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How to use this book 








How to get the most from this book 








Hodder Education’s Key Stage 3 Maths resources cover all 








you need to know for years 7–9 and are comprised of: 










●  



three textbooks covering the entire Key Stage 3 









National Curriculum 








●  



three intervention and three extension practice books, 









designed to complement the textbooks for those that 








need more support or more challenging maths 








●  



Boost online content. 









Our year 7 material is split into 17 chapters, and each 








chapter comprises two, three or four units. In total there 








are 49 units in the book. 








Each 

chapter 



includes: 








●  



Coming up 



– a list of learning objectives that will be 









tackled in the chapter 








●  



a 



Starter 



problem – either an activity or a puzzle – to 









engage the students with a new topic and designed 








to be used before the first lesson, or at the start of 








the first lesson in that topic 








Mystery numbers 










Eachsymbolonthesecardsrepresentsadifferentmysterynumber. 








Eachsymbolrepresentsaninteger(wholenumber). 








Solvethesecluestofindthemysterynumbers. 








Clues 








is even 








is a multiple of 7 








has a digit sum of 6 








has two digits 








is prime 








has two digits 








is one more than 








a square number 








has a digit sum of 10 








is a multiple of 6 








When you: 








• double the 








answer is more 








than 30 








• subtract 10 from 








the answer is less 








than 10 








When you add 7 to 








the answer is 23 








is odd 








has two digits 








is a square number 








has digits that sum to 








make another square 








number 








has two digits 








is a square number 








is a cube number 








Chooseyourownmysterynumber. 








Makeupsomecluesandgivethemtoafriendtosolve. 










●  



activities, investigations and whole-class discussion 









points 








●  



a Review exercise at the end of the chapter; this 









encompasses all of the units covered in the chapter. 








Each of the 

individual units 



within the chapter includes: 








●  



a 



Skill checker 



– simple diagnostic questions to test 









basic understanding in preparation for the unit 








Skill checker 










Matchtogetherthecalculationswhichhavethesameanswers. 








60−6×3 








1+4×2 








5+42 








7×9÷3 








18−32 








7× 



(2 



+4) 








16−2×3 








2×3+4 








7×8+50÷2 








9× 



(4 



+5) 










●  



clear and detailed explanation of the topic 









●  



plenty of worked examples with solutions 









● 



a Mastery-friendly approach throughout, including 









concrete-pictorial-abstract 



(CPA), 



manipulatives and 








bar-modelling 








● 



a focus on fluency, with a carefully structured 









approach that takes into account cognitive load 








theory 








● 



helpful hints and guidance on misconceptions and 









pitfalls to watch out for 








● 



Now try these 



exercise questions: 









� 



Split up into three bands of difficulty: Band 1 









questions are for those students who are 








working towards age-related expectations, 








Band 2 are for those at age-related expectations, 








and Band 3 are for those working beyond 








age-related expectations. Most students will 








engage with Band 2 questions and either 








Band 1 or Band 3, depending on which is most 








appropriate. 








� 



Defined as either Fluency (AO1), Reasoning 









(AO2) or Problem solving (AO3) and indicated 








as such. 








� 



All exercise questions are carefully calibrated 









to enable the whole class to understand each 








question and answer before moving on. 








� 



Non-calculator questions are indicated. 









●  



a list of key words (highlighted in the text). These are 









fully explained in a glossary at the back of the book. 








A full set of review questions (Progress Review) 



is 








included at the end of each group of chapters – that is, a 








sequence of two or three chapters that cover the same 








subject area (number, algebra, geometry, ratio/proportion, 








statistics, probability). These are designed to cover each 








half term’s work. There are six of these in this book. 








All answers are provided online at www.hoddereducation. 








co.uk/KS3MasteringMathematics and are freely 








accessible. 
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Probability 








Coming up… 








Carrying out simple probability 









experiments 








Understanding chance, randomness 









and fairness 








Understanding equally and unequally 









likely outcomes 








Using the 0–1 probability scale 









Understanding that the probabilities 









of all possible outcomes sum to 1 








Calculating the probability of a 









single event 








A dicey problem 








Make a copy of this grid and play this dice game with a partner. 








You will need two counters and a dice. 








Rules 








① 



Choose a start position from A to F and place a counter on it. 








② 



Roll a dice. If you roll a: 










u 



1 or 2: move one square left 



← 








u 



3, 4 or 5: move two squares right 



→ → 








u 



6: move one square down 



↓ 











③ 



If you move off the board to the left or right, you lose. 








④ 



The winner is the first person to move their counter to the 








bottom of the board. 








What is the best starting position? 








Y 








O 








U 








A B C D E F 








L 








O 








S 








E 








Y 








O 








U 








YOU WIN! 








L 








O 








S 








E 








Skill checker 










① 



a 



Write down the number that each arrow is pointing to. 











b 



Write each number as: 








i 








a fraction 








ii 



a percentage. 








0 








1 








A 








B 








C 








0 








1 








D 








E 








0 








1 








F 








G 








0 








1 








1.1 Introduction to probability 
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Many things in real life are not certain, but you can describe the likelihood or chance of a particular 








event happening using 

probability. 








When you roll a dice or flip a coin you have carried out an 

experiment. 








An 

outcome 



is the result from carrying out the experiment. 








For example, the possible outcomes when you flip a coin are ‘Heads’ and Tails’. 








Give an example of an outcome of an experiment that: 








a 



is impossible 








d 



is likely 








b 



is certain 








e 



has an even chance of 








happening (50–50 chance). 








c 



is unlikely 








Discussion activity 






Probability 



tells you how likely an event is to occur and the probability of an event is given as either a decimal or 








fraction. Sometimes in real-life a percentage is used. 








A 

probability scale 



is used to compare probabilities. 








The probability scale goes from impossible (probability 0) to certain (probability 1). 








0 








Impossible 








Certain 








Unlikely 








Likely 








1 








Even chance 








Highly 








unlikely 








Highly 








likely 








An event that is 

certain 



to occur has a probability of 1 or 100%. 








An event that is 

impossible 



has a probability of 0 or 0%. 








The closer the probability of an event is to 1, the 

more likely 



the event is to happen. 








The closer the probability of an event is to 0, the 

less likely 



the event is to happen. 








An outcome with a probability of 








1 








2 








, or 0.5, is equally likely to happen or not happen. 








② 



Play this game with a partner. 








Each player needs to draw out five boxes on a piece of paper. 






How to play: 








Roll a ten-sided dice. 








Each player records the number in one of their boxes. 








Roll the dice four more times. 








Each time record the roll in a different one of 








the five boxes. 








6 








Lilia rolled a 6 first, so 








she put a 6 in the middle. 








Is this the best place 








for it to go? 








Your five rolls give you a five-digit number. 








The person who has recorded the highest five-digit number wins. 








What strategy did you use? 








It is impossible to 








roll a ‘7’ on an ordinary 








six-sided dice. 








You are certain to get 








either heads or tails when 








you flip a coin. 








This is sometimes 








called an even chance, or 








a 50-50 chance. 
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1.1   Now try these 








Band 1 questions 








❶ 



Match each word / phrase to its definition. 






likely 






impossible 






unlikely 






certain 






even chance 










● 



Has an equal chance of happening or not happening. 








● 



Will definitely happen. 








● 



Will never happen. 








● 



Will probably not happen. 








● 



Will probably happen. 











❷ 



Match the statements with the words below. 








a 



A coin will land on heads. 








b 



You will see a yeti if you visit the Himalayas. 








c 



The sun will set tonight. 








d 



I will throw a 6 when I throw a dice. 








e 



You will fly to Mars. 








f 



Someone will win the lottery jackpot this weekend. 








g 



You will live to be 70 years old. 






certain 






likely 






even chance 






unlikely 






impossible 








❸ 



Place the following events in the correct places on a copy of the probability scale. 








Impossible 








Certain 








Unlikely 








Likely 








Even chance 








a 



The winning ticket in a raffle will be an odd number. 








b 



The sun will rise tomorrow. 








c 



An aeroplane will land on the school. 








d 



The temperature will drop below 0 



°C 



in December. 








e 



You will meet a live dinosaur tomorrow. 








Worked example 








Write these values in the correct position on the probability scale. 








0 








1 








0.75 








1 








2 








0.25 








Solution 








0 








0.25 








1 








2 








Impossible 








Unlikely 








Even 








chance 








Likely 








Certain 








0.75 








1 








An event with a 








probability of 0.25 is 








unlikely to happen. 








An event with a 








probability of 0.75 is 








likely to happen. 
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❹ 



Describe the probability that there is someone in your school who 








a 



has the same birthday as you 








b 



was born on the same day of the week as you. 








Band 2 questions 








❺ 



A charity holds a raffle to fund raise. The charity sells 10 000 tickets. Amy buys one ticket and Ben buys two tickets 








for the raffle. 








a 



Draw a probability scale. Use it to show how likely Amy and Ben are to win the raffle. 








b 



Ben says, ‘I’m twice as likely to win as you are Amy.’ Is Ben right? 








❻ 



Make three copies of this octagon. 








A spinner is made by pushing a pencil through its centre. 








a 



Colour your first spinner so that it has an even chance of landing on red 








or green. 








b 



Colour your second spinner so that it is likely to land on green. 








c 



Colour your third spinner so that it is very unlikely to land on red. 








❼ 



On 18 September it rained. 








James says, ‘I’m glad it’s raining today because I have to go out tomorrow and now it’s more likely to be dry.’ 








a 



Is James right or wrong? Explain your answer. 








b 



Would your answer change if the date was 18 June or 18 December? 








❽ 



Richard is an athlete. He has won half of his races this season. 








Richard says, ‘The chance of me winning my next race is evens.’ 








Do you think Richard is right? Explain why. 








Band 3 questions 








❾ 



Sarah and Matilda each think of a whole number less than 100. 








a 



Describe how likely it is that they are thinking of the same number. 








Sarah and Matilda go into their classroom. Everyone in the class of 30 students thinks of a number less than 100. 








b 



Describe how likely it is that two people are thinking of the same number. 








c 



Describe how likely it is that someone is thinking of the same number as Matilda. 








The class go into an assembly with other classes. There are 150 children in the school hall. 








Everyone thinks of a number less than 100. 








d 



Describe how likely it is that two people are thinking of the same number. 








e 



Describe how likely it is that someone is thinking of the same number as Matilda. 








❿ 



Benjamin Franklin famously said, ‘In this world nothing is certain except death and taxes.’ Most people take out 








insurance policies to cover themselves against life’s uncertainties – if you are insured and something goes wrong 








then the insurance company will pay you some money to try and put things right. 








a 



Here is a list of different sorts of events that might happen to you this year for which you can take out an annual 








(yearly) insurance policy. 








Place each one on a probability scale. 








i 



You miss your flight when you are going on holiday. 








iii 



Your family’s five-year-old dishwasher breaks down. 








v 



You fall over on holiday and break your leg. 








ii 



Your pet needs an operation. 








iv 



You break your mobile phone. 








vi 



Your house is burgled. 








b 



Compare your answers with other students. Discuss why you have put each one where you have. 








c 



Why might someone buy insurance for an event that is unlikely to happen? 
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1.2 Single events 








Skill checker 








① 



Jamie takes a marble at random from one of these bags. 








a 



Match the bags to the probability that Jamie draws a red marble. 








Impossible 








Even chance 








Unlikely Highly unlikely 








Highly likely










b 



Draw a bag to match each of these labels. 








Likely 








Certain 








② 



Match these dominoes to complete the rectangle. 










1 








1 








2 








Unlikely 








99% 








1.25 








1 in 2 








Likely Certain 








Certain 








1 








4 








Impossible 








0.01 








Highly 








likely 








100% 








Even 








chance 








0.5 








Highly 








likely 








50% 








Highly 








unlikely 








75% 








0 








0.95 











One of the dominoes is incorrect. Which domino is wrong and why? 








i 








ii 








iii 








iv 








v 
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Remember that the result of an experiment or a situation involving uncertainty is called an outcome, like the score on 








a dice. The word 

event 



is used to describe a combination of outcomes, like scores 5 or 6 on a die. So an 

event 



is 

one or 






more outcomes 



from an experiment. 








For any event with 

equally-likely outcomes, 



the probability of an event happening can be found using the formula: 








P(event happening) = 








total number of ways event can happen 








total number of possible outcomes 








Worked example 








Kyle throws a fair dice. He makes a list of all the possible outcomes: 








a 



Copy and complete Kyle’s list. 








b 



What is meant by the word ‘fair’? 








c 



Find the probability that Kyle gets 








i 



5 








ii 



not a 5 








iii 



an even number 








iv 



5 or more 








v 



less than 5. 








Solution 








a 



All possible outcomes: 1, 2, 3, 4, 5, 6 








b 



Fair means there is the same chance of rolling each number. 










c i 



P(6) = 



1 








6 








ii 



P(not a 5) = 








5 








6 








iii 



P(even) = 








3 








6 








= 








1 








2 








iv 



P(5 or more) = 








2 








6 








= 








1 








3 








v 



P(less than 5) = 








4 








6 








= 








2 








3 








A dice that isn’t fair 








is said to be biased. 








One possible roll 



out of 



six 








equally-likely possibilities. 








Five possible rolls (1, 2, 3, 4 and 6) 








out of six equally-likely possibilities. 








Three possible 








rolls: 2, 4 and 6. 








Two possible 








rolls: 5 and 6. 








Four possible 








rolls: 1, 2, 3 and 4. 








Are these two probability games fair? 








Play each game with a partner and record your results. 








① 



Decide who is Player 1 and who is Player 2. 








Flip two coins. 








• 



Two heads 








Player 1 WINS 








• 



Two tails 








Player 1 WINS 








• 



One head and one tail 








Player 2 WINS 








Play the game a few times. 








Is the game fair? Why/why not? 








Activity 








1, 2, 3 
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Mutually exclusive events 



are events that cannot happen together. For example, you cannot roll a 








2 and a 5 at the same time on one dice! 








The probabilities of all mutually-exclusive outcomes of an event add up to 1. 








For example, when you flip a coin you are 

certain 



to get 

either 



heads 

or 



tails. 








So you can say that P(heads) + P(tails) = 1 








Any event is 



certain 



to either 



happen 



OR 



not happen 



so 








P(event happening) 



+ 



P(event not happening) 



= 



1 








You can rearrange this formula to give 








P(event not happening) 



= 



1 



− 



P(event happening) 








For example, a weatherman says that the probability that it 



will rain 



tomorrow is 



0.8. 








The probability that it 



does not rain 



is 








1 



– 



0.8 



= 



0.2 








It is certain to either rain or not rain tomorrow. 








So 



P(rain) 



+ 



P(not rain) 



= 



1 








Check: 



0.8 



+ 



0.2 



= 



1 



✔ 








② 



Three snails, Sheldon, Shelley and S-Car-Go are having a race. 








Choose a snail and put a counter on its START square. 








Roll two dice. 








When the total matches the number your snail is on then it moves forward one space. 








Play the game a few times. 








Is the game fair? Why/why not? 








Sheldon 








Shelley 








S-Car-Go 








START 








2 








3 








4 








5 








7 








8 








9 








10 








11 








12 








WINS! 








WINS! 








WINS! 








START 








6 








START 








9 








Worked example 








A letter is picked at random from the word PROBABILITY. 








a 



What is meant that by the phrase ‘at random’? 








b 



Find: 








i 



P(letter B is chosen) 








ii 



P(a vowel is not chosen) 








iii 



P(letter C is chosen) 
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1.2   Now try these 








Band 1 questions 








❶ 



Lily takes a shape from this box at random. 








Find the probability that the shape she takes is: 








a 



a star 








b 



a circle 








c 



a square 








d 



a triangle 








e 



a shape with straight edges. 








❷ 



Tim takes one of these cards without looking. 








Find the probability that he takes: 








a 



the jack of spades 








b 



a queen 








c 



a heart 








d 



a card with a number on it. 








❸ 



Each of the 11 letters in the word ABRACADABRA are written on a card and put in a hat. 








A B R A C A D A B R A 








Solution 








a 



At 

random 



means that all the letters have equal chance of being chosen. 








b i 



P(letter B is chosen) 



= 








total number of letter Bs 








total number of letters 








= 








= 








2 








11 








= 








ii 



There are four vowels out of the 11 letters in the word PROBABILITY, and seven letters that are not vowels. 








If the letter is chosen at random, all letters have equal chance of being chosen. 








P(vowel is chosen) = 








total number of vowels 








total number of letters 








= 








= 








4 








11 








= 








P(a vowel is not chosen) = 1 – P(vowel is chosen) 








= 



1 








4 








11 








= − 








= 








7 








11 








= 








iii 



The letter C does not occur in PROBABILITY so it is impossible to choose it. So P(letter C is chosen) = 0. 








There are two Bs out of 








11 letters in PROBABILITY 








This is the same as 








P(a vowel is not chosen) = 








total number of non- vowels 








total number of letters 








= 7 








11 








= 








total number of non- vowels 








total number of letters 








= 7 








11 




















9 








1 








Probability 








1 








A card is taken at random from the hat. Work out the probability that the letter is: 








a 



an A 








b 



not an A 








c 



a B or a D 








d 



an E 








e 



an A, B, C, D or R. 








❹ 



Baz takes one of these cards without looking. 








2 








4 








3 








8 








2 








9 








6 








3 








a 



Work out the probability that Baz takes: 








i 



a 3 








ii 



a number in the four times table 








iii 



an even number 








iv 



an odd number. 








b 



Add your answers to part 

a, i 



and 

ii 



together. Explain your answer. 








c 



Which two numbers have the same probability of being chosen? 








Band 2 questions 








❺ 



Sajiid goes to a rescue centre to choose a kitten. There are three white kittens, two black ones and one tabby 








kitten. He chooses one without looking. 








Find the probability he chooses: 








a 



a white kitten 








b 



a black kitten 








c 



a tabby kitten. 








❻ 



Make five copies of this spinner. Label your spinners a, b, c, d and e. 








Write numbers on the appropriate one of your spinners so that the probability of getting: 








a 



a ‘3’ is impossible 








b 



an odd number is certain 








c 



an even number is more likely than an odd number 








d 



an odd number is 








1 








4 








e 



a number less than 4 is 








1 








2 








. 
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❼ 



Amy says that the probability that she is late for school is 110%. 








Ben says that the probability that he is late is 4 in 5. 








Explain why both Amy and Ben are wrong. 








Band 3 questions 










❽ 



The Avonford Star claims that the probability that Avonford Town will win their next football match is 








13 








20 








and the 








probability they will lose is 








3 








20 








. 








What is the probability that the match will be a draw, according to the Avonford Star? 








❾ 



A six-sided dice is biased. The table shows the probabilities for each score. 








Score 








1 








2 








3 








4 








5 








6 








Probability 



0.05 0.1 0.15 0.2 0.25 








? 








a 



What is the probability of rolling a 6? 








b 



Find the probability of rolling: 








i 



an even number 








ii 



an odd number. 








c 



Check that your answers to part 

b i 



and 

ii 



add up to 1. Why is this? 








❿ 



a 



There is a lucky dip stall at a local village fair. 








There are 70 prizes that are identically wrapped so that each prize is equally likely to be picked. 








A customer pays a fee and picks one of the prizes that they then keep. 








There are 40 packets of mints, 28 packets of bubble gum and two £2 coins as the prizes at the start of the 








lucky dip. 








What is the probability of the first customer: 








i 



picking a packet of mints 








ii 



picking a packet of bubble gum 








iii 



picking a £2 coin 








iv 



picking a packet of mints or bubble gum 








v 



not picking a £2 coin? 








b 



The first customer wins £2. Find the probability that the second customer gets: 








i 



£2 








ii 



a packet of mints 








iii 



a packet of bubble gum. 








c 



The second customer also wins £2. Find the probability that the third customer gets: 








i 



£2 








ii 



a packet of mints 








iii 



a packet of bubble gum. 








⓫ 



The scores on a biased dice have these probabilities. 








Score 








1 








2 








3 








4 








5 








6 








Probability 








2× 








3× 








4× 








5× 








6× 








a 



Isobel writes the 

same 



fraction in each box . 








Work out the fraction that Isobel writes. 




















11 








1 








Probability 








1 








b 



Find the probability of scoring: 








i 



4 








ii 



less than 4 








iii 



more than 4. 








⓬ 



A farmer has a field with some black sheep and some white sheep in it. 








The farmer chooses a sheep at random. 








The probability she chooses a white sheep is 








2 








3 








. 








Two white sheep leave the field. 








The probability that the farmer chooses a white sheep is now 








3 








5 








. 








Two black sheep enter the field. 








The probability that the farmer chooses a black sheep is now 








1 








2 








. 








How many sheep were in the field originally? 








Key words 






Here is a list of the key words you met in this chapter. 








Biased 








Even chance 








Impossible 








Random 








Certain 








Event 








Likely 








Unlikely 








Chance 








Experiment 








Probability 








Equally likely 








Fair 








Probability scale 






Use the glossary at the back of this book to check any you are unsure about. 
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Review exercise: probability 








Band 1 questions 








❶ 








0 








Certain 








1 








Likely 








a 



Copy the probability scale and fill in the missing words. 








b 



Add in the missing decimal and fraction probability values at these points. 








c 



Mark each of these outcomes on the probability scale. 








i 








You throw an ordinary dice and it comes up 2. 








ii 



You will go on holiday sometime in the next two years. 








iii 



When you throw two dice, the total will be 16. 








iv 



The longest day next year will be 21 March. 








v 



You will pass your driving test first time. 








vi 



The sun will rise tomorrow. 








❷ 



Amir, Beth, Callum, Dan, Evie and Freya play snakes and ladders. Snakes and ladders is a game of chance 



and 








there is only ever one winner. Use the words impossible, unlikely, even chance, likely or certain to describe these 








outcomes. 








a 



Amir wins. 








b 



Amir doesn't win. 








c 



Callum is in the first three to finish. 








d 



Freya comes last. 








e 



Dan comes seventh. 








f 



Beth, Evie or Freya wins. 








g 



One of the group of six wins. 








h 



George wins. 








❸ 






Spinner A 






Spinner B 








Jamie says that Spinner B is more likely to land on Green than Spinner A because the area of green is bigger on 








spinner B. 








Aysha says that Spinner A is more likely to land on Green than Spinner B because the arrow on Spinner A is shorter. 








Dan says that both spinners have an equal chance of landing on Green. 








Who is right? Explain your answer fully. 




















1 








Probability 








1 








13 








1 








Probability 








1 








Band 2 questions 








❹ 



James throws a 12-faced dice numbered 1 to 12. 








a 



What is the probability that he gets a 6? 








b 



What is the probability that he gets a number less than 6? 








c 



What is the probability that he gets a number greater than 6? 








d i 



Add up the probabilities in parts 

a, b 



and 

c. 








ii 



Explain your answer. 








❺ 



In the National Lottery, balls numbered from 1 to 59 are selected at random by a machine. 








Work out the probability that the first ball selected is: 








a 



the number 4 








b 



odd 








c 



greater than 30 








d 



a number in the three times table 








e 



not a number in the three times table 








f 



a prime number 








g 



not a prime number 








h 



an even number greater than 20. 








❻ 



Catherine and Peter are playing a game with cards numbered from 1 to 25. Catherine takes a card at random. 








a 



Peter says, ‘You win if you choose a prime number. Otherwise I win.’ 








Is Peter’s game fair? Explain your answer. 








b 



Catherine says, ‘I win if I get a prime number, you win if you get a multiple of 4 or a square number. Otherwise 








it’s a draw.’ 








Is Catherine's game fair? Explain your answer. 








Band 3 questions 








❼ 



Sparkle Chocs 



sweets come in five colours. 








Colour 








Red 








Purple Orange 








Yellow 








Blue 








Probability 








0.15 








? 








0.25 








0.2 








0.05 








Sam takes a sweet at random. 








a 



What is the probability that Sam gets a purple sweet? 








b 



Which is the most likely colour of sweet? 








c 



In a tube of 40 sweets, how many sweets of each colour would you expect? 








d 



Every minute, the 



Sparkle Chocs 



factory produces 50 blue sweets. 








i 



How many of each of the other colours are produced each minute? 








ii 



The factory runs 



ten hours a day, five days a week. How many sweets does it produce every week? 








❽ 



A bag contains red, blue and green counters. A counter is picked at random. 








The table shows the probability of picking each colour. 








Colour 








Red 








Blue 








Green 








Probability 








0.35 








0.25 








? 








a 



Work out the probability that a green counter is picked. 








b 



Explain why the number of blue counters cannot be eight. 








c 



If there are eight green counters, how many red counters are there? 
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d 



If there are over 40 counters in the bag, how many might there be of each different colour? 








e 



What is the smallest number of counters there could be in the bag? 








❾ 



Each of these five cards has a different number from 1–10 on one side. 








A card is taken at random. 








Use these clues to work out the numbers on the cards. 








●  



The probability that it is odd is 








2 








5 








. 








●  



The probability that it is in the three times table is 








3 








5 








. 








●  



The probability that it is in the five times table is 








1 








5 








. 








●  



The probability that it is prime is 








2 








5 








. 








❿ 



A bag contains some tiles. 








Each tile is either a triangle, a square or a pentagon. 








A tile is taken at random from the bag. 








The probability that the shape is a pentagon is the same as the probability that the shape is a square. 








The probability that the shape is a triangle is half the probability that the shape is a square. 








The shapes in the bag have 63 sides altogether. 








How many triangles are in the bag? 
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Working with shapes 








Remember 








Parallel lines are lines which 








never meet; they are always the 








same distance apart. 








Coming up… 










Recognising types of angle 








Naming common 2-D shapes 








Classifying types of triangle 








Recognising reflection symmetry 








Recognising rotation symmetry 











Optical illusions 








① 



Decide which angle in each pair is biggest. 








a 








b 








② 



a 



Which of these 

vertical 



lines is longest? 








b 








Which of these 

horizontal 



lines is longest? 








③ 



a 



Are the red vertical lines 

parallel? 








b 








Are the horizontal lines parallel? 








④ 



Use the internet to find more examples of optical illusions. 








Make a poster of your favourite illusion. 








Angle A 








Angle B 








Angle A 








Angle B 








Line A 








Line B 
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Describing shapes 








To describe a shape, you need to think about its: 










● 



angles 








● 



sides. 











An 

angle 



is a turn, it is measured in degrees. 








You need to know these words to describe angles. 








2.1 Properties of 2-D shapes 








Skill checker 








① 



Copy and complete this table by sorting these shapes into 2-D and 3-D shapes. 








cylinder square sphere cuboid hexagon pyramid cube triangle circle rectangle 








2-D shapes 








3-D shapes 








② 



Give the mathematical name for the shape of each of these objects. 








③ 








a 



Copy the diagram and label the parts of this circle. 








b 



Insert the two missing words to complete this statement 








about circles. 








= 2 × 








A right angle is 90º 








A straight line is 180º 








A 



full turn 



is 360º 








An 



acute 



angle is less than 90º 








An 



obtuse 



angle is between 90º and 180º 








A 



reflex 



angle is between 180º and 360º 








b 








c 








d 








a 




















17 








2 








Working 








with 








shapes 








2 








Right-angled triangle 








Scalene triangle 








You can use the following words to describe the 

sides 



of a shape. 






parallel 






perpendicular 






equal 








Remember: 








❶ 



Parallel lines 



run in the same direction. 








❷ 



Perpendicular lines 



are at right-angles. 








❸ 








A 

triangle 



is a 2-D shape with three straight sides. 








You need to know the names of these special triangles. 








Note 








Did you know that, in mathematics, 








a line is infinitely long? It carries 








on forever in both directions. Often, 








‘line’ is used to mean ‘line segment’ 








which is a section of a line that has 








a beginning and an end. In points 2 








and 3 above, the lines are actually 








line segments. 








Equilateral triangle 








Isosceles triangle 








Two equal sides. 








Two equal angles. 








Three equal sides. 








Three equal angles (all 60º). 








60º 








60º 








60º 








Arrowheads are used to show 








that two lines are parallel. 








A small square is used 








to show that two lines are 








perpendicular. 








Dashes are used to show that 








two lines are equal in length. 








No equal sides. 








No equal angles. 








One angle 








of 90º. 
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When naming 2-D shapes you need to think about the 








number of sides and 

vertices 



(corners). 






Polygons 



are 2-D shapes with straight sides. 








A 

regular polygon 



has all sides equal and all angles equal. 








Worked example 








a 



Name the vertices and the sides of this triangle. 








b 



Describe the shape of the triangle. 








c 



Describe the angles of the triangle. 








Solution 








a 



The three vertices are A, B and C. 








The three sides are AB, BC and AC. 








b 



Sides AB and AC are equal. 








The triangle is isosceles. 








c 



All three angles are acute so ABC is an acute-angled triangle. 








The angles B and C are also equal. 








① 



a 



Which of these shapes is a pentagon? 








b 



Which of these shapes is regular? 








② 



a 



Name these special quadrilaterals. 








c 



Choose one of your descriptions and give it to 








a friend. Can they name the shape you have 








described? 








b 



Describe each shape as fully as you can. 








Activity 








Name 








Number of sides 








Number of 








vertices 








Triangle 








3 








3 








Quadrilateral 








4 








4 








Pentagon 








5 








5 








Hexagon 








6 








6 








Octagon 








8 








8 








Decagon 








10 








10 








A 








B 








C 








A 








B 








C 








D 








E 








F 








G 








A 








B 








C 








D 








E 








F 








G 








A vertex is a corner. The 








plural of vertex is vertices. 








C 








B 








A 








D 








C 








B 








A 








D 








C 








B 








A 








D 
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Congruent 



shapes are exactly the same shape and size. 








Worked example 








a 



Match the pairs of congruent shapes. 








b 



What is the mathematical name of these L-shapes? 








Solution 








a 



A and F are exactly the same shape and size so they are 








congruent. 








B and D are exactly the same shape and size so they are 








congruent. 








C and E are the same shape, but different sizes so they 








are not congruent. 








b 



The L-shapes have six sides, so they are hexagons. 








2.1   Now try these 








Band 1 questions 








❶ 



Write these angles in order of size, smallest first. 








a 








b 








c 








d 








e 








❷ 



Look at these angles. 








Which angles are: 








a 



acute 








b 



obtuse 








c 



reflex? 








❸ 








a 








x 








How many right angles make angle 



x? 








b 



How many right angles make 



a whole turn? 








Whole turn. 








h 








k 








a 








e 








b 








f 








i 








j 








c 








d 








g 








A 








E 








B 








C 








F 








D 
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➍ 



Kieran is a tour guide at a castle. 








He draws a plan of the castle to help the visitors. 








Look at the plan below. 








a 



What shape is the plan? 








b 



The angle 



a 



is acute. 








What are the special names for the other marked 








angles? 








❺ 



Put each of these triangles in the correct position in this table. 








Triangle A has been done for you. 










Prison 








tower 








Guard tower 








Queen’s tower 








King’s tower 












b 








c 








e 








f 








a 








g 








d 













A 








E 








H 








L 








F 








I 








J 








K 








G 








C 








D 








B 








Type of triangle 








Equilateral 








Isosceles 








Scalene 








Acute-angled 








A 








Obtuse-angled 








Right-angled 
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Band 2 questions 








❻ 



a 



Look at this rectangle. 








It is divided into four triangles. 








i 



Describe the triangles as fully as you can. 








ii 



Which triangles are congruent? 








b 



A square is divided up the same way. 








Describe the triangles as fully as you can. 








❼ 



Look at this diagram. 








a 



How many squares are there? 








b 



How many rectangles that are not squares are there? 








c 



How many rectangles are there altogether? 








❽ 



A teacher asks, ‘What is the difference between a square and a cube? 








Lucy says, ‘A square is flat. It is two-dimensional (2-D).’ 








Angus says, ‘A cube is a solid. It is three-dimensional (3-D).’ 








a 



Are Lucy and Angus right? 








b 



Describe the difference between a rectangle and a cuboid. 








c 



What is the 2-D equivalent of a sphere? 








Band 3 questions 








❾ 



This card is used on a machine. 








ABCD is a square with sides 4 cm long. 








The other shapes are semicircles. 








Find the height and width of the card. 








A 








B 








C 








D 








Not drawn to scale. 








A 








B 








C 








D 








M 








P 








Q 








R 








S 








O 








❿ 








a 



Measure, in millimetres, the sides of the seven main shapes in this diagram. 








b 



Name the seven shapes. 








c 



Is it true that they are all congruent? 








d 



If you cut out the shapes, is it possible to make a square out of some or all of them? (No folding allowed!) 
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Skill checker 








① 



Name these regular polygons. 








A 








B 








C 








D 








E 








F 








② 



Here is a photograph of Vaux-le-Vicomte, a chateau outside Paris in France. 








a 



What is special about the chateau? 








b 



Find three things about it which are 



not 



symmetrical. 








⓫ 



Which of these statements are true and which are false? 








a 



A triangle must have an obtuse internal angle. 








b 



A triangle must have an acute internal angle. 








c 



A quadrilateral must have four sides. 








d 



The number of sides of a polygon is always the same as the number of vertices. 








e 



The radius of a circle is twice the diameter. 








f 



Parallel lines never meet. 








⓬ 



Look at this circle. 








The 12 points marked on the circumference are equally spaced. 








a 



Measure AG. 








Write down the radius of the circle. 








b 



Join AE, EI and IA. 








What shape have you drawn? 








c 



Starting at A, join up points to form: 








i 



a square 








ii 



a rectangle that is not a square 








iii 



a regular hexagon 








iv 



a triangle that is isosceles but is not equilateral. 








2.2 Line symmetry 








A 








B 








C 








D 








E 








F 








G 








H 








I 








J 








K 








L 
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Imagine folding a shape. 








If the shape folds precisely onto itself, then that fold is a line of symmetry and the shape has 

line symmetry 








(or 



reflective, reflection 



or 

mirror symmetry). 








Worked example 








How many lines of symmetry does each of these shapes have? 








Draw the lines of symmetry on a copy of each shape. 








Solution 








a 



A rectangle has two lines of symmetry. 








b 



This shape has eight lines of symmetry. 








There are no diagonal lines of symmetry. (Check this for 








yourself by folding a piece of A4 paper diagonally.) 








This shape has four lines of symmetry through the tips of 








the triangles and four more between each triangle. 








b 








a 
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① 



How many lines of symmetry does this square 








have? 








② 



Find as many ways as you can of shading in the 








square using 

two 



colours so it has one vertical line 








of symmetry. 








③ 



How many ways can you find of shading in the 








square with 

two 



colours so that it only has one 








diagonal line of symmetry? 








Activity 








2.2   Now try these 








Band 1 questions 








❶ 



Each of these road signs has a line of symmetry. The dotted line is the line of symmetry. 








a 








b 








c 








! 








i 



Copy and complete each road sign by making it symmetrical. 








ii 



Find out what these road signs mean. 
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❷ 



Copy and complete each shape so that the dotted line is a line of symmetry. 








b 








a 








c 








❸ 



Copy each of these shapes carefully. 








a 








b 








d 








e 








c 








i 



Write down the name of each of these shapes. 








ii 



Draw all the lines of symmetry on each shape. 








iii 



How many lines of symmetry does each shape have? 








Band 2 questions 








❹ 



Which of these road signs have line symmetry? 
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❺ 



Copy these capital letters carefully and draw their lines of symmetry. 








A 



B 



C 



D 



E 



F 



G 



H 








❻ 



Look at this circle. 








A 








B 








a 








b 








c 








d 








e 








a 








b 








c 








d 








e 
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a 



Copy and complete this statement. 








Line AB is a 








of the circle. 








It cuts the circle into 








equal parts. 








It is a 








of 








. 








b 



How many diameters does a circle have? 








c 



How many lines of symmetry does a circle have? 








❼ 



a 



Draw an isosceles triangle like this one. 








p 








q 








b 



Mark on its line of symmetry. 








c 



What does the line of symmetry tell you about the angles 



p 



and 



q? 








Band 3 questions 








❽ 



This sports club logo has two lines of symmetry. Copy and complete the design. 








The letters have all been put in for you. 








A 








A 








A 








A 








❾ 



a 



This shape is almost symmetrical. On a copy of the shape, add 








one square to make it symmetrical. 








b i 



Add one square to a copy of each of these shapes to make 








them symmetrical. 








Draw the line of symmetry each time. 




















27 








2 








Working 








with 








shapes 








2 








D 








C 








B 








A 








H 








F 








F 








G 








ii 



There are three different answers for one of the shapes. Which one? 








iii 



Now make each of the shapes symmetrical by removing one square. 








❿ 



Here are six square sheets of paper, each one folded twice. 








Fold 








Fold 








Fold 








Fold 








Peter makes cuts in them so that when the paper is unfolded each sheet contains holes. 








Some of the holes are circles, some are squares and some are other shapes. 








Fold 








Fold 








Fold 








Fold 








Fold 








Fold 








Fold 








Fold 








Fold 








Fold 








Fold 








A 








B 








C 








D 








E 








F 








Fold 
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Which sheet of paper (if any) has three of its holes as follows: 








a 



two rectangles and a square 








b 



three circles 








c 



two squares and a triangle 








d 



two circles and a rectangle? 








Find two answers for each part where possible. 








2.3 Rotational symmetry 








Skill checker 








① 



Write down the number of degrees in: 








a 



a full turn 








b 



a quarter turn 








c 



a half turn. 








② 



Copy these diagrams. On each diagram colour in more tiles so that the pattern has the required number of lines 








of symmetry. 








a 



Shade two squares to make two lines of symmetry. 








b 



Shade two squares to make four lines of symmetry. 








c 



Shade three triangles to make three lines of symmetry. 
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d 



Shade two triangles to make one line of symmetry. 








When a rectangle is rotated (turned) through 360° it looks the same twice. 








Start 








1 








2 








It has rotational symmetry of order 2. 








The order of rotational symmetry is the number of times that a shape will fit on to itself in one complete turn. 








If a shape fits on to itself only once in one turn then it has rotational symmetry of order 1. This means that it has no 








rotational symmetry. 








Start 








1 








This arrow has rotational symmetry of order 1. 








① 



Look at these numbers. 








18 








86 








11 








19 








69 








33 








88 








52 








Write down the numbers which have: 








a 



line symmetry 








b 



rotational symmetry 








c 



exactly one line of symmetry 








d 



rotational symmetry but no lines of symmetry 








e 



rotational symmetry and two lines of symmetry. 








Activity 








Hint 








Use tracing paper to help you 








work out the order of rotational 








symmetry. Trace an outline of the 








shape and then rotate the tracing 








paper over the original image. 
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2.3   Now try these 








Band 1 questions 








❶ 



Which of these dominoes has rotational symmetry? 








b 








c 








d 








e 








a 








② 



Complete the magic square. 








96 








88 








86 








19 



98 








91 








18 








66 81 








What is special about the magic square? 








Worked example 








a 



What is the order of rotational symmetry of this shape? 








b 



Mark the centre of rotation with a cross. 








Solution 








a 



The pentagon will fit on to itself five times in one turn, so the order is 5. 








b 



The centre of rotation is at the centre of the pentagon. 








Hint 








Each row, column and long diagonal 








has the same total. 








The 

centre of rotational symmetry 



is the point about which the shape has to be rotated in order for it to fit on to itself. 








This is usually just called the 

centre of rotation. 
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❷ 



Write down the order of rotational symmetry of each of these shapes. 








a 








e 








b 








f 








c 








g 








d 








h 








❸ 



Copy each of these shapes carefully. 








a 








b 








c 








d 








i 



Write down the name of each shape. 








ii 



Write down the order of rotational symmetry of each shape. 








iii 



Mark the centre of rotation of each shape with a cross. 








Band 2 questions 








❹ 



These are diagrams of car hub caps. 








b 








a 








c 








i 



Write down the order of rotational symmetry of each hub cap. 








ii 



Draw a sketch of each hubcap. 








Mark the centre of rotational symmetry of each hub cap with a cross. 








❺ 



Some of the shapes below have line symmetry, some have rotational symmetry and some have both. 








Describe fully the symmetry of each shape. 








b 








a 








d 








c 
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❻ 



Is it 



always 



true, 



sometimes 



true or 



never 



true that a shape with rotational symmetry of order 3 will also have three 








lines of reflection symmetry? Write a paragraph explaining your answer. 








If you think it is 



always 



true, explain how you can be so certain. 








If you think it is 



never 



true, explain how you can be so certain. 








If you think it is 



sometimes 



true, explain when it 



is 



and when it 



isn’t 



true. 








❼ 



Here are parts of shapes which have two lines of symmetry. 








a 








b 








c 








e 








d 








i 








Copy them and draw in the rest of the shape. 








ii 



Write down the order of rotational symmetry of each shape. 








Band 3 questions 








❽ 








b 








a 








i 



Copy and complete these shapes so that they have both line and rotational symmetry. 








Mark the centre of rotational symmetry with a cross. 








ii 



For each one write down how many lines of symmetry it has and the order of rotational symmetry. 








❾ 



Copy this two-way table, then draw a shape to fit into each section. 








Has rotational symmetry 








Has no rotational symmetry 








Has at least one line of 








symmetry 








Has no lines of symmetry 








❿ 



Snow is made when water vapour freezes to form crystals. The crystals 



are 








usually shaped as regular hexagons. 








They combine to form snowflakes with rotational symmetry of order 6. 








Here is a snowflake drawn on isometric paper. 








Design five more snowflakes. 








Make them as large or as small as you like. 








They can be very intricate, but remember that each one must have rotational 








symmetry of order 6. 
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Key words 






Here is a list of the key words you met in this chapter. 






Use the glossary at the back of this book to check any you are unsure about. 








Acute 








Congruent 








Hexagon 








Obtuse 








Pentagon 








Radius 








Regular polygon 








Square 








Vertex 








Angle 








Diameter 








Horizontal 








Octagon 








Perpendicular 








Rectangle 








Right angle 








Symmetry 








Vertical 








Circle 








Equilateral 








Isosceles 








Parallel 








Polygon 








Reflection 








Rotation 








Trapezium 








Circumference 








Heptagon 








Line segment 








Parallelogram 








Quadrilateral 








Reflex 








Scalene 








Triangle 
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Review exercise: working with shapes 








Band 1 questions 








❶ 



Look at this diagram. 








There are seven coloured angles. 








For each colour, state whether the angle is acute, 








obtuse, reflex, a right angle or a straight line. 








❷ 



i 



State how many lines of symmetry each of these national flags has. 








ii 



What is the order of rotational symmetry of each flag? 








Denmark 








Jamaica 








Japan 








Norway 








Botswana 








Bangladesh 








Trinidad and Tobago 








b 








c 








d 








a 








g 








f 








e 








❸ 



Write down the order of rotational symmetry of each of these shapes. 








a 








b 








c 








d 








e 








➍ 



Describe the symmetry of each of these shapes. 








b 








c 








d 








a 








Band 2 questions 








❺ 



Look at this diagram. 








a i 



Reuben says that there are 12 equilateral triangles in this diagram, but 








Joshua says there are more. Who is correct? Explain your answer fully. 








ii 



Sketch the triangles which are congruent to each other. 








b 



Name another regular polygon in the diagram. 
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