as 

are the two side 

lengths marked 

with ticks.

ATL2

mirror
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Summative assessment

You have seen in this unit how mathematics can 

be used to analyze and even create artistic works. 

From cubism to origami to architecture, geometry 

can be both functional and beautiful. Your task is 

to create your own work of art that includes the 

elements that you have seen throughout the unit.

You may create a painting, drawing, sculpture, 

mosaic or any other piece of art. You will 

have a ‘draft’, ‘sketch’ or ‘blueprint’ that will 

demonstrate the required mathematics, as well 

a ‘nal product’, which will be the art piece, a 

scale model or a full-color image (for example a 

painting or mosaic). 
c
ri

terio

n

C
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The following elements must be clearly indicated in your 

draft and listed on a separate sheet of paper, including proper 

mathematical notation and names. These elements must also be 

visible in your nal product, but without the labels.

● 2 rays

● 2 segments

● 2 lines (not including the ones 

that are parallel)

● 2 sets of parallel lines

● 2 acute angles (not including 

the ones in the triangles)

● 2 obtuse angles (not including 

the ones in the triangles)

● 2 right angles (not including 

the ones in the triangles)

● 2 clear examples of 

supplementary angles 

● 2 clear examples of more than 

two angles on a line that add 

to180°

● 2 clear examples of 

complementary angles 

● 2 right-angled triangles

● 2 acute triangles

● 2 obtuse triangles

● the measures of all of the 

angles in the above triangles, 

clearly showing the sum within 

each triangle

You must give your nal product a title and write a brief 

description of what the artwork represents. Within the 

description, you must explain how at least three of the geometric 

elements relate to what is being represented in the artwork.



In this unit the study of fractions will help you to better 
understand daily interactions with our fellow human beings.  
Dividing things– be they blocks of land of or grains of wheat – 
using fractions is a great way to demonstrate similarities and 
dierences.  You could use fractions to better understand issues 
of fairness and sustainability.

Sharing nite resources with other people and 
with other living things

In the year 1750, the global population was 
approximately 800 million people.  It is currently 
over 7.4 billion. How many of those people live 
in Asia?  How many in Europe? How much of the 
planet does Asia occupy?   

An understanding of fractions can help us to 
analyze and describe the global population that 
lives in each continent. We can then look at 
how human population growth has aected the 
environment and the population of other living 
things.  Do we share the planet we call “home” 
equitably?

At the same time, humans use far more natural 
resources than any other living things.  How we 
use our resources and how fairly that is done is 
easily expressed and analyzed with fractions. 
Determining whether we all have access 
to our fair share of the planet’s resources 
is an application of fractions well worth 
investigating.  

Fractions 5

Fairness and development

160



Globalization and sustainability

Urban planning, strategy and infrastructure

You may not have thought about it, but how was the city in 
which you live constructed? Does it follow a clear pattern?  
Some cities are radial cities where everything seems to converge 
at one point.  Fractions can be used to plan the city and its 
infrastructure and then to analyze each section, ensuring that 
the city does not become too crowded.

Other cities have been built using a strategy that looks more like 
a grid. As with radial cities, fractions can be an invaluable tool 
to help plan and build these communities, but they can also be 
used to analyze trends and issues within the grid. For example, 
by what fraction have temperatures increased due to the urban 
heat island eect? 
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KEY CONCEPT: LOGIC

Inquiry questions
What does it mean to simplify?

What is the process for adding, 

subtracting, multiplying, and  

dividing fractions?

How is logic used to manipulate  

quantities?

What promotes human connections?

What hinders human connections?

F

C

D

Objectives
● Representing and comparing fractions in 

dierent forms

● Simplifying dierent forms of fractions 

● Using the four number operations (addition, 

subtraction, multiplication and division) with 

fractions

● Applying mathematical strategies to solve 

problems involving fractions

Fractions
Human connections

5

Global context
In this unit you will use fractions to explore the global context of 

identities and relationships. Humans engage in many dierent 

activities which allow us to connect with one another, within families, 

communities and cultures. Learning how to represent fractions and 

perform operations with them will help you uncover some of these 

activities, including social media, music and even food!

Related concepts: Quantity and Simplication

Statement of Inquiry
Using logic to simplify and manipulate quantities can 
help us explore human connections within families, 
communities and cultures.



Give and receive meaningful feedback

ATL2 Communication skills

Draw reasonable conclusions 
andgeneralizations

ATL1 Critical thinking skills

You should already know how to:

● express a fraction as a decimal 

● express a basic fraction in its simplest 
terms 

● change an improper fraction to a mixed 
number

● change a mixed number to an improper 
fraction

● change a fraction to a decimal and a 
percentage

For practice with estimating fractions and decimals graphically, 

go to brainpop.com and search for ‘Battleship Numberline’.

e
b

li
nk
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Family trees are used to represent many generations 

within a family and to trace relatives as far back 

as possible. Family trees can help you discover 

historical gures in your family history or even the 

cultural background that is a part of your heritage. 

In recent years, it has become possible for people to 

try to trace their ethnic ancestry using something as 

simple as a saliva sample. The DNA in the saliva is 

analyzed and the genetic ethnicity is predicted. 

The results can lead to new family connections or  

improve research so you can add more branches to your family tree.

A typical ancestry report might look like this.

Country Approximate amount

Algeria
1

20

Morocco
1

100

Benin
1

25

Cameroon
7

100

Spain
7

50

Portugal
1

4

Italy
6

25

England
1

5

● What do the fractions in the table mean? What does each 

numerator and denominator mean in this report?

● What would you expect the fractions to add up to? Explain.

● How could you tell which country has the highest amount? Explain.

● How could this kind of information lead to more human 

connections in a family?

Reect and discuss 1Reect and discuss 1

Introducing fractions
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Representing and comparing fractions

Representing fractions

A fraction represents a part of a whole. It can be represented 

using a wide range of objects. For example, the fraction 
3

4
can be represented by each of these pictorial representations. 

The fraction 
3

4
 can also be represented by this whole group of 

representations. Can you see how? 

The way the fraction is represented depends on what ‘the whole’ is.

Continued on next page

Triangles (c) and(e) 

are both the same 

size, so step1could 

also be answered in 

terms of triangle(e).

Activity 1 − Tangram fractions

You will need a tangram set to complete this activity. If you do not 

have one, your teacher will provide you with a paper set to cut out.

Working with a tangram set, answer the following questions.

1 What fraction of each shape is (c), the smallest triangle?  

Show your working. Include diagrams if they are helpful.

Shape
Number of (c) triangles 

that would t inside

What fraction of 

this shape is (c)?

Largest triangle (f) or (g)

Medium triangle (a)

Parallelogram (d)

Square (b)

NUMBER



5  Fractions16 6 

Hold on to the 

tangram pieces, 

as you will be 

doing more with 

them during this 

unit.

Try the Sushi Fractions activity on the Mr Nussbaum 

website at mrnussbaum.com/sushi-fractions. Divide 

the sushi between tuna, avocado and shrimp to 

match the fractions you are given.

e
b

li
nk

Activity 2 − Money diagram

1 Create a visual representation showing how 1 base currency unit in 

your country (for example: 1 US dollar or 1 euro coin) can be broken 

down into all of the smaller currency denominations. 

You can be creative with how you set up the visual, 

as long as you include the face value of the coins 

and notes, and what fraction of the base unit they 

represent. 

2 With a partner, look at each other’s work from step 1. 

Take turns giving feedback by rst asking questions to clarify anything 

that isn’t quite clear. Then, give at least one positive comment. 

Follow that with a suggestion for improvement, if appropriate.

ATL2

Pairs

Continued on next page

2 What fraction of triangle (f) is each smaller shape listed  

in the table below? Show your working. 

Shape Fraction of triangle (f)

Medium triangle (a)

Parallelogram (d)

Square (b)

3 What fraction of the whole tangram set is represented  

by each color? Show your working.

4 Which dierent shapes have the same area?  

Explain how you know this.

5 Show two examples of how dierent colored pieces can be  

added together to equal the area of a dierent colored piece.

6 With a partner, look at each other’s answers to step 5. Take turns 

giving feedback by rst asking questions to clarify anything that 

isn’t quite clear. Then, give at least one positive comment.  

Follow that with a suggestion for improvement, if appropriate.

Triangles (f) and 

(g) are both the 

same size, so step 

2 could also be 

answered in terms 

of triangle (g).

ATL2

Pairs
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It is easiest to compare fractions that are out of the same whole.  

For example, it is easy to tell that <
5

18

11

18
 because the 

denominators are the same, and 5 is less than 11. 

When comparing fractions that are not out of the same whole, 

one method is to convert the fractions so that they have the 

same denominator. 

● Explain what the numerator and denominator represent in a fraction. 

● Explain two dierent methods you could use to compare the 

fractions 
5

11
 and 

9

20

● Explain what happens to the value of a fraction if the denominator 

stays the same and the numerator increases.

● Explain what happens to the value of a fraction if the numerator 

stays the same and the denominator increases.

Reect and discuss 2Reect and discuss 2

Comparing fractions

We can compare fractions to nd out which fraction represents 

more of the whole.

Compare the fractions 
4

5
and 

7

8
using either < or >

4

5

4 8

5 8

32

40
=

×

×

=

7

8

7 5

8 5

35

40
=

×

×

=

Therefore, 
7

8

4

5
>  since 

35

40

32

40
>

Example 1

Q

A
The LCM of 5 and 8 is 40. 

Make each fraction out of 40.

3 Do the actual sizes of the coins and notes reect the fraction 

represented by their monetary values? Explain by giving specic 

examples. 

4 Select two other currencies from around the world and repeat 

step1 with each currency. What are the similarities and the 

dierences to your home currency?

5 Determine ve dierent ways you could pay someone 1 base unit  

of your currency.

NUMBER



Sometimes, you will be able to compare fractions by using other 

fractions as benchmarks. If you can compare them to the same 

fraction, then you may be able to compare them to each other.

Compare the fractions 
5

12
and 

11

20
using either > or <. 

6

12

1

2
=  so 

5

12

1

2
<

10

20

1

2
=  so 

11

20

1

2
>

Therefore, 
5

12

11

20
<

Example 2

Q

A
Compare both fractions to 

1

2

Practice 1

1 At the beginning of every New Year, Noë’s family has a tradition where they gather 

around the kitchen table with a bowl full of grapes. Along with his mother, father 

and sister, each family member makes 12 wishes and eats one grape per wish. 

They take turns, making a wish and eating a grape each round, until they have 

completed 12rounds.

a How many grapes will be eaten in all?  

Show your working.

b At what point will half of the grapes be eaten? 

Justify your answer.

c At what point will  of the grapes be eaten? 

Justify your answer.

d At what point will  of the grapes be eaten? 

Justify your answer.

e After seven rounds, what fraction of the grapes have 

been eaten? Find your answer in two dierent ways.

f When only two grapes are left, what fraction of the 

grapes have been eaten? Justify your answer.

g Discuss any rituals that your family has to celebrate or anticipate the New Year. 

How do these traditions develop connections between family members?

5  Fractions16 8 

Continued on next page
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2 Compare each pair of fractions using > or <. Explain your reasoning.

a b c d e

3 According to a recent study,  of the people surveyed use  

their phones primarily to communicate with others using  

in person. Of the same group of people surveyed,  use their  

phones primarily for sending texts, and  use them primarily for 

making and receiving calls. 

a Order the modes of socializing  

(social networks, texting, calling) 

from lowest to highest.

b Despite so many people having 

smartphones, global voice usage 

declined for the rst time ever 

in 2013. Why do you think this 

happened? What eect will  

it have on human connections? 

Explain.

c Many people say that, ironically, 

smartphones are eliminating the need 

for people to speak to each other.  

What do you think of this theory? Explain.

4 Arrange the fractions , , , , ,  from least to greatest.  

Show all of your working. 

5 You can also convert fractions into decimal form to compare them. 

Using the symbols <or>, compare these fractions after representing 

them in decimal form.

a b c d e

f g h i j

6 Which is easier to use when comparing numbers: decimal form or 

fractional form? Justify your choice. 

Continued on next page
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7 Chinese Lunar New Year celebrates family, health and prosperity. 

It is the holiday which involves the most travel in the world, as it 

is the time when whole families come together. 

a Approximately  of the world’s population celebrates the 

Chinese New Year in many countries around the world. How 

many people is this?

b Chinese New Year, also known as Spring Festival,  

is celebrated over 15 days. What fraction of the calendar 

year is the duration of this festival?

c The Chinese zodiac follows a 12-year cycle, with 

each year represented by one of the 12 animals from 

the Chinese zodiac. Your birth year corresponds to 

one of these 12 animals. If average life expectancy is 

approximately 80 years, approximately what fraction 

of a person’s lifetime will be spent in the years of their 

Chinese zodiac sign? 

Many of China’s people work in big cities and travel 

back to their home town for Spring Festival. For some 

people, it is the only time in the year when they will visit 

their families. The modes of transportation taken by 

these people break down as follows:

by airplane by road

d Rank the modes of transportation from most to least popular.

e If there were approximately 3 billion trips altogether, how 

many trips were taken by each mode of transportation?

8 Look back at the ancestry report on page 154 of this unit.

a What is ‘the whole’ in these fractions? 

b How is it possible that the denominators are all dierent if they 

relate to the same whole?

c Order the countries from lowest to highest by nding a 

common denominator.

d Order the countries from lowest to highest by rst converting 

them to percentages.

Research the 

current world 

population to 

answer part a. 



Operations with fractions
As with whole numbers, fractions can be added, subtracted, 

multiplied and divided. In this section you will discover the 

process for performing each of these.

Multiplying fractions

In the following investigation, you will determine an algorithm 

for multiplying fractions.

Activity 3 – Fraction card game

This is a game for two to four players. Use cards Ace−9 from a standard 

deck of playing cards, with the Aces counting as ones. Six cards are 

dealt face up and placed so that all players can see them at the same 

time. The object is for each person to use two of the cards to make a 

fraction that is as close as possible to one half. 

Your teacher will set the time limit for a round. The person whose 

fraction is closest to one half (and who can explain why) wins that 

round, and then the next round begins. If two or more students 

identify the same fraction, or ones that are equally close to one half, 

then it is a tie.

You can also play a variation where every player is also dealt their own 

card, which they keep to themselves until they reveal their fraction.

Go to nrich.maths.org and 

search for the ‘Chocolate’ 

activity. Work with a partner on 

this challenge. Try to record your 

working in a systematic way 

so you can keep track of your 

ideas and compare the dierent 

methods that you try.

e
b

li
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Pairs

algorithm: a process 

or set of rules to be 

followed 

NUMBER



Investigation 1 − Multiplying fractions
You will use a visual method of multiplying fractions to help you determine 

the algorithm. You will start with the example given and then create ve more 

multiplication questions of your own.

Example: Multiply 
1

4
by 

3

5

1 Draw a rectangle on a plain piece of paper.

2 Draw lines to divide the rectangle into  

4 equal columns. Make sure they are of  

equal width.

4 Now divide the rectangle into  
5 equal rows.

6 State the fraction of the whole rectangle that is highlighted with both colors. 

In this case, it is 
3

20

7 Create a table like this one. Add ve more rows for steps 8 to 10

Fraction Fraction
Number of cells shaded 

with both colors

Total number 

of cells

Product of the 

two fractions

1

4

3

5
3 20

3

20

8 Create ve more examples by drawing ve new rectangles and  

choosing your own proper simplied fractions to multiply.

9 Record the information in your table.

10 What patterns do you see? Be sure to look at the numerator and 

denominator in each original fraction and their relationship to the 

numerator and denominator in the product.

11 Write down the algorithm for multiplying fractions.

12 Verify your algorithm using two more examples.

3 Shade one column using a  

highlighter. This represents the fraction 
1

4

5 Shade three rows using a highlighter of a 
dierent color. The cells shaded with this 

second color represent the fraction 
3

5

ATL1
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In the method that you discovered in Investigation 1, you 

multiplied the numerators together, multiplied the denominators 

together, and then reduced or simplied the answer.

There is another method, in which you do the reducing/simplifying 

at the beginning and then multiply the numerators together and the 

denominators together. Both methods are shown in Example 3.

13 Go to pbslearningmedia.org and search for ‘Area Models for 

Multiplication of Fractions’. Use the area model there to verify your 

algorithm for three more cases, changing the fractions to whatever 

you want. 

14 With a partner, look at each other’s algorithms. Take turns giving 

feedback by rst asking questions to clarify anything in the work  

that isn’t quite clear. Then, give at least one positive comment. 

Follow that with a suggestion for improvement, if appropriate. 
Pairs

ATL2

● Why does this algorithm work? Explain.

● What is the benet of nding an algorithm? Explain.

● Is it easier to understand how this algorithm works by looking  

at a visual form or a numeric form? Explain your choice.

Reect and discuss 3Reect and discuss 3

Multiply 
2

5
×

10

11
by: a multiplying rst b simplifying rst.

a
2

5

10

11

20

55
× =

=
÷

÷

20 5

55 5

=
4

11

b
2

5

10

11

2

5

10

11
× = ×

= × =
2

1

2

11

4

11

Q

A

Example 3

Multiply rst. Remember, multiply across.

Simplify last. Both numerator and denominator can be divided by 5.

Simplify rst. One of the numerators and one of  

the denominators can be divided by the same factor, 5.

e
b

li
n

NUMBER



● In Example 3, what number was used to simplify the fractions 

in each method? What does this say about simplication when 

multiplying fractions?

● How do you know when you can simplify rst?

● What is the advantage of simplifying rst? 

● What would you need to do with mixed numbers before 

multiplying them? Explain.

Reect and discuss 4Reect and discuss 4

Practice 2

1 What multiplication is being represented in each diagram?  

Write down the question and the simplied answer.

a

=×

b

× =

c

=×

d

× =

2 Multiply these fractions rst, then simplify your answers.

a b c

d e f

5  Fractions174 
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In the United States and in the Philippines, they 

are called cell phones. The name comes from the 

cell-like structure of the networks in which they 

operate. In Italy they are called telefoninos, which 

means ‘little phones’. In the United Kingdom, 

India, New Zealand, and other countries they are 

referred to as mobiles. In Germany they say das 

Handy, and in Indonesia you will hear people 

say ‘ha-pay’ which is how to pronounce hp, the 

abbreviation for hand phone

3 Simplify these fractions rst, then multiply.

a b c

d e f

4 Multiply these fractions using the method of your choice.

a b c 

d e f

5 According to a survey at the time of writing, approximately 

of American teenagers own a cell phone. 

a Of these teenagers, of them use messaging apps.  

What fraction of American teenagers does this represent?

b Of the teenage cell phone owners, of them hardly ever use  

their phone to make or receive calls.  

What fraction of American teens does this represent?

c Of the teenage cell phone owners, of them say they use one  

or more social network sites.  

What fraction of American teens does this represent?

d How has the use of social network sites and messaging apps aected  

connections among American teens?  

Explain your answer.

Did you know...?

NUMBER
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Dividing fractions

Dividing fractions can be explained using several dierent models.

Investigation 2 – Dividing whole numbers by fractions
1 Go to the Grade 6 section of Mathgames.com and click on ‘Divide by Fractions 

with Models’ in the Division section.

2 Use the visual models to help you solve each question. Record your answers to 

all the questions in a table like the one below.

For example, if the question is ÷ =2 4
1

2
the rst row shows how to enter the 

numbers.

Dividend Divisor Quotient

2
1

2
4

3 What patterns do you see? Be sure to look at individual numbers within 

the fractions and their relationship to the numbers in the solution.

4 In your own words, explain this relationship.

5 Determine the algorithm for dividing whole numbers by fractions. 

6 Verify your algorithm using two more examples.

7 With a partner, look at each other’s algorithm. Take turns giving 

feedback by rst asking questions to clarify anything that isn’t quite 

clear. Then, give at least one positive comment. Follow that with a 

suggestion for improvement, if appropriate.
Pairs

c
ri

terio
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B

Also try your 

hand at the Light 

Blue – Dark Blue 

investigation 

at nrich.maths.

org/2105. It is 

an investigation 

involving fractions 

and patterns.

The process in Investigation 2 seems to work when dividing 

whole numbers by fractions. Will this algorithm work when 

dividing one fraction by another? 

When you rst learned to divide, you often asked yourself the 

question, ‘How many times does some number go into some 

other number?’

e
b
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Investigation 3 – Dividing fractions by fractions
Use fraction bars to nd the answer to each question. Make a table like the  

one below and ll in the rows using these fraction divisions: 

1

4

1

8
÷

2

3

1

6
÷

1

2

1

4
÷

5

6

1

12
÷

1

2

1

6
÷

5

12

1

6
÷

4

5

3

10
÷

Division In words
Pictorial representation

(Fraction bar)
Answer

÷

1

2

1

6

How many times 

does 
1

6

 go into 
1

2

?

1

2

1

6

1

6

1

6

÷ =

1

2

1

6
3

1 Does the algorithm you found in Investigation 2 work here?  

Explain using two more examples.

2 When does the use of fraction bars for dividing fractions become dicult? Explain.

ATL1

c
ri

terio

n

B

For example, 21 ÷ 7 meant: ‘How many times does 7 go into 21?’ 

The answer is of course 3.

In the investigation, you were determining how many times a 

fraction, say 
1

3
, goes into 4. In Investigation 3 you will follow this 

same process where both numbers are fractions, using fraction 

bars to help you.

You can experiment 

with the Virtual 

Manipulatives at: 

abcya.com/fraction_

percent_decimal_tiles.

htm

NUMBER
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Activity 4 – Another way of looking at it

In pairs, tackle each of the following statements and questions.  

Be sure to explain your responses clearly before moving on to the  

next question.

1 ‘The easiest number to divide by is 1.’ Explain.

2 What fraction can you multiply 
2

3
 by to obtain 1? How about 

3

4
? 

What about 
5

7
? Research what the fraction that has this property is 

called in mathematics.

3 Instead of seeing two fractions being divided as ÷

2

3

5

6
, think of it 

more like this: 

2

3

5

6

What number would you need to multiply the denominator by to 

make the denominator equal to 1?

4 Remember, when you multiply the denominator by a number,  

you must also multiply the numerator by the same number:

What does that give you? How does that relate to the process you 

discovered in Investigations 2 and 3?

5 Explain in your own words why multiplying by the reciprocal of the 

divisor accomplishes the same thing as dividing two fractions.

Pairs

● Explain why it is important to have an algorithm to divide fractions 

and not just rely on fraction bars or diagrams.

● What would you do if you were asked to perform a division that 

involved one or more mixed numbers?

● Does the algorithm you’ve discovered work for divisions like 12÷3? 

Explain. 

Reect and discuss 5Reect and discuss 5

When asked to divide two fractions, invert the second fraction 

(the dividend) and multiply the rst fraction (the divisor) by it. 

This is called multiplying by the reciprocal.



Practice 3

1 Find the reciprocal of each fraction.

a b c

d e 4 f

2 Solve these fraction division problems. Be sure your answers are simplied.

a b c

d e f

3 Explain in words the dierence between nding  and nding . 

Calculate both answers and compare.

4 Athletic events have always drawn humans together, whether set on the 

world stage, like the Olympics, or locally, like a little league hockey match. 

Cheering for the same team, country or individual can promote a sense of 

community and belonging that increases human connections. 

In 2016, at one of the early rounds in Olympic soccer, only  of the seats 

were occupied. Of that number,  were cheering for the visiting team. 

a What fraction of the seats were occupied by people cheering for  

the visiting team? 

b What fraction of the seats were occupied by people cheering for  

the home team?

c Tickets for half of the unoccupied seats were given away at halftime. 

What fraction of the total number of seats does this represent?

179

Divide and simplify if possible: Q

A

Example 4

Invert the dividend (the second fraction) and multiply.

Simplify whenever possible, unless instructed otherwise.

Once you have 

inverted the 

fraction 

and it is set up like 

a multiplication 

question, you may 

nd it easier 

to simplify 

rst before 

multiplying. 

Continued on next page
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5 Students are voting for their school president, which has produced a 

lot of interactions among students and candidates. In order to win, 

a candidate must receive at least two-thirds of the votes in each of grades 4 to 6. 

If there are 30 students in grade 4, 24 students in grade 5, and 21 students 

in grade 6, what is the minimum number of votes the winning candidate 

needs from each grade?

6 Scandinavian Midsummer is a celebration of the longest day of the year. 

In Finland, families go to their favorite lake and build a bonre on 

the shore. They light the bonre at midnight and then dance beside it. 

In Sweden, people often consume a ‘Midsommer’ cake. 

a Suppose  cupof our is used 

in each ‘Midsommer’ cake and 

the bakery used  cups of our 

yesterday. How many cakes did the 

bakery make?

b If cup of sugar is used in each 

cake, how many cakes can be made 

with cups of sugar?

c A baker had of a tin of corn  

starch left and used of it.  

What fraction of the tin was used?

7 A survey shows that an estimated of all teenagers own a smartphone.  

Of those teens, said they have had a dispute with a friend via text. 

a What fraction of all teens have had a dispute with a friend via text?

b What are some issues with having a dispute via text that are not  

issues when having the same discussion face-to-face?

5  Fractions18 0 



Peppermint bark is a minty chocolate treat that 

has become very popular in some countries, 

where it is made and served at Christmas 

time. When families get together, or when 

you visit another family around this holiday, 

peppermint bark is often given as a gift. 

It consists of peppermint candy pieces with layers 

of white and milk or dark chocolate. Sometimes 

peppermint essence and cream areadded for 

texture and avor. 

Suppose you want to make peppermint bark to give to your family  

and friends. 

1 Decide on the number of people you will be making the bark for  

(must be more than 10 people). 

2 You will have to determine how to cut the bark so that you will know 

how many people each batch will provide for. 

One batch of the peppermint bark measures 24 cm by 30 cm. 

● You want all the pieces to be equally-sized triangles for the best 

possible presentation.

● The triangles can be whatever size you wish, but each gift portion 

should be at least 50 cm2

● Draw a rectangle layout of how you will cut the bark.

● Calculate the dimensions and area of a single triangular piece.

● Determine the number of pieces in each gift and calculate the total 

area of bark in each gift.

● Determine how many batches you will need to make. 

3 Once you have determined the number of batches you will need for all 

your friends and family, calculate the ingredient totals you will need, 

using a copy of the table below.

Ingredient

Imperial 

measurement 

for one batch

Number 

of 

batches

Ingredients 

needed for all of 

your batches

White chocolate 1
3

4
 cup

Hard peppermint 

candies or candy canes

1

2
 cup

Dark chocolate
7

8
 cup

Peppermint extract
3

4
 teaspoon

Formative assessment − Peppermint bark

c

riteria

C, D
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Continued on next page
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Activity 5 − Tea time

Drinking tea has become customary in many parts of the world. 

InTurkey, oering and drinking tea with someone is regarded as a sign 

of friendship, and tea is often consumed during business transactions. 

Tea gardens in Turkey are places for social gatherings, full of music, 

games, and lively conversation.

In Japan, the tea ceremony (‘Cha-no-yu’), has been practiced for 

centuries as a way to nourish the body, mind and soul with invited 

guests. Japanese tea gardens are peaceful, calm places where these 

ceremonies are performed.

In England, where ‘tea time’ or ‘afternoon tea’ is a regular event, 

thegoal is for people to take a break, eat a small snack and spend 

timewith friends and family. With each of these traditions, the tea 

isserved in very dierent types of cups, as seen here. 

English tea cup Turkish tea glassJapanese tea bowl

1 What do you notice about the shapes of these drinking vessels? 

2 Which one do you think holds the most tea? Explain your reasoning.

3 Edwin invites his friends and family over for his own version of a 

tea ceremony where he has blended elements from a variety of 

ceremonies. Edwin brews several dierent kinds of tea and uses 

3Japanese tea bowls, 6 English tea cups and 6 Turkish tea glasses. 

Is it fair to say that, during the ceremony, he and his friends and 

family drink 15 cups of tea? Explain. 

Adding and subtracting fractions

4 You typically buy chocolate in ounces (oz.) or grams, instead of cups. 

Research how to convert between these units and convert the total 

number of cups you need into ounces or grams. 

5 A half cup of peppermint candies is approximately 6 candy canes or 

30hard peppermint candies. How many of each would you have to buy?

6 With a partner, look at each other’s work for this formative task. Take turns 

giving feedback by rst asking questions to clarify anything that isn’t 

quite clear. Then, give at least one positive comment. Follow that with a 

suggestion for improvement, if appropriate.

ATL2

Continued on next page



Similar to the drinking vessels that were all dierent sizes, 

fractions can be added and subtracted only if they are out 

of the same whole. When fractions have common denominators, 

their numerators can be added together to nd out what part 

of the whole the total represents.

For the people in 

Western Sahara, 

oering tea 

to someone is 

considered a sign 

of generosity, 

something not to 

be refused. The 

guest will often 

drink three cups 

in one sitting, 

each one having 

its own taste and 

symbolism.

Investigation 4 − Adding fractions

Adding fractions can also be demonstrated with an area model.

1 Copy this table and add four more rows to it.

Addition
Area model 

of addition

Area model 

of answer
Summary

1

5

2

5
+ +

1

5

2

5

3

5
+ =

In the four additional rows, enter these fraction additions.

2

7

4

7
+

2

10

3

10
+

1

8

5

8
+

5

6

1

6
+

Fill in the rest of the table, and simplify your answers where appropriate.

2 What makes it possible to add the fractions in the table? Explain.

c

riteria

B, C

183

Continued on next page

In reality, two Turkish tea glasses ll one English tea cup; three of them 

ll a Japanese tea bowl. 

4 How many English tea cups will ll a Japanese bowl? 

Show your work.

5 Show that the liquid from one Japanese tea bowl would ll exactly 

one English tea cup and one Turkish glass.

6 If the tea that Edwin and his friends drank was measured in Turkish 

glasses, how many did they drink? Show your working.

7 If the tea that Edwin and his friends drank was measured in English 

cups, how many did they drink? Show your working.

8 If the tea that Edwin and his friends drank was measured in 

Japanese bowls, how many did they drink? Show your working.

NUMBER
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3 When the denominators are not the same, the area models can be 

adjusted so that they are.

Copy this table and add four more rows to it.

Addition Area model of addition Adjusted area model Summary

1

3

3

4
+ + +

1

3

3

4

4

12

9

12

13

12
1
12

+ = +

= or

1

In the four additional rows, enter these fraction additions.

2

3

1

5
+

1

2

1

6
+

5

6

1

3
+

3

5

3

4
+

Fill in the rest of the table, and simplify your answers where appropriate.

4 What enabled you to add the fractions in the table?

5 Write down the algorithm for adding any two fractions.

6 Verify your algorithm for two more examples.

ATL1

● What do you think the algorithm will be for subtracting fractions? Explain.

● How do you think you will add mixed numbers, such as 1
1

2
3
3

4
+ ?

Reect and discuss 6Reect and discuss 6

When adding or subtracting fractions, rst rewrite them so that they 

have the same denominator. These fractions are equivalent to the 

original ones and they are said to now have a common denominator

Go to visualfractions.com and select ‘Unlike 

Fractions ‘from the ADD menu. Use your 

algorithm to complete the additions. Then 

select the ‘Strict’ option from the ADD menu to 

try adding some mixed numbers. You can then 

explore the ‘Easy’ and ‘Strict’ options from the 

SUBTRACT menu. 

e
b

li
nk
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a Add: 

b Subtract: 

a

b

Example 5

Q

A

Your teacher will tell you if you should express your answer as a mixed 

number or if you can leave it as an improper faction in lowest terms.

Rewrite using a common denominator.

Rewrite using a common denominator.

Activity 6 – Revisiting the tangram

1 What fraction of the whole does each piece of the tangram represent?

2 Using the tangram you have kept from earlier in this unit, create 

four pictures that use the following fractions of the whole area. 

a b
7

8
c

9

16
d

15

16

3 Draw each picture, showing the breakdown of how the pieces t 

together. Write down the fraction addition of the pieces.

4 Now create your own picture using some of the pieces. Draw the 

picture, showing the breakdown of how the pieces t together. 

Write down the fraction addition of the pieces.

● Explain why you cannot simply add numerators and denominators 

when adding fractions. For example, explain why +  cannot be 

equal to .

● Explain how the algorithms for adding/subtracting fractions are 

dierent than the one for multiplying fractions. 

Reect and discuss 7Reect and discuss 7

ATL1

NUMBER



Practice 4

1 With each operation, simplify your answer and write as a mixed number if appropriate.

a b c d

e f g h

i j k l

m n o p

2 Newspaper companies get some revenue from  

the selling price of the newspaper, but they  

make much more money from advertising.  

Asof a Thursday, sales reps at a major newspaper 

had sold the following advertisingspace for the 

Sunday paper: 3 full pages, 3half-pages,  

5quarter-pages, and 7eighth-pages. If 7 full pages 

have been reserved for advertisements in the 

Sunday paper, how much space is still available  

to be sold? 

Activity 7 − Fraction card game

In groups of three, you will have two players and a judge. From a 

standard deck of playing cards, discard the picture cards, leaving 

the cards one (Ace) to ten. Thejudge deals four cards, face up, for 

both players to see. The players have 30 seconds to come up with an 

addition of two fractions using the four numbers. The player whose 

sum is closest to 1 is the winner. Once a player has submitted their 

fraction addition, the second player cannot submit the same fractions, 

but will have another 30 seconds to try to come up with a 

better combination. Thejudge will verify the winner. Play 

the best of three rounds and then rotate jobs so that each 

student plays two games and is judge once. 

When you are the judge, look at one player’s answer and 

give constructive feedback by rst asking questions to 

clarify anything that isn’t quite clear. Then, give at least 

one positive comment followed by a suggestion for 

improvement, if appropriate. Repeat for the other player.

ATL2

Continued on next page

The judge can 

have a calculator 

on hand to verify 

answers.

5  Fractions18 6 



3

the whole pizza will each girl get?

4 In a study of university students and their use of technology, 

students were observed as they walked to the cafeteria. 

The observations showed:

●  of the students were alone, but either texting or using their phone (but not talking)

●  were alone and involved in a conversation on their phone

●  were with other people and using no technology whatsoever

●  were alone and using no technology.

The rest of the students were all observed  

using technology with other people present.

a Determine the fraction of the observed 

students who were using technology with 

other people present.

b Determine the fraction of those observed 

who were using no technology whatsoever.

c Determine the fraction of those observed 

who were using some form of technology 

while interacting with others (either in person or on the phone).

d Do you think these results demonstrate that technology helps face-to-face 

communication? Explain.

5 Following a snowstorm, the three Abendroth brothers decide to do a good deed and 

shovel all the driveways on their street. Paul shovels  of the driveways, Max shovels 

 of the driveways and Arthur shovels the rest. What fraction of the driveways does 

Arthur shovel?

6 If a third of a cup of water lls one quarter of a container, what fraction of a container 

will one cup ll? Draw a diagram to represent this problem. Can you determine two 

dierent ways to solve this problem using two dierent operations?

Continued on next page
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Multiple operations

To perform operations with several fractions you can use the 

same algorithms that you developed for just two fractions: 

● addition and subtraction require a common denominator

● multiplication involves multiplying across (numerators with 

numerators, denominators with denominators)

● division requires multiplying by the reciprocal of the divisor. 

7 Look again at the ancestry report on page 154.

a What is the sum of all of the amounts? Explain why this makes sense.

b What fraction of the total amount comes from African countries?

c What fraction of the total amount comes from European countries?

8 Three-quarters of teenagers use Facebook to communicate with their 

friends. One half of all teens use Snapchat, while two-fths use Instagram. 

a Explain why the sum of these fractions is more than 1.

b How has technology helped teens create and maintain relationships? 

How did people create and maintain relationships before cell phones 

and the internet?

9 Diwali (or Dipawali) is the Hindu festival of lights 

(though it is celebrated by people of many dierent 

faiths), where families decorate their house with lights 

and prepare a feast to share with their loved ones. It’s a 

four-day celebration that involves cleaning the house, 

buying new clothes, giving gifts to family members, and 

other family activities.  

When celebrating the Diwali festival, Devika used  of 

the clay lamps to make a path to the front door, and she 

made a star-like gure with  of them. What fraction 

were left to decorate a table at the entrance to her house? 
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Activity 8 − Music and math

Music has long been an activity that brings humans together.  

Celebrations of love, victory, culture, and beliefs all seem to  

involve music. There is even research indicating that music  

increases the production of a chemical in the brain associated  

with increased bonding and trust among people! Human connections 

seem to be enhanced by the very presence of music.

1 Music consists of many patterns and is based on set mathematical  

principles. Notes in music are divided into fractions and organized  

into a measure that consists of 4 beats. If a whole note lasts the 

duration of a measure, which is 4 beats, determine the number of 

beats in each of the following notes. Record your answers in a copy 

of the table.

Note Fraction Number of beats

Whole 4

Half

Quarter

Eighth

Sixteenth

2 If we place a dot after a musical note (e.g. .) this lengthens the 

note’s duration by one half of its usual length. Based on this idea, 

copy the table below and enter the symbol and the number of 

beats for each note duration.

Note Fraction Number of beats

Three-quarters

Three-eighths

Three-sixteenths

3 Create a song or rhythm 6 measures long that consists of dierent 

combinations of the notes above. Use each note at least once and 

try to use more than two notes in each measure. 

Continued on next page

NUMBER
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Example 6

Perform the following operations.

a
2

3
+

1

4
+

1

8
b

6

7

÷
3

8
÷

24

35

a
2

3
+

1

4

+
1

8

=

16

24

6

24

3

24
+ +

=
25

24

or 1
1

24

b
6

7

3

8

24

35
÷ ÷

=
6

7

8

3

35

24
× ×

=

6

7

8

3

35

24
× ×

=
2

1

1

1

5

3
× ×

=
10

3
3
1

3
=

Q

A The LCM of 3, 4 and 8 is 24. Write equivalent fractions 

using this LCM this as the common denominator.

Simplify rst. It’s easier!

Remember to multiply by the reciprocal of each divisor.

Go to philtulga.com/pie.html and try the Playing 

Fraction Pies activity, which demonstrates the 

connection between fractions and musical 

notes. Choose combinations of fractions that 

music. You can then click to hear your rhythms

e
b

ink

4 Write down the score of music, clearly using fractions to show how 

each measure adds up to 1 whole. 

5 Try playing the rhythm of your song by drumming on the table or 

clapping. Your teacher may ask for demonstrations if any of you 

would like to share your music with the class!
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Activity 9 − Domino challenge

In groups of three, you will have two players and a judge. Start 

with a set of dominoes on the table, facing down. The judge ips 

over three dominoes and tells the players which number is the 

numerator and which is the denominator on each domino, and 

what operation (addition, subtraction, multiplication or division) 

the players will be performing on the three fractions. Before 

starting the round, the judge will determine the correct answer 

either by hand or on a calculator. The rst player with the correct 

answer wins the round. 

Play the best of ve rounds (using each operation at least once) 

and then you will rotate jobs so that each student plays two  

games and is judge once.

When you are the judge, look at one player’s answer and give 

constructive feedback by rst asking questions to clarify anything that 

isn’t quite clear. Then, give at least one positive comment followed by a 

suggestion for improvement, if appropriate. Repeat for the other player.

ATL2

When dierent operations are involved, remember to follow the 

agreed order of operations (BIDMAS):

● Brackets

● Indices

● Division/Multiplication

● Addition/Subtraction.

Calculate: 

Example 7

Q

A
Do the division rst. Multiply 

2

3
 by the reciprocal of 

5

6

Simplify the fraction.

Add, using a common denominator.

Change to a mixed number.

For both Division/Multiplication, 

and Addition/Subtraction, you do 

whichever operation comes rst, 

when reading from left to right.

NUMBER



Practice 5

1 Perform the indicated operations. Simplify where applicable.

a b c

d e f

g h i

j k l

2 The following are measures from a typical song sung during Diwali. 

Use fractions (refer back to Activity 8) to show that the following 

measure sums to one whole note (four beats).

a

In each of the following measures is a new symbol which represents a rest. 

A rest is a pause in the sound and for every musical note symbol there is a 

matching rest symbol of the same duration. If each measure sums to one 

whole note (four beats), nd the duration of each of the rest symbols.

b

c

3 In Bruck’s family tree, two-thirds of his family are from Europe. 

Three-fourths of those are from England. Of the people from 

England, two-thirds were born in Leeds. What fraction of Bruck’s 

family tree represents family members born in Leeds?

4 Which of the following are equivalent to ? Explain your reasoning.

5  Fractions19 2 

In some parts of the 

world, the memory 

aid for the order of 

operations is called 

BEDMAS, with 

the E standing for 

‘exponents’ instead 

of ‘indices’. In other 

places, it is called 

PEDMAS (Pfor 

‘parentheses’) or 

even GEDMAS (G for 

‘grouping symbols’.)
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Unit summary
● A fraction is a part of a whole.

The numerator is the top number of a 

fraction. It represents the number of 

parts of the whole that are included.

The denominator is the bottom number 

in a fraction. It shows how many equal 

parts the whole is divided into.

4
7

● A mixed fraction is made up of a whole number and a fraction, 

such as  or .

● In an improper fraction, the numerator is bigger than the 

denominator, such as  or .

● In a proper fraction, the numerator is smaller than the 

denominator, such as  or .

● When conducting operations with fractions, it is best to 

convert all mixed numbers to improper fractions rst.

● Fractions can be added and subtracted only if they have a 

common denominator. If the denominators are the same, 

add or subtract the numerators while keeping the denominator 

the same. Examples: − =

9

13

4

13

5

13

● There are two methods for multiplying a fraction: 

(1) Multiply the numerators together, multiply the 

denominators together, then reduce/simplify.  

(2) Do the reducing/simplifying before multiplying, so you are 

not working with such large numbers.

● Dividing a fraction is the same as multiplying the fraction by its 

reciprocal. To divide fractions, change the sign from division 

to multiplication, invert the second fraction (the divisor) then 

multiply. For example,  is equivalent to .

● The rules of the order of operations (BEDMAS) apply to 

fraction questions involving multiple operations.
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Unit review

1 Compare each pair of fractions using > or <.  

Explain your reasoning.

a b c

d e f

2 Arrange each set of fractions from least to greatest. 

Show all of your working. 

a b

3 In a recent survey of adolescents, participants  

read the following statement: ‘It bothers me  

when my friends and family use technology  

when spending time with me.’

● of all respondents strongly agreed

●  agreed

●  neither agreed nor disagreed

●  disagreed.

a Rank the responses in increasing order of the number of people 

who chose each one. Show all of your working.

b What fraction of respondents agreed or strongly agreed?

c Does your answer to b surprise you? Explain

4 Perform the following operations.

a b c d

5 Perform the following operations.

a b c d

e f g h

Key to Unit review question levels:

Level 1–2 Level 3–4 Level 5–6 Level 7–8

c
ri

terion

A
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6 Using only a measuring cup and a measuring cup, how would 

you make the following amounts for a recipe? Show your working.

a cup b 1 cup c  cup d  cup

7 The festival of Holi, celebrated mainly in India and Nepal, is also 

called the Festival of Colors because participants chase and color 

each other with bright, vivid wet and dry colors. It is considered to 

bridge the social gap as everyone who participates can be chased 

and colored, regardless of age, race, gender or social status. It is 

said that even enemies become friends during Holi. It is a time to 

give blessings and spend time with the community. 

Dierent natural ingredients are mixed with our to 

make dry colors. The same ingredients can be mixed 

with water to make wet colors or pastes. 

a To make a dry yellow color, you can mix 4teaspoons 

of turmeric powder with 7 teaspoons of our.  

To make a blue color, you can mix 3 teaspoons of 

dried jacaranda owers with 5teaspoons of our. 

Which mixture has a higher concentration (fraction) of color? 

Show your working. 

b To make a wet red color, you can mix 2 teaspoons of red 

sandalwood powder with 2 liters of water and bring to a boil. 

Then you add 5 more liters of water to dilute the color.

To make a wet orange color, you can mix 4 teaspoons of 

saron with 3 liters of water, bring it to a boil, and then add 

10 more liters.  

Which mixture has a higher concentration of color? 

Show your working.
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c If  of the people of India and  of the people of Nepal 

celebrate Holi, which country has a larger relative 

participation in the event, and by how much? Show your 

working.

8 Here are two questions with answers from students.

Evaluate: Evaluate: 

Eric’s answer: Amanda’s answer:

For each student’s response:

a explain any errors in the workings

b explain what needs to be done to x the solution

c solve the question properly, listing the correct problem-

solving process steps.

9 Perform the following operations.

a b c d

10 Barbecue (or BBQ) is a style of cooking  

that is very popular in the southern  

United States. In the 19th century, barbecue 

was a featured dish at all kinds of activities, 

from social gatherings to political rallies 

to family reunions. To this day, barbecue 

is a centerpiece of activities that promote 

human connections and relationships in the 

southern USA. There are many kinds of 

barbecue sauce; a recipe for South Carolina 

style sauce is given below.

 1 stick butter1

4

 small, sweet onion, grated

1

2

 cup yellow mustard
5

8

 cup dark brown sugar

3

4

 cup apple cider vinegar

3

8

 1 tablespoons dry mustard

1

4

 teaspoon cayenne pepper

1

2

 2 bay leaves

 Salt and pepper to taste
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The recipe makes 2  cups and you need to make 4 cups. 

a By how much do you need to multiply each of the ingredients to 

make 4 cups’ worth?

b Rewrite the recipe to make 4 cups.

c Are there any ingredients that would be dicult to measure for the 

new recipe? How would you be able to use the correct amount?

11 Thanksgiving is a holiday celebrated primarily in North America. Itwas 

originally a day to give thanks for the harvest and the year. 

It is a time when more Americans travel to be with family than any other 

holiday, including Christmas. 

Eating turkey is a tradition on Thanksgiving. In the 

United States, 50 million turkeys are eaten on the holiday. 

The total number of turkeys eaten each year in the US 

is 250 million. The population of the United States is 

approximately 320 million people, which means roughly 

of a turkey per person each year!

a What fraction of the year’s turkey consumption is on Thanksgiving?

b Approximately 50 million Americans travel over the Thanksgiving 

holiday. What fraction of the US population does this represent? 

c Of those travelling,  will be driving to their destination and  will be 

ying. What fraction of those travelling will not be driving or ying? 

What modes of transportation do you think they will take?

d What fraction of the total US population will be ying to their 

destination for Thanksgiving?
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Summative assessment

Kahk, or Egyptian Eid cookies, are lightly spiced cookies that are very popular 

in Middle Eastern countries and served during special festive occasions.

Kahkare commonly lled with honey, dates, walnuts, pistachios or Turkish delight, 

butthey are also popular simply dusted with powdered sugar. Making Kahk is a 

tradition in many houses, when families share recipes that have been passed down 

from one generation to the next. 

The origins of the cookie date back to Ancient Egypt. There are drawings in the 

Pharaonic temples of ancient Thebes and Memphis illustrating the making of Kahk. 

In Islamic history, during the Tulunid dynasty, Kahk were made into packs called 

kul wishkur, which means ‘eat and say thank you’.

Part A – Using fractions in cooking

1 Fractions are very important in baking and cooking and are seen in many recipes. 

Below are the ingredients to make one batch of Kahk, which is roughly 20 cookies. 

Work in pairs to gure out how much of each ingredient you will need to make 100 

cookies, and then 30 cookies. Fill in the appropriate columns on a copy of the table 

as you go. Explain by drawing or writing how you gured out how to complete the 

quantities needed for each scenario.

Pairs

Ingredient
Measurement 

for one batch

Ingredients for 

100 cookies 

Ingredients for 

30cookies 

Measuring utensils you 

will use − set up as a 

fraction addition

Flour 3 cups

Ghee (claried butter) 1 cup

Milk
1

3

 cup

Salt
1

4
 teaspoon

Granulated (white) sugar 1 tablespoon

Kahk essence – ground 

mahlab (black cherry 

stone), anise, fennel

3

4

 teaspoon

Dry yeast
1

2

 teaspoon

Sesame seeds – optional 2 tablespoons

Powdered sugar
1

2
 cup

c

ri
teria

C, D
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2 You have looked everywhere in your kitchen and have found measuring utensils in 

the following sizes.

1 cup  cup 1 tablespoon 1 teaspoon  teaspoon  teaspoon

In the last column of your table, list the measuring utensils you would use to measure 

your ingredients in the most ecient way possible (with the least number of scoops). 

Research the conversions between teaspoons, tablespoons and cups to help you.

● Do you think you would go to the trouble of baking exactly 

30cookies? In reality, what could you do that is easier?

● In which countries is the cup a common unit of measurement for 

volume? Why do you think this form of measurement is so common 

in recipes? Is this form of measurement common in other areas? 

Why do you think that is?

Reect and discuss 8Reect and discuss 8

Part B – A special recipe

Choose a recipe that has signicance to you and reects your culture, your heritage or a 

family tradition. Make sure that the recipe contains some fractions.

1 Copy down the list of ingredients.

2 Imagine you would like to make this recipe for your class. Determine how you will 

alter the recipe to make enough for the whole class. You can round up the recipe to 

the nearest batch if you like.

3 Calculate the quantities of each ingredient you will need and what measuring 

utensil(s) you will use to measure it. These conversions of the ingredients in the recipe 

are to be submitted on a separate sheet to your teacher, complete with all calculations. 

4 Present your work on one Google slide that includes: 

● your name

● a picture of your chosen food

● the original recipe of the food

● the background/origins of the food and how it reects your culture and/or heritage

● why this recipe is signicant to you

● images of activities that you think promote human connections and interactions.

Your teacher will use Google Slides to save all of the class’s slides together. They will use 

this to produce a PDF that can then be printed or electronically distributed to everyone.



The study of data and data management can help uncover 
trends in communities, as you will explore in this unit.  It can also 
uncover and represent trends in many other contexts, such as 
future development or the habits of birds.

Data can also be collected and analyzed on a range of human and social issues.  When 
literacy rates improve, when AIDS infection rates decline and when more people have 
access to clean water, a more hopeful future can be imagined for all humans.  

Data management 6

Fairness and development

Feeling hopeful for the future

How do we know things are improving?  How can we tell if 
there is hope in a dicult situation?  While statistics are often 
used to validate negative trends in both human and natural 
environments, they can also be used as a tool for optimism.     

In 1987, the California condor was declared extinct in the 
wild. The only living birds were kept in captivity.  Since then, 
the species has been reintroduced and, whilst numbers are 
still low, there are now a growing number of birds living in 
the wild.  The California condor, along with other endangered 
species, such as the black rhinoceros, has seen signicant 
improvement in numbers since conservation measures were 
implemented.  Ecologists use statistics to evaluate the 
factors that led to the decline in their numbers as well 
as to keep track of growing populations.  
These success stories give us hope 
that we can reverse some of the 
negative eects we’ve had on our 
environment.
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Orientation in space and time

Migration and displacement

Every year, millions of animals migrate 
from one place to another.  Many species 
are constantly moving to nd sources of 
food or water while others return to their 
breeding grounds once a year. 

Arctic terns y over 71 000km every 
year as they travel from the Arctic to the 
Antarctic, accumulating more hours of 
sunshine than any other animal on the 
planet and experiencing two summers in 
the process. 
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Mass migration can also be seen in human 
populations. There are many examples 
throughout history, from the Californian 
Gold Rush in the 1840s to the so-called 
‘Windrush’ generation who moved from 
the Caribbean to Great Britain after 
World War II. Today, people continue to 
move across the world – sometimes 
lured by the prospect of better jobs and 
opportunities, and other times pushed by 
the devastation of war or natural disaster.

Alongside this, is a constant stream of 
temporary migration. One of the largest 
is at Chinese New Year, when millions of 
people return to their families to celebrate 
together.

The ability to describe and predict these 
events requires collecting, representing 
and then interpreting data.



KEY CONCEPT: RELATIONSHIPS

Inquiry questions
How do we represent information?

How do we collect information?

How does the way in which information 

is represented impact our ability to 

interpret it?

What makes one representation more 

effective than another?

Whose responsibility is it to identify and 

help fix problems within a community?

F

C

D

Objectives
● Collecting, classifying and representing data

● Constructing (by hand and using 

technology) and interpreting bar graphs, 

histograms, pie charts and line graphs 

● Determining the best type of graph to use 

to represent given data 

● Reading, interpreting and drawing conclusions 

from primary and secondary sources of data

● Applying mathematical strategies to solve 

problems involving statistics

Data management
Trends in communities

6

Global context
In this unit you will learn how to collect, classify and represent 

information that is gathered from a variety of sources as you explore the 

global context of identities and relationships. Understanding dierent 

types of data and the most eective ways to represent them may 

help you uncover trends and concerns in local, national or even global 

communities. Equipped with this information, you may discover just how 

much power you have to make an impact on the world around you.

Related concepts: Representation and Justication

Statement of Inquiry
Being able to represent relationships eectively can help 
justify characteristics and trends uncovered in communities.



ATL2

Identify trends and forecast possibilities

Critical-thinking skills

Communicate information and ideas 
eectively to multiple audiences using a 
variety of media and formats

ATL1 Media literacy skills

You should already know how to:

● measure an angle with a protractor

● draw an angle using a protractor

● solve percentage problems

● multiply a fraction by a whole number

203
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● Explain how each of these questions relates to school climate and safety.

● What type of answer does each question require? 

● How are these answers similar? How are they dierent?

● What would you need to do in order to establish a trend or pattern? Explain.

Reect and discuss 1Reect and discuss 1

When trying to establish characteristics or trends in a community, 

it is often necessary to ask people in the community questions and 

then analyze their answers. For example, if school administrators 

want to collect information about the school climate and how safe 

students feel, they may ask students the following questions 

(among others).

What MYP year are you in?

With which gender do you indentify?

How many siblings do you have in your school?

On average, how many minutes do you spend at

school each day?

1

2

3

4

Students at this school are treated

fairly by other students, regardless

of nationality or ethnicity.

5

Students show respect to other

students, regardless of their

academic ability.

6

All students in my school are

treated fairly, regardless of

their appearance.

7

strongly agree

somewhat disagree

somewhat agree

strongly disagree

strongly agree

somewhat disagree

somewhat agree

strongly disagree

somewhat agree

strongly disagree

strongly agree

somewhat disagree

Introducing data management



Data

Information that you collect is often called data.  

Data can be classied in the following ways.

Data

Qualitative Quantitative

Categorical

(nominal)
Continuous

Quantitative data contain values or numbers (quantities),  

whereas qualitative data represent words or descriptions (qualities).

Investigation 1 – Types of data
Here are some examples of each type of data. 

Categorical

● hometown

● hair color

● music genre

● breed of dog

Discrete

● number of students in a class

● how many pets your  

family has

● points scored in a 

bossaball game

● shoe size

Continuous

● hair length of students  

in the class

● gas mileage of cars

● how far you travel  

to get to school

● time taken to run 100m

Ordinal

● ranking a movie from 1 to 10

● answering 1, 2, 3, or 4 depending 

on how much you agree with a 

statement

● which year of the MYP (1 to 5) 

you are in

1 Write down samples of the type(s) of data that could be collected  

for each example. For example, breed of dog data could be Labrador, 

Border Collie, Chihuahua, Siberian Husky, etc.

2 Based on the examples, write a denition of each data type: 

categorical, ordinal, discrete, and continuous.

3 Compare your denitions with those of other people. If necessary, 

rene your denitions based on what you found.
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Continued on next page
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● Which kind of data do you encounter most often? Explain.

● Which kind of data do you think is the easiest to analyze? Explain.

Reect and discuss 2Reect and discuss 2

4 Classify each of the following types of data as either quantitative or 

qualitative and state which subcategory it falls under (categorical, 

ordinal, discrete or continuous).

● Types of game played by children

● Hours of on-screen time spent per week

● Types of boat on a lake

● Ranking your favorite sports

● Eye color of all the students in your class

● Weights of newborn babies in a hospital

● Heights of all bossaball players in a 

tournament

● Population of a country

● Languages spoken by students  

at your school

● Number of a person's siblings

5 Give your own example of each type of data.

Bossaball is a rather unusual sport,  

invented in Spain by Filip Eyckmans.  

The game requires a specially designed  

inatable court with a net running  

down the middle and a circular  

trampoline on each team's side.  

Bossaball combines elements of  

volleyball, gymnastics, football and  

capoeira, which is a type of martial art.  

The inatable surface allows for a  

whole new dimension in acrobatics, 

techniques and creative play. Bossaball 

courts can be set up in less than 45 

minutes and can be installed in diverse 

and unconventional locations.

6  Data management20 6 

Did you know...?
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Practice 1

1 Categorize the following data as categorical, ordinal, discrete or continuous. 

Justify each of your answers.

age shirt size (S, M, L) whether you are right-handed or left-handed

color of your favorite hat the day of the week on which you were born

the results of an election height grade on a nal exam your family income

your rating of a movie (1, 2, 3, 4 or 5 stars) your year of birth your phone number

2 If a survey contained the following questions, what kind of data 

(categorical, ordinal, discrete or continuous) would be collected?

a How many siblings do you have?

b How much time did you spend studying last night?

c How many texts do you send in a typical day?

d What is your favorite movie genre?

e What social media site do you use most often?

f How many times did you go to the cinema last year?

g Which class in school is your favorite?

h How long do you spend brushing your teeth?

3 Write down a question that would allow you to collect each of these types of data. 

Be sure not to repeat questions.

a quantitative b qualitative c ordinal 

d discrete e categorical f continuous 

4 Decide on a characteristic about your class, family, school or community 

that you would like to investigate. 

a Design a short survey (3 to 5 questions) that you could use to collect the required data.

b What type of data would you be collecting for each question?

c Describe the steps you would need to take to determine a trend or pattern 

in the characteristic over time.

S TAT I S T I CS  &  P R O B A B I LI T Y
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Continued on next page

Activity 1 – What makes a good graph?

1 a Summarize in one sentence 

what this graphic is telling you. 

b What trends or characteristics 

do you notice in the data that is 

being represented?

c Do you think this is an eective 

way to display the information? 

What aspects about it are eective? 

What aspects are not so eective? 

Explain your answers.

d Can you suggest another way to 

represent this data? Would this 

new way be better? Explain.

2 Gender parity is where the percentage of girls enrolled in or attending school is equal to the 

percentage of boys. This has been reached in primary schools in most countries, but gender 

parity at the secondary level is still an issue. Use the graphic to answer the questions below.

Gender parity at the secondary level

0.94 or less (girls less
likely than boys to be
enrolled)

0.97–1.00 (gender parity)

0.95–0.96 or 1.04–1.06
(near gender parity)

1.06 or more (boys less likely
than girls to be enrolled)

Data not available

Using graphs to represent data
Data management is the process of collecting data, organizing it, 

and then nally displaying the data so that you can interpret it 

and hopefully draw conclusions. The dierent types of data all 

need to be represented somehow, and each method of representation is 

more eective for some types of data than others. 

The most common way to represent statistical information is to 

use something called a graph. In statistics, a graph is an organized 

picture that represents data.

How much sleep

do you need?

1-year-olds: 15 hours

Newborns: 16–18 hours

2-year-olds: 13–14 hours

4-year-olds: 12 hours

10-year-olds: 10 hours

Teenagers: 8–9 hours

Adults: 7–8 hours



Practice 2

Students in one city answered the questions at the beginning of this unit (page 192), 

and their responses are shown in several dierent representations here.

1 What MYP year are you in?

a How eectively does the graph represent the data? Explain.

b In this graph, the size of the sections represents the 

percentages. If you were drawing this graph by hand, 

how would you achieve this?

c What trend seems to be happening in this city from Year 1 

to Year 5? Explain how the trend is visible in the graph.

d Does the graph explain why this trend is happening? Explain.

e Suggest reasons for the trend.

2 With which gender do you identify?

a Based on the graph, what can you conclude about the 

number of males and females in schools in Portland Bay?

b Can it be concluded that every school in the city has 

more female students than male students? Explain.

c Can the results of the graph be applied to schools  

across the country? Explain.

d What other information could be provided to  

make the graph more helpful or clearer?

e What might be a more eective way to represent  

the information in this graph? 
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Continued on next page

18%
21%

21%

20%

20%

Year 1

Year 2

Year 3

Year 4

Year 5

Percentage of students in

each MYP year

a Is there gender parity in your country? If not, who is more likely to be enrolled in 

secondary school, boys or girls?

b Give a summary (no more than a few sentences) of what this map is showing you. 

c What trends or characteristics in this information stood out when you were rst  

analyzing it? Justify your answer.

d Could this representation be considered a graph? Give your reasoning.

e What aspects of the map are eective in representing the data?  

What aspects are less eective?

f List the ve top characteristics of a good graph.

Percentage of males 

and females in

Portland Bay schools

0%

100%

Female Male
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3 How many siblings do you have in your school?

a Is this a graph? Explain.

b What conclusions can you draw from 

thisdata?

c Is the way in which the question is worded 

likely to cause any confusion? How could the question be rephrased?

d Why do you think this question was included in a survey on school 

climate and safety? Explain.

e What suggestions would you make to improve the way the data is 

represented? Explain your reasoning.

4 On average, how many minutes do you spend at school each day?

0 100 200 300 400

Number of students (thousands)

500

391 – 430 511 – 550

a How eective is the graph in representing the data? Explain.

b What suggestions could you give to make the representation  

more eective? Explain.

c What relationships do you think could be found between time  

spent at school and school safety? Explain.

d Could a graph like this show trends in the city? Explain.

5 Students at this school are treated fairly by other students regardless of nationality or ethnicity. 

Year 1 Year 2 Year 3 Year 4 Year 5

Strongly agree 40.1% 33.3% 28.3% 22.8% 20.1%

Somewhat agree 35.8% 38.9% 43.1% 46.5% 45.8%

Somewhat disagree 15.3% 19.1% 19.0% 20.1% 22.7%

Strongly disagree 8.8% 8.7% 9.6% 10.6% 11.4%

a Is this a graph? Explain.

b Describe any trends that you see in the data. Remember to look both 

across the rows and down the columns.

c Suggest reasons for each of the trends that you described. 

d If you were a parent, would this data trouble you? Justify your answer.

ATL2

6  Data management210 

Number of siblings Number of responses

0 1434

1 1509

2 878

3 + 122

Continued on next page



6 Students show respect to other students, regardless of their academic ability.

Suppose the following data was collected from the Year 1 students’  

responses to this statement.

● 11% strongly agree

● 22% somewhat agree

● 43% somewhat disagree

● 24% strongly disagree

a What would you need in order to be able to identify trends 

with Year 1 students? Explain.

b Does this data trouble you? Explain.

7 All students in my school are treated fairly, regardless of their appearance.

Suppose the following data was collected from the Year 1 students’  

responses to this statement.

● strongly agree – 88 students

● somewhat agree – 146 students

● somewhat disagree – 51 students

● strongly disagree – 19 students

a Represent this data using a graph.

b Describe the advantages and disadvantages of the graph you created.

c Are there certain kinds of data that are easier to represent? Explain.
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Types of graph

There are many dierent types of graph that you can use to 

organize and represent data. The goal is to organize data in the 

best possible way so that you can interpret it, draw conclusions 

from it, and perhaps even make predictions.

Frequency tables

In medieval Europe, people used a ‘tally’ or a ‘tally stick’ to keep 

track of things, like money. A frequency table uses tally marks in  

one column to keep track of items that are being counted. 

When the counting is done, the tallies are added up and the totals 

are entered as numbers in another column. 
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Year 5 students in a school were surveyed regarding how many 

hours they slept the previous night. Their answers were collected 

and are summarized in this table.

Number of hours of sleep Tally Frequency

< 4 0

4 ΙI 2

8 III 3

9 II 2

10 I 1

> 10 0

● What types of data would be useful to represent in a frequency table? Explain.

● When would using a frequency table be dicult? Explain.

● Where would your response to the question of how many hours you slept last night t in the 

frequency table? 

● Based on the table, it was concluded that most Year 5 students sleep between 5 and 7 hours 

per night. Do you agree or disagree? Explain.

Reect and discuss 3Reect and discuss 3

Go to sciencekids.co.nz/gamesactivities/math/

frequencytables.html and scroll down to the 

activity - you will see ‘Try this’ at the top of the 

activity box. Click the OK button to start. You 

will create frequency tables, and then represent 

the data in bar charts and pictograms.

e
b

li
nk

Once you have collected data, you can represent it using a graph 

like the ones that follow.
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Bar graphs

The data from the frequency table at the top of page 200 is shown here 

as a bar graph

76 8 109
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2
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8
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1

3

7

5

4 5

Number of hours of sleep

Sleep patterns of Year 5 students
F
re
q
u
e
n
c
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● How do the widths of the columns compare to each other?  

Is the width of the column important? Explain.

● What do the heights of the bars represent? How do you know  

how tall to draw them?

● What type of data (categorical, ordinal or discrete or continuous)  

could be easily represented in a bar graph? Explain.

Reect and discuss 4Reect and discuss 4

Line graphs

Line graphs are created by joining data points together with lines. 

The lines help you see how the data changes, and indicate trends 

in the data, which you can often use to make predictions about 

how the data will continue to change. 

One common type of line graph is called a time series graph.  

This is when time is on the horizontal axis.

The data in the table shows approximate worldwide smartphone 

sales in millions. Here is the line graph.

Label each axis and 

evenly distribute 

the numbers on the 

axes. However, the 

horizontal axis can 

have a dierent scale 

than the vertical axis.

Year
Smartphone 

sales (millions)

2007 120

2008 140

2009 170

2010 300

2011 470

2012 680

2013 970

2014 1250

2015 1420

2016 1495
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● Could a frequency table be used when collecting the smartphone 

data? Explain.

● What type of data (categorical, ordinal, discrete or continuous)  

could be easily represented in a line graph? Explain.

● How many smartphones do you think will be sold in the next year? 

And in the year after that? Justify your answer.

Reect and discuss 5Reect and discuss 5

Activity 2 – Time series

Time series is a common form of line graph in which time is represented on the horizontal axis and 

some other variable on the vertical axis. Such a graph displays how something changes over time. 

1 Match each photo description with one of the graphs, and state what units are on the y-axis.

Time
Time

Time Time

2 Given the time series graph below, think about what story might explain it. Time is along 

the horizontal axis but you need to decide the units (seconds, hours, etc.). You also need to 

decide the measure and scale of the vertical axis.

Time

Pulled the plug in a 

bathtub full of water

Walking home from school 

at a constant pace

A train accelerating 

out of the station

Sitting still for a 

period of time

a b c d
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Circle graph (pie chart)

A circle graph is a useful way of displaying 

data when you want to show how things 

are divided up. A full circle represents all 

of the data, and you divide the circle into 

sectors to show each category. The circle 

graph here represents how Year 1 students 

in England use their mobile phone.

● When constructing a pie chart starting with raw data,  

how would you know how big to make each sector?

● What type of data (categorical, ordinal, etc.) could be easily 

represented in a pie chart? Explain.

● Can you nd a trend in a pie chart? Explain.

Reect and discuss 7Reect and discuss 7

● What advantages does a time series graph have over the other 

types of graph you have seen so far?

● What type of data (categorical, ordinal, etc.) could be easily 

represented in a time series graph? Explain.

● Give an example of data that changes over time, but for which a 

time series graph might be a less eective representation. What 

kind of graph would be more appropriate? Why?

Reect and discuss 6Reect and discuss 6

Games

Productivity (email,

documents, etc.)

Social media

Texting

Mobile phone function most used

11.90%

5.60%

40.40%

42.10%

Activity 3 – Creating a pie chart by hand

When producing a pie chart by hand, you will need a protractor and a 

compass. The ‘pie’ is divided into sectors. As there are 360° in a circle, 

the degree measure of each sector must be calculated so that it is 

proportional to the amount of data that it will represent.

For example, a survey of 100 students found that the average 

adolescent consumes 2000 calories per day, and those calories  

come from the types of food shown in the table on the next page.

Continued on next page
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Practice 3

1 The graph below shows the literacy rate for most of the world’s population.

M

0%
Industrialized

countries

Central/

Eastern

Europe,

parts

of Asia

Southern

and Eastern

Asia, Pacific

Middle East

and

North Africa

Eastern and

Southern

Africa

Western and

Central

Africa

Latin America

and the

Caribbean

20%

40%

60%

80%

100%
F M

F

M F
M

F

M

F

M

F

M

F

ATL2

Type of food
Number of 

calories
Fraction of total Degree of sector

home cooking 1400

fast food 400

junk food 200

1 For each category of data (in this case, type of food) calculate 

the fraction of the total that the data represents. Enter this in the 

appropriate column.

2 Multiply each fraction by 360 and enter the value in the last column. 

Make sure that the column total is 360.

3 Draw a circle using a compass. Be sure to clearly mark the center.

4 Draw a line from the center to the top of the circle. This will  

be your starting point for plotting the results.

5 Starting on this line, draw the home cooking sector so  

that it spans the number of degrees in your table. 

6 Repeat step 5 for fast food and junk food, starting from  

the last line you drew each time.

7 Add a title and any necessary numeric information that you wish. 

Create a key and color code the pie chart.
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Literacy by region

Continued on next page



a What type of graph is this?

b What characteristics can be seen in this representation? 

c It has been reported that the number of people who are illiterate has 

gone down signicantly over the past 30 years. Is this represented 

in the graph? Explain. 

d If you were to see graphs of the same data, collected 5 and 10years later, 

what trend would you hope to see? Explain how that trend would be visible 

in the graphs.

2 The graphs below represent how Year 5 students at a particular school 

spend time on weekends. They were rst surveyed in 2005 and then 

again in 2010.

Time spent on weekends

2005

Shopping

Reading

Eating
out

Watching
movies/TV

With
family
and

friends
Shopping

Reading

Eating
out

Watching
movies/TV

With
family
and

friends

2010

Internet
HobbiesInternet Hobbies

Fitness

Travel

Travel

Fitness

a Suggest percentages for each sector of the graphs. 

Make sure they total 100% for each graph.

b What trends do you notice between 2005 and 2010?  

Suggest reasons for each of these trends.

c Write down a question that would collect the data necessary

to create these graphs. What kind of data (categorical, ordinal, 

discrete or continuous) would this question collect? 

d Pose your question to at least 20 Year 5 students and 

collect the data. You may add new categories if you need to.

e Create a pie chart for the data you collected.

Programs like 

MSExcel can help 

you draw graphs 

like those in this 

question.

Continued on next page
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3 a As a class, decide what movie genres most people like, such as comedy, 

sci-, action, animation, etc.

b Create a frequency table to help you ll in the  

data on favorite movie genre as you collect it.

c Write down a question that you could ask in  

order to collect data on movie genre preferences.

d Conduct a survey of your class and ask students to  

vote for the one movie genre that is their favorite. 

e Tally the responses and then ll in the frequency column. 

f Now create a bar graph to represent the 

movie preferences in your class.

g Calculate the percentage of the class  

that prefers each movie genre.  

Show your working.

h Represent the same data using a circle 

graph.

i Which type of graph do you think 

represents the data most eectively? Why?

4 The graph below represents data collected about where bullying occurs 

in schools in Ontario, Canada.

Classrooms

Hallways

Gym 5%

Locker rooms

Washrooms

Lunch room

9%

0% 5% 10% 15% 20%

Percentage of students

25% 30% 35%

24%

13%

8%

13%

28%Outside, on school property

Where bullying occurs in our schools

ATL1

In part e, add up all 

the numbers in the 

frequency column to 

determine the total, 

and double check 

that your total is the 

same as the number 

of students in your 

class.

Continued on next page

0

2

4

9

10

8

6

1

3

7

5

Comedy Sci- Action Animation

Mo

Movie preferences in the class

N
u
m

b
e
r 

o
f 

s
tu

d
e
n
ts

6  Data management218 



a Which aspects of this graph are eective?  

Which ones are less eective? Explain.

b Represent the same data using a pie chart.

c What are the advantages and disadvantages of 

a pie chart compared to the original graph? Explain.

d How do these representations compare to just 

representing the data in a table like this one? 

e Which representation (bar chart, circle graph or table) 

allows the data to be interpreted most eectively? Explain.

5 Residents in a beachside community gathered data on the types of trash that were 

picked up by community members during 42 weekend clean-ups. The data from 

the table is represented on the line graph.

Total number of pieces of trash by type

Cigarettes Styrofoam Plastic Paper Wood Metal Glass Cloth Rubber Other Total

Total of 

42 trips
13 546 6278 5324 4876 1080 663 603 278 257 359 33 264
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Trash collected by Sandalwood Beach residents:

Type and percentage total 

For each question below, be  sure to provide an explanation.

a Is a line graph an eective way to communicate this data?

b What mistakes were made when creating the graph? 

c Draw a bar graph and a pie chart to represent the percentage of trash collected 

in each category. Which graph is the most eective way to represent this data? 

d What characteristics of beach trash does this data suggest? 

e What characteristics of beachgoers does this data suggest? 

Location Percentage

Classrooms 9

Hallways 24

Gym 5

Locker rooms 13

Washrooms 8

Lunch room 13

Outside, on school property 28
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Using the dierent graphs

Knowing when to use each type of graph can help you to both present and 

interpret any data that you collect. In the following investigation, you will 

explore the advantages and disadvantages of the three graphs in this unit.

Investigation 2 – When to use the dierent graphs

You will be given a packet of candy that comes in a variety of dierent colors.

1 Open your packet and sort the candy into colors. Set up a frequency table to 

organize your data. Once your table is complete, double check your total against 

the actual number of candies that you have.

2

the vertical axis will be and clearly label both the chart and the axes.

3

each sector will be, you may round your answers to the nearest degree. 

Double check that all of your answers add up to 360. Using a protractor, 

create the pie chart, complete with titles and a colored key.

4 Which type of chart is the most eective at representing this data? Explain.

5 Explain why a line graph is not appropriate for this kind of data.

The table below details the cost of a 1 oz unit of a popular candy from  

1936 until 2016 (USA currency)

Year Cost per oz (cents) Year Cost per oz (cents)

1936 5 1977 16.7

1941 5 1978 20.8

1947 5 1980 23.8

1955 5 1983 24.1

1960 5 1986 27.6

1965 5 1991 29

1966 5.7 1995 32.3

1968 6.7 2003 51.6

1970 7.3 2007 54.5

1973 7.9 2010 61.2

1974 10.7 2013 63.9

1976 12.5 2016 70

6 Represent this data as a graph and give an explanation as to why your choice of 

graph type is the most eective for this data set.

7 In no more than a few sentences, give a summary of what this graph is showing 

you and explain the trend. 

8 Based on this graph, predict what the price of this candy will be in 2025.

9 Create a table that lists the dierent types of graph and presents the main 

characteristics of each, as well as what type(s) of data each type of graph best 

represents.
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● Which type of graph, if any, is most eective for representing the 

following types of data? Explain.

● categorical ● ordinal ● discrete ● continuous

● Which type of graph is most eective at representing a trend? 

Explain, perhaps by including some examples.

Reect and discuss 8Reect and discuss 8

Continued on next page

Activity 4 – Analyzing dierent graphs

1 The following data shows the hourly breakdown of activities  

of a typical Year 1 student.

As a bar graph, the data is represented like this:
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As a pie chart, the data is represented like this:

Typical day of a Year 1 student
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29%
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Using both graphs from page 209, answer these questions.

a Which activity takes up the least amount of a typical Year 1 

student’s time? Which activity takes up the most amount of time?

b How much time does homework take in a day?

c You can list the actual number of hours on top of each bar in 

the bar graph. Do you think this would have been more or less 

eective? Explain.

d You could put the number of hours on the pie chart instead of 

the percentage. Do you think this would have been more or less 

eective? Explain.

e Which graph do you think represents the data more eectively? 

Explain your choice.

f Why was a line graph not used? Justify your answer.

2 Below is a line graph that shows the sugar consumption of people 

in the United Kingdom since the 1700s.
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a Describe the trend in sugar consumption. 

b In 1874, William Gladstone abolished the sugar tax in England. 

How do you think that impacted the consumption of sugar? 

Where do you see that on the graph?

c There are two large dips in the graph after 1900. What world 

events might have been going on at that time? Why would that 

have aected sugar consumption?

d Give an example of when the sugar consumption doubled over a 

span of years. (The years will be approximate.)

e What general trend is indicated by the graph? Justify your reasoning.

f When would you predict annual sugar consumption to be  

80 kg per person? Explain your reasoning.

g Explain why you could not represent this data in a pie chart.

h Could you represent this data in a bar graph? Explain.



Practice 4

1 The graph shows the drink preferences of a group of high school 

students who were surveyed at their school cafeteria.
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water juice smoothie

a What is the most popular drink?

b How many students prefer to drink juice?

c How many students prefer to drink tea or coee?

d How many students were surveyed to collect this data? 

How many responded in each category?

e Represent this data using a circle graph.

f Which is the most eective representation for this data? Explain.

g What trends, if any, are visible in this graph? Justify your reasoning.

2 The pie chart on the next page illustrates the number of times 

adolescents in developed countries go online each day for personal use.

a What is the most common number of times an adolescent 

goes online for personal use?

b Calculate the sector angle that would be needed for each 

category if you were to draw this pie chart by hand.

● Why is being aware of the dierent types of data (categorical, 

ordinal, discrete and continuous) important?

● Is it always possible to represent the same set of data with each of 

the three graphs? Explain.

● How does the way in which information is represented impact our 

ability to interpret it?

Reect and discuss 9Reect and discuss 9

Continued on next page
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c What characteristics of adolescent 

internet usage are revealed in the 

pie chart? Explain.

d Represent this data using a 

dierent kind of graph. Which 

graph is more eective? Explain 

your reasoning. 

e Create a question to collect similar 

data from your peers and then ask 

at least 20 people.

3 In a national poll in the United States conducted by CS Mott Children’s Hospital, 

adults aged 18 and over were asked to categorize a list of concerns as ‘a big problem’, 

‘somewhat of a problem’ or ‘not a problem’. The following list represents the top ten 

‘big problems’ among the adults who responded. 

Concern Percentage

Bullying 57%

Obesity 56%

Drug abuse 52%

Internet safety 49%

Stress 46%

Child abuse and neglect 45%

Sexting 44%

School violence 42%

Suicide 41%

Depression 40%

a What do you think is the best way to present this information? 

Justify your choice and graph it.

b Do you think these are large concerns in your community? 

Would you rank these concerns dierently?

c Do any of these concerns stand out to you? Why?

d Your teacher will poll the class and ask for your top ‘big problem’. You may choose 

a concern of your own, or one from the table. Once all the data is collected, graph 

the results of the class using the most appropriate form of representation.

e Are the class results similar to or dierent from the data above? 

Explain why you think this is the case.

How often adolescents are online

Several times a day

Once a day

Almost constantly

Once a week

Less than once a week

60%

10%

25%

4%

1%

2 24 

Continued on next page
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4 At least once every 10 minutes a child is bullied and the resulting interventions

are listed in this table.

Adult intervention 4%

Peer intervention 11%

No intervention 85%

a Which type of graph would be the most eective way to represent this 

information? Justify your choice and create the graph.

b Summarize in one sentence what the statistics are representing.

c Do any of these percentages concern you? Why?

In this task, you will investigate your own neighborhood and create 

three dierent graphs that reveal characteristics of your community.  

You will include one line graph, one bar graph, and one circle graph.  

You will choose characteristics that are of interest to you, and choose  

the most appropriate type of graph to illustrate the data that you gather. 

1 In your inquiry book, answer these questions in complete sentences.

● What data would be appropriate for a bar graph?

● What data would be appropriate for a line graph?

● What data would be appropriate for a circle graph?

2 Choose three characteristics of your neighborhood and collect the 

data necessary to create the graphs. You may be able to collect the 

data by doing research or by walking around your community.  

If you need to, write questions that pertain to your topic and collect 

data by asking people in your neighborhood.

3 Create a bar graph, a line graph, and a circle graph from your data. 

Your teacher will tell you if you are creating these graphs by hand 

or using a computer programme such as Excel or Google Sheets. 

Remember to choose an appropriate scale, and do not forget to  

label the axes.

4 Organize your work by characteristic. Display the collected data in a 

table (along with the question asked, if appropriate). Indicate whether 

the data is categorical, ordinal, discrete or continuous, and include the 

graph used to represent the data.

5 Draw a conclusion related to each characteristic. What does your data 

reveal about your community?

Formative assessment – My neighborhood prole 

ATL1
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Continued on next page
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6 Search online for ‘what toothbrushes tell us about inequality’. Look at the 

photos produced by Dollar Street to see how dierent people around the world 

clean their teeth. What category would you t into to? Choose one of the other 

categories and predict what the three graphs about their lives and communities 

would look like. Sketch the three graphs and justify your reasoning.

Now reect.

7 How do you think your graphs would dier from those of a student in 

another country?

8 How does the way in which information is represented impact our ability to 

interpret it?

9 What makes one representation more eective than another?

Making comparisons and showing trends

For comparisons, you can create a multiple bar graph, or multiple 

pie charts, using the same scale, or put two or more lines on the 

same set of axes (multiple line graphs), as shown below. Using 

several bars, pie charts or lines can help demonstrate trends and 

show similarities and dierences between groups. 
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Average monthly temperature for three African cities
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● Which graph(s) show trends in a community? Describe these trends.

● Which graph(s) reveal characteristics about a community?  

Describe these characteristics.

● Could the data in the multiple bar graph be represented using a 

multiple pie chart or a multiple line graph? Explain.

● Could the data in the multiple pie chart be represented using a 

multiple bar graph or a multiple line graph? Explain.

Reect and discuss 10Reect and discuss 10

Activity 5 – Comparison graphs

Some Year 1 students were asked, ‘What is the greatest source of 

stress in your life?’ Their responses are shown in this table.

Stressor Year 1 Year 3 Year 5

School 36%

Family 45%

Friends 15%

Dating/relationships  4%

1 Fill in the rest of the table based on how you think students in each 

year would respond to the same question.

2 Compare your table to four of your peers. What trends do you 

predict will happen as you get older? Justify your answer.

3 Create a pie chart for each year, putting them side by side. 

ATL2

In part 1, make 

sure each column 

totals 100%.

Continued on next page
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● List the advantages and disadvantages of each type of graph.

● If you wanted to show that a trend existed in data you collected, 

which graph would you choose?  Explain.

● If you wanted to hide a trend, which graph would you use? Explain.

Reect and discuss 11Reect and discuss 11

Practice 5

1 The graph shows the average heights of 

Japanese adolescents aged 5 through 17.

a Estimate:

i the average height of a male at  

age 8

ii the average height of a 10 year old.

b In your own words, compare the 

heights of girls and boys over the  

12 year period.

c How would these statistics dier 

around the world?
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Average heights of Japanese

adolescents by age

Continued on next page

4 Create a bar graph for the stressors, putting all of the data on one 

graph. Group the data by year, showing all of the stressors side by 

side.

5 Create a bar graph for the stressors, putting all of the data on one 

graph. Group the data by stressor, showing the years side by side.

6 Create a line graph for the four stressors, showing the data for Years 

1, 3 and 5. Put the three lines on one graph, but use a dierent color 

for each year group. 

7 In which graph are the trends you predicted most visible? In which 

are they the least visible? Explain. 

8 Which representation do you think is the most eective? Explain 

your choice.
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d Is this the most eective way to represent this data? Explain.

e What characteristics of Japanese adolescents, if any, are visible in this graph? 

Justify your answer.

f What trends among Japanese adolescents, if any, are visible in this graph? 

Justify your answer.

2 The following graph shows the favorite sports of students at an international school.
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Favorite sports of students at

an international school

a What is the most popular sport?

b What sports are more popular with girls than boys?

c How many boys said golf was their favorite sport?

d How many students said tennis was their favorite sport?

e How many students were surveyed to collect this data? Explain.

f How many students had a favorite sport that was not listed as an option in 

this survey?

g Do you think it is acceptable to have a column for ‘other’? 

Why or why not?

h Is this the most eective way to represent this data? Explain.

Continued on next page
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3 The table presents data about the modes of transportation used by a group of 

middle school students and a group of high school students to and from school. 

60 middle school students said they take public transport.

a How many middle school students were 

surveyed? How many middle school 

students walk to school?

b Represent this data using two pie charts. 

Show how you calculated the angle for 

each mode of transportation. 

c Represent this data using multiple bar charts on the same graph.

d Which graph do you think is the most eective way to represent this data? Explain 

your reasoning.

e What characteristics about the middle school students surveyed 

does this data reveal? Justify your answer.

f What characteristics about the high school students surveyed 

does this data reveal? Justify your answer.

g What trends among students as they transition from middle school 

to high school are suggested by this data? Explain.

4 In a recent survey, when asked if their teenage child had consumed alcohol in the last 

12months, 15% of parents said yes while 85% said no. However, when the teenagers 

themselves were asked, 50% said yes and 50% said no. 

a Design a graph to represent this data.

b If you were to write an article that discussed the results of this survey, 

what headline would you use to summarize these statistics?

c Based on this information, would you be able to identify a trend 

in family communication between parents and teenagers? Explain. 

Would you need other information?

d Does this data trouble you? Explain.

Mode Middle school High school

bike 11% 8%

walk 12% 12%

skateboard 5% 12%

car 24% 36%

public transport 48% 32%

Misleading graphs

Graphs are meant to represent data in a fair and meaningful way. 

However, it is possible to create graphs that are misleading or that 

make trends less visible. Part of being media literate is being able 

to determine when a graph is misleading or is hiding information 

and trends.
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Activity 6 – Interpreting scale

Trends in social media are showing that teenagers enjoy a large 

variety of choices, from texting and photo apps to micro-blogging  

and even self-destructing apps.

1 Below is a graph showing the percentage of teenagers (who have 

access to and use social media) who use Facebook.

Teenage use of Facebook
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The title of the article where this graph appeared was:  

‘Facebook no longer popular with teenagers’.

a Do you agree with the title of the article?

b What vertical scale was used in this graph?

c Is the scale appropriate? Explain.

d Why do you think this scale was chosen?

2 Here is the exact same data displayed dierently.

Teenage use of Facebook
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Continued on next page
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● Explain how data can be misrepresented. 

● Can you think of another way the data in Activity 6 could be 

displayed that would also be inappropriate? Explain.

Reect and discuss 12Reect and discuss 12

Practice 6

1 These graphs show the homicides per 100000 people in each of three countries.
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a Summarize the homicide rate of each country over the 30-year period.

b Do you think it’s fair to use these graphs as a way to compare crime rates 

of the three countries over the 30-year period? Justify your response using 

features of the graphs.

Continued on next page

a How has the vertical scale changed?

b Explain why the line does not look as steep.

c Which scale do you think is more eective, and why?

d Looking at the graph now, what conclusion can you draw about 

the percentage of teenagers (who have access to and use social 

media) who use Facebook?

e Based on the trends above, what do you predict will happen to 

teenage usage of Facebook over the next few years?

f How did the dierent representations impact how you 

interpreted the data? 

ATL2
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2 Obesity prevalence in youth is represented in this line graph.

Obesity prevalence in youth (age 2–19)
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a Summarize what the statistics are representing. Is there any information missing?

b What is the general trend in this data?

c Based on this trend, what do you think the obesity rate among youth would be 

today? In 10 years? Justify your predictions.

d List how you would improve the representation of this data.

3 The number of violent crimes per 100000 residents for six large American cities is 

represented in this multiple line graph.

a What is the general trend in violent crime for these cities?

b Do you think it is fair to 

compare these cities in 

this way? Explain.

c The city of San Diego 

used the graph to 

advertise, ‘We have 

always been one of 

the safest cities in 

America.’ Is that a fair 

interpretation of the data? 

Justify your answer.

d Suppose the mayor of 

Chicago used the graph 

to explain, ‘Our violent 

crime rate has fallen so dramatically that it is now essentially equal to that of other 

large cities’. Would that be a fair interpretation of the data? Explain.
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Continued on next page
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4 The two graphs shown here represent the same data regarding child labor.

Regional trends in incidences of child labor
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a Explain any dierences between the graphs.

b Write a conclusion that would be true for the rst graph but 

not the second one.

c Write a conclusion that would be true for the second graph 

but not the rst one.

d If you wanted to compare child labor in dierent regions of the world, 

which graph more fairly represents the data? Explain. 

e Is either graph ‘wrong’? Explain why someone would prefer to 

create the rst graph instead of the second one.

5 Find a misleading graph on the internet and address each point below. 

Present your work in a digital platform of some kind.

a Explain the elements of the graph that are misleading.

b Create a graph of the same data that is a fairer representation.

c Create a headline that summarizes a conclusion that can be drawn 

from the misleading graph.

d Create a headline that summarizes a conclusion that can be drawn 

from the fair graph.

Continued on next page
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6 This chart was used in an article that claimed, ‘High school graduation 

rates have increased dramatically under new government!’

2007–08 2008–09 2009–10 2010–11 2011–12 2012–13

75%

81% 82%

2013–14

75%

78%

79%
80%

High school graduation rates

a Explain whether or not you think the claim is justied from the graph.

b List any factors that make the graph misleading.

c Draw a graph that would represent the data more fairly and eectively.

d Write down a conclusion that could be drawn from your new graph.

e Explain how your conclusion is dierent than the original. 

Suppose data on graduation rates were gathered from several decades and 

represented in this line graph.
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f What in this graph, if anything, is misleading?

g How could this graph be used to justify the original conclusion about 

there being a dramatic increase in graduation rates?
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Unit summary
Quantitative data, represented by quantities, can be either discrete

or continuous. Discrete data are countable (1, 2, 3, …), such as the 

number of students in a class. Continuous data can be measured 

and can take on any numeric value, such as how tall a person is.

Qualitative data, represented by words or numbers, can be either 

categorical (nominal) or ordinal. Categorical data can be of one or 

more categories, though the categories do not have any order to 

them. Hair color, music genres, drink preferences are all examples 

of categorical data. Ordinal data also have categories, but these 

now have an order, such as ranking something as low, medium or 

high.

The most common way to represent statistical information is 

to use a graph. In statistics, a graph is an organized picture that 

represents data.

A frequency table uses tally marks in one column to keep track  

of items that are being counted. When the counting is done, 

the tallies are added up and the total is entered in another 

column.

Mark Tally Frequency

4 ΙI 2

5 II 2

6 IIII 4

8 IIII 4

9 II 2

10 I 1

A bar graph displays data using bars of dierent heights.  

A bar graph can include multiple bars for multiple sets of data.
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A line graph is created by joining data points with lines.  

A line graph can include one or more lines.

Time series is a common form of line graph in which time is 

represented on the horizontal axis.
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A circle graph (pie chart) uses a circle divided into sectors to show 

the percentage of each category represented. Several pie charts 

together may be used to compare data.

Pesticide residues on organic and conventional produce

Conventional produceOrganic produce

Traces

Residues

Free of

residues

30%

5%

65%

74%

18%

8%

When creating a pie chart by hand, you divide the pie into sectors. 

Since there are 360° in a circle, the degree measure of each sector 

must be calculated so that it is proportional to the amount of data 

it represents. For example, 10% would be represented by a sector 

spanning 36o

Graphs can be misleading if the scale is not properly chosen or if 

an ineective graph is selected to represent data.
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Unit review

Key to Unit review question levels:

Level 1–2 Level 3–4 Level 5–6 Level 7–8

1 This infographic, compiled by Homelessness Australia, shows 

the dwelling situation for homeless people in Australia.

Improvised dwellings, tents or sleeping out

Supported accommodation for the homeless

Staying temporarily with other households

Boarding houses

Other temporary lodging

Severely overcrowded dwellings

6%

20%

17%

17%

1%

39%

a What kind of data (categorical, ordinal, discrete or 

continuous) is being collected? Explain your reasoning.

b Describe what this graph is displaying.

c What aspects of this graph make it eective? What aspects 

make it less eective? Give reasons for your answers.

d What type of graph do you think would be more eective at 

representing this data? Explain your choice. Draw the graph.
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2 In a survey carried out in the US on youth risk 

behavior, it was found that of the 68% of high 

school students who rode bikes in the last year,  

81% of them rarely or never wore helmets.

a What kind of data (categorical, ordinal, discrete 

or continuous) was collected?  

Explain your reasoning.

b What aspects of this graph make it eective? 

What aspects make it less eective?  

Give reasons for your answers.

c What does this tell you about youth risk 

behavior?

3 Data was gathered on cyberbullying in a school. 

Male (n = 220)

Female (n = 217)

Cyberbullying by Gender
(Random sample from one school in midwestern US)

I have been

cyberbullied

(lifetime)

I have

cyberbullied

others

(lifetime)

Type of bullying

I have been

cyberbullied

(previous

30 days)

I have

cyberbullied

others

(previous

30 days)

I spread

rumors

online about

others

I posted

a hurtful

picture

online

Someone

posted

hurtful

comments

about me

online

Someone

posted a

 hurtful video

about me

online
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a What characteristics do you see in this school? Explain

b Why would a pie chart not be an eective way to represent 

this data? 

c Based on the graph, does cyberbullying seem to be a 

problem in this school? Justify your answer.

68%

81%
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Hours of homework

completed last night
Tally Frequency

1

2

3

4

5

6

4 The following was published in a newspaper about the 

increase in Cooper’s hawks in a local community.

Cooper’s hawk population soars
A deadly combination of shootings and a pesticide, DDT, caused the Cooper’s hawk population
in Illinois to stay at low levels throughout the 20th century. However, over the past few years, the
raptor has made a strong comeback.

SOURCE: NATURAL HISTORY SURVEY AUSTIN BAIRD THE DAILY ILLINI
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a Explain how the graph matches the headline.

b What aspects of the graph are misleading or unclear? 

What would you need to know in order to create  

a graph that more clearly represented the data?

c Write down a new headline for the graph that is more 

representative of the data.

5 As a class, ll in a copy of this tally chart.

a What type of data (categorical, ordinal, 

discrete or continuous) was collected?

b Draw a bar graph to represent the data.

c Draw a pie chart to represent the data.

d Which representation is the most 

eective? Explain.

e What characteristics about your class 

does this reveal?
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6 A study was done to collect data on the amount of homework 

required from students at a school in Canada.

a What type of data is ‘Grade level’?  

What type of data is ‘Hours of homework’?

b What is the average amount of homework 

required daily from a Grade 6 student?

c How much does that increase in Grade 7?

d In what grades are there no homework 

requirements?

e In what grade are the homework requirements 

double those in Grade 6?

f Between which two grades is there the greatest 

increase in homework requirements?

g What is your prediction for the number of hours of 

homework that a Grade 11 student will have?

h Explain why you could not represent this data in a pie chart.

i Should this data be represented in a line graph? Explain

j What would be the most eective way to represent this 

data? Draw the graph using the given data and explain why 

it is the most eective representation.

7 Year 3 students in a school were asked for their grade in a 

science class, and about the use of their cell phone in the class.

Frequency of cell phone use per class Average grade in class (1–7)

0 6.5

1 6.3

2 6.2

3 5.8

4 5.5

5 5.2

6 4.7

a Draw two dierent types of graph to represent the data. 

Discuss the eectiveness of each graph.

b What trends do you see in the data? Justify your answer.

c Propose an explanation for the trends you see in the data.

d Explain how this data would impact your use of a cell 

phone in class.

ATL2

Daily homework requirements
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8 The data below represent the participation rate in various 

sports based on the family’s income level.

BASKETBALL

SOCCER

SWIMMING

LACROSSE

OVER $100k

16%

13%

8%

10% 16% 14% 56%4%

16% 12% 21% 43%

19% 16% 17% 35%

21% 19% 15% 29%

a Draw multiple pie charts to represent the data  

(one pie chart for each sport).

b Which representation do you think is more eective, 

the original bar graph or the pie charts? Explain

c What characteristic about families do you see in this data? 

Justify your answer.

d Based on the graph, which sport do you think is the most 

expensive to play? Explain

e How can a community increase participation in sports by 

families that don’t necessarily have the means to aord it? 

9 An earnings ratio shows how much someone earns in 

comparison to a standard. The standard is usually represented 

by 1.0, so an earnings ratio above 1.0 means earning more 

than the standard. An earnings ratio less than 1.0 means 

earning less than the standard. The earnings ratios for a range 

of education levels are represented in this bar chart.

Not a

high school

graduate

High

school

graduate

Education level

0.0

1.0

2.0

3.0

0.5

1.5

2.5

E
a
rn

in
g
s
 r

a
ti
o

Some

college,

no degree

Bachelor’s

degree

Doctoral

degree

Associate

degree

Master’s

degree

Professional

degree

0.71
1.00

2.74

1.97

2.58

1.66

1.13 1.24



243

a Which education level is the standard against  

which others are compared?

b What information does the graph convey?  

Explain your reasoning.

c How much education would you need in order to earn at 

least twice as much as a high school graduate?

d Is this the most eective way to represent this data? 

Explain

10 A study of the number of texts sent per day produced the 

following data.

Number of texts  

sent per day

Percentage of  

teen responses

Percentage of 

adult responses

0 2% 9%

1 – 10 22% 51%

11 – 20 11% 13%

21 – 50 18% 12%

51 – 100 18% 7%

101 or more 29% 8%

a Use technology to represent each column of responses 

with a circle graph.

b Use technology to represent this data using multiple 

bar graphs. 

c Which representation is more eective?  

Explain your answer.

d What characteristics about each age group does this reveal 

regarding texting? Explain

e Draw a graph for how you think the same age groups 

would have responded ten years ago. Explain your graph.

f Draw a graph for how you think the same age groups will 

respond ten years from now. Explain your graph.

ATL

1&2

You can 

create a 

wide range 

of graphs in 

Microsoft Excel or 

Google Sheets.
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11 A study collected data on media usage and other elements 

of life for a group of of 8- to 18-year-olds. The data is 

represented in the tablebelow.

Media, grades and personal contentment

I am a heavy 

user of 

media

I am a 

moderate user 

of media

I am a 

light user 

of media

I get good grades 51% 65% 66%

I get fair/poor grades 47% 31% 23%

I have a lot of friends 93% 91% 91%

I get into trouble a lot 33% 21% 16%

a Based on the table, describe characteristics of heavy users 

of media compared to light users. Does anything surprise 

you about the data?

b Create a question that could have been asked to collect 

the data on students’ grades. Explain how it is possible  

that the responses for a media user’s grades do not add 

up to 100 percent.

c Represent this data in a more eective form.  

Explain why that form is more eective.

d Collect the same data from your class. Represent 

the class data in the most eective form. Describe

dierences between your class data and the data given 

above.

e Would you change your media usage based on this 

information? Explain your reasoning.
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12 The following data is for the ve largest African countries 

bypopulation.
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Nigeria Ethiopia Egypt

Country

Congo South Africa

Population with access to an uncontaminated

drinking water source in 2015

Rural areas

Urban areas

a What is the dierence between a rural and an urban area?

b Which country has the lowest percentage of access to safe 

drinking water in rural areas?

c Which country has the lowest percentage of access to safe 

drinking water in urban areas?

d Overall, which country has the most access to safe  

drinking water?

e Represent this data using multiple pie charts.  

Which representation is more eective? Explain

f If your country is not one of the ve in the chart, go to the 

World Health Organization (who.int), click on ‘Data’ and 

look up the world statistics data visualizations dashboard 

and select ‘Drinking water’. Search for your country and 

compare these results to those of the African countries. 

Are the percentages higher or lower in your country? 

Why do you think that is?
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Summative assessment

Should your community be concerned?

You will be creating a one-page poster that highlights a 

particular community issue. The poster must include at least 

three graphs (bar, circle, and line), a summary and analysis of 

the graphs, key statistics, trends and predictions that you see, 

and possible next steps.

You will create the poster by hand or using 

technology, as directed by your teacher. If using 

technology, you can create an infographic using a 

free program such as Piktochart (piktochart.com) 

or Canva (canva.com) and create the graphs within 

the program. Alternatively, you can import all your 

graphs from graphing software such as Excel or 

Google sheets.

Part 1–Collecting the data

You will be researching a variety of community issues, such as 

school attrition (drop out) rates, homelessness, 

trac safety, environmental problems, poverty, 

transportation, drug use or crime that occur in your 

community, city or town. Once you have done 

some research, you may choose a particular area to 

focus on, or your teacher may give you a particular 

issue to look at. You may collect the data yourself 

using a survey or you may collect data from online 

sources. Make sure you collect data to display in:

● a bar graph or multiple bar graphs

● a circle graph (pie chart) or multiple circle graphs

● a line graph or multiple line graphs.

At least one graph needs to represent multiple data sets 

(for example, a multiple bar chart, multiple line graph or multiple 

pie charts).

ATL
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Part 2–Displaying the data

Create at least one of each type of 

graph, making sure each has  

a relevant title, all axes are labelled, 

and legends are clear and color-coded 

where appropriate. The graphs must be 

of an appropriate size to ensure all the 

information is clear.

Part 3–Analyzing the data

Use your graphs to analyze the data and 

summarize your ndings in paragraph 

form. Present your data and ndings in 

a digital format that includes:

● a headline for the data/conclusion

● a general statement (summary) of your data

● any patterns or trends that you see

● changes that have taken place over the years

● predictions for the future based on your data, and justications 

for these predictions.

Part 4–Reect and discuss

Also, in your presentation, include a reection that answers the 

following questions, making clear reference to your data and ndings.

● Should the community be concerned? If so, what could you 

do to help address the community concern you identied?

● Whose responsibility is it to identify and x problems 

within your community? How about other communities 

around the world?



In this unit, you will see that being able to dene and calculate 
the amount of space taken up by an object is an important step 
in guring out how to minimize its impact on the environment.  
However, shapes and space also play an important role in 
understanding a wide range of other global contexts.

Perimeter, area  
and volume  7

Fairness and development

Questions of power and privilege

How much space does a human being need in order to live?  Why do some people have 
so much space while others have so much less?  Perimeter, area and volume can be 
used to analyze housing settlements around the world, and to illustrate the stark 
dierences between those who have power and privilege and those who do not.

At the same time, it has been said that less than 5% of the world’s population uses at 
least 25% of its natural resources.  What problems might this pose?  

Calculating the volume of resources that are available and the extent of the damage 

caused to the planet in obtaining them can help to further demonstrate the inequality.  
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Orientation in space and time

Urban planning in ancient civilizations  

We can study the great ancient civilizations through what 
remains of their architecture and the products that they 
created.  The Ancient Egyptians and Chinese produced 
impressive structures that can be analyzed by looking at 
the space they occupy and shapes chosen.  Whether it’s an 
obelisk covered in ancient writing or the Great Wall of China, 
looking at perimeter, area and volume can help us understand 
the magnitude of a project and give important insight into the 
civilization that created it. 
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The Rama empire existed in what is now Pakistan and India. The empire was 
so advanced that its cities, including Mohenjo-daro, were carefully planned 
before their construction. The use of rectangular structures for the city grid 
and the housing predates evidence of the basic principles of geometry. More 
impressive still is the fact that the sewage system they developed was more 
sophisticated than those found in many cities today!



Related concepts: Generalization and Measurement

Global context
In this unit you will explore the global context of globalization and 

sustainability as you discover how being able to calculate perimeter, 

area and volume can help improve decisions that impact the environment. 

From the tiny house movement to alternative energy sources, knowing 

how to analyse shapes and the space they occupy can help you do your 

part to make the planet a liveable place for future generations.

Inquiry questions
What can be measured?

What is the relationship between  

area and volume?

How are relationships between 

measurements generalized?

What is the cost of being 

environmentally friendly?

What is really influencing  

decision making?

F

C

D

Objectives
● Generalizing the relationship between the area 

and perimeter of a rectangle, and between 

the areas of a triangle and a rectangle

● Finding the perimeter and area of 

compound 2D shapes

● Generalizing the relationship between the 

area of 2D shapes and the volume of their 

corresponding prisms 

● Finding the surface area and volume of 

regular 3D prisms

● Applying mathematical strategies to solve 

problems involving 2D and 3D geometric 

shapes

KEY CONCEPT: RELATIONSHIPS

7

Statement of Inquiry
Generalizing the relationship between measurements 
can inuence decisions that impact the environment.

Perimeter, area and volume
Environmental impacts



ATL1

Consider ethical, cultural and  
environmental implications

ATL2 Reection skils

You should already know how to:

● calculate the perimeter of simple shapes

● nd the area of simple shapes

● solve problems involving percentages

● round numbers correctly

Creative thinking skills

Design improvements to existing machines, 
media and technologies

251
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Why is there so much empty space in a bag of potato chips? 

Why isn’t a box of rice lled all the way up to the top? What does 

it mean when we see statements such as, ‘This package is sold by 

weight, not by volume’?

Some products t fairly tightly into their packaging, but there 

is often an excess of packaging anyway. How are packaging 

decisions made? What impacts do they have? The answers to 

these questions will be the focus of this unit.

People P antsPeople P ants

have roots

have leaves

start life
as a seed

walk

have eyes

have hands

start life
  as a baby

need food

need water

grow

can live
indoors
or out

The issues related to packaging and the environment can be 

analysed using mathematics. After generalizing relationships 

between measurements of various shapes, you can explore how 

to optimize packages so that there is as little waste as possible.

Two-dimensional shapes

Venn diagrams

One way of representing the 

relationship between several items 

or ideas is by using a Venn diagram. 

For example, the relationship 

between characteristics of plants 

and people can be represented with 

this Venn diagram.

Introducing perimeter, area and volume

● Why do you think bags of snack foods and boxes of rice aren’t lled 

all the way up to the top?

● Why might a company put a small product in a large package?

● Explain what impact these packaging practices have on the 

environment.

ATL2 Reect and discuss 1Reect and discuss 1
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Two circles that overlap show that both groups share some 

things in common, but not everything. The characteristics 

that the groups have in common are placed in the area where 

the circles overlap. The remainder of each circle is lled with 

characteristics that are unique to that group.

A circle that is completely inside another circle indicates that 

everything in the smaller circle is also inside the larger one. 

For example, in the Venn diagram below, all of the animals 

included in the ‘have ns’ circle can also swim. Therefore, that 

circle is fully inside the ‘can swim’ circle.

However, there are animals in the ‘can swim’ category that do not 

have ns, so they are placed in a way so that they are in only the 

‘can swim’ circle.

CAN SWIM

HAVE FINS

whales dolphins

sharks

shrimp

jellyfish

sea turtles
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Activity 1 – Shapes in mathematics

1 Draw a Venn diagram to represent the relationship between 

the following groups of items. Be sure to write at least two 

characteristics in each section. Explain your reasoning in one  

or two sentences.

a triangles circles

b squares rectangles

2 Research the denitions and properties of the following ve shapes 

and write them in your notebook.

quadrilateral parallelogram trapezoid

rhombus square

a Create a Venn diagram to demonstrate the relationship  

between these dierent shapes.

b Write down an explanation for the way you have categorized  

the shapes.

c Compare your answer to that of others in the class. Is there a 

correct answer? Explain.

d Why is it important to know the similarities and dierences 

between these shapes?

Go to the NCTM Illuminations website 

(illuminations.nctm.org) and search for ‘Shape 

sorter’. In this interactive activity, you can use Venn 

diagrams to investigate the relationships between 

shapes, and explore many dierent geometric 

properties of a wide variety of 2D shapes.

Depending on which rules you select, the circles 

in the resulting Venn diagram may or may not 

overlap. Click the tick button at any time to check 

your work.
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Activity 2 – Solar power

Solar panels are environmentally friendly devices used for creating and storing electricity. 

Owners of residential houses and buildings are seeing the benets of having solar panels 

installed on their rooftops. Some people have reduced their electricity bill to zero, while others 

actually make money by selling their unused power back to the utility company!

Part A: Your school’s energy requirements

1 Brainstorm what factors you think would aect the eciency and eectiveness  

of the use of solar panels.

The energy output of solar panels can be calculated using the following formula:

E = 0.15AH, where:

E = Energy (kWh)

A = Total solar panel area (m2)

H = Annual average solar radiation on the panel

H is a value between 200 kWh/m2 (Norway) and 2600 kWh/m2 (Saudi Arabia).

2 Why do solar radiation values vary so much around the globe?

3 What is the solar radiation value where your school is? You can nd this value by  

looking at ‘Solar potential maps’ in the ‘Solar irradiance’ section on Wikipedia.

4 Your teacher will give you the annual energy requirements of your school in kWh.  

What area of solar panelling would you need to install on the school roof or in  

the school grounds to meet these needs?

5 If a typical solar panel is a rectangle measuring 1.65 m by 1 m, how many panels  

would your school need?

Area of 2D shapes

Area is an important concept in mathematics. It is the foundation 

upon which many other mathematical concepts are built. Area is 

also an important idea in the environment. The amount of space 

that something occupies can be a vital factor in whether or not it 

is good for the planet. Area can also be used to calculate energy 

requirements, as you will see in Activity 2.

Continued on next page
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Part B: Is there enough space to install solar panels at your school?

1 As a class, conduct a survey of the physical space of the school, 

looking for places where solar panels could be installed. In pairs, 

create a design of where the panels could be located, keeping in 

mind the dimensions of a solar panel. Draw scale diagrams of your 

designs to share with the class.

2 Calculate the total perimeter and area of the solar panel designs. 

What is the maximum area that can be achieved?

3 What percentage of your school’s electricity requirements could 

be met by solar power if the panels were placed in the spaces 

you indicated?

4 Running your school on renewable energy, such as solar power, 

has many advantages. Can you think of any restrictions or 

limitations that would hinder the installation of solar panels at 

your school?

Part C: Could you run your home on solar energy?

1 Look at your electricity bill 

from home and determine 

how much energy you use 

each year (in kWh). 

2 How many typical solar 

panels would you need to 

install on or near your home 

to provide for your home’s 

energy needs? 

3 What limitations might 

hinder the installation 

of solar panels at your home? Do the benets of using solar 

panelsoutweigh the problems of installing them? Justify 

your response.

Pairs

Your electricity 

bill will be for a 

certain number 

of days, so 

determine how 

much energy is 

used on average 

each day and 

multiply it by 365. 

The formula for the area of a rectangle is fairly simple:

Area = length × width (or base × height)

What is the formula for the area of a triangle?

?

w

l

Area = l × w
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Investigation 1 – Area of a triangle

1 Dimensions and area of a triangle

a You will work in small groups for this 

investigation. Each person in your group will 

draw a rectangle with a height of 4 units and  

a base of 6 units on a piece of graph paper.

b Pick any point on the base of the rectangle to be 

the vertex of a triangle.

c Draw diagonal lines from this vertex to the top 

two corners of the rectangle to create a triangle.

d Count the total number of grid boxes (including 

whole and partial grid boxes), and hence nd the 

area of the triangle.

e Compare the area of each group member’s 

triangle. What do you notice?

f Why did that happen?

g Complete this process for another sized 

rectangle with dimensions decided by your group.  

Do you get the same result?

2 Formula for the area of a triangle

In your group, you will now develop a formula for the area of a triangle.

a Calculate the area of the 4 × 6 rectangle you drew in step 1

b Compare its area to that of the triangles you created inside the rectangle.

c Do the same calculations for the second rectangle and triangle you drew.

d What is the relationship between the area of a triangle and the area of a 

rectangle with the same base and same height?

e Given that the formula for a rectangle is A = bh, write down the formula 

for the area of a triangle.

For greater accuracy of calculations,  

Investigation 1 can be done using dynamic 

geometry software (e.g. GeoGebra), or on an interactive 

geoboard like the one on the Math Playground site 

(mathplayground.com/geoboard.html). When using the 

geoboard on this site, you can move the vertices of the 

shape around, but each time you do, you will need to 

click ‘Measure’ to recalculate the area and perimeter.
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Find the area of these triangles. 

a

6cm

8cm

10cm

14cm

b

3cm 6cm

5cm
4cm

a Area of a triangle = 

1

2
bh 

= 

1

2
(14)(6) 

= 42 cm2

b Area of a triangle =
1

2
bh 

=

1

2
(6)(4) 

= 12 cm2

Example 1

Q

A You can decide which is the base and the height, 

as long as they are perpendicular to each other.

Note: 3 cm is not the measure of 

any side of triangle b

The height is 4 cm. The base is 6 cm. It is the side 

that is perpendicular to the height. 

● Martijn says that the base of a triangle is always the side on which 

the triangle is resting. Anika says that any side can be the base.  

Who is correct? Explain.

● In the formula for the area of a triangle, how are the base and 

height of the triangle related to each other? Can any two sides be 

used as the base and the height? Explain.

● What is the relationship between 

the areas of the two triangles 

shown here?

● What dierence can be said 

about measuring the height of 

the triangle on the left versus 

the one on the right?

6 cm

3 cm 3 cm

Reect and discuss 2Reect and discuss 2
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Practice 1

1 For each triangle below, which measurement(s) do you not need  

to calculate the triangle’s area?

a b c

11

6
58

8
6.1

7

6

8

10

2 Find the area of each triangle. Round your answer to the nearest 

tenth if appropriate.

a

17in

15in

8in

b

6m
9m9m

15m

c

20cm

12cm

21cm

d

12cm

10cm

15cm

8cm

3 Fill in a copy of this table. Round numbers to the nearest hundredth 

where appropriate.

Triangle’s base (cm) Triangle’s height (cm) Triangle’s area (cm2)

10 12.6

14.5 132

8.4 210

16.25 84

10.5 48
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Continued on next page



7  Perimeter, area and volume260

Perimeter and area of a rectangle

In Investigation 2 you will generalize a relationship between the 

perimeter and area of a rectangle.

4 In an attempt to reduce their air conditioning usage, Lavinia’s family decided to 

put up a triangular shade outside, with seating underneath. These shades come in a 

variety of sizes and shapes, which cover dierent areas.

a One shade is in the shape of a right-angled triangle, with the two legs of the 

triangle having lengths of 4m and 5m respectively. What is the area of shade 

produced when the sun is directly overhead?

b Another shade is an equilateral triangle, with side lengths of 5m and a 

perpendicular height of 4.33m. What area of shade is produced when the sun is 

directly overhead?

c Explain why is it important to state ‘when the sun is directly overhead’.

Generalizing relationships: perimeter and area

In mathematics, a generalization is a statement that summarizes  

a pattern after many examples have been studied that follow the 

pattern. For example, after looking at how a rectangle (whose 

interior angles add up to 360 degrees) can be divided into two 

triangles, it can be generalized that the sum of the interior angles 

of a triangle is 180 degrees. The formula you created for the area of 

a triangle in Investigation 1 is also a generalization.

● What is the relationship between the area of a rectangle and the 

measurements of its sides? 

● What is the relationship between the area of a right-angled triangle 

and the measurements of its sides?

● How would you help a younger student to make these same 

generalizations? What activities could you do with them?

Reect and discuss 3Reect and discuss 3
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Investigation 2 – Perimeter and area of a rectangle
While planning for new residential developments, city planners want 

to designate a rectangular portion of a large forest as a protected 

area for native plants and animals. The plan is to use 20 km of fencing 

to enclose the area, and city planners are investigating how to make 

the enclosed area as large as possible. Fill in a copy of this table and 

generalize what you nd. Add more rows as necessary and be sure to 

use both whole numbers and decimal values.

Perimeter

(km)

Length of 

rectangle (km)

Width of 

rectangle (km)

Area of protected 

region (km2)

20 1

20 2

20

20

20 5

20

20

20 9.8

1 Perform the same calculations with other values for the perimeter. 

2 Which shape seems to maximize the area of the protected region?

3 Write down a generalization about the relationship between the 

area of a rectangle and its perimeter, when the perimeter remains 

constant.

4 Perform similar calculations, but this time, instead of a constant 

perimeter, use a constant area of 36 km2. Set up a table similar to  

the one above and calculate the perimeter of each conguration.

5 Describe the rectangle that has the largest perimeter.  

Describe the rectangle that has the smallest perimeter.

6 Write down a generalization about the relationship between the area 

of a rectangle and its perimeter, when the area remains constant.

7 Give a real-life example of when you would use these generalizations, 

like the scenario given at the beginning of this investigation.

Go to mrnussbaum.com/zoo to try the Zoo 

Designer activity. You can use you knowledge of 

calculating the perimeter and area of rectangles to build 

enclosures for the animals. If your enclosures meet the 

criteria, they will contain the animals. If not, the animals 

will escape and run amok!
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Perimeter and area of compound shapes

While there are many dierent kinds of shapes, nding the area of 

a more complicated shape (called a compound shape) often involves 

breaking it down into components that are themselves simple shapes.

Activity 3 – Compound shapes

Look at these compound shapes and decide how to divide each one into simpler shapes. Copy 

the diagrams in your notebook and use dotted lines to divide each compound shape. Be sure to 

use only rectangles and triangles when dividing up each compound shape.

a b c

d e f

1 Why was the word ‘square’ omitted from the instructions? In other words, why did it say to 

‘use only rectangles and triangles’? 

2 Explain how you would nd the perimeter of each compound shape.

3 Explain how you would nd the area of each compound shape.

● Do you think that the generalization you wrote in step 3 of 

Investigation 2 will be true for any rectangular perimeter? Explain.

● Do you think your generalization in step 6 will be true for any

rectangular area? Explain.

● Given what you discovered in Investigation 2, what type of triangle 

do you think would maximize area, when given a xed perimeter?

● How do you think these patterns could be used to help people  

have a positive impact on the environment?

Reect and discuss 4Reect and discuss 4
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Practice 2

1 Find the perimeter and area of each of these compound shapes. 

All measurements are in centimeters.

a 2

5

5

3

b 6

4 5

9

c

4

4

12

3

5

5

263

Find the perimeter and area of this shape.  

All measurements are in meters. 

5

5

5

9

2

Perimeter = 9 + 2 + 5 + 5 + 5 = 26 m

5

5 h

b

9

2

Area = area of rectangle + area of triangle

= l × w +
1

2

 (b × h)

= 9 × 2 +
1

2

(4 × 3)

= 18 + 6

= 24 m2

Example 2

Q

A To nd the perimeter, add the 

measurements of the sides.

To nd the area, divide the shape into 

two simpler shapes, and calculate the 

measurements of the missing sides.

The height of the triangle is h

h = 5 − 2 = 3

Continued on next page

Remember to include the correct units.

The base of the triangle is b.

b = 9 − 5 = 4



d

5

8

1

3

3

5

e

8

8

8

8
7

f

16

77

13

2 Calculate the area of each orange region. All measurements are in millimeters.

a

4

9

12 b

45

8

c

26

42

23
9

9

15

3

7

d

14

14

18

3 Clear-cutting is a practice used in  

the logging and forestry industries 

where all of the trees in a specic area 

are cut down. The damage can be 

vast, and often an aerial photo, like 

this one, can emphasize the scale of 

the deforestation. 

Suppose a rectangular forest measuring 

10 km by 15 km has a section of it 

clear-cut. The clear-cut section is a 

rectangle measuring 5 km by 6 km. 

a Find the area of the forest that is still intact. 

b What percentage of the original forest was cut?

c Research the environmental impacts (both positive and negative) of clear-cutting.

ATL2
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Moving from 2 dimensions to 3 dimensions

Dening volume

A two-dimensional object has only two dimensions or measurements, 

but no thickness. A three-dimensional object has three dimensions or 

measurements, such as a length, width, and height.

two-dimensional three-dimensional

An extra measurement means that objects can now be lled, and 

this is referred to as volume. The volume of a 3D shape is dened 

as the amount of space it occupies. While area is a measure of 

the outside (or surface) of a 3D shape, volume is a measure of the 

amount that can t inside it. 

The most basic unit of volume is the cube. If each side of a 

cube measures 1 unit, then the volume of the cube is said to be 

1 cubic unit. The volume of larger shapes can be found by counting 

cubes. For example, the volume of the rectangular prism below is 

12 cubic units, since it is made up of 12 cubes. 

1

11

Go to learnalberta.ca and search for 

the ‘Exploring Composite Figures’ 

activity. You will explore how to nd the 

area of composite gures by breaking them 

into smaller gures and adding their areas 

together. Some shapes have sections cut out, 

so you will need to subtract the appropriate 

areas.
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b
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Investigation 3 – Volume of a rectangular prism
Assume that each small cube in every solid shown here is one unit on each side. 

1 Make a table similar to this one and sketch each 3D shape in the rst column.

2 Complete the remaining columns in your table by counting the cubes.

Length Width Height Volume

3 How could you calculate the volume of each rectangular prism 

without counting individual cubes? Explain.

4 Verify your result for other sizes of rectangular prisms.

5 Write down a formula to calculate the volume V of a rectangular 

prism if you know the measure of its length l, width w, and height h

c
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The volume of a shape (the amount of space inside a 3D shape) 

can be determined by:

Volume = (area of its base shape) × height

Activity 4 – Three-dimensional prisms

In each prism here the base shape is highlighted.

1 How would you dene the ‘base’ of a prism?

2 Marcos says, ‘The base is the side that the shape sits on.’ Is Marcos correct? Explain.

3 Make a generalization in words about the relationship between the area of a base shape 

and the volume of its corresponding prism.

4 You can determine the specic volume formula for any kind of prism if you know the formula 

for the area of its base shape. Simply multiply the base shape’s area by the third dimension, 

which we have called height below.

5 Focusing on triangular and rectangular prisms, create a table like this one and determine the 

specic formula to calculate the volume of rectangular and triangular prisms.

3D shape

Name 

of base 

shape

Area 

formula of 

base shape

General volume 

formula

Specic volume 

formula of the 

prism

Rectangular 

prism

Volume =

Area of base × height

Triangular 

prism

Volume =

Area of base × height

6 Is a cube a rectangular prism? Can you apply the same process to determine the formula for 

calculating the volume of a cube? What would that formula be?

● Why do you think it is important to have a general rule or formula for 

nding the volume of a prism? Explain.

● If the length, width, and height are all measured in centimeters,  

what would the units of volume be? Explain. 

● Explain why the volume of a cube measuring 1 cm on each side is 1cm3.

Reect and discuss 5Reect and discuss 5



Practice 3

1 Find the volume of each prism.

a

8cm

11cm

9cm

b

20cm

18cm

15cm

c

8m

5m 14m

d

1m

1m

1m

2m

268

Continued on next page

Find the volume of this prism. 

8cm

12cm

3cm

The base shape is a triangle whose area is:

A =
1

2
bh

=
1

2
× 8 × 3

= 12 cm2

Therefore, the volume is:

V = 12 cm2
× 12 cm 

= 144 cm3

Q

A Volume = area of base × height

Note: the base shape is not always 

at the bottom of the prism.

7  Perimeter, area and volume
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2 The volume of each prism is shown below it. Find the missing measurement in 

each prism, as indicated by the pink edge.

a

4cm
6cm

6

6

6

5.2

8cm

15cm

10cm

V = 168 cm3 V = 156 cm3 V = 720 cm3

3 Complete your own copy of this table, where all shapes are rectangular prisms. 

Length (cm) Width (cm) Height (cm) Volume (cm3)

Shape 1 10 12 600

Shape 2 4 9 90

Shape 3 3 25 300

Shape 4 7 4 11

Shape 5 8 20 560

4 A box of rice in the shape of a rectangular prism has a length of 12 cm, 

a height of 18 cm and a width of 2.5 cm.

a Find the volume of the box.

b The box says that it contains 7 ounces of rice. If 1 ounce has an approximate 

volume of 30cm3, approximately how many cubic centimeters of rice are in the box?

c Find the volume of empty space in a box lled with 7 oz of rice.

d Design a rectangular prism that would be a better t for the given 

volume of rice.

5 New designs for products are constantly being created in an eort 

to nd more ecologically friendly packaging and reduce waste of  

resources. A clever design for packaging toothpaste is a ‘tetra pack’ 

which is shaped like a triangular prism. This design not only cuts 

out the need for an exterior box, but also allows for packs to  

t together compactly for more ecient shipping.

a A traditional toothpaste box (rectangular prism) measures 

3.8 cm by 4.2 cm by 19 cm. Draw a diagram of this,  

complete with dimensions, and calculate the volume.

b c

ATL1

ATL1
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b The new tetra pack design has a base width of 3.5 cm, height of  

16.4 cm and depth of 3.5 cm. Draw a diagram of this, complete 

with dimensions, and calculate the volume.

c Both of these prisms contain the same amount of toothpaste. 

Compare the volume of space the packaging of each takes up.

d If you were to package 10 tetra packs together, how could you 

congure them to minimize space? Draw a diagram of the 

conguration, including dimensions.

Surface area

Continued on next page

Activity 5 – Nets

Every 3D shape can be attened to two dimensions. As long as all of 

the faces are connected somehow, these two-dimensional versions are 

called nets. The net for a cube is shown below left. This is a correct net 

because it can be folded into a cube, as shown below right.

There are 11 possible nets for a cube and your task is to nd the other ten. 

This activity is best done with manipulatives. 

1 In pairs, build a cube with six interlocking squares. Carefully unfold it 

so that it looks like the net above and that it lies at. That is your rst 

net of a cube. 

2 Now, with your partner, nd the remaining ten nets. Draw each net  

on graph paper.

3 What are some of the common characteristics of the nets that you found?

4 Once you have found all of the nets and have shown them to your 

teacher, you can go to the NCTM Illuminations website (nctm.org) and 

search for the ‘Cube Nets’ activity. Click on each net, compare it to your 

congurations and determine if it will create a cube. Once you  

have decided if the net will form a cube you can check to see if you  

are correct.

Pairs
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5 Go to nrich.maths.org and search for ‘A Puzzling Cube’. Given the net 

of the cube, you have to determine the location of each face picture. 

Your teacher may print o the sheet with the dierent faces on it and a 

net to help you work through the problem.

Investigation 4 – Surface area of 3D shapes
The surface area of a three-dimensional shape is the area of all of its faces 

added together. Creating a net is an ecient way to determine the surface 

area of a 3D shape, since you can atten the shape to see all of its faces and 

then add the areas of the individual sections.

In pairs, determine the nets of each of the shapes in the table below,  

and hence write the formula for the surface area of each shape.  

To determine the surface area:

● draw the net of the 3D shape 

● label the dimensions of each section

● nd the area of each section

● total the areas of all of the sections; this will be the surface area 

of the shape.

Your teacher may provide you with manipulatives of 3D prisms that can be 

broken down into nets.
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Alternatively, you can look at virtual 

manipulatives such as those on the 

Annenberg Learner website at: 

learner.org/interactives/geometry/prisms/. 

You can see how the net of each type of prism 

unfolds as a visual to help you determine the 

formulas for surface area.
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Create a table with the following headings, making sure there is enough 

room in each row to draw the net and label all dimensions clearly. 

3D solid
Dimensions and shapes of sections 

needed to determine Surface Area (SA)
SA formula 

Cube

Rectangular prism

Triangular prism



Practice 4

1 Find the surface area of these prisms.

a

8cm

11cm

9cm

b

10mm 10mm

10mm

c

20cm

18cm

15cm

d

8m

14m5m

6.4m

6.4m
e

4in
5.5in

12in

f

1m

1m

1m

2m

How is nding the surface area of a three-dimensional shape similar to 

nding the area of a compound two-dimensional shape? Explain.

Reect and discuss 6Reect and discuss 6
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An elephant uses its ears to cool its body 

temperature? Blood that ows through the ears 

is close to the outside of the body, and it can be 

cooled when the elephant aps its ears. Having 

a large surface area means blood can be cooled 

more rapidly.

Similarly, radiators in your home release heat 

through small ‘ns’. In order to achieve a larger 

surface area and keep the radiator relatively 

compact, many small ns are used. Smaller ns 

also use less material, allowing for a design that 

is both ecient and better for the environment. 

Did you know...?

7  Perimeter, area and volume
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2 Small chocolate candies used to come in a box that measured 10 cm × 2 cm × 5 cm. 

The company changed the box to one that measures 11 cm × 3 cm × 6 cm.

a Calculate the change in volume and the change in surface area of the box.

b What reasons would a company use to justify a change in packaging?

c The original box contained 50 g of candies while the new box contains 45 g. 

Does this justify the change in packaging?

d Describe two environmental impacts of switching to a larger package.

3 The handbag shown here is shaped like a triangular 

prism. The base of the handbag measures 28 cm across 

the front and 11 cm on the side. It has a vertical height 

(not including the straps) of 14 cm. Ignoring the strap 

and any overlap, how much material is needed to make 

the handbag? In other words, what is its surface area?

4 Using a greenhouse extends the growing season of any 

given crop and is a more ecient growing environment 

compared to growing crops outside. Greenhouses 

also reduce the carbon footprint of a crop as they are 

available locally for longer, especially in countries that experience cold winters. 

The Netherlands has some of the largest greenhouses in the world, with the most 

popular being a Venlo design structure, which is the shape of a traditional house 

built out of glass. 

ATL2
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A commercial greenhouse, similar to the one in the photograph, has 

10 peaked roof sections of equal dimensions. The depth of the greenhouse 

is 48 m, and the walls are 5 m high (from the ground to the base of the 

slanted roof sections). The slanted roof pieces are 2.2 m in length and 

they rise 1 m above the 5 m walls.

1m

5m

Diagram not to scale

5m

48m

2.

base

a If the base of the greenhouse is soil, and the construction is all 

glass windows, nd the area of glass windows needed to construct 

the greenhouse. Hint: You will need to nd the length along the  

front of the greenhouse. To do so, rst nd the base length of 

1 peaked section, as shown in the diagram.

b The growing capacity of the greenhouse does not include the 

peaked roof sections. Find the volume of the growing capacity 

of this greenhouse.

c If solar panels were installed on half of the peaked roof pieces 

of this greenhouse, nd the total area covered by the panels.

d To improve the eciency of a greenhouse, some designs include 

insulation being buried 1m into the ground around the entire 

perimeter of the greenhouse. Find the area of insulation needed 

for this greenhouse. 

274 7  Perimeter, area and volume
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Toothbrushes are typically packaged in plastic, 

which can take centuries to biodegrade.  

In an eort to reduce the amount of plastic 

in the world, an ecologically concerned 

company would like to start packaging their 

toothbrushes in recycled cardboard.

Your task is to determine whether a 

rectangular or triangular prism will use less 

cardboard, and reduce wasted space inside 

the packaging for one toothbrush. Using a 

standard toothbrush that does not have any 

attachments, batteries or lights, you will make 

a recommendation to the company as to how 

to package their product.

1 Design a geometric net for a rectangular prism and a triangular prism to 

contain the toothbrush. Make sure the toothbrush will actually t inside, 

while minimizing the volume and surface area of the box.

2 Calculate the surface area and volume for each prism.

3 Explain the degree of accuracy of your results. Describe whether or not they 

make sense.

ATL1

Formative assessment – Clean teeth!

c

riteria

C, D

4 Write a short report to the 

president of the company 

with your recommendation 

for packaging the standard 

toothbrush. Be sure to  

include all of your 

calculations, complete with 

labelled nets and justify your 

recommendation. If there 

are any other factors worth 

considering in the decision-

making process, be sure to 

include those as well.
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Unit summary
A triangle is a three-sided shape.

h

b

bh
1

2

h is the perpendicular height.

A rectangle is a quadrilateral with 

two sets of parallel sides and four 

90° angles. Thus, a square is also a 

rectangle.

l

w

Area = lw

A parallelogram is any 

quadrilateral with two sets 

of parallel sides. Therefore, a 

rectangle is also a parallelogram.

h

b

Area = bh

h is the perpendicular height.

A rhombus is a quadrilateral with 

two sets of parallel sides and all the 

sides are the same length.

The volume of a rectangular 

prism is the area of the base 

(length × width) times the height. 

Volume is always expressed in 

units cubed, e.g cm3

h

w

l

The volume of a triangular prism 

is the area of the base (onehalf the 

base × height) times the length.

l

h

b

When a shape is made up of straight-line segments, nding the perimeter 

involves simply adding up the lengths of the sides.

Calculating the area of a compound shape usually means calculating the 

area of the rectangles and triangles that make up the shape.

Every 3D shape can be attened to two dimensions. As long as all of the 

faces are connected somehow, we call these two-dimensional versions 

nets.The surface area of a 3D shape is the area of all of its faces combined 

together. Creating a net is an ecient way to determine the surface area of 

a 3D shape.
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Unit review

Key to Unit review question levels:

Level 1–2 Level 3–4 Level 5–6 Level 7–8

1 Find the perimeter and area of these shapes.  

Diagrams are not to scale, and all measurements are in inches. 

a

7

24

25

b

12 6
5

14

c

5

8

15

6

d 8

8

10

15

2 Find the volume of these 3D shapes. All measurements are in meters.

a

4

3

6

b

9

6

6

c

3

d

10

156
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3 Find the perimeter and area of these shapes. Diagrams are not 

to scale, and all measurements are in centimeters. Round your 

answers to the nearest hundredth where appropriate.

a 4.7

5.8

7.3

0.81.2

b

4

6

66

9

c

20

12

18

28 d

6

6

6

9

9
6

6.7

11

4 Find the volume of these 3D shapes. All measurements are in feet.

a

6

4

4

3

2

b

c

6

6

10
10

2

3

9

4

12

10
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5 Each solar panel on the roof below is square, with a side that measures 1.6m. 

a Find the perimeter and area of the solar panel arrangement.

b Ignoring the geometry of the roof for the moment, design a solar panel 

arrangement where the area of panels is the same as above, but the 

perimeter is less than it is now.

c Would your new arrangement t on the roof in the picture?

d What limitations prevent people from converting to solar power for their 

energy needs?

6 On a large rectangular plot of land, three sustainable gardens are planted in 

rectangular sections. Each garden measures 20 m by 11 m. There is a 3 m gap 

between adjacent plots. There is also a 3 m border between each garden and 

the overall plot. If you want to fence in the entire rectangular plot, how much 

fencing will you need?

ATL2

11 m
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0
 m
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7 Tiny houses have become popular in the United States as a 

way of simplifying life, but also of being more ecologically 

friendly. With a living space of less than 46 m2, tiny houses  

use less materials to build, require less energy and can be built 

on smaller amounts of land. The tiny houses below are two 

examples of designs from which customers can choose.

The house on the left has interior dimensions of 2.5 m × 18 m × 2.8 m.  

The triangular house has base dimensions of 4 m × 10 m,  

maximum height of 7 m and slant height of 7.3 m.

a Find the amount of space inside each house.

b Compare the environmental impacts (positive and negative) of each house.

c If you were building a tiny house, which design would you select? Explain

8 a Here is a sketch of some 

sun screen windows 

that block ultraviolet 

light. The two center 

windows, have parallel 

sides measuring 4.5m 

and 3.5m, respectively. 

The bottom (horizontal) 

side measures 1.5m. 

What is the area of one 

of these center windows? 

b The area of each outer 

window is equal to that of each center window. If the parallel sides of the 

outer windows measure 2.8m and 0.4m, what is the length of the bottom 

side?

ATL2
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9 The Saskatchewan glacier, in the Columbia iceelds of 

Alberta, Canada, can be approximated by a rectangular prism 

with a length of 13 km, a width of 2.5 km and a depth of 1 km

a Find the area of the surface of the glacier that is exposed to air. 

(This is everything except the bottom surface.)

b Find the volume of ice in the glacier.

c If the length, width and depth are all cut in half, how would 

the volume of ice compare to the current amount? 

State the percentage decrease that this would represent.

d The Saskatchewan glacier is a primary source of water for the 

North Saskatchewan River, which is part of a major 

commercial route in Canada, as well as being the site of

several hydroelectric dams. What impacts (both positive and 

negative) could there be from a melting Saskatchewan glacier?

10 Each of these compost bins has a square 

base, measuring 1m by 1m. The front 

panel is 1.2m high and the back panel is 

1.5m high.

a Calculate the volume of compost the 

set of three compost bins could hold 

when lled to capacity.

b Would it be realistic to ll them to 

capacity? What volume would be 

a more realistic amount to hold? 

Explain your reasoning.

11 a Show that a rectangular prism with dimensions 

4 × 6 × 12 has a surface area that is numerically equal to its 

volume. 

b There are nine other rectangular prisms with whole number 

sides that have a surface area numerically equal to their 

volume, one of which is a cube. Find the dimensions of the 

cube and one of the other rectangular prisms.
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Summative assessment

Determine the best possible shape of a cereal box 

in order to minimize packaging

1 Get an empty cereal box. 

Carefully pull it apart and atten 

the box into its net.

2 Calculate the volume and surface 

area of the box.

3 The same volume of product 

could be packaged in a dierent 

size box, which would change its 

surface area (and the amount of 

material used to make the box.) 

Determine a set of dimensions 

(length, width, and height) that 

will keep the volume constant. 

Then calculate the new surface 

area. Fill in the rst row of a table 

like the one below.

Length Height Width Volume Surface Area

4 Find some dierent sets of dimensions that result in the same 

volume. Fill in the next few rows of your table, calculating 

the new surface area each time.

5 You can create a mathematical model to help you test 

possible dimensions and see the relationships between the 

dierent measurements (variables). You could continue trying 

dierent combinations by hand, but it would be best done 

using a spreadsheet. It will require the use of formulas entered 

into some of the cells.

6 Once you notice a pattern, determine the dimensions that 

will minimize the surface area of the box, hence reducing the 

amount of cardboard needed to make the box.

c

riteria

C, D
ATL

1&2

Note: Cereal has 

been chosen as it 

is popular in many 

countries, butyour 

teacher may select 

another product 

to investigate that 

is more tting in 

your country.
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7 Sketch both the original box shape and the optimal box shapes, and label 

all dimensions.

8 Calculate the dierence between the surface area of the original box and 

the surface area of the new optimal box.

9 There are many products that come in 

rectangular prism packaging. Choose one other 

product that is not cereal and determine if the 

packaging is optimal. If not, explain why this 

might be the case. Then, alter the design so that 

you are reducing the surface area while still 

maintaining the volume of the product. Make 

sure you clearly identify any constraints and 

explain the logic for your design, showing all 

calculations.

10 Describe the environmental implications of 

having as little packaging as possible. 

11 Given these benets, why is merchandise still sold in packaging that is far 

bigger than it needs to be? Do some research to nd three reasons why an 

item might be sold in a package that is bigger than it needs to be. Be sure to 

cite your sources.
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Answers

Unit 1

Practice 1

1 a Four-hundred-and-one billion, three-hundred-and-two million, fty-nine thousand, six-hundred-and-seventy-seven

b Four-hundred-and-ninety-six thousand, eight-hundred-and-twelve thousand and three hundredths

c Two-hundred-and-forty-three ten-thousandths

d Eight-million-ve-hundred-and-seventy-thousand-and-sixty-two hundred-millionths

e Three-hundred-and-two and ve thousandths 

f One and twenty-three thousandths 

g Twenty-three thousand, four-hundred-and-seven and six tenths 

h Two-thousand and one and two-hundred-and-ninety-ve thousandths

i Nine-hundred million, ninety-thousand and ninety 

2 827096, 50008, 275069.00001, 14.06, 16800006.0007, 5000.4, 2.07, 0.012

3 a i Six-hundred-and-forty thousand and seven-hundred 

ii (6 × 100000) + (4 × 10000) + (7 × 100), 600000 + 40000 + 700

b i Three-hundred-and-sixty-three thousand, one-hundred-and-ve and twenty-one ten-thousandths

ii (3 × 100000) + (6 × 10000) + (3 × 1000) + (1 × 100) + (5 × 1) + (2 × 0.01) + (1 × 0.001), 300000 + 60000 + 3000 + 100 + 5 +

0.02 + 0.001

c i Six-hundred-and-twenty-ve ten-thousandths 

ii (6 × 0.01) + (2 × 0.001) + (5 × 0.0001), 0.06 + 0.002 + 0.0005, 

d i Seven billion, four-hundred-and-ninety-two million, one-hundred-and-fteen thousand, three-hundred and twenty-ve

ii (7 × 1000000000) + (4 × 100000000) + (9 × 10000000) + (2 × 1000000) + (1 × 100000) + (1 × 10000) + (5 × 1000) +

(3 × 100) + (2 × 10) + (5 × 1),

7000000000 + 400000000 + 90000000 + 2000000 + 100000 + 10000 + 5000 + 300 + 20 + 5

e i Eighteen ten-thousandths

ii (1 × 0.001) + (8 × 0.0001), 0.001 + 0.0008

4 a (3 × 100) + (8 × 10) + (5 × 1) + (9 × 0.1) + (1 × 0.001)

300 + 80 + 5 + 0.9 + 0.001

b (6 × 1000) + (4 × 100) + (7 × 1) + (8 × 0.1) + (3 × 0.01)

6000 + 400 + 7 + 0.8 + 0.03

c (3 × 100000) + (6 × 10000) + (7 × 1000) + (9 × 100) + (8 × 10) + (1 × 1) + (2 × 0.01)

300000 + 60000 + 7000 + 900 + 80 + 1 + 0.02

d (1 × 1000000) + (4 × 100000) + (6 × 10000) + (7 × 1000) + (3 × 100) + (9 × 10) + (9 × 0.1) + (3 × 0.01) + (2 × 0.001)

1000000 + 400000 + 60000 + 7000 + 300 + 90 + 0.9 + 0.03 + 0.002

e (1 × 1000) + (3 × 1) + (2 × 0.1)

1000 + 3 + 0.2

f (1 × 10) + (2 × 1) + (5 × 0.1) + (7 × 0.0001)

10 + 2 + 0.5 + 0.0007

g (4 × 1) + (9 × 0.001)

4 + 0.009

h (1 × 0.01) + (4 × 0.0001)

0.01 + 0.0004

5 a 252.47 b 4380.1 c 3073.005

d 20507.0009 e 30140.8 f 6006006

6 a (1 × 10000) + (7 × 1000) + (2 × 100) + (3 × 10) + (4 × 1) + (1 × 0.01)

10000 + 7000 + 200 + 30 + 4 + 0.01

b 300 + 4 + 0.7 + 0.05

304.75

c (2 × 1000) + (1 × 10) + (2 × 0.01) + (4 × 0.001) + (5 × 0.00001)

2010.02405

d (6 × 100) + (8 × 0.01)

600 + 0.08

e 2000 + 50 + 0.03

2050.03

f 60000 + 800 + 8 + 0.7 + 0.005
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Practice 2

1 a 1 3 b 3 2 c 2 27 d 1 19 

e 1 40 f 1 25 g 2 0 h 3 39

2 a 182 b 257 c 323 d 74

e 130 f 180 g 610 h 723

3 Individual response

4 a b c d

e f g h

5 a 202 b 7159 c 643 d 1.61803 e 0.577218

6 a 1 18 b 1 41 c 10 54 d 45

7 a 67 – 49 = 18 b 125 + 72 = 197

8 a b c

d e f

Practice 3

1 1, 4, 9, 16, 25, 36, 49, 64, 81, 100, 121, 144, 169, 196, 225

2 a 16 b 121 c 64 d 49

e 1000 f 625 g 32 h 81

3 a 3 b 9 c 10 d 18

e 80 f 15 g 50 h 4

4 a 3 b 5 c 2 d 1

5 a 5 b 7 c 4 d 12

e 2

Practice 4

1 a Yes b No c Yes d No

e No f Yes

2 a Yes b Yes c No d No

e Yes f Yes

3 a 1,2,4,6,8,9 b 1,2,4 c 1,3,5 d 1,2,4

e 1,2,4,8 f 1,2,4,5,6,8,9

4 Individual response

5 a Yes, 39 = 13 × 3

b Yes, 45 = 9 × 5 and 15 = 3 × 5 (no conversions scored)

c Individual response

d Individual response

Practice 5

1 a 12 b 16 c 27 d 1

e 7 f 8 g 12 h 60

i 25 j 16 k 1 l 2

2 Individual response

Practice 6

1 a 12 b 24 c 192 d 96 e 595

f 594 g 80 h 38352 i 5940

2 Individual response
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Practice 7

1 195

2 420

3 240

4 6 inches; 91 squares

5 a 18980 b 52

Practice 8

1 a 86 b 24 c 26 d 159

e 560 f 60 g 2000 h 143

i 342 j 671 k 979 l 12300

m 120 n 31.4159 o 240 p 40010

2 210

3 5050

Practice 9

1 a 20 b 0 c 1035 d 23

e 11 f 11 g 30 h 2

i 1 j 12

2 a ÷

b +

c ÷, ×

3 a (18 6) 3 2 38− × + =

b (8 4) (2 2) 3+ ÷ + =

c (5 3) 6 10 38+ × − =

d (16 8) (4 4) 3÷ + ÷ =

e 12 ((8 5) 3) 1÷ − × =

f 5 (3 0) 6 9× + − =

4 a 7 3 4 5 1× − × =

b (12 6) 3 10 5 4− × − ÷ =

c 24 (10 6) 2 5 16÷ − + × =

d 12 + 36 ÷ 9 ÷ 4 = 13

e 6 × 8 ÷ 12 × 2 + 7 = 15

f 14 10 5 12 3 15+ − − ÷ =

5 a (8 5) (1 7) 24− × + =

b 8 (3 (8 7)) 24× × − =

c (10 2) (6 3) 24+ × ÷ =

d (7 12) (6 10) 24× − × =

e (2 6) (9 6) 24+ × − =

6 a 137.5

b Individual response

Unit Review

1 a Thirty-two million, ve-hundred-and-sixty thousand and forty-two

b Seventeen and eight hundredths

c One thousand, seven-hundred-and-forty-three and fourteen hundredths

d Two and seven-hundred-and-eighteen thousandths

2 a 10455 b 29.032 c 0.190645 d 0.018

3 a (1 × 10000000) + (5 × 1000000) + (3 × 100000) + (4 × 10000) + (2 × 1000) + (8 × 100) + (7 × 1)

10000000 + 5000000 + 300000 + 40000 + 2000 + 800 + 7 

b (4 × 100000) + (5 × 1000) + (6 × 100) + (9 × 10) + (6 × 1) + (7 × 0.1)

400000 + 5000 + 600 + 90 + 6 + 0.7

c (1 × 0.1) + (3 × 0.01) + (7 × 0.001) + (5 × 0.0001)

0.1 + 0.03 + 0.007 + 0.0005
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d (1 × 1000000000) + (2 × 100000000) + (5 × 10000000) + (2 × 1000000) + (7 × 100000) + (6 × 1000) + (1 × 100) + (1 × 10)  

+ (4 × 1)

1000000000 + 200000000 + 50000000 + 2000000 + 700000 + 6000 + 100 + 10 + 4

e (2 × 0.00001) + (5 × 0.000001)

0.00002 + 0.000005

4 a (1 × 10) + (2 × 1) + (7 × 0.1) + (5 × 0.01)

10 + 2 + 0.7 + 0.05

b (2 × 100) + (3 × 1) + (6 × 0.1)

200 + 3 + 0.6

c (1 × 10000) + (2 × 1000) + (4 × 1) + (2 × 0.1) + (5 × 0.001)

10000 + 2000 + 4 + 0.2 + 0.005

d (3 × 1) + (1 × 0.001) + (9 × 0.0001)

3 + 0.001 + 0.0009

5 a 518.021 b 30620.07 c 9010.0108 d 406020.03

6 a (8 × 1000) + (2 × 100) + (3 × 10) + (1 × 1) + (4 × 0.01)

8000 + 200 + 30 + 1 + 0.04

b 4000 + 30 + 0.5 + 0.004

4030.504

c (8 × 1000) + (8 × 100) + (7 × 0.1) + (8 × 0.001) + (2 × 0.00001)

8800.70802

d (1 × 1000) + (4 × 100) + (1 × 0.1) + (2 × 0.01)

7 a 512 b 144 c 216 d 169

e 16 f 27 g 128 h 625

8 a 86 b 24 c 26 d 159

e 560 f 60 g 2000 h 143

9 a b c d

10 a 404 b 3.14 c 51.75 d 144.48

11 a 1 39 b 2 30 c 11 44 d 17 16

12 a 1743 b 784

13 a 5814 b 25773

14 a 1 21 b 3 20 c 6 12 d 20 48

15 a 74 b 185 c 163 d 300

16 a 11 b 8 c 10 d 2

e 3 f 4 g 8 h 12

17 a Yes b Yes c No d No

e Yes f No

18 a No b Yes c Yes d Yes

e No f Yes

19 a 1, 2, 4, 8 b 1, 2, 4, 8 c 1, 3, 5, 9 d 1, 2, 4, 5, 8

e 1, 2, 4, 8 f 1, 2, 3, 4, 5, 6, 8, 9

20 a 7 b 8 c 48 d 6

e 12 f 18 g 24 h 30

21 a 108 b 180 c 60 d 90

e 120 f 72 g 1155 h 84

22 2508 years 

23 a 16 b 15 c 1 d 121

e 150 f 10 g 8 h 1

i 100 j 2

24 For example:

a 2 (11 5 4) 24× + − =

b 12 (10 (3 2)) 24× ÷ + =

c (3 9) (6 4) 24+ × − =

d (1 3) 4 8 24+ × + =
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25 a No. Arturo simply worked from left to right rather than using the correct order of operations.

b Individual response e.g. 12 6 4 12 24+ × − =

c For example: (4 × 3) ÷ (6 ÷ 12) = 24 or (12 × 3) ÷ (6 ÷ 4) = 24

26 Individual response

27 Individual response

28 a 6 b 45 c 22.5

Unit 2 

Practice 1

1 a 25% b 47% c 30% d 33.33%

2 a b

c d

e

3 a 24 b 36 c 84

d 120 e 6 f 30

4 Valid answers include:

a 12% is two lots of 6% or three lots of 4%

b 9% is one lot of 4% plus one lot of 5%

c 10% is two lots of 5% or one lot of 4% plus one lot of 6%

d 30% is ve lots of 6% or six lots of 5% or ve lots of 4% plus two lots of 5%

e 11% is one lot of 6% plus one lot of 5%

f 14% is one lot of 6% plus two lots of 4%

g 17% is two lots of 6% plus one lot of 5%

5 a i 8 million

ii 20 million

iii 10 million

iv 26 million

b Individual response

6 37.5%

Practice 2

1 a 50% b 85% c 70% d 60%

e 62% f 75% g 44% h 15%

i 100% j 94%

2 a 50% b 40% c 15% d 10%

e 40% f 75% g 60% h 90%

i 75% j 60%
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3 a 27.78% b 9.52% c 25.58% d 9.98%

e 94.74% f 5.28% g 35.87% h 81.97%

i 123.53% j 9.09%

4 80%

5 20%

Practice 3

1 Note: for fractional form there is more than one correct answer

a 0.87 87%
87

100
= = b .5 50%

5

10
= = c 0.732 73.2%

732

1000
= =

d 0.09 9%
9

100
= = e .006 6%

6

1000
= = f 1.2 120%

12

10
= =

2 a 0.12 b 0.46 c 1.03

d 0.385 e 0.083 f 0.1225

3 a 0.08 8%
2

25
= = b 0.8 80%

4

5
= = c 0.35 35%

35

100
= = d 0.44 44.44%

4

9
= =

4 a
3

10
b .77 c 1.03

d
2

9
e

24

33
f They are all equal

5 a 0.28 28%
42

150
= = b .4 0.40

104

260
= =

6 a 14%, , 0.186, 36%, , 0.6
2

11

2

5
b 0.05, 9%, , 0.16, 21%,

1

9

7

20

7 a 0.98, , 91%, , 0.89, 87%
31

33

45

50
b , 27%, , 0.136, 0.09, 4%

21

70

11

55

8 a 10% of the three same sized bags of popcorn

b 40% of three of the same sized mangos 

c The options are equivalent

9 150 million

10 1.79% 

11 17 million to 102 million

12 a 235000 b 71.28% 

Practice 4

1 a 75% b 75% c 25% d 20%

e 36% f 60% g 25% h 40%

2 a 40 b 40 c 120 d 152

e 260 f 350 g 200 h 60

3 a 25 b 40 c 10 d 80

e 100 f 140 g 30 h 3

i 80 j 70 k 4 l 3.84

m 33 n 36 o 18

4 $90

5 76.92%

6 $65000 (per year)

7 $1344 (per week)

8 Individual response

9 26667

Practice 5

1 a Total costs

Shirt: $46

Flowers: $69

Ball: $34.50

Painting: $103.50

Book: $23

Umbrella: $17.25
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b No, since 103.5 >100

c Any three which has total price summing to less than $100 e.g. Shirt, Ball, Umbrella 

d Shirt, Ball, Umbrella

2 a i $31

ii $84

iii $24

b i $35.65

ii $96.60

iii $27.60

3 $31.05

4 a 200 SYP b 220 SYP c 780 SYP

d 1820 SYP e 19.23% f Individual response

Practice 6

1 a 77.8% decrease b 167.6% increase c 327.4% increase

d 14.8% decrease e 900% increase f 77.3% decrease

2 8.8% decrease 

3 58.8% decrease 

Unit Review

1 a 47% b 38% c 65%

d 75% e 20%

2 a b

c d

e

3 Valid answers include:

a 9% : three lots of 3%

b 11% : one lot of 3% plus one lot of 8%

c 21%: one lot of 3% plus one lot of 8% plus on lot of 10%

d 18%: one lot of 8% plus one lot of 10%

e 16%: two lots of 8%

f 26%: two lots of 8% plus one lot of 10%

g 77%: nine lots of 3% plus ve lots of 10%

4 a 16 b 60 c 150

d 45 e 6 f 36

5 a 90% b 85% c 200% d 25%

e 40% f 40% g 20% h 8.08%

i 100% j 363.64%
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6 a 23% b 23% c 30% d 92%

e 37% f 61% g 16% h 174%

i 103% j 212%

7 a 0.28 28%
7

25
= = b 0.8 80%

4

5
= = c 0.65 65%

13

20
= = d 0.32 32%

8

25
= =

e 0.55 55%
11

20
= = f 0.47 46.67%

7

15
= = g 0.92 92%

23

25
= = h 0.2 20%

1

5
= =

i 0.6 60%
3

5
= = j 1.1 110%

11

10
= =

8 a 0.81 b 0.92 c
2

3
d 26% e 0.55

9 a 25% and 0.24 24%
1

4

12

50
= = = b 5% 0.05 and 0.5 50%

30

600

1

2
= = = =

10 a 50% b 20% c 10%

11 10%

12 Canada

13 a 20% b 6 c 33.33

d 54 e 160 f 75%

14 540 million

15 a 53.85% decrease b See comment c 3.5 million

16 10.4% assuming world population of 7.5 billion

546 million

17 a 30% decrease b 11.11% c 33.33%

Unit 3

Practice 1

1 a Rectangle of leaves 3 by 4, rectangle of leaves 3 by 5

b From one shape to the next, add a row of 3 leaves

c 3,6,9,12,15

We get to the next number of the sequence by adding 3

d Yes, this is a linear pattern because the dierence between the terms is always the same

e L 3+

f Yes, because 30 is a multiple of 3

2 a Cross of length 7 and height 7, cross of length 9 and height 9

b Cross of length 7 and height 7, cross of length 9 and height 9

Find the next number by adding 4 

c Yes, this is a linear pattern because the dierence between the terms is always the same

d 117

e w 4+

f No. The nth term is n4 3. No whole number n can make this expression equal to 40.

3 a Honeycomb shape with 13 hexagons; honeycomb shape with 16 hexagons

b 79

c Yes, the rule is 3n + 1, so the number 409 will be the 136th term of the sequence.

d Let the nth term of the sequence be written as a
n
. Then a

n
= a

n-1
+ 3 

4 a Individual response. Next two shapes should have 15 and 19 parts

b Individual response. Next two shapes should have 49 and 81 parts

5 Triangle

Practice 2

1 Note: n has been used throughout. Other letters are acceptable.

a n3 b 7+ c n5 d n 12+

e n 13 f 60+ g n

2
h n 17+

i
n

43
j

n

8
 provided n is non-zero k n5 l n5

m n4 26 n n8 3+ o n4( 7)+ p 11
n

20
 provided n is non-zero
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2 a Subtract 1 from a number

b Add 11 to a number

c Multiply a number by 14

d Divide a number by 3

e Subtract 12 from a number

f Subtract a number from 20

g Divide 12 by a number 

h Divide a number by 20 then add 7

i Multiply a number by 8 then subtract 9

j Times a number by 3 then subtract the result from 2

Practice 3

1 a n50, 6+ b n88, 5 c n81, 3 d 2,
n

5

e n128, 4 f n53, 9+ g 12.5,
n

2
h n40000, 10

2 a 16, 32, 64

b 512 29
=  so division has occurred 9 times

c No. The dierence between terms is not constant. (For those interested, this is an example of an exponential pattern) 

3 a
Animal Heart rate (bpm) Average approx. lifespan (years) Lifetime heartbeats

Pig 70 25 919 800 000

Rabbit 205 9 969 732 000

Horse 44 40 925 056 000

Hamster 450 3 709 560 000

Monkey 190 15 1 497 960 000

Whale 20 80 840 960 000

Elephant 30 70 1 103 760 000

b 995261142.9

c 126 to the nearest whole number

d No, lifetime heartbeats is approximately 2207520000

4 a 3.5 cm, 7 cm, 10.5 cm, 14 cm, 17.5 cm

b n 3.5cm+

c Yes, this is a linear pattern because the dierence between the terms is always the same

d 98000000 cm

Practice 4

1 a 10 b 60 c 13 d 36

e 7 f 17 g 65 h 58

i 17 j 23 k 75 l 0

m 1 n 13

2 a 52, 65, 78

b Yes, this is a linear pattern because the dierence between the terms is always the same

c Multiply the cycle number by 13

d c13

e 260

3 a r n2=

b Yes, this is a linear pattern because the dierence between the segments is always the same

c 22 cm

d 15

4 a Divide by 5 b
t

5
c 50 seconds

Practice 5

1 a Rule: n4

Linear

b Rule: n2

Missing values: 8, 200 

Linear
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c Rule: n 5+

Missing values: 9, 105

Linear

d Rule: n 10+

Missing values: 14, 110

Linear

e Rule: n
2

Missing values: 200, 25

Linear

f Rule: n 3

Missing values: 34, 8

Linear

g Rule: n6

Missing values: 12, 24

Linear

h Rule: n 8+

Missing values: 14, 23

Linear

i Rule: n2 1+

Missing values: 9, 201

Linear

j Rule: n5 2+

Missing values: 22, 252

Linear

k Rule: n3 1

Missing values: 11, 297

Linear

2 a

b C = T  40, where C = number of chirps per 14 seconds, and T = temperature in Fahrenheit

c Yes, it is a linear pattern 

3 a

b C = 3T  12, where C = number of chirps per 25 seconds, and T = temperature in Celsius

c Yes, it is a linear pattern

Practice 6

1 a x 14= b y 4= c i 18= d 34=

e d 200= f m 30= g k 35= h a 25=

2 a q 15= b 8= c r 32= d d 50=

e c 8= f y 25= g z 35= h u 6=

i x 8=

3 Letters refer to the equation label, not the unknown quantity

2: a, g, i, l

9: b, d, e, h

16: c, f

38: j

40: k

Temp (°F) Chirps per 14 seconds

70 30

80 40

85 45

Temp (°C) Chirps per 25 seconds

19 45

21 51

24 60
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4 a
Day Number of hexagons

1 10

2 22

3 34

4 46

5 58

6 70

7 82

8 94

9 106

10 118

b h d d10 12( 1) 12 2= + − = −

c 358

d

5 a f t249= +

b 369

c 751

6 a The circumference of the tree (in cm) is the age of the tree (in years) multiplied by π

b Measure the circumference of the tree and divide the result by π

c c aπ=

d 20 years

e 157.08

Unit Review

1 a 160 320 (the next term is double the current term)

b 26 31 (the next term is the current term plus 6)

c 32 31 (alternating sequence with 31 and terms increasing by 2)

d 3 1.5 (the next term is half the current term)

e 60 70 (the next term is the current term plus 10)

2 ?

3 a nprovided is non-zero
n

28
b n 4 c n 4+ d n17

e n12 + f n13 g n 6 h n2 3+

4 a Four times a number

b 63 divided by a number (that is non-zero) 

c 15 less than a number

d 61 more than a number

e 7 added to 3 times a number

5 a 8 b 9 c 4

6 a x 15= b x 8= c m 21= d p 24=

e b 7= f w 20= g h 9= h z 40=

i d 150= j x 8= k m 19= l n 49=

m g 38= n y 11= o a 114= p x 24=

7 a From one shape to the next, add a ladybird to each endpoint

b The 10th term would have 1 ladybird in the centre, with two arms of 10 ladybirds each, for a total of 21 ladybirds.

c No, 78 will not be in the sequence because it is an even number, and this is the sequence of odd numbers starting with 3.

d If the current term is n then the next term is n 2+

8 a The rst shape in the sequence contains two clouds. Each subsequent shape contains three more clouds than the previous one, 

so the sequence is 2, 5, 8, 11, 14, ....

b The rst shape contains 2 clouds. Each subsequent shape adds 3 more clouds, so the 20th term will contain 

2 + 19(3) = 59 clouds.

c No, the pattern rule is 3n  1, where n is the term number, so no integer value of n will give 46.

d If the current term is n then the next term is n 3+
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9 a n th term is n by n lightning bolts

b Yes, the pattern rule is t = n2, where n is the term number. These are simply the square numbers: 1, 4, 9, 16, etc. so as 100 is 

the square of 10 it will be in the sequence.

10 Individual response

11 a x 3= b 28 c g 8= d h 22= −

12 a m d75= b 40 days c Between 
2

9
 and 

1

6

13 Snail = 20

Dragony = 10

Ladybug = 5

14 a
Seconds Eggs in the clutch

3 7

4 8

5 9

6 10

7 11

8 12

9 13

10 14

b e t t7 ( 3) 4= + − = +

c 196 seconds

d 149 seconds

15 a e t2= b
5

3
 of a minute c 40 seconds

Unit 4

Practice 1

1 a Line through points X and Y

b Line segment between K and L

c Line from P extending through Q

d Just a point A

e A line labelled with n

f Parallel lines, one through B and C, the other through F and G

2 a
 

BA b
 

CD c EF d
 

GH

e


IJ f
 

KL g
 

NM h
 

PO i QR

3 Individual response

4 a Individual response

b Individual response

Practice 2

1 a Acute b Right-angle c Obtuse d Acute

e Straight f Obtuse g Obtuse h Obtuse

2 a 60 degrees; acute b 126 degrees; obtuse c 35 degrees; acute d 89 degrees; acute

3 a 30 degrees; acute b 90 degrees; right c 175 degrees; obtuse d 54 degrees; acute  

e 83 degrees; acute f 135 degrees; obtuse

4 Individual response; any angles intersecting with given angles are valid

5 Individual response; any two rays intersecting with angle 75 degrees are valid

6 Two line segments CD  and EF  intersecting perpendicularly. There are four right-angles at least one of which should be indicated 

by an empty box

7 Triangular face with angles made with the horizontal labelled ‘43.2 degrees’ or equivalent 
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8 Drawing as described, with height of longer side = 26.2 cm (accurate to 1 d.p.)

9 a Individual response

b One angle of 50 degrees and two angles of 130 degrees

c Sum of all of the angles is 360 degrees

d Adding the angles along either of the two lines gives 180 degrees

Practice 3

1 a i Vertically opposite: a and c or b and d

ii Supplementary: a and b or c and d

b i Vertically opposite: e and g or f and h

ii Supplementary: f and g or e and h

c i Vertically opposite: j and l or k and m

ii Supplementary: j and k or m and l

d i Vertically opposite: p and s or q and r

ii Supplementary: p and q or r and s

2 Two pairs of vertical angles and two pairs of supplementary angles at each of B,F,G 

3 a Complement: 55 degrees; Supplement: 145 degrees

b Complement: 79 degrees; Supplement: 169 degrees

c Complement: 6 degrees; Supplement: 96 degrees

d Complement: 81 degrees; Supplement: 171 degrees

e Complement: 38 degrees; Supplement: 128 degrees

4 a AXZ = 150°, BXZ = 30°, BXY = 150°

b PTR = 93°, RTQ = 87°, QTS = 93°

c PJK = 35°, KJQ = 90°, MJQ = 55°, MJL = 35°

d IGJ = 129°, IGF = 51°, FGH = 129°, GHM = 51°, MHL = 129°, LHK = 51°

e VRU = 50°, WRS = 50°, SRT = 40°

f BKR = 115°, EKC = 40°, MKC = 140°

g DPW = 100°, DPF = 80°, FPR = 100°, NRX = 40°, XRW = 140°, PRN = 140°, PWT = 120°, PWR = 60°, AWR = 120°

h WYR = 90°, FYC = 100°

5 a x 37= b x 115= c x 28=

d x 15= e x 63=

6 a Yes there are many, by the denition of vertical angles

b Individual response

c Individual response

d Individual response

e Individual response

Practice 4

1 Alternate interior angles: Z-angles 

Vertically opposite angles: X-angles 

Complementary angles: are angles that add up to 90 degrees

Supplementary angles: are angles that add up to 180 degrees

Interior angles of a triangle: 

Corresponding angles: F-angles

2 Individual response

3 a d, e, g, i, j, n, p b a, b, f, k, l, m, o

4 a a b c74, 106= = =

b d e f 133= = =

c g h j k m55, 125, 55, 45, 55= = = = =

d p q r50, 40= = =

e s t30, 20= =

f w x y z115, 148, 32= = = =

5 a x 60= b x 35= c x 110=

Practice 5

1 Individual response

2 a 43= , b 75= , c 110= , d 120= , e 60= , f 63= , g 96= , h 81= , i 36=
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3 a 55= , b 43= , c 32= , d 63= , 67= , f 108= , g 63= , h 117= , i 136=

100= , k 35= , l 80= , m 65= , n 57= , o 64= , p 116= , 59= , r 160= , =s 120, t 40= , u 20=

4 The angles c, d and e add to 180 degrees because they are the angles on a straight line, so c + d + e = 180. Angles a and d are 

alternate angles, so d = a. Angles b and e are alternate angles, so e = b. Substituting these values for d and e into the rst equation 

gives c + b + a = 180, thus the angles in a triangle sum to 180 degrees.

5 Individual response

Unit Review

1 a Line through E and F

b Line segment between X and Y

c Line from R through S

d A point labelled T

e Perpendicular lines; a line through A and B perpendicular to a line through J and M

f Parallel lines; a line through T and V parallel to a line through Y and Z

2 a PQ b l••m c
 

GH

d
 

PQ e ∠HGI or ∠IGH f AB MN⊥

3 a 47 degrees, acute 

b 90 degrees, right-angle

c 56 degrees, acute

d 120 degrees, obtuse

4 Individual response

5 b 22 degrees c 56 degrees f 76 degrees

6 a x 158= b x 62= c x 15=

d x 60= e x 5=

7 Sum of interior angles in a triangle is 180 degrees. There exists a right-angle, so the remaining two angles must sum to 

80 90 90− =

8 a x 58= b y 80= c p 54= , q 36= , r 108= d x 60= , y 50=

9 a x 18= b x 7=

10 a w 56= , x 59= , y 65=

b j 65= , k 85= , m 65= , n 25=

c p 60= , q 30= , r 20= , s 160= , t 20=

d p 153= , q 63= , r 27= , s 81= , t 72= , u 153=

e f 142= , g 38= , h 142= , j 38= , k 52= , m 38= , n 142= , p 61= , q 61= , 

f A 59= , B 111= , C 153= , D 37= , E 37= , F 58= , G 26= , H 96= , J 84= , K 37= , L 53=

11 Individual response

Unit 5

Practice 1

1 a There are four members of the family. Each member of the family eats 12 grapes

∴ 4 ×12 = 48

48 grapes are eaten

b After the sixth round, since 6
12

2
=

c After the third round, since 3
12

4
=

d Three quarters of the way through the seventh round

since 12 6
9

16

3

4
× =

e 7

12

f 23

24

g Individual response

2 a
5

6

8

9
< b

12

25

5

9
< c

3

7

21

50
> d

5

24

2

5
<

e
3

20

7

24
<

297



Answers

3 a Social Networks, Calling, Texting

b Individual response

c Individual response

4 , , , , ,
2

11

1

5

8

33

1

4

11

40

3

9

5 a
2

3

5

7
< b

3

5

7

12
> c

9

10

5

6
> d

2

7

3

8
<

e
8

13

5

8
< f

4

9

6

13
< g

5

11

10

19
< h

1

4

2

9
>

i
3

4

6

7
< j

10

13

7

11
>

6 Decimal form; Individual response

7 a Approximately 1.25 billion (assuming the world population is 7.5 billion)

b
15

365

3

73
=

c
12

80

3

20
=

d Road, Rail, Airplane, Boat

e Rail: 0.35 billion

Boat: 0.045 billion

Airplane: 0.06 billion

Road: 2.5 billion

8 a “Whole” here refers to the person’s total ethnicity ancestry

b A whole can be divided into dierent sizes

c Morocco, Benin, Algeria, Cameroon, Spain, England, Italy, Portugal

d Same as in (c)

Practice 2

1 a
4

7

3

5

12

35
× = b

7

9

4

7

4

9
× = c

4

5

2

5

8

25
× = d

5

10

3

7

3

14
× =

2 a
7

36
b 3

4
c 1

11

d 7

4
e 5

2
f

4

3

3 a
1

6
b

5

18
c 5

14

d
2

35
e 3

44
f

5

6

4 a
1

6
b

3

8
c

2

7

d
1

6
e

1

5
f

3

7

5 a
7

25
b

21

250
c

3

5
d Individual response

Practice 3

1 a 9

2
b

5

3
c

21

10

d 8 e 1

4
f 11

4

2 a
2

3
b

32

3
c

4

7

d 1

24
e 4 f 3

153

50

3

50
=

3 Individual response

× =

÷ =

5

5 10

1

2

5

2

1

2

4 a
3

20
b

9

20
c

1

5
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5 Fourth Grade: 20

Fifth Grade: 16

Sixth Grade: 14

6 a 14 b 8 c
7

32

7 a 1

2
b Individual response

Practice 4

1 a
3

7
b

5

7
c

1

3
d

3

7

e
3

5
f 3

11
g 1

1

6
h

17

40

i
17

20
j

1

15
k

5

18
l

1

24

m
37

56
n

11

13
o 4

5

12
p

1

10

2 Three eighth-pages

3
4

15

4 a
5

32
b

9

32
c

9

32
d Individual response

5
18

35

6 3

4

7 a This makes sense as the sum of one’s fractional ethnic identities is equal to their total ethnic identity, which we denote as a 

whole (i.e. 1)

b
17

100

c
83

100

8 a It is possible that a single item can fall into multiple categories. Therefore, the categories are not disjoint and the sum of the 

teenagers across all categories is greater than the whole (i.e. the population of teenagers) since individuals can be double 

(or triple) counted

b Individual response

9
4

15

Practice 5

1 a 1

21
b 9

4
c

9

20
d 23

12

e 1

2
f 9

4
g

79

84
h

23

30

i
1111

100
j 1 k

29

30
l 1

2

2 a The measure includes four eighth notes and one half note. 
1

2
 equals 

4

8
; 

4

8
 plus 

4

8
 equals one whole note

b measure is a quarter note

c measure is a sixteenth note

3
1

3

4 and
2

3

4

5

5

1

2

3

5

4

1

5
÷ ÷ × ×

Unit Review

1 a
3

7

2

5
> b

7

10

5

8
> c

4

11

2

7
>

d
13

20

5

9
> e

5

12

9

16
< f

17

21

5

6
<

2 a , , , , ,
1

3

5

12

1

2

17

24

5

6

7

8
b , , , , ,

11

25

1

2

27

50

3

5

7

10

3

4

3 a Disagreed, Neutral, Strongly Agreed, Agreed b
18

25
c Individual response
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4 a
6

5
b

3

17
c

3

35
d 10

11

5 a
8

15
b

1

36
c 20

21
d

4

15

e
31

36
f

21

40
g

161

10
h 32

11

6 a 2
1

4
×  cup b 4 ×

1

4
 cup or 3 ×

1

3
 cup c 1 ×

1

4
 cup + 1 ×

1

3
 cup d 3 ×

1

4
 cup + 2 ×

1

3
 cup 

7 a so blue
4

11

3

8
< b so orange

2

7

4

13
< c India

8 Eric a First line: incorrect conversion from improper to mixed fraction 

Second to third line: incorrect diagonal cancellation 

b, c 3
5

14

4

7

5

14

25

7

5

14

7

25

1

10
÷ = ÷ = × =

Amanda a First line: you cannot perform diagonal cancellation when adding fractions

Second to third line: incorrect addition of fractions

b, c
5

9

6

15

25

45

18

45

43

45
+ = + =

9 a
5

18
b

1

3
c

121

64
d

2

15

10 a
8

5

b 2 sticks of butter

4

5
small, sweet onion, grated

1 cup yellow mustard

6

5
cup dark brown sugar

3

5
cup apple cider vinegar

2 tablespoons dry mustard

4

5
teaspoon cayenne pepper

16

5
bay leaves

Salt & pepper to taste

c Individual response

11 a
1

5
b

5

32
c

1

50
 Individual response d

2

125

Unit 6

Practice 1

1 Categorical: whether you are right-handed or left-handed, colour of your favourite hat, the day of the week on which you were 

born, grade on a nal exam

Ordinal: shirt size (S,M,L), your rating of a movie (1,2,3,4 or 5 stars), year of birth

Continuous: age, height

Discrete: results of an election, family income

2 a Discrete b Continuous c Discrete d Categorical

e Categorical f Discrete g Categorical h Continuous

3 Individual response

4 Individual response

Practice 2

1 a Individual response

b There are 360 degrees in a circle. Therefore, for each percent, multiply by 3.6 and draw a sector using the corresponding angle 

(with a protractor).

c There is a very slight decrease in percentage of students in each MYP year from year 1 to year 5.

d No, it simply summarizes the raw data.

e Individual response
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2 a There are more females than males in schools in Portland Bay

b No. The graph only represents the overall statistic across all schools in Portland Bay. However, there could be some schools in 

which there are more males than females (or equal numbers of males and females)

c No. The results are localised to Portland Bay and say nothing about schools across the country. 

d Individual response

e Individual response

3 a No, it is not an organized picture representing the data, it is a summary of the raw data in tabular form

b Individual response

c Individual response

d Individual response

e Individual response

4 a Individual response

b Individual response

c Individual response

d No. The graph only represents the overall collection of student responses and contains no information about the distribution 

of responses across the city. 

5 a No, it is not an organized picture representing the data, it is a summary of the raw data in tabular form

b (Individual response) In general, students overall agree that students are treated fairly by other students regardless of 

nationality or ethnicity. However, in general as students get older, they are less likely to strongly agree, and more likely to 

agree, disagree or strongly disagree.

c (Individual response) As students get older, they are more likely to be socially aware of discrimination between nationalities 

and ethnicities, thus are less likely to strongly agree and more likely to acknowledge some extent of unfair treatment.

d Individual response

6 a Individual response

b Individual response

7 a Individual response

b Individual response with respect to type of graph used

c Individual response

Practice 3

1 a Bar graph

b In general, males are more literate than females. In countries where overall literacy rates are lower, there is a greater dierence 

between the literacy rates of males and females

c No. There is no reference to timescale or date in the graph

d Individual response

2 a Individual response (the most correct answer arises from measuring, using a protractor, the angles corresponding to each 

sector and scaling accordingly to a percentage.

b Individual response

c Individual response

d Individual response

e Individual response

3 a Individual response

b Individual response

c Individual response

d Individual response

e Individual response

f Individual response

g Individual response

h Individual response

i Individual response

4 a Individual response

b To be constructed after corrections, or could be described

c Individual response

d Individual response

e Individual response
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5 a No (Individual response)

b (Individual response) No labelling of axes. The line joining the points suggests that the graph shows a continuous variable. 

Title says “percentage” but the vertical axis gives the count

c To be constructed after corrections, or can be described

d Individual response

e Individual response

Practice 4

1 a Water

b 11

c 26

d 80

Tea: 10, Coee: 16, Soft Drink: 5, Water: 23, Juice: 11, Smoothie: 15

e To be constructed after corrections

f Individual response

g Individual response

2 a Several times a day

b Several times a day: 216 degrees

Once a day: 36 degrees

Almost constantly: 90 degrees

Once a week: 14.4 degrees

Less than once a week: 3.6 degrees

c Individual response

d Individual response

e Individual response

3 a Individual response

b Individual response

c Individual response

d Individual response

e Individual response

4 a Individual response

b The majority of bullying receives no intervention

c Individual response 

Practice 5

1 a i Any estimate between 128-129cm

ii 140cm

b Individual response

c Individual response

d Individual response

e Individual response

f Individual response

2 a Football / Soccer

b Field hockey, tennis, volleyball

c 3

d 10

e 94

f 4

g Individual response

h Individual response

3 a 125

b To be completed after review or described

c To be completed after review or described

d Individual response

e Individual response

f Individual response

g Individual response
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4 a To be constructed after review or can be described

b Individual response

c Individual response

d Individual response 

Practice 6

1 a Answers include, but are not limited to:

• Brazil: Overall average increase in homicide rate over period (including specic data points). Fall-o in homicide rate 

towards the end of the period. Peak of around 33 homicides per 100000 people around 2003. 

• Ecuador: Overall average increase in homicide rate over priod (including specic data points). Peak of around 23 

homicides per 100000 people around 2008.

• Colombia: Signicant rise in homicide rate from 1980 to around 1992, followed by signicant fall in homicide rate  

from 1992 to 2010 (including specic data points, for example, the peak homicide rate of 80 people per 100000 people 

around 1992.)

b No, the y-axis range and scaling vary between the graphs

2 a Individual response

b Overall increase in youth obesity overtime. Levelling o more recently.

c Individual response

d Individual response

3 a In general, there is an increase in violent crime among the cities from the beginning of the period to the early 1990s, and then 

a decrease thereafter until the end of the period

b Individual response

c This is not a good assumption to make from the data, because the data contains information on only six American cities and 

only for the period 1985–2012. Thus “... always been one of the safest cities in America.” cannot be justied by this graph alone.

d No; Individual response

4 a Answers include, but are not limited to:

• Left-hand graph represents a numerical total whereas the right graph represents a percentage

• The results for “Asia and the Pacic” and “Sub-Saharan Africa” vary between the graphs (i.e. for the left-hand graph 

the totals for “Asia and the Pacic” are higher than for “Sub-Saharan Africa” whereas on the right-hand graph, the 

percentages for “Sub-Saharan Africa” than for “Asia and the Pacic”

b Comparing year-to-year, child labour was more frequent in “Asia and the Pacic” than it was in “Sub-Saharan Africa”

c Comparing year-to-year, child labour was more frequent in “Sub-Saharan Africa” than it was in “Asia and the Pacic”

d Individual response

e Individual response

5 a Individual response

b Individual response

c Individual response

d Individual response

6 a High school graduation percentages are most likely based on a lot of factors, including economic climate, school district budgets, 

immigration, national testing, etc. There is no evidence here to suggest that the results are correlated to new government.

b Individual response (main point to be noted is that the number of books has no direct relationship with the percentage).

c To be constructed after review, or can be described

d Individual response

e Individual response

f Individual response 

g Individual response (main point to be noted is the Obama – and perhaps Bush - period)

Unit Review

1 a Discrete

b The distribution of the dwelling situations for the homeless

c Individual response

d Individual response

2 a Discrete

b Individual response

c Individual response

3 a Individual response

b Individual response

c Individual response
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4 a Individual response

b It is not stated what units are used on the vertical axis. The text mentions “the raptor” but it is not clear whether this is. Also, 

we don’t know the population size.

c Individual response

5 a Discrete

b Individual response

c Individual response

d Individual response

e Individual response

6 a ‘Grade level’ – ordinal

‘Hours of homework’ – Discrete

b 1 hour

c Increases by 0.75 hours

d Grades 1 and 2

e Grade 8

f Between grades 6 and 7 or between grades 9 and 10

g Individual response

h Individual response

i Individual response

j Individual response

7 a Individual response; can construct dierent graphs and/or describe them after review

b The students who use their cell phone more frequently in class tend to achieve worse grades (students should use data to 

support this justication)

c Individual response

d Individual response

8 a Pie charts with sectors as follows:

Basketball: Under $25k = 58°, $25k  $49.9k = 76°, $50k  $74.9k = 68°, $75k  $100k = 54°, Over $100k = 104°

Soccer: Under $25k = 47°, $25k  $49.9k = 68°, $50k  $74.9k = 58°, $75k  $100k = 61°, Over $100k = 126°

Swimming: Under $25k = 29°, $25k  $49.9k = 58°, $50k  $74.9k = 43°, $75k  $100k = 75°, Over $100k = 155°

Lacrosse: Under $25k = 14°, $25k  $49.9k = 36°, $50k  $74.9k = 58°, $75k  $100k = 50°, Over $100k = 202°

b Individual response

c Individual response

d Individual response (Lacrosse)

e Individual response

9 a High School Graduate

b Individual response

c At least a doctoral degree

d Individual response

10 a For the teens: circle graph with the following sectors.

0 = 7°, 1–10 = 79°, 11–20 = 40°, 21–50 = 65°, 51–100 = 65°, 101 or more = 104°.

For the adults: circle graph with the following sectors.

0 = 32°, 1–10 = 184°, 11–20 = 47°, 21–50 = 43°, 51–100 = 25°, 101 or more = 29°.

b Individual response

c Individual response

d Individual response

e Individual response

f Individual response

11 a Individual response

b Individual response

c Individual response

d Individual response

e Individual response

12 a Individual response (An urban area is a densely populated region that is equipped with infrastructure. A rural area is an area 

that is not considered to be rural.)

b Congo

c Nigeria

d Egypt

e Individual response

Individual response

f Individual response
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Answers

Unit 7

Practice 1

1 a 6 and 8; b 7; c 10

2 a 60 in2 b 5m2 c 126cm2 d 8cm2

3
Triangle’s Base (cm) Triangle’s Height (cm) Triangle’s Area (cm)

10 12.6 63

18.21 14.5 132

8.4 50 210

10.34 16.25 84

10.5 9.14 48

4 a 10m2

b 10.825m2

c If the sun is not directly overhead, the eective shade is not necessarily the same area as the area of the triangular shade

Practice 2

1 a Perimeter: 20cm

Area: 19cm2

b Perimeter: 24cm

Area: 30cm2

c Perimeter: 66cm

Area: 99cm2

d Perimeter: 0cm

Area: 46cm2

e Perimeter: 2cm

Area: 32 3 cm2

f Perimeter: 50cm

Area: 160cm2

2 a 30mm2 b 6mm2 c 798mm2 d 126mm2

3 a 120km2 b 20% c Individual response

Practice 3

1 a 792cm3 b 2700cm3 c 280m3 d m3

2 a 7cm b 10cm c 12cm

3
Length (cm) Width (cm) Height (cm) Volume (cm3)

10 12 5 600

2.5 4 9 90

3 4 25 300

7 4 11 308

8 20 3.5 560

4 a 540cm3 b 210cm3 c 330cm3 d Individual response 

5 a 303.24cm3; isometric drawing of rectangular prism, with measurements in proportion

b 100.45cm3; isometric drawing of triangular prism, with measurements in proportion

c Individual response (the tetra packaging is more space ecient)

d Individual response

Practice 4

1 a 518cm2 b 600mm2 c 1380cm2

d 331.2m2 e 272 in2 f 14m2
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Answers

2 a Change in volume: 98cm3

Change in surface area: 74cm2

b Individual response

c No. The new box has a larger volume so does not justify a decrease in the mass of candy contained.

d Individual response

3 1304.3cm2

4 a Two sides, each measuring 5 × 48. Surface area = 2 × 5 × 48 = 480m2

20 slanted panels, each measuring 2.2 × 48. Surface area = 2.2 × 48 × 20 = 2112m2

Using Pythagoras, the base length of each peaked roof is 2 × √2.22  12 = 3.92m.

There are ten peaked roof sections, so the length along the front (and back) of the greenhouse is 10 × 3.92 = 39.2 m.

Thus, the surface area of the front and back is 2 × 5 × 39.2 = 392m2

The entire surface of glass windows is the combined surface area: 480 + 2112 + 392 = 2984m2

b Growing capacity = 48 × 5 × 39.2 = 9408m3

c Surface area of the 20 slanted panels = 2112m2 (from part a), so half of this is 1056m2

d 174.4m2

Unit Review

1 a Perimeter: 56in

Area: 84 in2

b Perimeter: 2 in

Area: 35in2

c Perimeter: 29in

Area: 20in2

d Perimeter: 66in

Area: 200in2

2 a 72m3 b 162m3 c 27m3 d 450m3

3 a Perimeter: 5.6cm

Area: 18.65cm2

b Perimeter: 3cm

Area: 72cm2

c Perimeter: 82.08cm

Area: 432cm2

d Perimeter: 53.7cm

Area: 153cm2

4 a 72 feet3 b 480 feet3 c 480 feet3

5 a Perimeter: 57.6m

Area: 76.8m2

b Individual response

c Individual response

d Individual response

6 1224m2

7 a Volume of left house: 126m3

Volume of right house: 140m3

b Individual response

c Individual response

8 a 6m2 b 3.75m

9 a 63.5km2

b 32.5km3

c The new volume would be an eighth of the current volume. This is an 87.5% decrease in the volume

d Individual response

10 a 4.05m3 b 3.6m3, Individual response

11 a Surface area = 2 (4 6 + 4 12 + 6 12) = 288units2
× × × ×

Volume 4 6 12 288units3
= × × =

So numerically the surface area and volume are equal

b A cube of side length 6 will have a volume of 6 × 6 × 6 = 216units3, and a surface area of 2 × (6 × 6 + 6 × 6 + 6 × 6) = 216units3

One such rectangular prism whose surface area is numerically equal to its volume is one that measures 4 × 6 × 12.
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acute angles 130, 152
acute triangles 146
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adding fractions 182–8
algebraic equations 103–10, 111
algebraic expressions 93–100, 111
algebraic patterns 89–93
angles 128–35

acute angles 130, 152
angles formed by lines 136–7
complementary angles 137–40, 153
interior angles of a triangle 147
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straight angles 130, 152
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area 252
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bar graphs 213, 236
base-10 and base-60 13–14
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Braille 15–17
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C

calculating with numbers 30–9
order of operations 36, 41
performing many calculations 36–9

calculators 38
categorical data 205, 236
centipedes vs millipedes 105–6
circle graphs 215–19, 237
circles 128
comparison graphs 227–8
complementary angles 137–40, 153
compound shapes 262–5
continuous data 205, 236
cuneiform 14

D

data 204–7, 236–7
data management 208
making comparisons and showing 

trends 226–30
misleading graphs 230–5
neighbourhood proÀle 225–6
types of data 205–6
types of graph 211–25
using graphs to represent data

208–11
decimals 9–13, 40

expanded notation 40
percentages and decimals 61–6,  

76
repeating decimals 62–3

discrete data 205, 236
division 21–2

dividing fractions 176–80
divisibility rules 21, 41

E

elephants 272
equations 103–10, 111
Euclid’s method 24
expanded notation 40
expressions 93–100, 111
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factors 21, 41
GCF/LCM application 28–30
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food for refugees 66–7
fractions 164, 193

adding and subtracting 
fractions 182–8

comparing fractions 167–71
dividing fractions by fractions 177–80
dividing whole numbers by 

fractions 176–7
multiple operations 188–92
multiplying fractions 171–5
musical notation 189–90
peppermint bark 181–2
percentages and fractions 56–60, 76
representing fractions 165–7
tangram fractions 165–6, 185

frequency tables 211–12, 236
functions 101–3

G

geometric constructions 124, 152–3
angle relationships 136–40
angles 128–35
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parallel lines and transversals 141–5
rays, line segments and lines 124–8
triangles 145–51

graphs 208–11, 236
analyzing different graphs 221–2
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misleading graphs 230–5
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indices 18, 41
intersecting lines 136–7
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L

Lakota beadwork 145
line graphs 213–15, 237
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lines 124–8, 152
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intersecting lines 136–7
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GCF/LCM application 28–30

M

millions 9
misleading graphs 230–5
multiples 19, 41

GCF/LCM application 28–30
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multiplication 31–6
multiplying by 10 and 11 31
multiplying fractions 171–5
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musical notation 189–90
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number systems 7–8, 46–7
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Braille 15–17
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numbers 6, 40–1
calculating with numbers 30–9
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roots 18–19

O

obtuse angles 130, 152
obtuse triangles 146
order of operations 36, 41
ordinal data 205, 236
origami 141

P

parallel lines 141–5
patterns 88, 89–93, 111

centipedes vs millipedes 105–6
equations 103–10, 111
patterns as functions 101–3
representing patterns with 

expressions 93–100, 111
sequences 89, 90, 111

peppermint bark 181–2
percentages 52–6, 76

applications of percentages 67–72
conversions 76
equivalent forms 56–67
food for refugees 66–7
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percentage change 72–5
percentages and decimals 61–6, 76
percentages and fractions 56–60, 76

perimeter 252
generalizing relationships 260–5
perimeter of a rectangle 260–2
perimeter of compound shapes 262–5

pi 13
pie charts 215–19, 237
points 124, 152
powers 18, 41
prime numbers 19

Q

quantitative and qualitative data 205, 
236

R

rays 124–8, 152
rectangles 260–2
right angles 130, 152

right-angled triangles 146
roots 18–19

S

scientiÀc calculators 38
self-management 83
sequences 89, 90, 111
sieve of Eratosthenes 19–20
slide rules 38
straight angles 130, 152
subtracting fractions 182–8
supplementary angles 137–40, 153
surface area 270–1

surface area of 3D shapes 271–4

T

tangram fractions 165–6, 185
thousands 9
thousandths 9
three-dimensional shapes 265–75, 276
time series graphs 213–15, 237
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triangles 145–51

acute triangles 146
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obtuse triangles 146
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two-dimensional shapes 252–60, 276

V

Venn diagrams 252–4
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