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TOPIC 12
Probability

12.1 Overview
Numerous videos and interactivities are embed- 
ded just where you need them, at the point of 
learning, in your learnON title at www.jacplus.
com.au. They will help you to learn the concepts 
covered in this topic.

12.1.1 Why learn this? 
Probability is a branch of mathematics that uses 
numbers to represent the likelihood of certain 
events taking place. Whenever you use the words 
‘unlikely’, ‘impossible’ or ‘certain’, you are 
using the language of probability. Probability is 
widely used to describe everyday events, such as 
the chance that a disease will be cured, the chance 
that a sporting team will win or the chance that 
Christmas day will be fine.

DISCUSSION
Of all the different groups who participate in the gambling industry in New South Wales, who do you think is the 
most aware of the mathematics behind the industry? What is the impact of this?

LEARNING SEQUENCE
12.1 Overview
12.2 Probability scale
12.3 Sample spaces and theoretical probability
12.4 Complementary events
12.5 Mutually exclusive and compound events
12.6 Venn diagrams and two-way tables
12.7 Review

LEARNING OUTCOMES
A student:

• communicates and connects mathematical ideas using appropriate terminology, diagrams and symbols MA4-1WM
• applies appropriate mathematical techniques to solve problems MA4-2WM
• recognises and explains mathematical relationships using reasoning MA4-3WM
• represents probabilities of simple and compound events MA4-21SP
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   Note:  Your teacher may now set you a pre-test to determine how familiar you are with the content in this 
topic. 

   12.2   Probability scale  
 12.2.1 Assigning values to the likelihood of events 

 •     Probability  is defi ned as the chance of an event occurring. 
 •    A scale from   0   to   1   inclusive is used to allocate the probability of an event as follows: 

 

Impossible

Highly
unlikely

Very
unlikely

Unlikely

Very
likely

Certain

Highly
likely

Less than
even chance

Even
chance

Better than
even chance

Likely

0 0.1 0.2 0.3 0.4 0.5

50%

0.6 0.7 0.8 0.9 1

0% 100%

 

 •     A probability of   0   implies that the chance of an event happening is  impossible . 
 •    A probability of   1   implies that the chance of an event happening is  certain . 
 •    Probabilities may be written as fractions, decimals or percentages.      

     Watch this eLesson:  The story of mathematics 
 Searchlight ID: eles-1851   

  RESOURCES — ONLINE ONLY 

 WORKED EXAMPLE 1 

  Describe the probability of each of the following events occurring, using a term from this list.  
  impossible   highly unlikely  very unlikely  
  less than even chance even chance  
  better than even chance very likely  
  highly likely   certain  
a     February follows January.  
b     You draw the queen of diamonds from a standard deck of 

playing cards.  
c     You will compete in gymnastics at the Olympics.  
d     You roll a standard die and obtain an even number.  
e     Every Mathematics student will obtain a score of 99.95% as shown in an examination.          

  Describe the probability of each of the following events occurring, using a term from this list.  

   CONTENT DESCRIPTIONS 
 Students: 
 Construct sample spaces for single-step experiments with equally likely outcomes (ACMSP167) 
 Assign probabilities to the outcomes of events and determine probabilities for events (ACMSP168) 
 Identify complementary events and use the sum of probabilities to solve problems (ACMSP204) 
 Describe events using language of ‘at least’, exclusive ‘or’ (A or B but not both), inclusive ‘or’ (A or B or both) 
and ‘and’ (ACMSP205) 
 Represent events in two-way tables and Venn diagrams and solve related problems (ACMSP292) 
   Source:   NSW Syllabus for the Australian Curriculum 
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 • It is important to note that the responses for particular situations, such as part c in Worked example 1, 
are not always straightforward and may differ for each individual. A careful analysis of each event is 
required before making any predictions about their future occurrences.

THINK WRITE

a 1 Read the statement and associate the 
likelihood of the event occurring with  
one of the given words from the list.
Note: Provide reasoning.

a This is a true statement. February always follows 
January.

2 Answer the question. It is certain this event will occur.

b Repeat steps 1 and 2 of part a. b In a standard deck of 52 playing cards there is 
only one queen of diamonds. Thus, you have an 
extremely slim chance of drawing this particular 
card.
It is highly unlikely this event will occur.

c Repeat steps 1 and 2 of part a. c The chance of a person competing in the Olympics 
is very small. However, it could happen.
It is highly unlikely this event will occur.

d Repeat steps 1 and 2 of part a. d There are six possible outcomes when rolling a die, 
each of which are equally likely. Three of the 
outcomes are even while three are odd.
There is an even chance this event will occur.

e Repeat steps 1 and 2 of part a. e Due to each student having different capabilities, 
this situation could never occur.
It is highly unlikely that this event will occur.

WORKED EXAMPLE 2

Assign a fraction to represent the estimated probability of  
each of the following events occurring.
a A high tide will be followed by a low tide.
b Everyone in the class will agree on every matter this year.
c A tossed coin lands Heads.
d A standard die is rolled and the number 5 appears  

uppermost.
e One of your 15 tickets in a 20-ticket raffle will win.

THINK WRITE

a 1 Determine the likelihood of an 
event occurring, with reasoning.

a The tide pattern occurs daily; this event seems certain.

2 Answer the question. The probability of this event occurring is equal to 1.

b Repeat steps 1 and 2 of part a. b Total agreement among many people on every subject  
over a long time is virtually impossible.
The probability of this event occurring is equal to 0.
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Exercise 12.2 Probability scale

Individual pathways

 V PRACTISE
Questions:
1–6, 8

 V CONSOLIDATE
Questions:
1–8

 V MASTER
Questions:
1–11

V V V Individual pathway interactivity: int-4457 

To answer questions online and to receive immediate feedback and fully worked solutions for every 
question, go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Understanding and fluency
1.  WE1  Describe the probability of each of the following events occurring using a term from the list 

below.
Impossible
Less than even chance
Very likely
Highly unlikely
Even chance
Highly likely
Very unlikely
Better than even chance
Certain
a. The sun will set today.
b. Every student in this class will score 100% in the next 

Mathematics exam.
c. It will rain tomorrow.
d. Your shoelace will break next time you tie your shoes.

 ONLINE ONLY

c Repeat steps 1 and 2 of part a. c When tossing a coin there are two equally likely  
outcomes, a Head or a Tail.
The probability of this event occurring is equal to 1

2
.

d Repeat steps 1 and 2 of part a. d When rolling a die there are six equally likely  
outcomes: 1, 2, 3, 4, 5, 6.
The probability of this event occurring is equal to 1

6
.

e Repeat steps 1 and 2 of part a. e There are 15 chances out of 20 of winning. The probability 
of this event occurring is equal to 15

20
, which when simplified 

is equal to 3
4
.

Try out this interactivity: Probability scale 
Searchlight ID: int-3824

Complete this digital doc: SkillSHEET: Understanding chance words 
Searchlight ID: doc-6969 

 RESOURCES — ONLINE ONLY
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e. Commercial TV stations will reduce time devoted to ads.
f. A comet will collide with Earth this year.
g. The year 2020 will be a leap year.
h. You roll a standard die and an 8 appears uppermost.
i. A tossed coin lands on its edge.
j. World records will be broken at the next Olympics.
k. You roll a standard die and an odd number appears uppermost.
l. You draw the queen of hearts from a standard deck of playing cards.

m. You draw a heart or diamond card from a standard deck of playing cards.
n. One of your 11 tickets in a 20-ticket raffle will win.
o. A red marble will be drawn from a bag containing 1 white marble and 9 red marbles.
p. A red marble will be drawn from a bag containing 1 red and 9 white marbles.

2. Write two examples of events that are:
a. impossible b. certain
c. highly likely d. highly unlikely
e. equally likely (even chance).

3.  WE2  Assign a fraction to represent the estimated probability of each of the following events occurring.
a. A Head appears uppermost when a coin is tossed.
b. You draw a red marble from a bag containing 1 white and 9 red marbles.
c. A standard die shows a 7 when rolled.
d. You draw a yellow disk from a bag containing 8 yellow disks.
e. The next baby in a family will be a boy.
f. A standard die will show a 1 or a 2 when rolled.
g. You draw the queen of hearts from a standard deck of playing cards.
h. One of your 11 tickets in a 20-ticket raffle will win.
i. A standard die will show a number less than or equal to 5 when rolled.
j. You draw an ace from a standard deck of playing cards.
k. A class captain will be elected from five candidates.
l. You draw a king or queen card from a standard deck of playing cards.

m. You spin a seven-sided spinner and obtain an odd number.
n. Heads or Tails will show uppermost when a coin is tossed.

4.  MC  The word that best describes the probability for a standard die to show a prime number is:
a. impossible b. very unlikely C. even chance
d. very likely E. certain

5.  MC  The probability of Darwin experiencing a white Christmas this year is closest to:
a. 1 b. 0.75 C. 0.5
d. 0.25 E. 0

Communicating, reasoning and problem solving
6. The letters of the word MATHEMATICS are each written on a small piece of card and placed in a bag. 

If one card is selected from the bag, what is the probability that it is:
a. a vowel b. a consonant
c. the letter M d. the letter C?

7. Answer the following for each of the spinners shown.
i. Is there an equal chance of landing on each colour? Explain.
ii. List all the possible outcomes.
iii. Find the probability of each outcome.
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a.       b.      c.      

8.       All the jelly beans in the photograph are placed in a bag for a simple 
probability experiment. 
a.    Which colour jelly bean is most likely to be randomly selected from the 

bag? Explain. 
b.    Which colour jelly bean is least likely to be randomly selected from the bag? 

Explain. 
c.    Find the probability of randomly selecting each coloured jelly bean from the bag. 

9.         Draw a spinner with the following probabilities. 
a.      P(blue) = 1

3
   and   P(white) = 2

3
   

b.      P(blue) = 1
2
  ,   P(white) = 1

4
  ,   P(green) = 1

8
   and   P(red) = 1

8
   

c.      P(blue) = 0.75   and   P(white) = 0.25   
10.      Can you think of some events that would have a probability of   0, 1   or   1

2
   of 

occurring? 
11.    Four different types of coloured card are enclosed in a bag: red, blue, 

green and yellow. There is a   40%   chance of drawing a blue card and the 
probability of a red card is   0.25  . There are   4   yellow cards. If there is a 
total of   20   cards in the bag, what is the probability of drawing a green 
card? How many green cards are in the bag? 

        12.3   Sample spaces and theoretical probability  
 12.3.1 Words associated with probability 

 •     Chance experiments  are performed to provide data, which can then be used to forecast the outcome 
of future similar events. 

 •    An  outcome  is a possible result of a chance experiment. 
 •    A  favourable outcome  is one that we are looking for. 
 •    An  event  is either one or a collection of favourable outcomes. 
 •    The  theoretical probability  (or empirical probability) of a particular event occurring is denoted by 

the symbol   P(event)  . 
 •    The  sample space ,   S  , is the set of all the possible outcomes. 

   P(event) = number of favourable outcomes
total number of outcomes

               

 WORKED EXAMPLE 3 

  A standard 6-sided die is rolled.  
a     List the sample space for this chance experiment.  
b     Determine the probability of obtaining the following appearing uppermost:  

i    4  ii     an odd number   iii     5 or less.         

  THINK     WRITE  

  a      Write all the possible outcomes for the 
given chance experiment.   

  a        S = {1, 2, 3, 4, 5, 6}      
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b i 1 Write the total number of possible 
outcomes.

b i Total number of outcomes = 6

2 Write the number of favourable 
outcomes.
Note: The favourable outcome is 4.

Number of favourable outcomes = 1

3 Write the rule for probability. P(event) = number of favourable outcomes
total number of outcomes

4 Substitute the known values into the 
rule and evaluate.

P(4) = 1
6

5 Answer the question. The probability of 4 appearing uppermost is 1
6
.

ii 1 Write the total number of possible 
outcomes.

ii Total number of outcomes = 6

2 Write the number of favourable 
outcomes. The favourable outcomes 
are 1, 3, 5.

Number of favourable outcomes = 3

3 Write the rule for probability. P(event) = number of favourable outcomes
total number of outcomes

4 Substitute the known values into 
the rule.

P(odd number) = 3
6

5 Evaluate and simplify. = 1
2

6 Answer the question. The probability of an odd number appearing 

uppermost is 1
2
.

iii Repeat steps 1 to 5 of part b i.
Note: 5 or less means the favourable 
outcomes are 1, 2, 3, 4, 5. Therefore, the 
number of favourable outcomes is 5.

iii Total number of outcomes = 6
Number of favourable outcomes = 5
P(5 or less) = 5

6

The probability of obtaining 5 or less is 5
6
.

WORKED EXAMPLE 4

A card is drawn at random from a standard well-shuffled pack.
Find the probability of drawing:
a a club b a king or an ace c not a spade.
Express each answer as a fraction and as a percentage.

THINK WRITE

a 1 Write the total number of outcomes in the 
sample space. There are 52 cards in a pack.

a Total number of outcomes = 52

2 Write the number of favourable outcomes. 
There are 13 cards in each suit.

Number of favourable outcomes = 13

3 Write the rule for probability. P(event) = number of favourable outcomes
total number of outcomes

4 Substitute the known values into the  
rule and simplify.

P(a club) = 13
52

                = 1
4
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WORKED EXAMPLE 5

A shopping centre car park has spaces for 10 buses,  
300 cars and 20 motorbikes. If all vehicles have an equal  
chance of leaving at any time, find the probability that  
the next vehicle to leave will be:
a a motorbike
b a bus or a car
c not a car.

THINK WRITE

a 1 Write the total number of outcomes in the 
sample space. There are 330 vehicles.

a Total number of outcomes = 330

2 Write the number of favourable outcomes. 
There are 20 motorbikes. Therefore, the 
number of favourable outcomes is 20.

Number of favourable outcomes = 20

3 Write the rule for probability. P(event) = number of favourable outcomes
number of possible outcomes

5 Convert the fraction to a percentage;  
that is, multiply by 100%.

Percentage = 1
4

× 100%
                   = 100

4
%

                   = 25%

6 Answer the question. The probability of drawing a club is 1
4
 or 25%.

b 1 Write the total number of outcomes in the 
sample space.

b Total number of outcomes = 52

2 Write the number of favourable outcomes. 
There are 4 kings and 4 aces.

Number of favourable outcomes = 8

3 Write the rule for probability. P(event) = number of favourable outcomes
total number of outcomes

4 Substitute the known values into the rule 
and simplify.

P(a king or an ace) = 8
52

                                = 2
13

5 Convert the fraction to a percentage, 
rounded to one decimal place.

Percentage = 2
13

× 100%
                   = 200

13
%

                   ≈ 15.4%

6 Answer the question. The probability of drawing a king or an ace is 2
13

 
or approximately 15.4%.

c Repeat steps 1 to 6 of part a.
Note: Not a spade means clubs, hearts or 
diamonds. Therefore, the number of favourable 
outcomes is 39.

c Total number of outcomes = 52
Number of favourable outcomes = 39

P(not a spade) = 39
52

= 3
4

      
Percentage = 3

4
× 100% = 300

4
= 75%

The probability of drawing a card that is not a 
spade is 3

4
 or 75%.
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Exercise 12.3 Sample spaces and theoretical probability 

Individual pathways

 V PRACTISE
Questions:
1–6, 8, 9, 14, 17, 21, 22

 V CONSOLIDATE
Questions:
1–5, 7, 9–17, 21–23

 V MASTER
Questions:
1a, e, h, k, 2–4, 5a, b, d, h, 6–8, 
12–23

V V V Individual pathway interactivity: int-4459  

To answer questions online and to receive immediate feedback and fully worked solutions for every 
question, go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

 ONLINE ONLY

4 Substitute the known values into the rule 
and simplify.

P(a motorbike) = 20
330

                         = 2
33

5 Answer the question. The probability of a motorbike next leaving  
the car park is 2

33
.

b 1 Write the total number of outcomes  
in the sample space.

b Total number of outcomes = 330

2 Write the number of favourable outcomes. 
There are 10 buses and 300 cars. 
 Therefore, the number of favourable 
outcomes is 310.

Number of favourable outcomes = 310

3 Write the rule for probability. P(event) = number of favourable outcomes
total number of outcomes

4 Substitute the known values into  
the rule and simplify.

P(a bus or a car) = 310
330

                            = 31
33

5 Answer the question. The probability of a bus or car next leaving the  
car park is 31

33
.

c Repeat steps 1 to 5 of part a.
Note: There are 10 buses and 20 motorbikes. 
Therefore, the number of favourable out-
comes is 30.

c Total number of outcomes = 330
Number of favourable outcomes = 30
P(not a car) = 30

330
                     = 1

11
The probability of a vehicle that is not a bus next 
leaving the car park is 1

11
.

Try out this interactivity: Sample spaces and theoretical probability
Searchlight ID: int-3826

Complete this digital doc: SkillSHEET: Converting a fraction into a decimal
Searchlight ID: doc-6972

Complete this digital doc: SkillSHEET: Converting a fraction into a percentage
Searchlight ID: doc-6973

Complete this digital doc: SkillSHEET: Multiplying a fraction by a whole number
Searchlight ID: doc-6974

 RESOURCES — ONLINE ONLY
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 Understanding and fl uency 
1.    List the sample spaces for these chance experiments: 

a.    tossing a coin 
b.    selecting a vowel from the word ASTRONAUT 
c.    selecting a day of the week to go to the movies 
d.    drawing a marble from a bag containing   3   reds, 

  2   whites and   1   black 
e.    rolling a standard   6  -sided die 
f.    drawing a picture card from a standard pack of  playing cards 
g.    spinning an   8  -sector circular spinner numbered  from   1   to   8   
h.    selecting even numbers from the fi rst   20   counting numbers 
i.    selecting a piece of fruit from a bowl containing   2   apples,   4   

pears,   4   oranges and   4   bananas 
j.    selecting a magazine from a rack containing   3    Dolly ,   2    Girlfriend ,   1    Smash Hits  and   2    Mathsmag 

magazines  
k.    selecting the correct answer from the options A, B, C, D, E on a multiple-choice test 
l.    winning a medal at the Olympic games.     

2.         WE3     A standard   6  -sided die is rolled. 
a.    List the sample space for this chance experiment. 
b.    Determine the probability of obtaining the following appearing uppermost: 

i.    a   6   ii.    an even number 
iii.    at most,   4   iv.    a   1   or a   2   
v.    a prime number vi.    a number greater than   4   

vii.    a   7   viii.    a number that is a factor of   60  . 
3.            WE4     A card is drawn at random from a standard well-shuffl ed pack. Find the probability of drawing: 

a.    the king of spades b.    a   10   c.    a jack or a queen d.    a club 
e.    a red card f.    an   8   or a diamond g.    an ace. 

     Express each answer as a fraction and as a percentage, correct to   1   decimal place. 
4.        WE5     A shopping centre car park has spaces for   8   buses,   160   cars and   12   motorbikes. If all vehicles 

have an equal chance of leaving at any time, fi nd the probability that the next vehicle to leave will be: 
a.    a bus b.    a car 
c.    a motorbike or a bus d.    not a car. 

5.      A bag contains   3   red,   2   black,   1   pink,   2   yellow,   3   green and   3   blue marbles. If a marble is drawn at 
random, calculate the chance that it is: 
a.    red b.    black c.    yellow 
d.    red or black e.    not blue f.    red or black or green 
g.    white h.    not pink. 

6.      A beetle drops onto  one  square of a chessboard. What are its chances of landing on a square that is: 
a.    black? b.    white? 
c.    neither black nor white? d.    either black or white? 

       

  

 

UNCORRECTED P
AGE P

ROOFS



TOPIC 12 Probability 11

c12Probability.indb Page 11 29/07/17  10:41 PM

7. What chance is there that the next person you meet has his/her birthday:
a. next Monday? b. sometime next week?
c. in September? d. one particular day next year?

8. For each of the following spinners:

a. 

2 1

b. 

23

4 1

c. 

2

1 1

d. 

1 2

3

4

i. state whether each of the outcomes are equally likely. Explain your answer.
ii. find the probability of the pointer stopping on 1.

9. Hanna flipped a coin 5 times and each time a Tail showed. What are the chances of Tails showing on 
the sixth toss?

 10. a.  Design a circular spinner coloured red, white, blue, yellow and green so that each colour is  
equally likely to result from any trial.

b. What will be the angle between each sector in the spinner?
 11. a.  Design a circular spinner with the numerals 1,  2 and 3 so that 3 is twice as likely to occur as  

either 2 or 1 in any trial.
b. What will be the size of the angles in each sector at the centre of the spinner?

 12. a. Design a circular spinner labelled A, B, C and D so that P(A) = 1
4
, P(B) = 1

3
, P(C) = 1

6
, P(D) = 1

4
.

b. What will be the size of the angles between each sector in the spinner?
 13. a. What is the total of all the probabilities in question 12?

b. What is the angle sum of the sectors in question 12?
 14. a. List all the outcomes for tossing a coin once, together with their individual probabilities.

b. Find the total.
 15. a. List all the outcomes for tossing a coin twice, together with their individual probabilities.

b. Find the total.
 16. a. List the probabilities for the elements of the sample space for rolling a 6-faced die.

b. Find the total of the probabilities.
c. Do the totals for questions 14b, 15b and 16b agree with that in 13a?
d. What conclusion can you draw?

17.  MC  If a circular spinner has 3 sectors, A, B and C, such that P(A) = 1
2
 and P(B) = 1

3
, then P(C) must be:

a. 1
4

b. 2
5

C. 1
6

d. 5
6

E. none of these

18.  MC  For an octagonal spinner with equal sectors, numbered from 1 to 8, the chance of getting a 
number between (but not including) 5 and 8 is:
a. 1

4
b. 1

2
C. 3

8

d. 5
8

E. none of these

 19. a. What is the sample space for rolling a standard 6-sided die?
b. How many elements are in the sample space for rolling 2 standard 6-sided dice (think of the dice 

having different colours)? Hint: The answer is not 12.
c. Complete the following sample space for rolling two dice.

  Note: Each colour in the table corresponds to the colour of the die.
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Die 2

1 2 3 4 5 6

D
ie

 1
1 (1, 1) (1, 2) (1, 3) (1, 4) (1, 5) (1, 6)

2

3

4

5

6

d. Using the sample space, complete the following table.

Sum 2 3 4 5 6 7 8 9 10 11 12

Probability

e. Do you notice a pattern involving the probabilities in the table? Explain your answer.
  The pattern observed in part e relates to symmetry. Investigate the symmetry property of tossing 

three coins.
f. List the sample space for tossing three coins.
g. Using the sample space obtained in part f, complete the following table.

Number of Heads 0 1 2 3

Probability

h. From the table above, which event is the probability of tossing three Tails the same as?
i. By symmetry, which event has the same probability as tossing Heads twice and Tails once?

Communicating, reasoning and problem solving
20. The targets shown are an equilateral triangle, a square and a circle with coloured regions that are also 

formed from equilateral triangles, squares and circles. If a randomly thrown dart hits each target, find 
the probability that the dart hits each target’s coloured region.
a. b. c. 

21. A fair coin is flipped 3 times. Calculate the probability of obtaining:
a. at least two Heads or at least two Tails
b. exactly two Tails.

22. Two dice are rolled and the product of the two numbers is found. Calculate the probability that the 
product of the two numbers is:
a. an odd number b. a prime number
c. more than 1 d. at most 36.

23. A fair die is rolled and a fair coin flipped. Calculate the probability of obtaining:
a. an even number and a Head b. a Tail from the coin
c. a prime number from the die d. a number less than 5 and a Head.
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12.4 Complementary events
12.4.1 Considering two outcomes

 • The sum of all of the probabilities of a single-step chance experiment is always 1.
 • In some situations, there are only two possible outcomes.
 • When there is nothing in common between these events and together they form the sample space, they 

are called complementary events.
 • For example, when tossing a coin, there are only two possible outcomes, a Head or a Tail. They are 

complementary events.
 • If an event is denoted by the letter A, its complement is denoted by the letter A′, and the sum of their 

probabilities is equal to 1.
 • If we know the probability of one event, subtracting this probability from 1 will give us the probability 

of the complementary event.
 • If events A and A′ are complementary, then:

P(A) + P(A′) = 1 and  
P(A′) = 1 − P(A) or P(A) = 1 − P(A′).

WORKED EXAMPLE 6

Find the complement of each of the following events:
a selecting a red card from a standard deck
b rolling two dice and getting a total greater than 9
c selecting a red marble from a bag containing 50 marbles.

THINK WRITE

a Selecting a black card will complete the sample 
space for this chance experiment.

a The complement of selecting a red card is 
selecting a black card.

b When rolling two dice, rolling a total less than 
10 will complete the sample space.

b The complement of rolling a total greater than 
9 is rolling a total less than 10.

c Selecting a marble that is not red is the only 
way to define the rest of the sample space for 
this chance experiment.

c The complement of selecting a red marble in 
this chance experiment is not selecting a red 
marble.

WORKED EXAMPLE 7

If a card is drawn from a pack of 52 cards, what is the probability that the card is not a diamond?

THINK WRITE

1 Determine the probability of drawing a diamond. Number of diamonds = 13
Number of cards = 52

P(event) = number of favourable outcomes
total number of outcomes

P(diamond) = 13
52

                   = 1
4

2 Write down the rule for obtaining the complement 
of drawing a diamond; that is, not drawing a 
diamond.

P(A′) = 1 − P(A)

P(not a diamond) = 1 − P(diamond)
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Exercise 12.4 Complementary events

Individual pathways

 V PRACTISE
Questions:
1–11

 V CONSOLIDATE
Questions:
1–13

 V MASTER
Questions:
1–15

V V V Individual pathway interactivity: int-4460

To answer questions online and to receive immediate feedback and fully worked solutions for every 
question, go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly. 

Understanding and fluency
1.  WE6  For each of the following, state the complementary event.

a. From a bag of numbered marbles selecting an even number
b. From the letters of the alphabet selecting a vowel
c. Tossing a coin and it landing Heads
d. Rolling a die and getting a number less than 3
e. Rolling two dice and getting a total less than 12
f. Selecting a diamond from a deck of cards
g. Selecting an E from the letters of the alphabet
h. Selecting a blue marble from a bag of marbles

2. MC Note:  There may be more than one correct answer.
  A student is to be chosen from a class of 30 students. Each student in the class is either 14 or 15 years 

old. Which of the following represent complementary events?
a. Selecting a 14-year-old boy and selecting a 14-year-old girl
b. Selecting a boy and selecting a girl
C. Selecting a 14-year-old and selecting a 15-year-old
d. Selecting a 14-year-old boy and selecting a 15-year-old girl
E. All of the above

3. For each of the following, state whether the pair of events are complementary or not. Explain your 
answer.
a. Having Weet Bix or Corn Flakes for breakfast.
b. Walking to your friend’s house or riding your bike to your friend’s house.
c. Watching TV at night or listening to the radio.
d. Passing your Mathematics test or failing your Mathematics test.
e. Rolling a number less than 4 on a die or rolling a total greater than 4.

 ONLINE ONLY

3 Substitute the known values into the given rule  
and simplify.

= 1 − 1
4

= 3
4

4 Answer the question. The probability of drawing a card that is not a 
diamond is 3

4
.

Try out this interactivity: Complementary events
Searchlight ID: int-3827

RESOURCES — ONLINE ONLY
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4.  WE7     If a card is drawn from a pack of   52   cards, what is the probability that the card is not a queen? 
5.      MC   The statement that does  not  involve complementary events is: 

a.    travelling to school by bus and travelling to school by car 
b.    drawing a red card from a pack of   52   playing cards and drawing a black card from   52   playing cards 
C.    drawing a vowel from cards representing the   26   letters of the alphabet or drawing a consonant 
d.    obtaining an even number on a six-sided die or obtaining an odd number on a die 
E.    All of the above 

6.      When a six-sided die is rolled   3   times, the probability of getting   3   sixes is   1
216

  . What is the probability 
of not getting   3   sixes? 

7.    Eight athletes compete in a   100 m   race. The probability that the athlete in 

lane   1   will win is   1
5
  . 

   What is the probability that one of the other athletes wins? (Assume that 
there are no dead heats.)   

8.     A pencil case has   4   red pens,   3   blue pens and   5   black pens. If a pen is 
drawn randomly from the pencil case, fi nd: 
a.      P  (drawing a blue pen) 
b.      P  (not drawing a blue pen) 
c.      P  (drawing a red or a black pen) 
d.      P  (drawing neither a red nor a black pen). 

9.      Holty is tossing two coins. He claims that getting two Heads and getting 
zero Heads are complementary events. Is he right? Explain your answer. 

10.    Seventy Year   9   students were surveyed. 
   Their ages ranged from   13   years to   15   years, as shown in the following table.  

  Age      13        14        15      Total  

  Boys      10        20         9        39    

  Girls       7        15         9        31    

  Total      17        35        18        70    

  A student from the group is selected at random. Find: 
a.      P  (selecting a student of the age of   13   years) 
b.      P  (not selecting a student of the age of   13   years) 
c.      P  (selecting a   15  -year-old boy) 
d.      P  (not selecting a   15  -year-old boy). 

    Communicating, reasoning and problem solving 
11.     In a bag there are   4   red cubes and   7   green cubes. If Clementine picks a cube at random, what is the 

probability that it is not: 
a.    red or green? b.    red? c.    green? 

12.      In a bag there are   4   red cubes and   7   green cubes. Clementine picks a cube at random, looks at it and 
notes that it is red. Without putting it back, she picks a second cube from the bag. What is the prob-
ability that it is not green? Show your working. 

13.    In a hand of   n   cards there are   r   red cards. I choose a card at random. What is the probability that it is: 
a.    black? b.    not black? 

14.      There are three cyclists in a road race. Cyclist A is twice as likely to win as cyclist B and three times 
as likely to win as cyclist C. Find the probability that:  
a.    cyclist B wins  b.    cyclist A does not win. 

15.      Explain why the probability of an event and the probability of the complement of the event always 
sum to   1  . 
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12.5 Mutually exclusive and compound events
12.5.1 Mutually exclusive events

 • Two events are mutually exclusive if one event happening excludes the other from happening.
 • These events may or may not cover all the possible outcomes. For example, when selecting a card 

from a deck of cards selecting a heart excludes the possibility that the card is a spade, but together 
selecting a heart and selecting a spade doesn’t cover all possible outcomes, as the card may also be a 
club or a diamond.

12.5.2 Compound events
 • A compound event is an event that is made up of more than one individual event.
 • We can use the language ‘at least’, ‘at most’, ‘not’ and ‘and’ to describe compound events.
 • For example:

‘Rolling a 5 or 6 on a six-sided die’ can be described as ‘Rolling at least a 5 on a 
six-sided die’.
‘Rolling a 1,  2 or 3 on a six-sided die’ can be described as ‘Rolling at most a 3 on 
a six-sided die’.
‘Landing on Heads when tossing a coin’ can be described as ‘Not landing on 
Tails when tossing a coin.’
‘Selecting a red queen from a pack of cards’ can be described as ‘Selecting a 
queen and a red card from a pack of cards.’

 • Note: When using the word not to describe a compound event, the event that has 
been described and the event that is not occurring must together cover the entire sample space.

 • For example, if the event is selecting an odd number from the numbers 1–20, then the event not 
occurring is selecting an even number from the numbers 1–20. Together these events cover the entire  
sample space.

WORKED EXAMPLE 8

Determine whether the following events are mutually exclusive or not.
a Rolling an odd number and rolling a 3 on a die.
b Landing on Heads and landing on Tails when tossing a coin.
c Selecting a jack and selecting a diamond from a pack of cards

THINK WRITE/DRAW

a Are there any outcomes which satisfy both 
of these events?

a Rolling a 3 satisfies both of these events; therefore 
they are not mutually exclusive.

b Are there any outcomes which satisfy both 
of these events?

b There are no outcomes which satisfy both of these 
events; therefore they are mutually exclusive.

c Are there any outcomes which satisfy both 
of these events?

c Selecting the jack of diamonds satisfies both of 
these events; therefore they are not mutually 
exclusive.
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12.5.3 Inclusive and exclusive events
 • When describing a compound event the event can be further categorised as either inclusive or 

exclusive.
 • An inclusive event is an event where an outcome can satisfy both of the qualities being described. 
 • For example, if an event is ‘selecting a three or selecting a diamond from a pack of cards’ selecting the 

three of diamonds satisfies both qualities, so this is an inclusive event.
 • An exclusive event is an event where an outcome cannot satisfy both of the qualities being described. 
 • For example, if an event is ‘rolling a 3 or rolling a 4 on a six-sided die’ there is no outcome that satis-

fies both qualities, so this is an exclusive event.
 • Sometimes we need to use the language ‘both’ or ‘not both’ to determine whether an event is inclusive 

or exclusive.
 • For example, if the event is ‘selecting a three or selecting a diamond from a pack of cards but not 

both’, this indicates that the event must be exclusive.
 • An inclusive event will always be made up of non-mutually exclusive individual events.

WORKED EXAMPLE 9

Describe the following using the language of compound events.
a Rolling a 1 or 2 on a six-sided die
b Selecting a black ace from a pack of cards
c Rolling an even number on a six-sided die
d Rolling a 8,  9 or 10 on a ten-sided die

THINK WRITE/DRAW

a 1 and 2 are the two lowest numbers on a six-sided die, 
so this event will use the words at most.

a Rolling at most a 2 on a six-sided die

b We are selecting a card which is both an ace and a black 
card, so this event will use the word and.

b Selecting an ace and a black card from 
a pack of cards

c Even numbers and odd numbers make up the whole 
sample space when rolling a six-sided die, so this event 
will use the word not.

c Not rolling an odd number on a  
six-sided die.

d 8,  9 and 10 are the three highest numbers on a ten-sided 
die, so this event will use the words at least.

d Rolling at least an 8 on a ten-sided die.

IMPROVING YOUR INTERNET SEARCHES
The words ‘not’ and ‘and’ can be used to help refine internet searches. Conduct research into the effect of 
using both of these words when using internet search engines and present a report on your findings.

WORKED EXAMPLE 10

Determine whether the following compound events are inclusive or exclusive.
a Rolling a multiple of 3 or rolling an even number on a six-sided die.
b Rolling a 5 or rolling a number less than 3 on a six-sided die.
c Rolling a multiple of 5 or rolling an even number on a ten-sided die, but not both.
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12.5.4 Solving probability problems
 • As mutually exclusive events do not cover any of the same outcomes, we can calculate the probability 

of an exclusive event comprised of mutually exclusive events by adding the probabilities of each indi-
vidual event. That is:
 if P(A) and P(B) are mutually exclusive, then P(A or B) = P(A) + P(B)

 • If we added together the probabilities of the individual events of an inclusive event then we would not 
be calculating the probability of the inclusive event, as the outcomes that appear in both of the indi-
vidual events would be added twice.

 • Therefore to calculate the probability of an inclusive event we need to subtract the probability of the 
events that occur in both of the individual events from the sum of the individual events. That is:  
if P(A) and P(B) are not mutually exclusive, then P(A or B) = P(A) + P(B) − P(A and B).

THINK WRITE

a 1 Write out all of the outcomes of each 
individual event of the compound event.
Highlight any numbers that appear in both 
lists.

a 1 Rolling a multiple of 3: 3, 6

Rolling an even number: 2, 4, 6

2 If there are any outcomes that appear in 
both individual events then the compound 
event is inclusive.
If there are no outcomes that appear in 
both individual events then the compound 
event is exclusive.

2 This compound event is inclusive.

b 1 Write out all of the outcomes of each 
individual event of the compound event.
Highlight any numbers that appear in both 
lists.

b 1 Rolling a 5: 5

Rolling a number less than 3: 1, 2

2 If there are any outcomes that appear in 
both individual events then the compound 
event is inclusive.
If there are no outcomes that appear in 
both individual events then the compound 
event is exclusive.

2 This compound event is exclusive.

c 1 Write out all of the outcomes of each 
individual event of the compound event.
Note that as the compound event states 
that both individual events can’t be 
satisfied, we can cross out any outcomes 
that appear in both lists.

c 1 Rolling a multiple of 5: 5, 10

Rolling an even number: 2, 4, 6, 8, 10

2 If there are any outcomes that appear in 
both individual events then the compound 
event is inclusive.
If there are no outcomes that appear in 
both individual events then the compound 
event is exclusive.

2 This compound event is exclusive.
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WORKED EXAMPLE 11

Determine the probability of the following compound events.
a Rolling a 4 or rolling an odd number on a six-sided die.
b Selecting a heart or a jack from a pack of cards or both.

THINK WRITE

a 1 Determine if the com-
pound event is inclusive 
or exclusive by writing 
out the outcomes of each 
individual event.

a 1 Rolling a 4: 4

Rolling an odd number: 1,  3,  5

There are no outcomes that appear in both individual events, so 
the compound event is exclusive.

2 Calculate the 
probabilities of the 
individual events

2 P(rolling a 4) = number of favourable outcomes
total number of outcomes

                      = 1
6

P(rolling an odd number) = number of favourable outcomes
total number of outcomes

                                         = 3
6

3 As the individual events 
are mutually exclusive, 
we can calculate the 
probabilities of the 
compound event by 
adding their probabilities.

3 P(rolling an odd number or rolling a 4) = 1
6

+ 3
6

                                                                = 4
6

                                                                 = 2
3

b 1 Determine if the com-
pound event is inclusive 
or exclusive by writing 
out the outcomes of each 
individual event.

b 1 Selecting a heart: 
2♥ , 3♥ , 4♥ , 5♥ , 6♥ , 7♥ , 8♥ , 9♥ , 10♥ , J♥ , Q♥ , K♥ , A♥

Selecting a jack: J♣ , J♦ , J♥ , J♠

There is one outcome that appears in both individual events 
(J♥ ), so the compound event is inclusive.

2 Calculate the 
probabilities of the 
individual events

2 P(selecting a heart) = number of favourable outcomes
total number of outcomeas

= 13
52

P(selecting a jack) = number of favourable outcomes
total number of outcomes

                              = 4
52

3 As the events are not 
mutually exclusive, we 
also need to calculate the 
probability that both 
individual events occur.

3 P(selecting a heart and selecting a jack)

= number of favourable outcomes
total number of outcomes

= 1
52
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Exercise 12.5 Mutually exclusive and compound events 

Individual pathways

 V PRACTISE
Questions:
1–7, 9, 11

 V CONSOLIDATE
Questions:
1–7, 9–11, 13, 14

 V MASTER
Questions:
1–17

V V V Individual pathway interactivity: int-7049  ONLINE ONLY

To answer questions online and to receive immediate feedback and fully worked solutions for every 
question, go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly. 

Understanding and fluency
1.  WE8  Determine whether the following events are mutually exclusive or not.

a. Rolling an even number and rolling a multiple of 5 on a twelve-sided die.
b. Selecting a picture card and selecting a heart from a deck of cards.
c. Landing on a blue section and landing on a 4 when spinning the following spinner.

2.  MC  Which of the following is a mutually exclusive event to selecting a black card 
from a pack of cards?
a. Selecting the king of spades
b. Selecting a 2,  3,  4 or 5
C. Selecting a queen
d. Selecting the 5 of diamonds
E. Selecting the queen of clubs

3.  WE9  Describe the following using the language of compound events.
a. Rolling a 1,  2,  3 or 4 on a ten-sided die.
b. Selecting a club from a pack of cards.
c. Rolling a 9 or 10 on a ten-sided die.

4.  MC  Which of the following does not represent a compound event?
a. Selecting a heart or club from a pack of cards
b. Rolling at least a 6 on a six-sided die
C. Rolling at most a 2 on a twelve-sided die 
d. Not selecting a diamond from a pack of cards
E. Selecting a black card and a king from a pack of cards.

23

4 1

4 Calculate the probability 
of the compound event 
by adding the individual 
probabilities and sub-
tracting the probability 
that they both occur.

4 P(selecting a heart or selecting a jack) = 13
52

+ 4
52

− 1
52

= 16
52

= 4
13

CREATING YOUR OWN COMPOUND EVENT PROBLEM
Using the skills that you have learnt in this subtopic, pose a problem that involves the use of some of these 
terms.

Test your problem on a classmate and check that you both calculate the same answer.
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5.  WE10  Determine whether the following compound events are inclusive or exclusive.
a. Rolling a multiple of a 3 or a 5 on a six-sided die
b. Selecting a heart or a 7 from a pack of cards
c. Landing on a red section or a 3 but not both when spinning the following spinner

6.  WE11  Determine the probability of the following compound events.
a. Selecting a queen or selecting a king from a pack of cards.
b. Selecting a red card or a queen or both from a pack of cards.

7. A ten sided-die is rolled. Calculate the following.
a. P(rolling a 3 or a 6)
b. P(rolling at least a 5)
c. P(rolling at most a 5)
d. P(rolling a multiple of 2 or a multiple of 3 or both)

8. Keira was selecting a marble from a bag containing 5 red marbles, 9 blue marbles and 7 green  marbles.
  Calculate P(selecting a red marble or a blue marble).
9. Jack was playing at the local carnival with the chance to win a cuddly toy.

  If there was a 0.2 chance that he would win a toy lion, and a 1
8
 chance he 

would win a toy bear, what is the probability that he would win one of 
these prizes? Give your answer as a decimal.

10. The local weather forecaster predicted that there was a 50% chance of it 
being sunny tomorrow, a 20% chance of it being rainy and a 5% chance of 
it being both sunny and rainy.
What was the chance of there being either sun or rain or both?

11. Will likes to play both soccer and basketball. On any given evening there is a 30% chance that he will 
play soccer and a 1

4
 chance he will play basketball. Will never plays both soccer and basketball on the 

same evening.
a. Is the compound event ‘Will plays soccer or basketball’ inclusive or exclusive?
b. Calculate P(Will plays soccer or basketball). Give your answer as a percentage.

Communicating, reasoning and problem solving
12. In your own words explain mutually exclusive events.
13. Are the events rolling a 1 and rolling a 5 mutually exclusive events? Explain your answer.
14. On a given Saturday the probability of Sasha going to her friend Jess’s house was 65% and the 

probability of Sasha going to the swimming pool was 40%.
a. Explain why the probability of Sasha either going to Jess’s house or the swimming pool is not 105%.
b. From the given information are we able to determine the probability of Sasha either going to Jess’s 

house or the swimming pool? Explain your answer.
15. The age and gender of 90 teenagers in NSW taking their driving tests have been recorded in the 

following table. 

Age 17 18 19 Total

Boys 27  9  8 44

Girls 26 13  7 46

Total 53 22 15 90

A teenager from the group is selected at random. Find:
a. P(selecting a 17 year-old boy)
b. P(selecting a 17 or 18 year-old girl)
c. P(selecting a boy or a girl)
d. P(selecting a boy and a 19-year old)
e. P(selecting an 18-year or a girl or both).

2

34

5

6 1
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16. Explain why the language ‘both’ or ‘not both’ can help to determine whether a compound event is 
inclusive or exclusive.

17. Does the sum of mutually exclusive events always total 1? Explain your answer.

12.6 Venn diagrams and two-way tables
12.6.1 Exploring probability using Venn diagrams

 • An attribute is a feature or characteristic of someone or something.
 • A Venn diagram is made up of a rectangle and one or more circles. It is used to show the relation-

ships between attributes.
 • The circles in a Venn diagram indicate the different attributes, and the numbers in a Venn diagram 

indicate the number that have that attribute.
 • The circles in a Venn diagram can overlap, with an overlapping region indicating the number that have 

both attributes.
 • If two circles do not overlap then those attributes are mutually exclusive.

WORKED EXAMPLE 12

The following Venn diagram represents the languages studied by Year 8 students at a school.

19

Languages studied by Year 8 students

28

Italian

35

Japanese

a Are there any students who studied both Japanese and Italian?
b How many students were there overall?
c How many students studied Japanese?
d How many students studied Italian?
e How many students studied neither Japanese nor Italian?

THINK WRITE/DRAW

a The circles representing Japanese and Italian 
do not overlap, so these attributes are 
mutually exclusive.

a No, there are no students who studied both 
Japanese and Italian.

b Add all of the numbers in the diagram 
together. This represents all of the students.

b 19 + 35 + 28 = 82
There were 82 students overall.

c Look at the region represented by Japanese. c There were 35 students who studied Japanese.

d Look at the region represented by Italian. d There were 28 students who studied Italian.

e Look at the region outside of the circle. e There were 19 students who studied neither 
Japanese nor Italian.
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 • In Worked example 12 the regions representing Japanese and Italian did not overlap, so these attrib-
utes were mutually exclusive and there were no students who studied both subjects.

 • When two regions in a Venn diagram overlap the attributes are not mutually exclusive, and the number 
in the overlapping region represents the members that have both attributes.

 • For example, the following Venn diagram represents the favourite film genres of Year 8 students.
 • Combined, the blue and purple regions represent all the students 

who selected comedy films.
 • Combined, the red and purple regions represent all the students 

who selected action films.
 • The blue region represents those students who selected comedy 

films, but who did not select action films.
 • The red region represents those students who selected action 

films, but who did not select comedy films.
 • The purple section represents those students who selected both 

comedy and action films together.
 • The white region represents those students who selected neither 

comedy nor action films.
 • Combined, the blue and red regions represent those students who selected either comedy or action 

films but not both.
 • Combined, the blue, red and purple regions represent those students who selected either comedy or 

action films or both.

Favourite film genres of Year 8 students

8

Action

1530

Comedy

21

WORKED EXAMPLE 13

Describe the following regions in this Venn diagram.

1048

NRL

Favourite sport(s) of Year 8 students

AFL

25

21

a The green region
b The yellow region
c The orange region
d The white region 
e The green and yellow regions combined
f The green, yellow and orange regions combined

THINK WRITE/DRAW

a Look at this region. It represents NRL 
 without AFL

a This region represents the students whose 
favourite sport is NRL, but not AFL.

b Look at this region. It represents AFL 
without NRL.

b This region represents the students whose  
favourite sport is AFL, but not NRL.

c Look at this region. It represents both AFL 
and NFL together.

c This region represents the students whose  
favourite sports are both AFL and NRL together.
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 •    Venn diagrams can also cover   3   attributes by including 
  3   circles. 

 •    The diagram at right shows the lunchtime preferences of 
  50   Year   8   students.   

 •     The blue section represents those students who like pizzas, 
sandwiches and salad, while the red section represents those 
students who like pizza and salad, but not sandwiches. 

 •    Try to work out what the other colours represent! 

   12.6.2 Constructing Venn diagrams 
 •    Given data we can construct Venn diagrams to represent all 

possible combinations of two attributes, and then use this data 
to calculate missing values.    

Salad

SandwichPizza

  d      Look at this region. It represents neither 
NRL nor AFL.   

  d      This region represents the students whose 
favourite sport is neither NRL nor AFL.    

  e      Look at this region. It represents NRL and 
AFL without those who selected both 
together   

  e      This region represents the students whose 
favourite sport is either NRL or AFL, but not both 
together.    

  f      Look at this region. It represents NRL and 
AFL or both together   

  f      This region represents the students whose 
favourite sport is either NRL or AFL or both 
together.    

 WORKED EXAMPLE 14 

  An ice-creamery conducted a survey of   60   customers on a Monday and obtained the following 
results on two new ice-cream fl avours. The results showed that   35   customers liked Product A, 
  40   liked Product B, and   24   liked both fl avours.    
a      Draw a Venn diagram to illustrate the above information.  
b     Use the Venn diagram to answer the following questions.  

i     How many customers liked Product A only?  
ii     How many customers liked Product B only?  

iii     How many customers liked neither product?         

  THINK     WRITE  

  a    1      Draw and label two overlapping circles 
within a rectangle to represent Product 
A and Product B. 
  Note:  The circles for products A and B 
overlap because   24   customers liked both 
products.   

  a    

   

Product
A

Product
B
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2 Working from the overlapping area 
outwards, determine the number of 
customers in each region.
Note:  The total must equal the number 
of customers surveyed; that is, 60.

There are 24 customers who liked both  
products.
Product A contains 11 customers (i.e. 35 − 24) 
who liked Product A, but not Product B.
Product B contains 16 customers (i.e. 40 − 24) 
who liked Product B, but not Product A.
The remaining 9 customers (i.e. 
[60 − (11 + 24 + 16)]) liked neither product.

Product
A

11

24
Product

B

16

9

b   i Refer to the Venn diagram and answer 
the question.
Note:  The non-overlapping part of 
Product A’s circle refers to the 
customers that liked Product A only.

b   i Eleven customers liked Product A only.

 ii Refer to the Venn diagram and answer 
the question.
Note: The non-overlapping part of 
Product B’s circle refers to the 
customers that liked Product B only.

 ii Sixteen customers liked Product B only.

iii Refer to the Venn diagram and answer 
the question.
Note:  The region outside the circles 
refers to the customers who liked 
neither product.

iii Nine customers liked neither product.

EYE AND HAIR COLOUR PROBABILITY
Equipment: Post-it notes, marker pens
1. On the board, create a large Venn diagram with three overlapping circles. Label the circles ‘Blue eyes’, 

‘Brown hair’ and ‘Black hair’.
2. Each student writes their initials on a Post-it note using a marker pen and places the Post-it note in the 

appropriate place in the Venn diagram.
3. Count the number of Post-it notes in each section. Remove the Post-it notes and write the number of 

Post-it notes for the section in the section on the board.
4. As a class, discuss the following. If a student is chosen randomly to receive a prize, what is the  

probability that he or she has:
a. blue eyes b. neither blue eyes nor brown hair
c. brown hair d. black hair
e. not got blue eyes and brown hair f. blue eyes and black hair
g. not got blue eyes h. not got black hair?
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12.6.3 Two-way tables
 • Two-way tables can also be used to represent the relationship between non-mutually exclusive  

attributes.
 • In a two-way table one of the attributes is listed on the left-hand side of the table and one of the 

attributes is listed on the top of the table.

Note:  In part e of Worked example 13 we only need to add the number of females above 160 cm as the 
males above 160 cm have already been included in the male attribute.

WORKED EXAMPLE 15

The following two-way table shows the relationship between gender and height of  
Year 8 students.

Gender compared to height of Year 8 students

Below 160 cm Above 160 cm

Female 25 11 36

Male  9 24 33

34 35 69

a How many females are there overall?
b How many males are above 160 cm?
c How many females are above 160 cm?
d Are there more females below 160 cm than males above 160 cm?
e How many students are either male or above 160 cm?

THINK WRITE/DRAW

a Look at the row represented by the 
female attribute. The number at the 
end of this row contains the sum of 
this row’s data.

a There are 36 females overall.

b Look at the region represented by the 
intersection between the male and 
above 160 cm attributes.

b There are 24 males above 160 cm.

c Look at the region represented by the 
intersection between the female and 
above 160 cm attributes.

c There are 11 females above 160 cm.

d Compare the two required regions. d Yes, there are more females below 160 cm than males  
above 160 cm (25 compared to 24).

e Identify all of the required regions; 
that is, the row represented by the 
male attribute and the intersection of 
the female and above 160 cm 
attributes.

e 33 + 11 = 44

There are 44 students who are either male or  
above 160 cm.
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WORKED EXAMPLE 16

There are 1400 penguins in an Australian penguin colony. 675 of the  
penguins are male, of which 370 are up to 5 years old. 410 of the female  
penguins are over 5 years old.
a Draw a two-way table to illustrate the above information.
b Use the two-way table to answer the following questions.

i How many of the penguins are up to 5 years old?
ii How many of the penguins are over 5 years old?

iii How many of the male penguins are over 5 years old?

THINK WRITE/DRAW

a 1 Draw the shell for your two-way 
table, listing one attribute on the 
left-hand side and one on the top.

a Up to 5 Over 5

Male

Female

2 Enter in the information given in 
the question.

There are 1400 penguins overall.
There are 675 male penguins, of which 370  
are up to 5 years old.
There are 410 female penguins over 5 years old.

Up to 5 Over 5

Male 370  675

Female 410

1400

3 Calculate the missing information. There are 305 male penguins who are over 
5 (675 − 305 = 370).
There are 725 female penguins (1400 − 675 = 725).
There are 315 female penguins who are up to 5 
years old (725 − 410 = 315).
There are 685 penguins who are up to 5 years old 
(370 + 315 = 685).
There are 715 penguins who are over 5 years old 
(305 + 410 = 715).

Up to 5 Over 5

Male 370 305  675

Female 315 410  725

685 715 1400
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 12.6.4 Converting between Venn diagrams and two-way tables 
 •    When representing the relationships between two attributes, we can convert from Venn diagrams to 

two-way tables and vice versa.      

  b      i      Look at the column represented by 
the up to   5   attribute. The number at 
the end of this column contains the 
sum of this column’s data.   

  b    i        685   penguins are up to   5   years old.    

     ii      Look at the column represented by 
the over   5   attribute. The number at 
the end of this column contains the 
sum of this column’s data.   

    ii        715   penguins are over   5   years old.    

    iii      Look at the cell represented by the 
intersection between the male and 
over   5   attributes.   

    iii        305   of the male penguins are over   5   years old.    

 WORKED EXAMPLE 17 

  The following Venn diagram shows the relationships between males and females and whether 
they prefer cats or dogs.  

 

Male

The relationship between gender
and cats/dogs preference 

29

38

32 36

Dogs

    
   Convert this information into a two-way table.     

  THINK     WRITE  

  1      Draw the shell for your two-way table, 
listing one attribute on the left-hand side and 
one on the top.   

    Cats    Dogs  

  Male      

  Female      

  2      Calculate the total number of people.         29 + 32 + 36 + 38 = 135      

 3     Interpret the information in the Venn 
diagram.   

    There are   32   males who prefer dogs.  
  There are   36   non-males (females) who prefer dogs.  
  There are   29   males who prefer non-dogs (cats)  
  There are   38   non-males (females) who prefer 
non-dogs (cats).    
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Exercise 12.6 Venn diagrams and two-way tables

Individual pathways

 V PRACTISE
Questions:
1–5, 7–9, 11, 13, 15

 V CONSOLIDATE
Questions:
1–11, 13–15

 V MASTER
Questions:
1–18

V V V  Individual pathway interactivity: int-###  ONLINE ONLY

To answer questions online and to receive immediate feedback and fully worked solutions for every 
question, go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly. 

Understanding and fluency
1.  WE12  The following Venn diagram represents the favourite  

colours of primary school childen.
a. Are there any children who chose both red and blue?
b. How many children were there overall?
c. How many children preferred red?
d. How many children preferred blue?
e. How many children preferred neither red nor blue?

2. The following Venn diagram represents a study of the most  
popular exercise classes at a gym.
a. How many people were surveyed overall?
b. How many people went to spin classes?
c. How many people went to pump classes?
d. How many people went to neither spin nor pump classes?
e. How many people went to either the spin or pump class, but  

not both?

Red

Favourite colurs of primary school children

35

42

27

Blue

3386

Spin

Most popular exercise classes

Pump

51

67

4 Enter in the information into the two-way 
table.

Cats Dogs

Male 29 32

Female 38 36

135

5 Calculate the missing values by summing the 
rows and columns, then enter this informa-
tion into the two-way table.

29 + 32 = 61
38 + 36 = 74
29 + 38 = 67
32 + 36 = 68

Cats Dogs

Male 29 32  61

Female 38 36  74

67 68 135
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3.          WE13     Describe the following regions in this Venn diagram.   
a.     The combined pink and red regions 
b.    The purple region 
c.    The white region 
d.    The combined pink, purple and red regions 
e.    The combined pink and purple regions 

4.      A survey of a Year   8   class found the numbers of class members 
who play basketball, cricket and soccer. Use the following Venn 
diagram to calculate the number of students who: 
a.    were in the class 
b.    play basketball 
c.     play cricket and basketball 
d.    play cricket and basketball but not soccer 
e.    play soccer but not cricket 
f.    play all three sports 
g.    do not play cricket, basketball or soccer 
h.    do not play cricket 
i.    play cricket or basketball or both 
j.    play at least one of basketball or cricket or soccer.     

5.         WE14     A cosmetics shop surveyed   100   of their customers about two 
new bath bomb products. The results showed that   63   customers 
liked Product A,   28   liked Product B, and   11   liked both.   
a.     Draw a Venn diagram to illustrate the above information. 
b.    Use the Venn diagram to answer the following questions. 

i.    How many customers liked Product A only? 
ii.    How many customers liked Product B only? 
iii.    How many customers liked neither product? 

6.        A tyre manufacturer conducting a survey of   2200   customers obtained the 
following results on two tyres:   1390   customers preferred Tyre A,   1084   
preferred Tyre B, and   496   preferred both equally.   
a.     Draw a Venn diagram to illustrate the above information. 
b.    Use the Venn diagram to answer the following questions. 

i.    How many customers preferred Tyre A only? 
ii.      How many customers preferred Tyre B only? 
iii.      How many customers preferred neither tyre? 

7.        The favourite cruise destinations of   120   Australian holiday makers 
were as follows.   55   people chose Fiji,   37   chose Tahiti and   42   chose 
another destination. 
a.    Draw a Venn diagram to illustrate the above information. 
b.    How many of the holiday makers chose both Fiji and Tahiti? 

8.          WE15     The following two-way table shows the relationship between home ownership and household 
income for   100   individuals. 

    Home owner compared to household income   

    Under   $100k      Over   $100k      

  Home ownership      11        33         44    

  Renting      38        18         56    

      49        51        100    

Snapchet

Favourite social media of teenagers

64

39

5 13

Facebook

Basketball

CricketSoccer

1

3
5 6

3
1

2 4
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a. How many home owners are there overall?
b. How many home owners earn under $100k?
c. How many renters earn over $100k?
d. Are there more home owners earning over $100k than renters earning under $100k?
e. How many people are renters or earning above $100k?

9.  WE16  There are 150 pop and rap songs in rotation on a popular radio channel. This includes 92 songs 
from this year, of which 63 are pop songs. Of the older songs, 21 can be classified as rap.
a. Draw a two-way table to illustrate the above information.
b. Use the two-way table to answer the following questions.

i. How many of the older songs are pop songs?
ii. How many of the songs from this year are rap songs?
iii. How many of the songs are pop songs?

10. There are 180 pigs and cattle on Farmer Smith’s farm. 85 of the 
animals are male, of which 59 are pigs. 31 of the cattle are female.
a. Draw a two-way table to illustrate the above information.
b. Use the two-way table to answer the following questions.

i. How many of the cattle are male?
ii. How many of the females are pigs?

11. The following Venn diagram shows the relationship between males 
and females and whether they are meat eaters or vegetarians.

Male

Relationship between gender and diet

8

11

63 58

Meat
eater

  Convert this information into a two-way table.
12. The following Venn diagram shows the relationship between hair and eye colour.

Brown
hair

Relationship between hair and eye colour

22

30

68 13

Brown
eyes

  Convert this information into a two-way table.
13. The following two-way table shows the relationships between male and female gamers and whether 

they prefer PlayStation or Xbox.
  Gender compared to console preference

PlayStation Xbox

Male 24 19 43

Female 21 17 38

45 36 81

  Convert this information into a Venn diagram.

UNCORRECTED P
AGE P

ROOFS



32 Maths Quest 8 Stage 4 NSW Australian curriculum

c12Probability.indb Page 32 29/07/17  10:42 PM

Communicating, reasoning and problem solving
14. The favourite fruits of Year 8 students have been recorded in the following Venn diagram.

a. Convert this information into a two-way table.
b. Calculate the probability that a student’s favourite fruits include 

apples.
c. Calculate the probability that a student’s favourite fruits include 

neither apples nor bananas.
d. Calculate the probability that a student’s favourite fruits include 

apples or bananas, but not both.
15. The following two-way table shows the relationship between 

nations where French is an official language and the nations  
where English is an official language.

English Not English

French  5  24  29

Not French 49 117 166

54 141 195

a. Calculate the probability that a nation has neither French nor English as an official language.
b. Calculate the probability that a nation has French or English or both as an official language.
c. Calculate the probability that a nation has French or English but not both as an official language.

16. What is the minimum number of pieces of information that is required to complete a two-way table? 
Explain your answer.

17. A sporting club has its members playing different sports, as shown in the Venn diagram.
a. Copy the given Venn diagram and shade the areas that represent:

i. members playing tennis only
ii. members walking only
iii. members both playing tennis and walking.

  

8
10 22

6
10

Volleyball Tennis

Walking

b. How many members:
i. play volleyball?
ii. are involved in all three activities?

c. How many members belong to the sporting club?
d. How many members do not:

i. play tennis?
ii. walk?

e. Calculate the probability that a member likes playing volleyball or tennis but does not like 
walking.

f. Calculate the probability that a member likes playing volleyball and tennis but does not like 
walking.

Bananas

Favourite fruits of Year 8 students

28

47

13
22

Apples

UNCORRECTED P
AGE P

ROOFS



TOPIC 12 Probability 33

c12Probability.indb Page 33 29/07/17  10:42 PM

18. A survey of 140 fifteen-year-old girls investigated how many read magazines (M), crime novels (C) 
and science fiction (S). It found:
• 23 read both magazines and science fiction
• 21 read both magazines and crime novels
• 25 read both crime novels and science fiction
• 15 read all three

• 40 read magazines only
• 38 read crime novels only
• 10 read science fiction only.

a. Show this information on a fully labelled Venn diagram.
b. How many girls read magazines? c. How many girls read only crime?
d. How many girls read science fiction? e. How many girls read none of these three?

12.7 Review

Investigation | Rich task
In a spin
When dealing with events involving chance, we 
try to predict what the outcome will be. Some 
events have an even chance of occurring, whereas 
others have little or no chance of occurring. If the 
outcomes for events are equally likely, we can 
predict how often each outcome will appear. But, 
will our predictions always be exact?

Spinners are often used to help calculate the 
chance of an event occurring. There are many 
different types of spinners, and one with 
6 equal sections is shown below. A paperclip is flicked  
around the pencil placed at the centre. The instructions  
below will enable you to construct a spinner to use  
in a probability exercise.

Draw a circle with a radius of 8 cm onto a piece of cardboard 
using a pair of compasses. Using a ruler, draw a line to 
indicate the diameter of the circle.

Keep the compasses open at the same width. Place marks 
on the circumference on both sides of the points where the 
diameter meets the circle.

Join the marks around the circumference to produce your hexagon. Draw a line with a ruler to 
join the opposite corners and cut out the hexagon.

Number the sections 1 to 6 or colour each section in a different colour.

6

3

2

4

5

1
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1. Flick the paperclip around the pencil 120 times. Record each outcome in a copy of the table 
below.

Score Tally Frequency

1

2

3

4

5

6

Total

Note: If the paperclip lands on a line, re-spin the spinner.
2. Are the outcomes of each number in your spinner equally likely? Explain why.
3. What would be the theoretical probability of spinning a 6?
4. Based on the results you obtained from your spinner, list the relative frequencies of each  

outcome on the spinner.
5. How many times would you expect the paperclip to land on each number when you perform  

120 spins?
6. How close were your results to the expected results?

Combine your results with the results obtained from your classmates.
7. Design a new frequency table for the class results.
8. How do the relative frequencies of the pooled class results compare with your results? Are they 

closer to the results you expected?
9. If time permits, continue spinning the spinner and pooling your results with the class. Investigate 

the results obtained as you increase the number of trials for the experiment.

Try out this interactivity: Word search
Searchlight ID: int-2637

Try out this interactivity: Crossword
Searchlight ID: int-2638

Try out this interactivity: Sudoku
Searchlight ID: int-3192

Complete this digital doc: Summary
Searchlight ID: doc-00000

Complete this digital doc: Concept map
Searchlight ID: doc-00000

Complete this digital doc: Rich task: In a spin
Searchlight ID: doc-13945

Complete this digital doc: Code puzzle: What did the cannibal have for breakfast?
Searchlight ID: doc-13946

 RESOURCES — ONLINE ONLY
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12.7.1 Review questions
To answer questions online and to receive immediate feedback and fully worked solutions for every 
question, go to your learnON title at www.jacplus.com.au. Note: Question numbers may vary slightly.

Understanding and fluency
1.  MC  The chance of getting a 5 with the spinner below is:

a. 1
3

b. 1
5

C. 1
6

d. 2
5

E. none of these

2. Study the spinner shown below.
a. What is the sample space?
b. Are all outcomes equally likely? Explain your answer.
c. In theory, what are the chances of spinning:

i. a 2? ii. a 6?
3. One thousand tickets were sold for a raffle. If you purchased 

five, what are your chances of winning the raffle?
4. A cube has 2 red faces, 2 white faces, 1 green face and  

1 yellow face. If rolled, what is the probability of the top 
face showing:
a. red? b. yellow?
c. not red? d. green or white?

5. On each of the 5 days, Monday to Friday, garbage is collected. What are the chances that garbage is 
collected at an address chosen at random on:
a. Wednesday? b. Thursday or Friday?
c. Sunday? d. a day other than Monday?

6. A multiple-choice question has as alternatives A, B, C, D and E. Only one is correct.
a. What is the probability of guessing:

i. the right answer? ii. the wrong answer?
b. What is the total of the probabilities?

7. a. Design a circular spinner with the numbers 1 to 4 so that: 

p(1) = 1
2
, p(2) = 1

4
, p(3) = 1

8
, p(4) = 1

8
.

b. What will the size of the angle in each sector be?
8. Give the probability of each of the numbers in this circular spinner.
9. State the complement of each of the following events.

a. Tossing a coin and it landing Tails
b. Winning a race in which you run
c. Answering a question correctly
d. Selecting a black marble from a bag of marbles
e. Selecting a number less than 20

10. State whether each of the following pairs of events are complementary or not. Explain your answer.
a. Having milk in your coffee and not having milk in your coffee
b. Going overseas for your holiday or holidaying in Australia
c. Catching a train to work or catching a bus to work

11. The probability that a traffic light is green is 3
7
. Find the probability that the traffic light is not green.

1

5

4
3

2

4

3

21

6

5

5

43

2

1 6
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12. Determine if the following events are mutually exclusive or not.
a. Rolling a multiple of 4 and rolling a 10 on a 10-sided die.
b. Selecting an even number and selecting a multiple of 7 from 1–15.
c. Landing on a blue segment and landing on a 5 when spinning this 

spinner.
13. Determine the probability of the following compound events.

a. Not choosing a multiple of 3 from 1–20.
b. Rolling a multiple of 3 or a multiple of 4 but not both when rolling 

a 12-sided die.
14. Jacqueline is a keen surfer and skateboarder. On a Sunday there is a 

2
5
 chance she will go surfing, a 1

4
 chance she will go 

skateboarding and a 1
10

 chance she will go both surfing and 
skateboarding.

  Calculate the probability Jacqueline will go surfing, skate-
boarding or both on a Sunday.

15. Shoppers in a supermarket were given a taste test of two 
varieties of jellybeans — home brand (H) and brand X. Of 
the 168 shoppers to undertake the test, 111 liked the home 
brand, 84 liked brand X and 39 liked both.
a. Represent these data as a Venn diagram.
b. What is the probability that one of those shoppers did not 

like either of the two varieties?
c. What is the probability that one of the shoppers liked brand 

H or brand X?
d. What is the probability that one of the shoppers liked brand X given that they liked brand H?

16. Draw a two-way table to display the situation in question 15.

Communicating, reasoning and problem solving
17. During her latest shopping trip, Karen’s mother stocked up on a supply of icy poles for the summer. In 

one box there are 3 icy poles of each of the flavours: orange, raspberry, lime and cola. Karen likes 
everything but lime.
a. What is the probability that when Karen reaches into the box randomly, she will select an icy pole 

that she likes?
b. Two days later, 2 raspberry, 1 cola, and 1 lime have been eaten by various members of the family. 

Have Karen’s chances of randomly choosing a lime icy pole gone up, down or stayed the same? 
Explain your answer.

18. In a certain school band there are 6 girls and some boys. A student is selected at random from this 
group. Find the number of boys in the group if the probability that a girl is selected is 1

4
.

19. Jar A contains 5 black, 3 white and 2 coloured marbles. Jar B contains 6 black, 4 white and 4 coloured 
marbles. From which jar are you more likely to draw a black marble?

20. A fair 4-sided die in the shape of a regular tetrahedron is tossed twice.
a. Draw the sample space.
b. What is the probability that the two numbers that are thrown are both even?

21. There are only three swimmers in the 100-m freestyle. Swimmer A is twice as likely to win as B and 
three times as likely to win as C. Find the probability that B or C wins.

22. James has two dice. One is a regular die. Hames has altered the other by replacing the 1 with a 6  
(so the altered die has two 6’s, and no 1). He rolls the two dice together.
Determine the probability that a double is rolled when the two dice are thrown.

1

2

3

45

6

7

8
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23. In a club of 60 members, half support the sausage sizzles, one 
third support the raffles and some of these support both. One 
fifth of the members support neither of these fundraisers.  
Determine the probability that a club member, chosen at random, 
supports both.

24. There are four differently coloured marbles in a bag: red, blue, 
green and yellow. There are 8 blue marbles and 4 yellow 
marbles. The probability of drawing a blue or yellow marble is 
0.6. If there are 3 green marbles in the bag, how many red 
marbles are there?

25. The following two-way table shows whether coffee and tea drinkers like milk in their hot drink.

Milk No milk

Tea 38 22 60

Coffee 31 64 95

69 86 155

a. Convert this information into a Venn diagram.
b. Calculate the probability that someone likes milk in their hot drink.
c. Calculate the probability that someone is either a tea drinker without milk or a coffee drinker with milk.
d. Calculate the probability that someone is either a coffee drinker or likes milk with their hot drink but 

not both.
26. Margaret is in charge of distributing team uniforms for students representing the school in music, 

athletics and debating. Margaret knows that representing the school are 43 students, some of whom 
are involved in more than one activity. They must purchase a uniform for each activity in which they 
participate.
Margaret has the following information: 36 students are in the concert band, 31 students are in the ath-
letics team, 12 students are in the debating team, 6 students are involved in all three. Nine students are 
involved in music and debating, 7 in athletics and debating and 26 students are in music and athletics.
a. Show this information on a Venn diagram.
b. Calculate the probability that a student will be required to purchase only the music uniform.
c. Calculate the probability that a student will be required to purchase only the athletics uniform.
d. Calculate the probability that a student will be required to purchase only the debating uniform.
e. Calculate the probability that a student will be required to purchase music and debating uniforms but 

not an athletics uniform.
f. Calculate the probability that a student will be required to purchase a music or athletics uniform but 

not a debating uniform.
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Answers
Topic 12 Probability
Exercise 12.2 Probability scale
1. a. Certain b. Highly unlikely c. Discuss d. Discuss

e. Highly unlikely f. Highly unlikely g. Certain h. Impossible

i. Highly unlikely j. Highly likely k. Even chance l. Highly unlikely

m. Even chance n. Better than even chance o. Highly likely p. Highly unlikely

2. a–e. Should be discussed in class

3. a. 1
2

b. 9
10

c. 0 d. 1 e. 1
2

f. 1
3

g. 1
52

h. 11
20

i. 5
6

j. 1
13

k. 1
5

l. 2
13

m. 4
7

n. 1

4. C

5. E

6. a. 4
11

b. 7
11

c. 2
11

d. 1
11

7. a. i. No

ii. {blue, green, red, yellow}

iii. Blue: 1
3
; green: 1

6
; red: 1

3
; yellow: 1

6

b. i. Yes

ii. {blue, green, orange, yellow, red}

iii. Blue: 1
5
; green: 1

5
; orange: 1

5
; yellow: 1

5
; red: 1

5

c. i. No ii. {yellow, green} iii.   Yellow: 2
3
; green: 1

3

8. a. Blue. There are more blue jelly beans than any other colour.

b. Yellow. There are fewer yellow jelly beans than any other colour.

c. Blue: 6
17

; green: 5
17

; red: 4
17

; yellow: 2
17

9. Answers will vary. Some examples are shown.

a. b. c. 

10. Answers will vary.

11. The probability of a green card is 0.15. There are 3 green cards in the bag.

Exercise 12.3 Sample spaces and theoretical probability
1. a. {Heads, Tails}

b. {a,  a,  o,  u}

c. {Monday, Tuesday, Wednesday, Thursday, Friday, Saturday, Sunday}

d. {R,  R,  R,  W,  W,  B}

e. {1,  2,  3,  4,  5,  6}

f. {king of hearts, diamonds, clubs, spades; queen of hearts, diamonds, clubs, spades; jack of hearts, diamonds, clubs, 
spades}

g. {1,  2,  3,  4,  5,  6,  7,  8}

h. {2,  4,  6,  8,  10,  12,  14,  16,  18,  20}

i. {apple, apple, pear, pear, pear, pear, orange, orange, orange, orange, banana, banana, banana, banana}

j. {Dolly, Dolly, Dolly, Girlfriend, Girlfriend, Smash Hits, Mathsmag, Mathsmag}

k. {A,  B,  C,  D,  E}

l. {gold, silver, bronze}
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2. a. {1,  2,  3,  4,  5,  6}

b. i. 1
6

ii. 1
2

iii. 2
3

iv. 1
3

v. 1
2

vi. 1
3

vii. 0 viii. 1

3. a. 1
52

, 1.9% b. 1
13

, 7.7% c. 2
13

, 15.4% d. 1
4
, 25% e. 1

2
, 50% f. 4

13
, 30.8% g. 1

13
, 7.7%

4. a. 2
45

b. 8
9

c. 1
9

d. 1
9

5. a. 3
14

b. 1
7

c. 1
7

d. 5
14

e. 11
14

f. 4
7

g. 0 h. 13
14

6. a. 1
2

b. 1
2

c. 0 d. 1

7. a. 1
365

 (or 1
366

) b. 7
365

 (or 7
366

) 

c. 30
365

= 6
73

 (or 30
366

= 5
61

) d. 1
365

 (or 1
366

)

  Note:  In a leap year there are 366 days.

8. a. i Yes, equal sectors ii. 1
2

b. i Yes, equal sectors ii. 1
4

c. i No, sector 1 occupies a larger area. ii. 2
3

d. i No, sector 1 occupies the smallest area. ii. 1
8

9. 1
2

10. a. 
G R

W

B
Y

b. Each sector has an angle of 72° at the centre of the spinner.

11. a. 

1

2
3

b. Sectors 1 and 2 have angles of 90° and sector 3 has an angle of 180° at the centre of the spinner.

12. a. 
A C

BD

b. Sectors A and D: 90°, sector B: 120° and sector C: 60°.

13. a. 1 b. 360°

14. a. Heads, 1
2
; Tails, 1

2
b. 1

15. a. H H, 1
4
 H T, 1

4
 T H, 1

4
 T T, 1

4
b. 1

16. a. 1
6

b. 1 c. Yes

d. The total of probabilities for all elements in a sample space is always 1.

17. C

18. A

19. a. {1,  2,  3,  4,  5,  6} b. 36

c. 
Die 2

1 2 3 4 5 6

D
ie

 1

1 (1,  1) (1,  2) (1,  3) (1,  4) (1,  5) (1,  6)

2 (2,  1) (2,  2) (2,  3) (2,  4) (2,  5) (2,  6)

3 (3,  1) (3,  2) (3,  3) (3,  4) (3,  5) (3,  6)

4 (4,  1) (4,  2) (4,  3) (4,  4) (4,  5) (4,  6)

5 (5,  1) (5,  2) (5,  3) (5,  4) (5,  5) (5,  6)

6 (6,  1) (6,  2) (6,  3) (6,  4) (6,  5) (6,  6)
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Sum 2 3 4 5 6 7 8 9 10 11 12

Probability
1
36

2
36

= 1
18

3
36

= 1
12

4
36

= 1
9

5
36

6
36

= 1
6

5
36

4
36

= 1
9

3
36

= 1
12

2
36

= 1
18

1
36

d. 

e. The probabilities are symmetric.

f. {HHH,  HHT,  HTH,  HTT,  THH,  THT,  TTH,  TTT}

g. 
Number of Heads 0 1 2 3

Probability
1
8

3
8

3
8

1
8

h. 3 Heads

i. Heads once and Tails twice

20. a. 1
4

b. 5
9

c. 1
2

21. a. 1 b. 3
8

22. a. 1
4

b. 1
6

c. 35
36

d. 1

23. a. 1
4

b. 1
2

c. 1
2

d. 1
3

Exercise 12.4 Complementary events
1. a. Selecting an odd number b. Selecting a consonant

c. The coin landing Tails d. Getting a number greater than 2

e. Getting a total of 12 f. Not selecting a diamond

g. Not selecting an E h. Not selecting a blue marble

2. B and C

3. a. Not complementary, as there are other things that you could have for breakfast.

b. Not complementary, as there are other ways of travelling to your friend’s house.

c. Not complementary, as there are other things that you could be doing.

d. Complementary, as this covers all possible outcomes.

e. Not complementary, as neither case covers the possibility of rolling a 4.

4. 12
13

5. A

6. 215
216

7. 4
5

8. a. 1
4

b. 3
4

c. 3
4

d. 1
4

9. No, the two events are not complementary, as the sum of their probabilities does not equal one. Getting one Head is also an 
outcome.

10. a. 17
70

b. 53
70

c. 9
70

d. 61
70

11. a. 0 b. 7
11

c. 4
11

12. 3
10

13. a. 
n − r

n
b. 

r
n

14. a. 3
11

b. 5
11

15. If an event has only 2 possible outcomes, which have nothing in common, they are complementary events. If the probability 
of the event occurring (P) is added to the probability of event not occurring (P′, i.e. the complement), the result will be a 
probability of 1. The event will either occur or it won’t occur.

Exercise 12.5 Mutually exclusive and compound events
1. a. Not mutually exclusive b. Not mutually exclusive c. Mutually exclusive

2. D

3. a. Rolling at most a 4 on a ten-sided die

b. Not selecting a club from a pack of cards

c. Rolling at least a 9 on a ten-sided die

4. B

5. a. Exclusive b. Inclusive c. Exclusive
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6. a. 8
52

= 2
13

b. 28
52

= 7
13

7. a. 2
10

= 1
5

b. 6
10

= 3
5

c. 5
10

= 1
2

d. 7
10

8. 14
21

= 2
3

9. 0.325

10. 65%

11. a. Exclusive b. 55%

12. Two events are mutually exclusive if one event happening excludes the other from happening.

13. Yes, because there are no common outcomes.

14. a.  We cannot have a probability greater than 100%, so the two events must not be mutually exclusive. This means that there is 
a probability than Sasha goes to Jess’s house and to the swimming pool.

b. No, we would also need to know the probability of Sasha going to Jess’s house and the swimming pool.

15. a. 27
90

= 3
10

b. 39
90

= 13
30

c. 1 d. 8
90

= 4
45

e. 55
90

= 11
18

16. By using either ‘both’ or ‘not both’ we are indicating whether an outcome where both individual events occur is in the sample 
space or not. If it is in the sample space then the event is inclusive, if it is not in the sample space then the event is exclusive.

17. No, mutually exclusive events cannot both occur at the same time, but they do not need to be complementary events.

Exercise 12.6 Venn diagrams
1. a. No b. 104 c. 35 d. 27 e. 42

2. a. 237 b. 119 c. 100 d. 51 e. 153

3. a. Teenagers who like Snapchat

b. Teenagers who like Facebook, but not Snapchat

c. Teenagers who like neither Facebook nor Snapchat

d. Teenagers who like Facebook or Snapchat or both

e. Teenagers who like Facebook or Snapchat, but not both

4. a. 25 b. 17 c. 9 d. 6 e. 7

f. 3 g. 1 h. 11 i. 22 j. 24

5. a. 

Product
A

Product
B

1152

20

17

b. i. 52 ii. 17 iii. 20

6. a. 

496
894 588

222

Tyre BTyre A

b. i. 894 i. 588 ii. 222

7. a. 

Fiji Tahiti

1441

42

23

b. 14

8. a. 44 b. 11 c. 18 d. No e. 89
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9. a. 

b. i. 37 ii. 29 iii. 100

10. a. 

b. i. 26 ii. 64

11. 
Meat eater Vegetarian

Male  63  8  71

Female  58 11  69

121 19 140

12. Brown eyes Not brown eyes

Brown hair 68 22  90

Not brown hair 13 30  43

81 52 133

13. 

Male PlayStation

2419

17

21

14. Apples Not apples

Bananas 13 28  41

Not bananas 22 47  69

35 75 110

b. 35
110

= 7
22

c. 47
110

d. 50
110

= 5
11

15. a. 117
195

= 39
65

b. 78
195

= 26
65

c. 73
195

16. At least 4 pieces of information are required to complete a two-way table. Without 4 pieces of information some of the cells 
cannot be completed.

17. a. i. 

Volleyball
Tennis

8 10 22

6

10

Walking

ii. 

Volleyball
Tennis

8 10 22

6

10

Walking

iii. 

Volleyball
Tennis

8 10 22

6

10

Walking

b. i. 16 ii. 0

c. 56

d. i. 32 ii. 24

e. 24
56

= 3
7

f. 6
56

= 3
28

This year Older

Rap 29 21  50

Pop 63 37 100

92 58 150

Male Female

Pigs 59 64 123

Cattle 26 31  57

85 95 180
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18. a. 

38
15

6

10

21

10

S

40

8

CM

b. 69 c. 38 d. 43 e. 21

Investigation — Rich task
1. Check with your teacher.

2. They are equally likely because each section is the same size.

3. 1
6

4. Check with your teacher.

5. 20

6. to 9 Check with your teacher.

12.7 Review questions
1. A

2. a. {1,  2,  3,  4,  5,  6}

b. No, because the sectors are of varying angle size. 3 and 6 have sectors that are double the size of others; therefore, they 
will have a larger probability.

c. i. 1
8

ii. 1
4

3. 1
200

4. a. 1
3

b. 1
6

c. 2
3

d. 1
2

5. a. 1
5

b. 2
5

c. 0 d. 4
5

6. a. i. 1
5

ii. 4
5

b. 1

7. a. 
2

3
4

1

b. Sector 1: 180°  Sector 2: 90°

c. Sector 3: 45°   Sector 4: 45°

8. Sector 1: 1
4
 Sector 2: 1

8
 Sector 3: 1

8

  Sector 4: 1
6
 Sector 5: 1

6
 Sector 6: 1

6

9. a. The coin lands Heads

b. Losing the race

c. Answering the question incorrectly

d. Not selecting a black marble

e. Selecting a number greater than 19

10. a. Complementary, as all possible outcomes are covered

b. Complementary, as all possible outcomes are covered

c. Not complementary, as there are other means to travel to work

11. 4
7

12. a. Mutually exclusive

b. Not mutually exclusive

c. Not mutually exclusive

13. a. 14
20

= 7
10

b. 5
12

14. 11
20
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15. a. 

39
72 45

12

XH

b. 12
168

= 1
14

c. 156
168

= 13
14

d. 39
111

= 13
37

16. Brand X

Yes No

Brand H Yes 39 72 111

No 45 12 57

84 84 168

17. a. 3
4

b. Stayed the same. Recalculating the probability gives 3
4
 again.

18. 18 boys

19. Jar A

20. a. {(1,  1),  (1,  2),  (1,  3),  (1,  4),  (2,  1),  (2,  2),  (2,  3),  (2,  4),  (3,  1),  (3,  2),  (3,  3),  (3,  4),  (4,  1),  (4,  2),  (4,  3),  (4,  4)}

b. 1
4

21. 5
11

22. 1
6

23. 1
30

24. 5

25. a. 

Tea Milk

3822

64

31

Hot drinks compared to milk preference

b. 69
155

c. 53
155

d. 102
155

26. a. 

4
6

20

2

1

D

7

3

AM

b. 7
43

c. 4
43

d. 2
43

e. 3
43

f. 31
43
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